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FOREWORD

On March 1, 1999, the Office of Surface Mining Reclamation and Enforcement (OSM) convened its first multi-agency,
multi-interest group, steering committee in order to initiate planning for itsfirst technical interactive forum on the subject of
Bat Conservation and Mining.

This forum on Protecting Threatened Bats at Coal Minesisthefifth in aseries of OSM sponsored technical interactive
forums and workshops on Bat Conservation and Mining. The goal of the first forum in 2000 was to establish a national state
of the art on Bat Conservation and Mining. The second forum in 2002 was designed to develop a manual on how to best
protect important caves and underground mines used by bats through the use of gates and other bat friendly closure devices.
The third forum in 2004 was conducted in response to increasing efforts by the U.S. Fish and Wildlife Service to protect the
federally endangered Indiana bat (Myotis sodalis) and the need for OSM, the U.S. Fish and Wildlife Service, and the State
Mining Regulatory Authorities to work more closely together during the permitting, mining, and reclamation activities of
surface coal mines that could potentially impact the Indiana bat or its habitat. The fourth workshop in 2007 was in response
to the U.S. Fish and Wildlife Service published announcement inviting the public to comment on arevised draft Indiana bat
recovery plan. Thisrevised recovery plan had the potential to impact coal mining and reclamation operationsin the States of
Alabama, Arkansas, lllinois, Indiana, lowa, Kentucky, Maryland, Missouri, Ohio, Pennsylvania, Tennessee, Virginia, and
West Virginia. The goal of the workshop was to bring together representatives of coal mining related constituencies who
would be potentially impacted by the revised Indiana Bat Recovery Plan. The product of the workshop was comments from
each of the affected parties to the Fish and Wildlife Service.

The current challenges associated with protecting bat species at coal minesin response to the outbreak of the White-Nose
Syndrome (WNS) are daunting. Prior to 2006, we were dealing with only one endangered species whose range covered most
of the coal mining regions of the Eastern and Midwestern U.S. Although great efforts were being expended to minimize
impacts to the summer habitat of the species, improvements to the bat population were primarily in response to greater
protection of the underground habitat. The challenges of finding a unified approach to protecting that species’ summer habitat
during coal mining permitting and mining operations across so many states with two OSM regions, three US FWS regions
and multiple US FWSfield offices has required unprecedented cooperation between these states and federal agencies. The
potential impacts of White-Nose Syndrome (WNS), however, are expected to add more bat species to the endangered species
list, expand the geographic region where bat species are imperiled to possibly include the western U.S,, and increase the
number of federal and state agencies involved. How this cooperation will hold up under the weight of these additional WNS
impacts will truly be atest of unprecedented, historic proportions.

Kimery C. Vories
Steering Committee Chairperson
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WELCOME

Thomas Shope, Regional Director
Appalachian Region, Office of Surface Mining Reclamation and Enforcement
Pittsburgh, Pennsylvania

Good Morning and Welcome to the third OSM-sponsored Technical Interactive Forum on protection of threatened and
endangered bats associated with coal mine operations. The current challenges associated with this topic are daunting. On the
one hand, OSM looks with great satisfaction at the progress that has been made by the many abandoned mine land programs
whose construction of bat gates and other bat-friendly closures at mines all across the country protect important underground
bat habitats. We look forward to the uniform implementation of the recently developed Range-wide Indiana Bat Protection
and Enhancement Guidelines jointly developed by USFWS, IMCC, and OSM. On the other hand, we look with shock at the
recent devastation of eastern and midwestern bat populations infected with the White-Nose Syndrome that now threatens to
move many of these speciestoward extinction. The results of this forum should focus on better ways for all of usto work
cooperatively in the critical time ahead, searching for proven methods to protect these species that result in a positive
working relationship between all concerned.

| have looked forward to being here today at the beginning of two and half days of discussion and information-sharing on this
important environmental topic. Thisis an excellent opportunity for communicating problems, solutions, and concerns
related to protecting bats associated with coal mining and reclamation.

The goal of the current forum isto create an interactive environment that brings OSM, related federal agencies, states,
industry, and academia together to exchange technical innovationsin the areas of bat protection, mitigation, and
conservation, share successes and failures, and discuss how to better implement protection and mitigation strategies related to
mine permitting and mined land reclamation.

We are aready off to avery good start after that excellent field tour yesterday where most of you were able to visit these
excellent examples of protective measures to protect bats by mining programsin West Virginia. | would like to offer a
specia thank you to the field tour organizers Bob Fala and Cindy Lawson from the West Virginia DEP, and our own Sammy
Pugh from OSM.

| would like to commend the support and commitment of our cosponsors West Virginia DEP, Bat Conservation International,
and Jackson Environmental Consulting Services whose sponsorship support has been essential in being able to ensure that we
can provide al of the ingredients for a quality experience at this event.

| would like to thank the Steering Committee who has been working hard to organize this event since November of 2007.
They include:

Dave Waldien, Mylea Bayless - Bat Conservation International

Bernard Rottman - Black Beauty Coal

Gregory Conrad - |nterstate Mining Compact Commission

Ramona Briggeman - IN Division of Reclamation

Richard Wahrer - KY Dept. for Surface Mining, Reclamation & Enforcement
Christy Johnson-Hughes, T.J. Miller - USDOI FWS

Jerry Legg, Jon Lawson - VA Dept. of Mines Minerals & Energy

Bob Fala, Cindy Lawson - WV Dept. of Environmental Protection

Kimery Vories (Chairperson), Brian Loges, Craig Walker, & Sammy Pugh - OSM

Please feel free to contact any of the Steering Committee members with questions or concerns about this or future events.
It is always true that the more we know, the more options we have. | am optimistic that constructive dialogues, such as those

held here, will lead to a better understanding of how best to protect and mitigate bats and bat habitat associated with coal
mining.
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I commend all the forum participants for being part of this valuable information exchange. The public and the coalfield
residents can only benefit from the information that is shared and the knowledge that is gained at this event. | thank you for
applying your minds to the task and | wish you success in your efforts on behalf of the coalfield environment.
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WHAT ISA TECHNICAL INTERACTIVE FORUM?

Kimery C. Vories
USDOI Office of Surface Mining
Alton, Illlinois

I would like to set the stage for what our expectations should be for this event. Thisisthe fifth technical interactive forum co-
sponsored by OSM on Bat Conservation and Coal Mining and the third forum on threatened and endangered species of bats.
The proceedings of these forums are available on OSM’s National Technology Transfer Website at
www.techtransfer.osmre.gov.

The Steering Committee has worked hard since November of 2007 to provide you with the opportunity for afree, frank, and
open discussion on the status of efforts to protect bat species protected by the Endangered Species Act at SMCRA permitted
coal mining and reclamation operations and how these activities may be impacted by White-nose Syndrome.

Our rationale for the format of the technical interactive forum is that, unlike other professional symposia, we measure the
success of the event on the ability of the participants to question, comment, challenge, and provide information in addition to
that provided by the speakers. We anticipate that, by the end of the event, a consensus will emerge concerning the topics
presented and discussed, and that the final proceedings will truly represent the state of the science.

During the course of these discussions, we have the opportunity to talk about technical, regional, and local issues, while
examining new and existing methods for finding solutions, identifying problems, and resolving controversies. A basic
assumption of the interactive forum is that no person present has all the answers or understands al of the issues.

The purpose of the forumisto:

e present you with the best possible ideas and knowledge, during each of the sessions, and
e promote the opportunity for questions and discussion, by you, the participants.

The format of the forum strives to improve the efficiency of the discussion by:

e providing acopy of the abstract and biography for each speaker that you may want to read beforehand in
order to improve your familiarity with the subject matter and the background of the speaker;

e Theforum isbeing recorded in order to capture the interactive discussions for the proceedings. We will
require that all participants speak into a microphone during the discussions;

e Inorder for usto make the most efficient use of time and ensure that you, the participants, have the
opportunity to provide questions and comments, we require our session chairpersonsto strictly keep to the
time schedule;

e A greenlight will be displayed at the beginning of the talk. A yellow light will be displayed for the last 5
minutes of thetalk. A dim red light will be displayed for 30 seconds followed by a blinking red light that
will signal that the talk is over and the speaker has 5 minutes for questions.

¢ Inthe post-forum publication, issues raised during the discussions will be organized based on similar topic
areas and will not identify individual names. OSM will mail all registrants a copy of the proceedings. This
publication will be very similar to the proceedings of earlier forums conducted by OSM and are available
for your viewing at the OSM exhibit.

It isimportant to remember that there are four separate opportunities for you, the participants, to be heard:

e 5 minuteswill be provided for questions at the end of each speaker’stalk;

o 25-plus minutes of participant discussions provided at the end of each topic session. The chairperson will
recognize each participant that wishes to speak and they will be requested to identify themselves and speak
into one of the portable microphones so that everyone can hear the question;

e Attheend of the forum, we will conduct an open discussion on where we should go from here;

e andfinaly, ayellow forum evaluation form has been provided in your folder. Thiswill help usto evaluate
how well we did our job and recommend improvements for future forums or workshops. Please take the
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time to fill out the yellow evaluation form as the forum progresses and provide any additional comments or
ideas. These should be turned in at the registration desk at the end of the forum.

One of the reasons for providing refreshments during the breaks and lunch is to keep people from wandering off and
missing the next session. In addition, the breaks and lunch provide a better atmosphere and opportunity for you to
meet with and discuss concerns with the speakers or other participants. Please take advantage of the opportunity at
break time to visit the exhibits and posters in the break area. When the meeting adjourns today, all participants are
invited to a social reception where refreshments will be provided.

Finally, the steering committee and | would like to thank all of the speakers who have been so gracious to help us

with this effort and whose only reward has been the virtue of the effort. | would also like to thank each of you, the
participants, for your willingness to participate and work with us on this important issue. Thank you.

XXiv



SUCCESSFUL PARTNERSHIPSFOR THE EFFECTIVE MANAGEMENT,
RESEARCH, AND CONSERVATION OF BATS

David L. Waldien
Bat Conservation International
Austin, Texas

Thomas H. Kunz
Center for Ecology and Conservation Biology, Boston University
Boston, Massachusetts

Christy Johnson-Hughes
U.S. Fish & Wildlife Service
Arlington, Virginia

Abstract

The coal industry, state and federal wildlife managers, conservationists and researchers face numerous and complex
challenges for effective resource management in the 21% century. The diversity of bats within the coal regions of the United
States poses additional management issues because some species are dispersed in tree-roosts during warm months, hibernate
for extended periodsin caves and mines even on active coal mining sitesin winter, or migrate throughout the region in spring
and fall. Even as new technologies and management practices are developed to better manage natural resources for bats and
to remain in compliance with environmental regulations, emerging threats, such as White-nose Syndrome (WNS) and wind-
energy development, will most certainly undermine past management successes and disrupt how various constituencies work
together effectively. The emergence of WNS and devel opment of wind-energy facilities in North America have changed how
different groups collaborate to address these and other challenges. The establishment and maintenance of successful
partnershipsinvolve courtship, engagement, communication, sharing, encouragement, and trust by all partners. Effective
partnerships should engage diverse parties to mobilize resources across a wide spectrum of local, state, and federal agencies
and non-government organi zations to support common management, conservation, and research agendas. We suggest that
effective partnerships for the conservation of bats at coal-mining and wind-energy projects for the 21% century can best be
founded and sustained based on respect for the mission of others.

Introduction

Partnerships in natural resource management can assume many forms and are generally defined as a relationship between two
or more organizations or individuals. They may be informal in nature or be more formally defined based on comprehensive
legal contracts or agreements (e.g., Memorandum of Understanding) that explicitly outline the specific rights and
responsibilities among the parties. Most agreements will include several elements (Powledge 2008) that explain:

The purpose of the agreement;

The responsibilities of each party;

The arrangement for parties to commit financial and other resources;
An understanding of how the agreement is administered; and

How the agreement may be modified and terminated.

The nature of the work that brings organizations to the table to establish a partnership often dictates specific responsibilities
of individual parties to capitalize on their individual expertise and available resources. Also, partnerships may be established
for short- or long-term projects based on loca or regiona conservation, management, or research needs. In general,
partnershipsinvolve close cooperation among participating parties, but on occasion, some partnerships may be established
where one or more organizations assume a more active role and others take a more supportive but less active role. An
example of one such partnership is the Appaachian Regional Reforestation Initiative (ARRI), which is amore formal
partnership consisting of participants that have signed agreements to follow current reforestation practices and to participate
in regional research efforts. Another such partnership is the Bats and Wind Energy Cooperative (BWEC), formed as a
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collaboration of government, non-government, industry, and academic partners to address how best to reduce adverse
impacts of wind-energy developments on wildlife.

Why Are Partnerships Important? Management issues facing the coal industry in the 21% century are daunting, fast-paced and
often extend beyond the physical boundary of given coal-mining project sites. The complexities and demands of effectively
managing natural resources (e.g., coal mining and bats) can often exceed the financial and staffing capacity of individua
organizations, even if they have the required knowledge to address the issue. Thoughtful and engaged leaders of individual
organizations will be able to recognize when partnerships will enhance the organization’s mission and help unite othersin a
common cause. The true power of successful partnerships can be realized when all members are committed to common goals
and objectives that are achieved through individual parties bringing their expertise and resources to the project. The Office of
Surface Mining’s Protecting Threatened Bats at Coal Mines: A Technical Interactive Forum is one example of an effort to
bring together various stakeholders involved in coal mining to exchange information and ideas. This forum provides a unique
opportunity to bring together representatives from federal and state agencies, conservation organizations, and academiato
discuss the latest information on bat conservation and to convey new ideas about management and technologies to the general
public and to other participating organizations. Benefits of these and other partnerships are often realized after the
partnership is formed, such as the restoration of native forests and implementation of science-based strategies to mitigate
adverse impacts on different species,

What Makes a Partnership Successful? Successful partnerships require leadership and hard work that brings all parties
together for acommon cause. There are six simple elements involved in establishing and sustaining successful partnerships:

1. Thecourtship element isthe first step that involves the salesmanship of one party trying to convince another of
the values of working together and the efforts of the other party to resist those efforts. Being able to “sell”
someone on collaborating and pooling the skills and resources of the partnership allowsit to start to take shape.

2. Engagement involves commitment. Once potential members of a partnership are convinced thereisvauein
collaborating during the courtship stage, al parties must step forward and determine their level of commitment to
the partnership.

3. Effective communication involves “listening twice as much astalking” to help ensure that each member of a
partnership truly understands the needs and expectations of the others. Good communication is critical throughout
the process of developing and sustaining a partnership because even small lapses of communication can rapidly
jeopardize past progress.

4. Members of any effective partnership must shar e information regarding the accomplishments of the group and the
continuing commitment of each organization to the collaborative project. It is only through generous sharing of
information will partnerships be able to adjust to changing circumstances and new information.

5. Encouragement by all members of a partnership helps ensure the collaboration works well together and shares
important information. This may include encouraging partners to publish data through diverse professional and
public outlets, allowing accessto project sites, and to continue as an active member of the partnership when times
are difficult.

6. Trust isearned, and isthe most important element of any partnership — as building blocks are to solid
foundations. Trust allows partnersto believe in the level, types of support, and commitment of an organization to
acollaborative project. And perhaps most importantly, trust allows partners to more easily recover and move past
lapses in communication or misunderstandings.

Itisonly when al six of these elements are inherent parts for al partiesinvolved in the development and implementation of a
partnership will any collaboration operate at its maximum capacity and achieve itsfull potential. The 2009 Range-Wide
Indiana Bat Protection and Enhancement Plan Guidelinesis a more formal example of a partnership between federal and state
agencies to promote the conservation of Indiana bats (U.S. Fish and Wildlife Service, Interstate Mining Compact
Commission, Office of Surface Mining, Reclamation and Enforcement 2009). All six elements of a successful partnership
had to be present for the agencies to create these guidelines.

The Changing Faces of Partnerships: Crisesin conservation and management often bring about changesin how

organi zations can most effectively work together. Currently, natural resource managers and bats are facing two
unprecedented threats in the United States, White-nose Syndrome (WNS) and wind-power development. WNSisan
emerging fungal disease of hibernating bats that has killed over amillion hibernating bats in the eastern United States and
Canada since its discovery in New York in 2006 (Bat Conservation International 2009). In some regions of North America,
wind-energy facilities are causing unprecedented fatalities of bats, especially of migratory tree-roosting species (Arnett et. a.,
2007; Arnett et. al., 2008).
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Many organizations were poorly prepared for the emergence of WNS within their respective regions and the rapid spread of
the fungal pathogen associated with this disease across North America. Unfortunately, over four years after its discovery
thereisonly adraft National Plan to guide the federal response to WNS, and some states continue to find themselvesill
prepared for the discovery of WNS within their jurisdiction; in some cases, organizations do not appear to even be aware of
the true magnitude of the threat. In 2010, as a direct result of the threat of WNS to the survival of hibernating bats, three
species of bats (little brown myotis, Myotis lucifugus; northern long-eared myotis, M. septentrionalis; and eastern small-
footed myotis, M. leibii) have been proposed for federal listing under the Endangered Species Act (Kunz and Reichard 2010,
The Center for Biological Diversity 2010).

Similarly, the unprecedented bat fatalities first reported in 2004 of migratory tree-roosting species at wind-energy facilities
along the Appalachian ridge tops (Fiedler et. a., 2007), and later elsewhere in agricultural landscapes, have served as wakeup
calls to the wind-energy industry, government agencies, non-governmental organizations, general public, and the scientific
community that renewable energy developments are not always impact free. USFWS guidelines for assessing impacts of
wind-energy development on bats and birds, developed in part by wildlife biologists (Kunz et. al., 2007) and the USFWS
(2003), are under development by the Wind Turbine Guidelines Federal Advisory Committee (March 2010) and will be out
for public review in 2011.

The magnitude of threats from WNS and wind-power development invites a comprehensive, multi-investigator, multi-tiered
approach that includes the cooperation of natural resource managers, wildlife biologists, and academic, government, and non-
governmental scientists. There are opportunities for al private, state, and federal land management organizations and the
public to be part of local, regional and even national efforts to monitor and hopefully slow the spread of WNS, mitigate its
current impact, and search for aviable cure. In the face of the unprecedented threat of WNS, individual coal companies and
the industry as awhole, have an opportunity to step forward and take a leadership role in developing partnershipsto help
battle WNS. Similar opportunities exist for organizations to collaborate to address conservation, management, and research
needs to address impacts of wind-energy development on bats and birds.

Conclusion

More often than not, resource management on a specific siteis significantly impacted directly or indirectly by forces beyond
the physical footprint of the project area. Effective partnerships can help mobilize key organizations with the knowledge and
resources (e.g., equipment, personnel, and funding) to more efficiently meet the conservation and management challenges of
bats within coal-country today. Emerging conservation and management issues, such as WNS, require new ways of thinking
and acting as the devastating biological impact of thisrapidly spreading disease realigns historic approaches to conservation
and management of bats throughout North America. Sustainable and successful partnerships go through a process to establish
and maintain, and involve courtship, engagement, communication, sharing, encouragement, and trust by all of the partners.
Only when all of the parties involved in a partnership recognize and respect the strengths of otherswill the full potential of
the partnership be achieved or maintained.
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CURRENT STATUSOF THE RESEARCH AND MANAGEMENT
OF WHITE-NOSE SYNDROME

Jeremy T. H. Coleman
U.S. Fish & Wildlife Service
Hadley, Massachusetts

Abstract

White-nose Syndrome (WNS) has continued to spread in 2010 and is anticipated to continue its rapid advance into new
territory. In 2010, newly affected bat hibernacula were confirmed in Tennessee, Ontario, and Quebec, and the fungus
Geomyces destructans has been detected on bats in Delaware and farther west at three sitesin Missouri and Oklahoma. The
fungus and/or the disease have now been found on batsin 14 U.S. states and 2 Canadian provinces. In 20 hibernation sites
with both pre- and post-WNS infection bat population counts, the cumulative decline has been 92% in the two or three years
since the sites were documented as infected, with colony losses at some sites exceeding 99%. Thus far, there has been no
clear evidence of resistance among affected bat species, and several smaller colonies are on the brink of extirpation. Mortality
rates continue to vary between species and between sites, with Myotis lucifugus and M. septentrionalis being the species most
notably affected and drier hibernacula appearing to be |least affected sites. Six hibernating species in the eastern U.S. have
been confirmed to be affected by WNS, and new discoveriesin Missouri, Oklahoma, and Virginiawill potentially add M.
grisescens, M. velifer, and M. austroripariusto the list of affected bats. The presence of the fungus G. destructans continues
to be the common link between affected sites, and the implication that the fungus is the cause of WNS continues to provide
the most parsimonious explanation. The need to further understand the etiology of WNS drives much of the WNS research
currently underway. The revelation that G. destructans has been found on bats in Europe without observed mortality has
provided important new avenues of investigation. A National Plan isin development to guide the research and management
of this disease, and arecent influx of funding has provided some much-needed support for these efforts.

Background on White-Nose Syndrome

Discovered in 2007 near Albany, New Y ork, the first evidence of White-nose Syndrome (WNS) was recorded in photographs
of affected batsin Howe' s Cave, Schoharie County, NY/, in 2006 (Blehert et al. 2009, Turner and Reeder 2009). By spring
2010, WNS was detected in nearly 160 hibernaculain 14 states and two Canadian provinces (Fig. 1), representing an
apparent spread of approximately 950 km from the handful of sitesinitially discovered in eastern New Y ork to the sites
confirmed with WNS in Sullivan and Carter Counties, eastern Tennessee. Increased vigilance in surveying for the disease
and improved diagnostic procedures are likely responsible for the detection of the fungus Geomyces destructans (Gd), in the
absence of mortality and other field signs associated with the disease, at multiple additional sitesin Tennessee, Missouri, and
western Oklahomain spring, 2010. The detection in western Oklahoma represents an apparent spread of some 2200 km from
theindex sitesin eastern New Y ork. Cutaneous infection by Gd, and the resulting damage to soft tissues, is associated with
WNS and has come to characterize the disease (Gargas et d. 2009, Reichard and Kunz 2009, Meteyer et al. 2009). Although
the exact mechanism(s) leading from fungal infection to death is till atopic of research and debate (see Kunz et d., this
volume), evidence to date suggests that Gd is likely the causative agent behind WNS and that the fungal infection is not a
secondary effect of some other pathogen (Chaturvedi and Chaturvedi 2009, Cryan et al. 2010).

The unexpected emergence and rapid spread of WNS, coupled with virulence and novelty of the disease, has presented
wildlife managers with considerable biological and social challenges. There are currently over 100 agencies, non-
government organizations (NGOs), and universities involved in the response to WNS, and the management of such a
response is rife with complex coordination and resource needs. To enhance coordination between state, federal, and tribal
agencies, and the many private and non-government partners that have, and will, engage thisissue, anational WNS plan has
been developed that will guide the collective response to WNS by providing structure and oversight to the efforts to research
and manage this disease. The national plan builds on the many accomplishments that have been made to date, and formally
establishes seven working groups that will continue the work of many of the teams established in 2008.



Figure 1. Known geographic distribution of WNS and detections of Geomyces destructans as of June, 2010.
Over 160 locations are represented.

Status of North American Bats

White-nose Syndrome appears to be a disease of hibernating bats. Of the 45 species of bats in North America, 25 species are
known to hibernate in winter, and of these 25, six have been confirmed with WNS to date including: the little brown bat
(Myotis lucifugus), Northern long-eared bat (M. septentrionalis), Indiana bat (M. sodalis), eastern small-footed bat (M. leibii),
tricolored bat (Perimyotis subflavus), and big brown bat (Eptesicus fuscus). Geomyces destructans has been detected on
three additional hibernating bats, gray bat (M. grisescens), cave bat (M. velifer), and southeastern bat (M. austroriparius), but
no evidence of clinical fungal infection was found and no mortality has been reported for these species (USGS 2010, VDCR
2010).

Per spectives on the Current Known Distribution of WNS

White-nose Syndrome has spread rapidly from the original sitesin Albany and Schoharie Counties, New Y ork, to eastern
Tennessee. This represents a spread of approximately 900 km (560 mi) in 3 years. Considering the May, 2010 observation
of Gd on abat in western Oklahoma, the apparent spread of the fungus has now reached a distance of approximately 2,200
km (1,370 mi). Thismeansthat Gd isnow about as close to Sesattle, Washington, and to the southern border of Mexico as it
isto Albany, New York. Although not a prediction that WNS will turn up in Washington or Guatemal a within the next three
years, this does provide some perspective on the potential for WNS to spread great distances in the next few years. Itisaso
important to note that we do not know the actual current distribution of Gd in North America, and that it islikely more
widespread than we know at present. This observation has considerable implications for the potential for human transmission
of the disease, and for the importance of avoiding contact with affected environments and strict adherence to decontamination
procedures, regardless of proximity to known affected sites.



What we Know about WNS

Over 95% bat mortality at many affected hibernacula

WNS spreads rapidly and behaves like a pathogen

All 6 northeastern North American cave bat species are affected

WNS fungus detected on 3 additional bat species

Thereis gtill no evidence of bacterial, viral, or parasitic cause
Susceptibility to WNS may differ by bat species or with microclimate

A specific fungal infection is common to affected sites

The fungus can persist in caves in the absence of bats (USGS 2009)

Bats can become infected from an affected environment (Hicks et a. 2010)

What we know about Geomyces Destructans

A newly described fungal species (Gargas et al. 2009)

Optimal growth for the fungusis at 5-14° C (Gargas et a. 2009)

The fungus invades skin tissue of hibernating bats (Meteyer et al. 2009)

Genetically similar fungal isolates are found at multiple affected hibernaculain the U.S.

Bat-to-bat transmission has been demonstrated (USGS 2009)

WNS conidia (spores) have been found sticking to the caving gear of cave explorers (Okoniewski et al. 2010)
A morphologically identical fungusto G. destructans has been found on European bats (Martinkova et a. 2010,
Puechmaille et a. 2010, Wibbelt et al. 2010)

Despite the fact that Gd is psychrophilic (“cold-loving”) and can grow only at cooler conditions, temperatures throughout
much of the U.S. are conducive to the survival and possible growth of this speciesin the winter. Therefore, it isimportant to
note that the southern U.S. could potentially be susceptible to WNS as winter temperatures are low enough for Gd to survive
on infected bats that might exit caves prematurely (Fig. 2). It is aso noteworthy that spores of many fungi are generaly
known to tolerate environmental conditions that are outside their optimal growth conditions, and are able to remain viable for
years, if not decades. Additional research into the persistence of Gd under various environmental conditionsis needed.

Figure 2. 20° Cisocline for average maximum January temperatures in North America.
Figure prepared by Bat Conservation International and Eric Britzke, US Army Corps of
Engineers, Engineer Research and Development Center.
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The European Connection

Although bats are known to be infected with Gd at multiple locations throughout Europe (Fig. 3), to date no mass-mortality
has been reported and no bats have been observed displaying the field signs of WNS as they are defined in North America
(Martinkova et a. 2010, Puechmaille et al. 2010, Wibbelt et al. 2010). [For current case definitions see:
http://ww.nwhc.usgs.gov/disease_information/white-nose_syndrome/] The revelation that Gd has likely been present on
bats in Europe for over 15 years, without any observed mortality, has obvious implications for the origins of the fungus and
has provided many important new avenues of investigation.

Figure 3. Presence of Geomyces destructansin Europe (reproduced from Wibbelt et al. 2010)
Collective Effortsin Responseto WNS
Key Accomplishmentsto Date
At thefirst “national” WNS meeting held June, 2008 in Albany, New Y ork, meeting attendees conceived a structured

approach to organizing the efforts and activities of the WNS community, which includes biologists, researchers, and
managers involved with all aspects of the response to the disease. That initial effort established the concept of task-oriented



working groups, which were later populated by awide mix of professionals, with a coordinating body to facilitate the efforts
of the working groups and an oversight committee to handle policy and inter-agency decisions.

In 2008, the U.S. Fish and Wildlife Service (FWS) established a website to serve as the nexus for WNS information:
http://www.fws.gov/WhiteNoseSyndrome. While there are now several excellent websites hosted by partner agencies and
NGOs, it is gtill the intent of FWS to maintain this site as the central source for information and/or linksto all other partner
sites. At the time of thiswriting an overhaul of this website has been planned to improve on presentation and content
accessibility.

To date the FWS has been able to fund research projects and provide support directly to state wildlife management agencies
through various RFP initiatives and small grant opportunities. Funds to support these opportunities have come largely from
internal Preventing Extinction Grants, State Wildlife Grants, some discretionary sources and base funding, and a one-time
Congressiona budget increasein FY 2010. The details of these grants can be accessed through the WNS website (see URL
above).

The FWS hosted a structured-decision making (SDM) initiative in 2009 aimed at providing guidance to resource managers
for planning actions in response to WNS (Szymanski et al. 2009). The SDM project focused on decisionsto be made in
2010, and was helpful in elucidating knowledge gaps and in identifying three distinct geographic areas with similar
management needs: (1) an areathat is nearest the initially confirmed sites (index sites) that is considered to be saturated with
affected hibernacula; (2) an area further removed from the index sites defined by a mosaic of affected and potentially
unaffected hibernacula; and (3) an area defined as the region more than 250 miles from the nearest known WNS-affected
hibernaculum, whereit islesslikely for WNS to spread in asingle year through bat-to-bat transmission (Szymanski et al.
2009). Whilethe SDM exercise did not provide the conspicuous answers that many had hoped for, it did help managers to
better understand the options currently available and to focus energies on containing the disease by trying to slow the spread
of WNS to more distant regions, i.e. Area 3.

To date the main focus of management actions has been on containment of WNS by attempting to limit contact with the
infected bats and environments, and by adhering to an established decontamination protocol. The FWS developed the first
decontamination protocol in February of 2008 based on other disease models. The protocol has been updated severa times
as WNS specific research has provided information to improve techniques. The FWS now has a single short protocol
outlining the decontamination procedures (cleaning and disinfecting), and longer supplemental documents providing details
for application to: 1) cave related activities, and 2) bat research. The current decontamination protocol, revised January,
2011, can be found at the following URL: http://www.fws.gov/WhiteNoseSyndrome/index.html  Other state and federal
agencies have subsequently released decontamination guidance specific to their particular lands, but these have all been based
on the methodology contained in the FWS protocol.

In March, 2009, the FWS released an advisory intended to help slow the spread of WNS via human vectors. Through the
advisory, the FWS recommends that people stay out of caves and abandoned minesin affected and adjacent states, and that
no clothing, equipment, or gear be transported from affected to unaffected regions. These recommendations were made to
help reduce human contact with infected environments and the potential for transport of Gd conidia (spores) to uninfected
caves or mines. Like the decontamination protocol, the cave advisory isfounded on an adaptive principle and has been
revisited as research has made new information available. Thus, the recommendations contained in the advisory, and al
future versions thereof, are not intended to be permanent or long-term. At the time of thiswriting, FWS isin the process of
revising the advisory in coordination with state, federal, and private partners. In accordance with the guidance in the FWS
advisory, all caves and abandoned mines on National Wildlife Refuges have been closed to general public access. Likewise
many state and federal land-management agencies have also announced temporary cave closures to combat the spread of
WNS. The FWS strongly supports compliance with all cave closures, advisories, and regulationsin all federal, state, tribal,
and private lands.

WNS National Plan

The purpose of the national plan isto guide federal, state, and tribal agencies, and their partners, in response to WNS. The
plan was developed with multi-agency input including: FWS; US Geological Survey; National Park Service; US Forest
Service; Department of Defense, Army Corp of Engineers; Animal and Plant Health Inspection Service; Bureau of Land
Management; the Environment Division of the St. Regis Mohawk Tribe; and state wildlife conservation agencies from
Kentucky, Missouri, New Y ork, Pennsylvania, Vermont, and Virginia. The national plan establishes an organizational
structure for responding to WNS with oversight up to the Washington level. The plan formally establishes seven working
groups (Figure 4): (1) Communications, (2) Data and Technical Information Management, (3) Diagnostics, (4) Disease
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Management, (5) Etiological and Epidemiological Research, (6) Disease Surveillance, and (7) Conservation and Recovery.
The national plan will integrate with state and regional WNS response plans. It is not intended to replace planning at the
local/regional level.

Generally speaking, the goals of the working groups established by the national plan include: (1) Communications - to
develop and implement an effective plan for communicating information about WNS to partners and the public; (2) Data and
Technical Information Management - to provide a mechanism for making WNS information accessible, in atimely fashion,
to all state and federal agencies and others involved with the investigation and management of WNS; (3) Diagnostics - to
establish laboratory standards, to ensure lab capacity, to provide timely reporting of diagnostic results, and to support WNS
research; (4) Disease Management - to prevent or slow the introduction of WNS to new areas and control WNS to protect
genetic diversity, to avoid unacceptabl e risks to other cave-obligate biota and natural systems, and to determine a course of
action should WNS pose a threat to human health; (5) Etiology and Epidemiological Research - to identify critical research
needs relating to the origin, transmission, pathogenesis, and impact of WNS on bats and the environment; (6) Disease
Surveillance - to develop standards for WNS surveillance in affected and non-affected areas and to describe best practices for
surveillance strategies; and (7) Conservation and Recovery - to develop standards for population monitoring, to establish
criteriafor prioritizing conservation and management activities, and to describe best practices for the recovery of bat
populations of greatest conservation concern.

The national WNS plan is based on similar disease response plans that have effectively been implemented in the past, and is
essentially aformalization of the coordinated efforts that wereinitiated in 2008. In October, 2010, the draft national plan was
published in the Federal Register for 60 days to allow appropriate time for public comment. Once the plan isrevised, afinal
version will be made available to the public. Thefinal version of the plan is intended to be a static document that is unlikely
to change. A WNS implementation plan will then be devel oped to address the goals and objectives detailed in the static plan.
The implementation plan will, therefore, be where the protocols and prescriptive information can be found that guides the
national response to thisdisease. Unlike the national plan, the implementation plan will be adaptive and will incorporate new
information and guidance as it becomes available and/or necessary. Because the national plan incorporates the actions and
efforts that have been in use to address WNS over the past three years, many elements of the implementation plan are already
in service. Asexisting and future guidance will continually be improved upon, the WNS implementation plan will never be
“completed.”

New Territory

Many of the challenges surrounding the management of WNS are due to the fact that we, collectively, have never before been
confronted with this kind of situation, and we are lacking an appropriate model to follow. We also face a considerable lack
of understanding regarding the etiology of WNS, the ecology of Gd, and the physiology and population dynamics of
hibernating bats. Many of the challenges we must confront in managing WNS are:

Significant bat mortality that is spreading rapidly

Unknown ecological impacts both of the effects of WNS and potential control technologies
Control technologies present additional biological and social challenges

There are multiple novel threats to bats

There are four federally listed species that are vulnerable now

WNS has the potential to impact 25 of the 45 North American bat species

We need science-based management solutions

The national plan will provide the structure for our collective response to WNS, but we must continue to improve our
understanding of the dynamics of this devastating disease through research.



Figure 4. Organizational Structure for responding to WNS.
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Protecting Threatened Bats at Coal Mines: A Technical Interactive Forum
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“White-nose Syndrome (WNS) is a

devastating disease of hibernating bats that
has caused the most precipitous decline of
North American wildlife in recorded history.”

White-nose Syndrome
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Meeting Il
Proceedings of the
2009 Science Strategy Meeting
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WNS — An Unprecedented Crisis

WNS presents a novel disease and resource
management problem

Managing WNS poses considerable biological and
social challenges, with complex coordination needs

Over 100 agencies, NGOs, and universities
involved

A National Plan has been developed to build on
accomplishments to date and enhance coordination

Bat Species in the U.S. & Canada
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2007 - 1 state, 5 hibernacula 2008 - 4 states, 38 known hibernacula
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Graphite Mine, NY — March 2008

Reduced ~50%
from pre-WNS

Photo by Al Hicks, NYSDEC
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What We Know About WNS

Over 95% mortality at many affected hibernacula
Spreading rapidly, behaves like a pathogen

All 6 northeastern N. Am. cave bat species affected
Fungus detected on 3 additional bat species

Still no evidence of bacterial, viral, or parasitic cause
Susceptibility may differ by bat species or with microclimate
A specific fungal infection is common to affected sites

The fungus can persist in caves in the absence of bats

Bats can become infected from an affected environment

Graphite Mine, NY — April 2009

Big brown bat

Photo and data: Alan Hicks, NYSDEC

g ' Gray Bats
= Myotis grisescens
] (endangered)

| Total population of 1.5 million
in only 8 caves during winter

L oy

What We Know About WNS Fungus:

Geomyces destructans

« A newly described fungal species

« Optimal growth at 5-14° C
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WNS: A European Connection?

White-Nose Syndrome Fungus
(Geomyces destructans) in
Bats, Europe
Gudrun Wibbelt, Andreas Kurth, David Hellmann, Manfred Weishaar, A\_ex Barlow, Michael Veith,

Julia Priiger, Tamas Goriol. Lena Grosche, Fabia Bontadina, Ulrich Zéphel, Hans-Peter Seidl,
ul M. Cryan, and David S. Blehert

White-Nose Syndrome Fungus

Switzerland

Some Key Accomplishments in Managing WNS

- WNS investigation team
- Coordination structure proposed in June 2008
« Task Groups established

FWS webpage — the nexus for WNS info
- http://www.fws.gov/WhiteNoseSyndrome

Research support and coordination (RFPs)
Containment
Structured Decision Making (SDM) initiative

National and state planning

(Geomyces destructans) in Bat, France

What We Know About WNS Fungus:

Geomyces destructans

A newly described fungal species
Optimal growth at 5-14° C
Invades skin tissue of hibernating bats

Genetically similar fungal isolates found Photoby O Samt. kG
at multiple affected hibernacula in the U.S. (also sediment)
Bat-to-bat transmission has been demonstrated - NWHC
Conidia (spores) have been found sticking to caving gear

A morphologically identical fungus to G. destructans has
been found on European bats

General Research Priorities

Disease transmission

Cause of mortality

Treatment and control
Diagnostics

Disease surveillance

Etiology and persistence of G.d.
Conservation efforts

Population monitoring

Management Has Focused on Containment

Decontamination Protocols

1st protocol - February 2008

- updated June 2009 & July 2010
(http://www.fws.gov/WhiteNoseSyndrome/cavers.html)

Cave Advisory —March, 2009

Due to threat of human transmission,
USFWS recommends that people stay
out of caves and abandoned mines to
help slow the spread of WNS

- Currently under revision




States Affected by the March 2009
USFWS Advisory

Connecticut
Delaware
Kentucky

Maine
Maryland
Massachusetts
New Hampshire
New Jersey
New York
North Carolina
Ohio
Pennsylvania
Rhode Island
Tennessee
Vermont
Virginia

West Virginia

http://www.caves.org/WNS/ICS%20WNS%20Policy.html

State Closures

CAVES
CLOSED

All caves, sinkholes, tunnels and mines
on this property are closed in an effort to
slow the spread of White-Nose
Syndrome (WNS). This ailment has
killed hundreds of thousands of bats in
the eastern United States and may soon
threaten bats in Kentucky. For more
information, please visit:

www.fw theast whi htmi

Thank you for your cooperation

WNS National Plan

Purpose:
To guide the response of Federal, State, and Tribal agencies, and partners
to WNS

Multi-agency input: USFWS, USGS, NPS, States, USFS, DOD, APHIS,
BLM, St. Regis Mohawk Tribe

Establishes an organizational structure with oversight up to the
Washington level

Formally establishes 7 working groups:
1. Communications
2. Data and Technical Information Management
3. Diagnostics
4. Disease Management
5. Etiological and Epidemiological Research
6. Disease Surveillance
7. Conservation and Recovery

USFS Emergency Closure Order

National Forest
Regions

http://www.fs.fed.us/r9/docs/apr_2009_caves_closed/white_nose_info.pdf

Structured Decision Making Initiative

Decision Problem: What management measures should be
taken this year (2009/2010) to control the spread and minimize
the effects of WNS on hibernating bats?

-Initial focus on Area 3
(Epicents
-~ . .
-Strategies are mainly
limited to containment
until more is known
about WNS pathology
and potential treatment

http://Iwww.fws.gov/WhiteNoseSyndrome/planning.html

WNS National Plan

A National Plan for Assisting States, Federal Agencies, and Tribes in
Managing White-Nose Syndrome in Bats

DRAFT
18 June 2010
* Integrates with State Plans

- Not a replacement for planning at the
local/regional level




WNS National Plan WNS National Plan

Two stages: Two stages:

1. National Plan 1. National Plan
- The framework -> not prescriptive - The framework -> not prescriptive
- A static document - A static document

Implementation Plan
- Provides guidance
- An adaptive plan — web based

The WNS National Plan The WNS National Plan Writing Team
Steering Committee

Jeremy Coleman USFWS

Martin MI”eI" USFWS Anne Ballmann USGS

Les Benedict St. Regis Mohawk Tribe

Pattricia Bright USGS Eric Britzke ACOE
Kevin Caslte NPS

Scott Darling VT FWD Walt Cottrell Pennsylvania

0 Paul Cryan USGS
Dennis Krusac USFS Thomas DeLiberto APHIS

Pat Ormsbee USFS Tony Elliot Missouri

Becky Ewing USFS

Jonathan Sleeman USGS Al Hicks New York
. Rick Reynolds Virginia
Margaret Wild Jessica Rubado BLM
Brooke Slack Kentucky
[REERWIIIET Pennsylvania

Elements of the National Plan Elements of the National Plan

1. Communications: 2. Data and Technical Info. Management:
to develop and implement an to provide a mechanism for making WNS
effective plan for communicating information accessible, in a timely
information about WNS to partners fashion, to all State and Federal agencies
and the public and others involved with the investigation

and management of WNS




Elements of the National Plan Elements of the National Plan

. Disease Management:

to prevent or slow the intro. of WNS to new
areas and control WNS to protect genetic
diversity

to avoid unacceptable risks to other cave-
obligate biota and natural systems

to determine a course of action should
WNS pose a threat to human health

3. Diagnostics:
1) to establish laboratory standards
2) to ensure lab capacity

3) to provide timely reporting of diagnostic
results

4y to support WNS research

Elements of the National Plan Elements of the National Plan

5. Etiology and Epidemiological . Disease Surveillance:

Research: to develop standards for WNS
to identify critical research needs surveillance in affected and non-
relating to the origin, transmission, affected areas

pathogenesis, and impact of WNS on

to describe best practices for
bats and the environment

surveillance strategies

Elements of the National Plan Timeline

. Conservation and Recovery: + Agency concurrence

to develop standards for population - Fall 2010 - National Plan to be published
monitoring in Federal Register for public comment
to establish criteria for prioritizing
conservation and management activities
to describe best practices for the recovery

of bat populations of greatest conservation
concern

- Implementation Plan to follow

< Individual products as they are
available/necessary

+ Never to be “completed”
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outside experts, and non-govemmert organzaticns.
-Resource allocationandfunding mechanisms
- Decisions onmanagement andpalicy

Great Expectations

..we must do everything we
can to stop the spread of
WNS”

..develop a cure for WNS.”

Expectations trigger action

Appropriateness &
effectiveness of action will
depend on scientific
information

Significant mortality and spreading

Unknown ecological impacts

Control presents biological and social challenges
Multiple novel threats to bats

4 federally listed species vulnerable now
Potential to impact 25 of 45 N. Am. bat species
Science-based management solutions

- NWHS RO Will Meeks

Dataand Technical i | Disease Manogement | o inlons
Samduain e otacean | | | <Aneapapenic i Iison Whitloek
Breporting M -Bmsoom
St || |6 (Clark McCreed
e et m |
impacts.
: | NWRS R9 |Donita Cotter

We’re in New Territory

Federal and state agencies have never
faced a wildlife disease outbreak of this

nature

+ No trained crews for field epidemiology or
ecological investigations

- Limited resources available: $ and staff

+ Many unknowns

- Disease, bats, ecological impacts....

Many of the Partners Involved

Federal Agencies/Sponsored

0l: USFWS, USGS, NPS, BLM
USDA: USFS, APHIS
DOD: ACOE, ARMY
Smithsonian Institution, National Zoo
National Institute for Mathematical and
Biological Synthesis
SE Cooperative Wildlife Disease Study

Academia

Boston Univ.

Bucknell Univ.

Columbia Univ.

Cornell Univ.

Eastern Michigan Univ.
Fordham Univ.

Indiana State Univ.
Missouri State Univ.
Northern Kentucky Univ.
Tufts University

UC Davis

University Hospitals Case Medical Center
U. of Guelph

U. of Tennessee

U. of Winnipeg

State Agencies (47)

UT, VA, VT, WA, WI, W
Non-Government Olgamzatlons
- Bat Conservation International
— National Speleological Society
The Nature Conservancy
Defenders of Wildlife
Disney
Bat World
— Am. Museum of Natural History
— Association of Zoos & Aquariums
International
- Canadian Provinces
— Canadian Coop. Wildlife Health Center
— European biologists
- IUCN
Tribal Agencies
— St. Regis Mohawk
— Wampanoag
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HOW WHITE-NOSE SYNDROME MAY AFFECT
T&E SPECIES, THEIR RECOVERY, AND COAL MINING PERMITTING

Mike Armstrong
U.S. Fish & Wildlife Service
Frankfort, Kentucky

Abstract

White nose-Syndrome (WNS) was first discovered in caves with hibernating bats in New Y ork during the winter of
2006/2007. Since then, the disease has spread to at least eleven other states and has been responsible for the deaths of over
one million bats, including endangered Indiana bats. In addition, bats testing positive for the fungus that leadsto WNS (i.e.,
Geomyces destructans) have been found in two additional states. However, bats at these locations did not exhibit signs of the
fungal infection characteristic of WNS-positive locations, nor was mortality or other visible signs of WNS detected at these
locations. Sinceits discovery, colonies of hibernating bats have been reduced by as much as 81-97% at affected caves and
mines near the original epicenter in New York. No one knows for certain how quickly or how far WNS will ultimately
spread. The extent to which WNS resultsin the listing of more bat species as threatened and endangered would be expected
to negatively impact permitting and operation of coal minesin the Eastern and Midwestern U.S. as eight coal mining states
are dready affected.

The emergence and spread of a pathogenic fungus (Geomyces destructans) that infects hibernating bats has the potential to
undermine the basic survival strategy of more than half the bat speciesin the U.S. and all species of bats that occur in the
higher latitudes of North America. With the exception of 4 species of migratory tree bats, the other bat species that occur
above 40°N in North America (roughly aline running from the top of California across Nebraska to Virginia) hibernate to
survive the winter. Most species of bats that hibernate in the region are known to be affected and the endangered Indiana bat
(Myotis sodalis) has been hit particularly hard. The sudden and widespread mortality associated with WNS is unprecedented
in hibernating bats. 1f the spread of WNS s not slowed or halted, further losses could lead to the extinction of entire species
and could more than quadruple those that are federally listed as endangered in the U.S.

White-Nose Syndrome
Origin of the Disease

White-nose Syndrome (WNS) was first discovered in caves with hibernating bats in New Y ork during the winter of
2006/2007. Since then, the disease has spread to at |east eleven other states (Virginia, West Virginia, Pennsylvania,
Massachusetts, Vermont, New Hampshire, Connecticut, New Jersey, Tennessee, Maryland, and Delaware) and has been
responsible for the deaths of over one million bats, including endangered Indiana bats.

In addition, bats testing positive for the fungus that leads to WNS (i.e., Geomyces destructans) have been found in 1
hibernaculum in western Pennsylvania, 3 hibernaculain Tennessee, 2 hibernaculain Missouri (northeast and southeast), 1
hibernaculum in northwestern Oklahoma, and 1 hibernaculum in Virginia. However, bats at these locations did not exhibit
signs of the fungal infection characteristic of WNS positive locations, nor was mortality or other visible signs of WNS
detected at these locations. A total of nine species have been confirmed positive for Geomyces destructans and/or the fungal
infection. Six of these species have been documented to both have the fungus and suffer the fungal infection characteristic of
WNS disease [i.e,, little brown bat (Myotis lucifugus), northern long-eared bat (Myotis septentrionalis), eastern small-footed
bat (Myotis leibii), Indianabat (Myotis sadalis), tricolored bat (Pipistrellus subflavus), and the big brown bat (Eptesicus
fuscus)]. During the winter of 2010, three new species of bats were confirmed positive for the fungus through laboratory
testing [i.e., the federally-endangered gray bat was confirmed positive in Missouri; the cave myotis (Myotis velifer) was
documented positive in Oklahoma; and the southeastern bat (Myotis austroriparius) was positivein Virginia]. However,
these species do not appear to have suffered the fungal infection that is characteristic of WNS disease in the northeastern
U.S,, as of the date of this paper.

To date, WNS has not been reported as affecting the federally-listed Gray bat, Virginia big-eared bat, or Ozark big-eared bat.
During the winter of 2009/2010, WNS was documented in Hellhole Cavein West Virginia. Hellhole Cave is the most
populated hibernaculum for Virginia big-eared bats. However, Virginia big-eared bats have not been documented to be

13



affected by WNS within this cave. WNS is spreading within the range of the Virginia big-eared bat, but is not believed to
have reached the range of the Ozark big-eared bat. Since its discovery, colonies of hibernating bats have been reduced by as
much as 81-97% at the affected caves and mines that were surveyed near the original epicenter in New Y ork (USGS").
White-nose Syndrome has been detected more than 700 kilometers (450 mi) away from the original site, and has infected bats
in 9 surrounding states and 2 Canadian provinces. Furthermore, the fungus (Geomyces destructans) has been documented
approximately 2,200 kilometers (1,350 miles) from the original site, and is now as close to the furthest western states asit is
the original epicenter.

The sudden and widespread mortality associated with White-nose Syndrome is unprecedented in hibernating bats, which
differ from most other small mammals in that their survival strategy involves aslow reproductiverate. Their life history
adaptations include high rates of survival and low fecundity, resulting in low potential for population growth. Most of the
affected species are long lived (~5-15 years or more) and have only one offspring per year. Subsequently, bat numbers do
not fluctuate widely over time, and populations of bats affected by White-nose Syndrome will not recover quickly. Epizootic
disease outbreaks have never been previously documented in hibernating bats (USGS"). A leading hypothesisis that the
fungusis European in origin, new to North America, and bats speciesin this region show little or no resistance. The WNS
outbreak will likely be similar to other introduced pathogens such as chestnut blight or dutch elm that spread rapidly and
completely throughout the range of the host.

Characteristics of the Disease

The newly identified cold-loving fungus, Geomyces destructans, is now thought to be the primary causative agent of White-
nose Syndrome (Gargas, A. et a. 2009). This fungus thrives in the darkness, low temperatures (5-10°C; 40-50°F), and high
levels of humidity (>90%) characteristic of bat hibernacula. Unlike typical fungi, this species of Geomyces cannot grow
above 20°C (68°F), and therefore appears to be particularly adapted to persist in caves and mines and to colonize the skin of
hibernating bats (USGS"). A consistent pattern of fungal skin penetration has been observed in over 90% of bats from the
WNS-affected region that were submitted for disease investigation. Available evidence suggests the fungus establishes itself
in the skin tissues of bats when their body temperatures are lowered during torpor (2-10°C; 35-50°F). Although life-
threatening skin fungal infections of this sort are rare in warm-blooded birds and mammals, they occur more frequently in
“cold-blooded” animals (e.g., chytridiomycosis in amphibians, and crayfish plague). The cold-loving fungus seems to be
infecting bats when they reduce their body temperatures during hibernation to levels characteristic of “ cold-blooded”
animals. Fungal infiltration of the wing membranes of bats may be particularly problematic. Wing membranes represent
about 85% of abat’stotal surface area and play a critical role in balancing complex physiological processes. Healthy wing
membranes are vital to bats, as they help regulate body temperature, blood pressure, water balance, and gas exchange—not to
mention the ability to fly and to feed. Although White-nose Syndrome was named after the obvious sign of white noses on
affected bats, bat wings may indeed be the most vulnerable point of infection (USGS").

Impact of the Disease

A recent consensus by concerned scientists found that * White-nose syndrome is a devastating disease of hibernating bats that
has caused the most precipitous decline of North American wildlife in recorded history. Sinceit was first discovered in 2006,
WNS has infected six species of insect-eating bats in the northeastern and southern U.S., causing declines approaching 100%
in some populations; estimated |osses have exceeded one million bats over the past three years. It has the potential to impact
all 25 of the hibernating bat speciesin North America. If the spread of WNS is not slowed or halted, further losses could lead
to the extinction of entire species and could more than quadruple those that are federally listed as endangered in the U.S.
Such losses alone are expected to have unprecedented consequences on ecosystem health throughout North America, with
unknown economic consequences. Most bat speciesin North Americafeed on night-flying insects, of which many are pests
of forests, agriculture, and garden crops or pose risks to human health. The number of insects consumed annually by one
million bats is staggering—equivaent to 694 tons—emphasizing the extraordinary value of these bats to the normal function
of both terrestrial and aguatic ecosystems (BCI).”
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Endangered Bats

Six bats are currently listed as endangered including: Indiana bat, Gray bat, Virginia& Ozark big-eared bats, and Mexican &
Lesser long-nosed bats. All of these bats roost in caves and/or mines during part of their life history. Four of these bats use
caves/mines to hibernate during the winter including: Indiana bat, Gray bat, Virginiabig-eared bat, and the Ozark big-eared
bat (Figure 1). Three of these fours species (al but the Indiana bat) are cave obligate in that they roost in caves/minesin the
summer and winter.

Figure 1. Range of the four endangered bats that hibernate in caves/mines.

All four endangered species and subspecies of hibernating bats in the U.S., which rely on undisturbed caves or mines for
successful hibernation, are at risk from WNS. Three of these species are currently within the affected area, other species may
be affected in the next few years, if not sooner. Thirteen additional hibernating bats are already federal species of concern
(former Category 2 candidates for listing under the ESA).

Two migratory endangered bats use caves/mines as roosts and migrate south if necessary including: Lesser long-nosed bat
(AZ and NM) and the Mexican long-nosed bat (TX and NM). We do not expect non-hibernating migrating bats to be at risk
from WNS currently.

Indiana Bat

Indiana bats have and will continue to be negatively affected by WNS asiit continues to spread throughout the Eastern and
Midwestern U.S. Migrating Indiana bats may be a key contributor to the expansion of WNS into the upper Midwest over the
next few years. The current status of WNS on the Indiana bat show that there are 44 hibernacula affected by WNS. These
affected sites contained 55,488 individuals (14% of range-wide population) during the 2009 biennial counts. The next five
(5) years should tell us much about the affect WNS has on recovery of the species. The potential for the spread of the disease
to winter hibernaculain the eastern and Midwestern U.S. has been projected by Bat Conservation International on the map in
Figure 2.
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Figure 2. Spread of WNS in relation to Indiana bat hibernacula.

In New Y ork, Indiana bat populations at 20 hibernacula have experienced a 61% declinein 3 years due to WNS. One
hibernacula (Barton Hill Mine) appears to be maintaining its numbers despite being affected by WNS. This may be dueto
significantly lower humidity levelsin the hibernacula but this site was only documented with WNSin 2008, soitisjust as
likely that mortality observed at other siteswill be confirmed here aswell. Although the Indiana bat has experienced
significant declines, these declines have not been as great as some other species (e.g., little brown and tricolored bats).
Currently, research in developing a population model for the little brown bat in the north-east U.S. shows aworst case
scenario that predicts extinction in this part of their range (Frick et a., 2010). The USFWS, with the assistance of USGS, is
developing a similar model for the Indiana bat.

Gray Bat

Prior to WNS, Gray bats were well on their way to recovery with an overall population increase of 104% from 1982 to 2007.
Figure 3 shows the geographic distribution of the Gray bat in relation to the present outbreak of WNS. Medical tests from
Gray batsin Missouri in May, 2010, were positive for the fungus believed responsible for WNS. These tests detected the
genetic signature of Geomyces destructans, but the presentation on these bats was not typical of the way WNS has been
observed in other batsin the eastern U.S. Gray bats did not show typical signs of infection such as infection and invasion
into the wing tissue, muscle, and other soft tissue.

Concerns for the Gray bat related to WNS includes that the species: (1) isamember of the same genus Myotis as many of
those currently affected; (2) is similar in size as other affected species; (3) migrates long distances between summer & winter
roosts in caves/mines; (4) co-occurs at roosts with other species; and (5) may serve as a vector for WNS into the south and
southern Midwest. The spread of WNS to Gray bats could be catastrophic, likely resulting in an immediate reversal of the
recovery achieved to date.
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Figure 3. The distribution of the Gray bat in relation to the spread of WNS.
Virginia Big-Eared Bat

Figure 4 shows the geographic distribution of the Virginia big-eared bat in relation to the present outbreak of WNS.
Concerns about the Virginia big eared bat and WNS are related to its small population of only 15,000 individuals with a
distribution made up of 4 genetically distinct and isolated sub-populations. This combination makes it especially vulnerable
to extinction. The largest sub-population has summer and winter roosts that exhibit signs of WNS. These infected sites are
all in Pendleton County, West Virginia, where 91% of the subpopulation winter or summer. Currently, there has been no
documentation of WNS impacts to the population. Potential reasons that they may not show typical symptoms of WNSis
that the subspecies has alarger overall body size than most WNS infected species and they hibernate in colder and drier areas
of the cave. Continued surveillance and monitoring of the four subpopulations over the next few years should assist greatly
in understanding how this subspecies will fare.

Figure 4. Distribution of Virginia big-eared bat in relation to the spread of
WNS.
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Ozark Big-Eared Bat

The Ozark big-eared bat is currently not affected by WNS. However, like the Virginia big-eared bat, its small population and
limited geographic distribution (two states) make it especially vulnerable to extinction. There are only estimated to be 1,900
individualsin thewild. It has a similar life history to the Virginia big-eared bat which may suggest that the subspecies might
react similarly to WNS.

FutureListings of Endangered Bats

With more than 1 million dead bats, WNS has had a catastrophic impact on many non-listed bat speciesincluding: Little
brown bat; Northern long-eared bat; Tricolored bat; and the Eastern small-footed bat. Studies by Frick et a. have predicted
that Little brown bat in the northeastern U.S. could be extinct in that part of its range within the next 20 years. The Center for
Biologica Diversity has petitioned the Service to list both the Northern long-eared and Eastern small-footed bats as of
January 21, 2010.

Concernsfor Bat Speciesin the Western U.S.

A current concern isthat if the speciesthus far infected by WNS pass the disease through their populations to the west side of
the Great Plains, then an additional 14 species of hibernating bats could be at risk. In fact, the cave myotisindividual that
tested positive for Geomyces destructans in western Oklahoma may prove to be the vector to these other species.

Potential Impacts of WNS on Coal Permitting

Areasfor potential coal mining in the Eastern and Midwestern U.S. almost completely overlap the ranges of bats that are or
will be potentially impacted by WNS in the same geographic area. If WNS continues to spread at the current rate, we may
expect the following in relation to coal permitting activities: (1) additional future listings of hibernating bat species; (2)
increased scrutiny over individual permits to ensure no jeopardy to the species; (3) increased scrutiny for impacts to bat
roosting, sheltering, foraging habitats; and (4) that site-specific data will become more important as part of the permit
application. If the rate of spread changes, we might see an increased need for regional differencesin addressing consultations
on listed species. Depending on differing mortality ratesin different states that may impact the rate of loss to bat

populations, this may require regional differences in management and permitting requirements.

LiteratureCited

Bat Conservation International. White Nose Syndrome. <http://www.batcon.org/index.php/what-we-do/white-nose-
syndrome.html>.

Frick, W.F., JF. Polluck, A.C. Hicks, K.E. Langwig, D.S. Reynolds, G.T. Turner, C.M. Butchkoski, and T.H. Kunz.l. 2010.
An emerging disease causes regional population collapse of acommon North American bat species. Science. Vol.
329, pp. 679-682.

USGS' Fort Collins Science Center <http://www.fort.usgs.gov/WNS/>.

USFWS? 2009. Rangewide Population Estimate for the Indiana Bat (Myotis sodalis) by USFWS Region. Compiled by Andy
King, USFWS Bloomington, IN.

Mike Armstrong has been employed by the USFWS for 12 years. He has worked on coal mining issues in the Southwest
and Southeast regions of the U.S. Mike currently serves as the Southeast Region’s White-nose Syndrome and bat recovery
coordinator working out of the Frankfort, K'Y, Ecological Services Field Office.
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How WNS May Affect T&E Species,
Recovery, & Coal Mining

Bats in the Continental U.S.

- Total of 45 species of bats
« 25 species of hibernating bats (blue)
- 20 species of migratory bats (red)

Mike Armstrong, US Fish & Wildlife Service
Protecting Threatened Bats at Coal Mines: a technical interactive forum
South Charleston, West Virginia

September 1, 2010

Federally Listed Bats Hibernating Endangered Bats

. 6 currently listed as endangered - 4 use caves/mines to hibernate during the winter
« Indiana bat, Gray bat, Virginia & Ozark big-eared
bats, Mexican & Lesser long-nosed bats.

All . At aari f life hi . Indiana bat
. roost in caves/mines during part of life history . Gray bat
r

A - Virginia big-eared bat
; . Ozark big-eared bat
K
[ Gray bats
[ indiana ba

Migratory Endangered Bats Indiana bat

« 2 use caves/mines as roosts and migrate
south if necessary
- Lesser long-nosed bat (AZ & NM)
» Mexican long-nosed bat (TX & NM)




White Nose Syndrome and Bat Hibernation Areas - April 19, 2010
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< Priority 3 (may or may not be surveyed in 2009)
® Priority 4 (many will not be surveyed in 2008) 3

Summer
recoveries

The New York Example

Indiana Bat Population in NY Hibernacula

2007
=~=Population

Indiana Bat & WNS

- Current Status:
- 44 hibernacula affected by WNS
- Affected sites contained 55,488
individuals (14% of rangewide
population) during the 2009 biennial
counts

- Next 5 years should tell us much about
the affect WNS has on recovery, but...

The New York Example

- Indiana bat populations at 20 hibernacula in NY

state have experienced a 61% decline in 3 years
due to WNS

- 1 hibernacula (Barton Hill Mine) appears to be

maintaining its numbers despite being affected
by WNS (may be early)

- Significant declines but not as great as some

species (e.g., little brown & tricolored bats)

- Recent Little brown bat PVA used as worst case
scenario for estimating impacts on recovery




Gray Bats
Myotis grisescens

(endangered)
L Total population of 1.5 million
in only 8 caves during winter

Concern for Gray Bats

- Member of the genus Myotis
- Similar in size as other affected species

- Migrates long distances between summer
& winter roosts (transmission vector)

. Co-occurs at roosts with other species

- Spread of WNS to gray bats could be
catastrophic, likely resulting in an
immediate reversal of the recovery
achieved to date

Virginia Big-Eared Bats

- Small population & distribution made up of
4 genetically distinct & isolated sub-
populations makes it vulnerable to
extinction

- Largest sub-population has summer &
winter roosts with WNS signs

. Sites in Pendleton Co. where 91% of WV
VBEB winter or summer

Gray Bat

- Positive PCR test from gray bats emerging
from a hibernacula in MO in May 2010
. Test detected the genetic signature of G.
destructans but the presentation on these
bats was not typical of the way WNS has
been observed in bats in the eastern U.S.
- Prior to WNS, gray bats were well on their
way to recovery with an overall population
increase of 104% from 1982 to 2007

VA big-eared bats
C. t. virginianus
(endangered)
Total population
ca. 15,000

A
e

N

Virginia Big-eared Bats

- No documentation of impacts to VBEB yet
. Larger overall body size

. Hibernate in colder and drier areas of the
cave

- Other species specific reason?

- Time will tell for this species...




Ozark Big-Eared Bat

- Currently not affected by WNS

- Small population & distribution make it
vulnerable to extinction

- Similar life history as VBEB's suggest
species’ may react the same to WNS
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Future Listings?

- With more than 1 million dead, WNS has
had a catastrophic impact on many non-
listed bat species
. Little brown bat
- Northern long-eared bat
- Tricolored bat
- Eastern small-footed bat

- CBD has petitioned the Service to list both
the northern long-eared & Eastern small-
footed bats (January 21, 2010)

Graphite Mine, NY — April 2009

. small-footed myotis
Big brown bat

Photo and data: Al Hicks, NYSDEC

WNS Affect on Other Bats

Simulations of Extinction for Little Brown
Bats (Frick et al., 2009)

Cumulalive probability of guasi-extinclion

20 25 30 35
Years into the future

igure 4.

Graphite Mine, NY — March 2008

Reduced ~50%
from pre-WNS

Photo by Al Hicks, NYSDEC

V "M 5
14 hibernating
species of bats
occur only west of
Great Plains

e




Impact on Coal Permitting

- If WNS continues to spread at current rate,
Bats we would expect:
S ' o7°co° civersiy i Norh America Future listings of hibernating bat species
- Increased scrutiny over individual permits to
ensure no jeopardy
- Impact to bat roosting, sheltering, foraging habitats
- Site-specific data will become important
. If the rate of spread changes, we might
see:
- Increased need for regional differences in
addressing consultations on listed species.

Impact on Coal Permitting

Thank You!
Questions?

Nine Bat Species in Northeast
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Concerns

S 2] ; ;4

scionce for a changing warid

\:’ Indiana bats
I:| Cray bats

- Virginia big-eared bats

Glen Park, NY

Photos Courtesy of Ray Rainbolt, Fort Drum

What We Know About WNS

Over 90% mortality at many affected sites

Spreading rapidly, behaves like a pathogen

All 6 northeastern cave bat species affected

Est. >1 million bats have died

No evidence of bacterial, viral, or parasitic cause
Susceptibility may differ by bat species or with microclimate
A specific fungal infection is common to affected sites

Recovery to pre-WNS population levels will take many years, if
even possible

Bats can become infected from an affected environment

Indiana Bat

Indiana Bat 2007 Rangewide Population by State

. 2007 (Tota 200 Poputation' 462184 bt
- ~468,000 in US Vigiia 025 -Veacrt 0.%

West Virginia, 3.1% \ How Jersey. 0.1%
. errsyharia, 02% Cadahoma. 0.0%
« ~70,300 in R5 (15%) CaEEas Frrmmhenn®

Ackansas, 0.4%-

- ~53,000 in NY Aisboma 0.1%

. Highly social species

Kentucky, 15.2%
Merigan 0.0%
o, 1.6%

Nincis, 11.6%- Mssauri, 34%

New York Sites - Complete Counts
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Simulations of Extinction for Myotis lucifigus
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Figure 4

Frick, Reynolds, Pollock, and Kunz - 2009




OPPORTUNITIES FOR EXPANDING EXISTING PROTECTION
AND ENHANCEMENT GUIDELINESIN THE PROSPECT
OF ADDITIONAL NORTH AMERICAN BAT SPECIES
GAINING PROTECTION UNDER THE ENDANGERED SPECIESACT

Brian Loges
Office of Surface Mining Reclamation and Enforcement
Alton, Illinois

Abstract

As White-nose Syndrome continues its rapid spread, populations of eastern cave-dwelling bat species are likely to decline to
the point that additional bat species are likely to be listed under the endangered species act. The Office of Surface Mining
will continue its active role in ensuring that coal mining, when properly implemented through Surface Mining Control and
Reclamation Act (SMCRA), will not jeopardize the continued existence of any federally listed species. The recently
developed Range-wide Indiana Bat Protection and Enhancement Plan Guidelines assist surface mining applicants and state
coal mining regulatory agencies with portions of the permit review process addressing the Indiana bat (Myotis sodalis),
ensuring its protection during coal mining operations authorized under SMCRA. The guidelines provide consistent and
habitat based approaches for avoiding and minimizing any adverse effects of coal mining to hibernacula and summer
habitats. Although the 2009 guidelines were developed specifically for the Indiana bat, the document is very broad in terms
of geography and applicable habitats and could be easily modified to include other bat species with similar life histories.

Brian Logesis an Ecologist for the OSM Mid-Continent Region in Alton, lllinois. He has 15 years experience as a biologist
working in both Missouri and Illinois. He hasimplemented efforts to protect crucial underground habitats through cave gate
construction and enhance summer habitat while working in the Missouri Ozarks. Shortly after starting with OSM, he
participated in the late stage reviews of the Range-wide Indiana Bat Protection and Enhancement Plan Guidelines. Brian has
aBSin Environmental Biology from Eastern Illinois University and aMSin Biological Sciences from Southern Illinois
University Carbondale.
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KENTUCKY REPRESENTATIVE: MANAGEMENT OPPORTUNITIESFOR
ADDRESSING WHITE-NOSE SYNDROME

Dr. Richard Wahrer
Kentucky Department of Natural Resources
Frankfort, Kentucky

Abstract

As of May, 2009, the Commonwealth of Kentucky has not recorded any occurrences of White-nose Syndrome in any bat
species. Monitoring wintering bat populations will detect the presence of WNS early. The Kentucky Department for Fish
and Wildlife resources and the U.S. Fish and Wildlife Service Frankfort Field Office have implemented atiered approach to
detection and prevention of White-nose Syndrome in winter habitats. Utilizing decontamination protocols, researchers
conduct annual monitoring of scheduled hibernacula and spot checks of non-scheduled hibernacula. Additionally, entrance
checks that will document bat activity on days normally too cold for activity will take place. Deployment of acoustic
monitoring systems at selected hibernacula to determine activity level and baseline data on spring emergence of species
present in the site is currently being conducted. The summer mist netting season has been delayed until June 1 with
decontamination procedures required. The decision to close caves has been deferred to the owning/managing agency. The
Daniel Boone National Forest has closed al of their caves.

Dr. Richard J. Wahrer isan Environmental Scientist in the Office of the Commissioner for the Kentucky Department for
Natural Resources. He has been involved with the development of the regional Indiana Bat protection and enhancement
guidelines and is a member of the Appalachian Regional Reforestation Initiative Core Team. He currently coordinates the
Lands Unsuitable for Mining petition and Cumulative Hydrologic Impact Assessment programs. He is an instructor for the
OSM/FWS Biological Opinion and Permit Findings classes. He holds aBSin Zoology and MSin Limnology from Stephen
F. Austin University and aPh.D. in Aquatic Biology from Texas A & M University.
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WEST VIRGINIA REPRESENTATIVE: MANAGEMENT OPPORTUNITIES
FOR ADDRESSING WHITE-NOSE SYNDROME

Ashley Carrall
WV DEP Division of Mining and Reclamation
Charleston, West Virginia

Abstract

Exhibiting a southward spreading trend from itsinitial 2006 documentation in New Y ork, White-nose Syndrome (WNS) was
first documented in West Virginia at four Pendleton County cavesin the northern part of the state in January, 2009. In
January, 2010, at the same county, it was confirmed at Hellhole Cave, the Mountain State’s most important (and a Recovery
Plan Priority I1) hibernaculum. Later in winter 2010, it was also documented southward and adjacent into Pocahontas County
and down into the southern counties of Greenbrier, Monroe and Mercer. Coal permitting program effects of WNS include
the ingtitution of strict sanitation procedures for qualified bat surveyors and the delay of mist netting season from May 15 to
June 1in 2009. WNS has halted a prior long-term improving population trend of the federally listed bat speciesin West
Virginia

Ashley Carroll reviews endangered species consultations for the West Virginia Department of Environmental Protection,
Division of Mining and Reclamation. She began working full time for the Division of Mining and Reclamation in 2007.
She began her career with WV DEP through the Governor’s Internship Program in 2006 while completing her MSin
Environmental Science from Marshall University, where she also holds aBS in Biology.
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White Nose Syndrome Impacts
on

Bats and Mining e Thought to be caused by a cold loving fungus,
West Vi rgi“i a recently named Geomyces destructans —

named so for its destructive nature

White-Nose Syndrome

e QOriginated in upstate New York state in 2006
and has migrated south

¢ Has caused over a million bat deaths since
2006 — up to 100% mortality rates

White-Nose Syndrome White-Nose Syndrome
» Has been shown in 1/5 of all bat species in » White-Nose Syndrome is killing bats by depleting the
the United States including- fat stored in winter and pulling bats out of
— Little Brown Bat hibernation too early
— Eastern Small-footed Bat * Transmission is thought occur from bat to bat
- EECLCITEREEICE R contact (via maternity colonies and hibernation) and

— Tri-colored Bat : : ; ;
jj o0 oree = human interaction through infected clothing
— Big Brown Bat

— Indiana Bat * Cave Closures
— Gray Bat ¢ Decontamination protocol is available on the FWS
— Cave Myotis website

o - -

White-Nose Syndrome in West White-Nose Syndrome

Virginia
e First observed in West Virginia in January 2009 el ai el el el el 2000
in Pendleton county ¢ Bats have been found White Nose Positive in
. . 2010 in several West Virginia counties
* Bat caught in Fayette county in summer of B ding: _

2009 with latent signs of WNS
Greenbrier

Monroe
Pocahontas

Mercer
- Pendleton




eadline Hellhole Cave

“WEST VIRG S MOST IMPORTANT BAT
CAVE HAs ITE NOSE SYNDROME” » West Virginia’s largest bat hibernaculum
e Bat counts February 2010 — USFWS, WVDNR

Hellhole... ! B NSS
 Designated Critical Habitat for two species of

endangered bats e Bats observed flying from entrance several
» West Virginia’s only Priority 1 hibernaculum weeks before and tested WNS positive
¢ Supports nearly 13,000 Indiana Bats * WNS apparent in clusters of Indiana bats
* Supports 5,000 Virginia Big-Ear Bats = almost e Little Brown bats

half of the world’s po;ﬁtio’n'_ s A
- 4 : .-

P 4 ¢ Closed cave since 2007 — no human to
% _ i transmission

How can we stop the spread of

White-Nose Syndrome? Disinfection Protocols

e Strict sanitation guidelines are being enforced e USFWS — White Nose Syndrome Page
* Qualified bat surveyors ¢ http://www.fws.gov/WhiteNoseSyndrome/
e Delay of Mist-netting season-: Mist-netting
moved from May 15t to June 1%t in response USFWS White-Nose Syndrome
Decontamination Protocols for
to WNS Researchers

* Recommendation of mist netting to all

applicants with 40 or more forested acres (]

Qualified Bat Surveyors What about Caves?

* Bat friendly gates provide ideal additional habitat
* National Park Service
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PENNSYLVANIA REPRESENTATIVE: MANAGEMENT OPPORTUNITIES
FOR ADDRESSING WHITE-NOSE SYNDROME

Geoff Lincoln
Pennsylvania DEP Bureau of Mining and Reclamation
Harrisburg, Pennsylvania

Abstract

The mining of coal in Pennsylvania and itsimpact on Indiana bat habitat has collided with the heightened effort to protect bat
habitat due to White-nose Syndrome. White-nose Syndrome is spreading across Pennsylvania starting in the northeast and
spreading south and west devastating cave dwelling bat populations including the Indiana bat. In the past Pennsylvania mine
operators and regulators have had limited dealings with Indiana bats and the protection of their habitat. Until recently the
avoidance of known bat hibernacula and seasonal tree cutting restrictions were the only real impact bats and mining have had
on each other. Pennsylvania has only 2-3% of the Indiana bat population with no P-1 and only one P-2 Indiana bat
Hibernacula. In July 2009, the Range-wide Indiana Bat Protection and Enhancement Plan Guidelines were finalized laying
the foundation for species and habitat protection. That same month the Pennsylvania Field Office of the U.S. Fish and
Wildlife Service (USFWS) published the Indiana Bat Mitigation Guidance for Pennsylvaniafocusing on all land
development and the impacts on Indiana bats and supporting habitat. In September, 2009, after meeting with the Office of
Surface Mining and Pennsylvania Department of Environmental Protection the USFWS Pennsylvaniafield office published a
sub section of the guidancetitled Coal Mining Projects and Indiana Bats Species Specific Protective Measures. These
protective measures specific to coal mining provided increased protection of the Indiana bat compared with the Range-Wide
Guidance causing concern of many in the mining industry. First, the protective radius around hibernacula were increased
from 5 to 10 mileradius for P-3 and P-4 hibernacula with the difference being an additional 235 square miles of protected
habitat per hibernaculawith atotal impact of approximately 2.4 million acres of land. Second, the requirement of the PA
Guidance to reforest the mine site at a 90% rate as opposed to the 70% rate in the Range- Wide Guidance leads to a
considerableincrease in habitat. Thirdly, areas of suitable habitat are now being protected in both guidance documents
potentially impacting millions more acres all over the state (areas of forest with trees >5 inches diameter and greater than 40
acres). All of these measures, along with the off-site compensation option, have created an ever increasing amount of habitat
protection for an ever decreasing number of Indiana bats. The results being an ever increasing cost to the mining industry
with an ever decreasing amount of land in Pennsylvania available for mining operations.

Geoff Lincoln isthe Chief of the Environmental Studies Section in the Bureau of Mining and Reclamation, Pennsylvania
Department of Environmental Protection (DEP). Geoff has 25 years of experience in the environmental, health and safety
fields working in the federal government, state government and private sector. Heisan Environmental Science/Safety
Officer in the Pennsylvania Army National Guard. He served for 5 years as an environmental planning officer for Fort
Indiantown Gap, PA, managing Environmental Impact Studies (EIS) and developing natural resource management plans to
include habitat management plans for threatened and endangered species. Currently, he is conducting statewide Indiana bat
workshops with the U.S. Fish and Wildlife Service for DEP staff, consultants and mine operators. HehasaMSand BA in
Geoenvironmental Studies from Shippensburg University of Pennsylvania.
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Indiana Bats and Coal
Mining in Pennsylvania

From seasonal timber restrictions
to large tracts of land protected as
bat habitat in perpetuity

Known Indiana Bat Sites in Pennsylvania

Area Statistcs Indiana Bat Sites * ConlOpentons -
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PEP — Long-term Habitat Needs

Protect and conserve habitat off-site to
provide for long-term habitat needs of the
Indiana bat

® Acquire habitat (fee simple or conservation
easement) and place in conservation
ownership

® |ndiana bat conservation bank
® |ndiana bat conservation fund (IBCF)
® Must result in permanent protection

IBCF Calculation Sheet

Table 1. Calculation of Compensation Acres

TMPACT TYPE DMPACT « [COMPENSATION
Acres | MULTIPLIER™ ACRES
ummer Habitat Loss'®
Known matermity habitat i | 1.5 |
‘Known non-matemity habitat i | 1.0 |
Potential habitat 1 | 0.5 |
[Swarming Habitar Loss'*
PlorP3 T T 15 T
P4 | | 1.0 |

[Overlapping Habitat Loss'*

Known matemity and swarming habitat
occur together (matemity o zwanming) appropriate

Choose highest multiplier from above

for the impact. and add 1.0 to the multiplier

Table 2. Calculation of Deposit when using the Indiana Bat Conservation Fund

Location of I Compensation )
N oy Acres Cost/Acre™ IBCF Deposie’
) (from Table 1)
Adams TBD
Armstrong/Butler $1890
Beaver/Lawrence $2126
Bedford TBD
Berks TBD
Blair TBD
Centre TBD
Favette $1400
Greene $1120
H d TBD
Luzerne TBD
Mifflin TBD
Somerset TBD
Washington $2530
York TBD
Other areas (not listed above) TBD
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Session 2

FEDERAL EFFORTSFOR THE RECOVERY OF THE
INDIANA BAT

Session Chairperson:
T.J. Miller
U.S. Fish & Wildlife Service
Fort Snelling, Minnesota

Indiana Bat Recovery Plan Status
Scott Pruitt, U.S Fish & Wildlife Service, Bloomington, Indiana

Indiana Bat Population Statusand Trends
R. Andrew King, U.S Fish & Wildlife Service, Bloomington Ecological Services Field
Office, Endangered Species Program, Bloomington, Indiana

The Range-Wide Indiana Bat Protection and Enhancement Plan: Where We Were,
WhereWeAre, and WhereWeHope To Be
CarrieLona, U.S Fish & Wildlife Service, Kentucky Field Office, Frankfort, Kentucky

Everything You Wanted to Know About “Take” in the Endanger ed Species Act
Peg Romanik, U.S. DOI Solicitor’ s Office, Washington, D.C.
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INDIANA BAT RECOVERY PLAN STATUS

Scott Pruitt
U.S. Fish & Wildlife Service
Bloomington, Indiana

Abstract

In April 2007, the U.S. Fish and Wildlife published a draft revision of the Indiana Bat Recovery Plan. With this revision we
requested public comment and solicited peer review. We received hundreds comments from numerous government agencies,
private organizations, and individuals. We also received several responses from peer reviewers. Since then, we have been
working to review these comments and evaluating, adjusting, and improving the plan accordingly. For example, sections
identified for further review include the recovery criteriaand recovery actions. In addition, White-nose Syndrome is a new
threat affecting nearly every aspect of recovery planning for this species that must be integrated into the recovery plan.

The speaker would not provide a paper for this talk.

Scott Pruitt has been with the U.S. Fish and Wildlife Service for 22 years and is currently the Field Supervisor of the
Bloomington, Indiana, Field Office. The Bloomington Field Office has the national lead for recovery of the Indiana bat
(Myotis sodalis). He has been involved with bat research for the past 13 years. He holds a BSin Wildlife Resources from the
University of Idaho and aMS in Wildlife Biology from the Pennsylvania State University. He has also held positions with
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The Service also requested comments on specific
issues, including:

Available science on summer habitat
Information related to hybridization

Information about the use of capture records to describe the
Species range

Comment on a draft survey protocol at caves or abandoned
mines
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INDIANA BAT POPULATION STATUSAND TRENDS

R. Andrew King
U.S. Fish & Wildlife Service
Bloomington Ecological Services Field Office
Endangered Species Program
Bloomington, Indiana

Abstract

Over the past 30+ years, biologists across the bat’ s range have visited hundreds of hibernacula (i.e., caves and abandoned
mines) every other winter to conduct standardized surveys of hibernating Indianabats. The U.S. Fish and Wildlife Service
(Service) helps coordinate the biennial winter surveys, collates the survey data from 17 states, and posts the resulting
population estimates and trends on its Indiana bat website

(http:/Iwww.fws.gov/midwest/Endangered/mammal /inbalindex.html).

With an estimated rangewide popul ation between 600,000 and 900,000 bats, the Indiana bat originally was listed as an
endangered species on March 11, 1967, following establishment of the Endangered Species Preservation Act in 1966 and
currently islisted as endangered under the Endangered Species Act of 1973, as amended. After being listed in 1967, the
rangewide Indiana bat population continued to decrease precipitously and reached alow of about 329,000 bats in 2001 before
an increasing population trend began in 2003 and continued through 2007. Through 2003, most of the overall population
declines were attributed to declines at high-priority hibernaculain Kentucky and Missouri and to a lesser extent, Indiana. Bat
populations in Missouri hibernacula declined drastically from 1980 through 1997 and have continued to decline at a dower
rate from 1997 to present. In contrast, the recent 2003-2007 population increase was largely attributed to population growth
at hibernaculain Illinais, Indiana, Kentucky, New Y ork, and West Virginia. During the three intra-biennial survey periods
from 2001-2003, 2003-2005 and 2005-2007, the rangewide population had increased by 10.8%, 16.9%, and 10.4%,
respectively. In sharp contrast, from 2007 to 2009, the overall Indiana bat population declined by approximately 11.8% (a
loss of approx. 55,458 bats). The 2009 Indiana bat rangewide population estimate was 414,031 bats with 99% of the bats
hibernating in 8 states: Indiana (52%), Kentucky (14%), Illinois (13%), New Y ork (8%), West Virginia (4%), Missouri (3%),
Tennessee (3%), and Ohio (2%). Thiswas the first observed overall decline since 2001. The negative influence of White-
nose Syndrome (WNS) on Indiana bat population trends in affected states and recovery unitsis becoming more apparent
especialy in the Northeast Recovery Unit. In addition to ongoing WNS research, the Service and its partners are continuing
to research and develop new survey techniquesin an ongoing effort to improve both the accuracy and consistency of our
Indiana bat population estimates.

Introduction

The Indianabat (Myotis sodalis) was one the first species to become Federally listed as endangered on March 11, 1967. Itis
amigratory species that is found throughout much of the eastern United States. During winter, Indiana bats occupy suitable
underground hibernacula (i.e., caves and mines). Biennial surveys of the hibernacula are the primary means by which
Indiana bat populations are monitored. Indiana bats typically form dense clusters containing tens to thousands of individuals
on cave and mine ceilings and walls each winter, which greatly facilitates biologists' efforts to enumerate them (USFWS
2007).

Prior to European settlement of the eastern United States, the rangewide Indiana bat population almost certainly exceeded a
million bats and some individual caves were reported as having “millions’ of hibernating bats many of which reasonably
could be assumed to have been Indiana bats (Silliman 1887, Tuttle 1997, USFWS 2007). However, by the time bat biologists
started conducting more-or-less standardized population surveysin the early 1980s, the rangewide population estimate was
closer to half amillion individuals.

In the original Recovery Plan (USFWS 1983), Indiana bat hibernacula were assigned priority numbers based on the number
of Indiana bats they contained. For example, originally a Priority 1 (P1) hibernaculum was a site that had contained 30,000
or more Indiana bats since 1960. During a meeting of Recovery Team members and U.S. Fish and Wildlife Service (Service)
biologistsin November, 2005, it was decided that revisions to the existing hibernacula priority definitions were needed
(USFWS 2007). With the end goal of achieving awider and more even distribution of essential hibernation sites across the
species’ range, it was decided to lower the P1 population criterion from 30,000 bats to 10,000 and to omit the “since 1960”
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part of al the hibernacula definitions. These changes effectively increased the number of P1 hibernacula at that time from 11
sitesin four statesto 23 sitesin seven states. The current hibernacula priorities are defined below.

Priority 1 (P1): Essentia to recovery and long-term conservation of M. sodalis. Priority 1 hibernaculatypically have (1) a
current and/or historically observed winter population > 10,000 Indiana bats and (2) currently have suitable and stable
microclimates. Priority 1 hibernacula are further divided into one of two subcategories, “A” or “B,” depending on their
recent population sizes. Priority 1A (P1A) hibernacula are those that have held 5,000 or more Indiana bats during one or
more winter surveys conducted during the past 10 years. In contrast, Priority 1B (P1B) hibernacula are those that have
sheltered > 10,000 Indiana bats at some point in their past, but have consistently contained fewer than 5,000 bats over the
past 10 years.

Priority 2 (P2): Contribute to recovery and long-term conservation of M. sodalis. Priority 2 hibernacula have a current or
observed historic population of 1,000 or greater but fewer than 10,000 and an appropriate microclimate.

Priority 3 (P3): Contribute less to recovery and long-term conservation of M. sodalis. Priority 3 hibernacula have current or
observed historic populations of 50-1,000 bats.

Priority 4 (P4): Least important to recovery and long-term conservation of M. sodalis. Priority 4 hibernaculatypicaly have
current or observed historic populations of fewer than 50 bats.

Beginning in the 1980’ s, most P1 and P2 hibernacula were surveyed every other year (on the odd year) by one or more
members of the Indiana Bat Recovery Team with assistance from state and Service biologists. The Recovery Team Leader,
Rick Clawson, collated the population estimates from all known P1 and P2 hibernacula and assessed apparent population
trends with data from those sites. In preparation for the “Indiana Bat: Biology and Management of an Endangered Species’
symposium in Lexington, Kentucky in 2001, Clawson collated datafrom all known hibernacula (i.e., P1-P4) and published
the first comprehensive population estimates and trends assessment for the species (Clawson 2002). Beginning in 2003, the
Service's Bloomington Field Office (BFO) started collating rangewide population data and devel oping a comprehensive
Indiana bat hibernacula database containing published and unpublished population estimates from all known hibernacula.
Since 2005, the Service has helped coordinate the biennial winter surveys, collate the survey data from 17+ states, and post
the resulting population estimates and trends on its Indiana bat website

(http:/fwww .fws.gov/midwest/Endangered/mammal s/inbal/index.html).

In 1995, the Indiana Bat Recovery Team requested distributiona datain aletter sent to consultants, researchers, and
authorities on endangered species in 28 states (Gardner and Cook 2002). From the responses received from this data request
and other published and unpublished records, Gardner and Cook (2002) devel oped a rangewide database of county
distributional records for the Indiana bat and used GI S software (Arcinfo® and ArcView®) to examine the bat’s geographic
distribution and to produce seasonal distribution maps. In June, 2005, the BFO e-mailed an Indiana bat hibernacula data
request to over 75 individuals including Service biologists, Recovery Team members, bat researchers, state and Federal
agency biologists, consultants, and other bat conservation partnersin 27 states, who in turn forwarded the response to other
colleagues. Hibernacula data were received from all 27 states. BFO biologists used the combined responses from the 1995
and 2005 data requests, existing Recovery Team records, and other published and unpublished records, to develop aGIS-
based hibernacula database containing detailed information for all known (i.e., current and historic) hibernacula with one or
more Indiana bat winter occurrence records. BFO has maintained the hibernacula database since 2005 and has continuously
added new data as it becomes available. The most recent Indiana bat population data was collected during hibernacula
surveys conducted throughout the species’ range in January through early March, 2009, and is summarized below.

Results

Current Population Status

The Service currently (as of March 11, 2011) has records of one or more Indiana bats hibernating at 467 different hibernacula
in 24 states between 1929 and the present (Table 1, Figure 1). Data entries for these 467 sites vary considerably with
multiple sites with asingle record of 1 bat to sites having had up to 123,800 bats at one point in time (e.g., Bat Cave,
Shannon Co., MO in 1973) (USFWS, unpublished data). Of these 467 sites, 300 (64%) are considered to have an extant
winter population (Table 1). Based on the 2009 or most recent population estimates, we have assigned each of the 467 sitesa
priority number which istabulated in Table 1, and their rangewide distribution is depicted in Figure 1.
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Table 1. Distribution and priority numbers of Indiana bat

hibernacula by state and Recovery Unit (current as of Dec. 2010).

No. of Hibernacula by Priority Number®
(No. with positive occurrence since 1999) Total No. of Total No. of Hibernacula
Hibernacula with “ Extant”
with Any Winter Winter Populations
State P1A P1B P2A P2B P3 P4 Record (>1 bat since 1999)
Alabama - - - - 4(2) 6(2) 10 4
Arkansas - - 2(2) 2(1) 12(9) 19(3) 35 15
Connecticut - - - - 1(0) 1(0) 2 0
Florida - - - - - 1(0) 1 0
Georgia - - - - - 2(0) 2 0
lllinois 1(1) - 6(6) - 7(6) 9(4) 23 17
Indiana 7(7) - 3(3) - 14(14) 13(10) 37 34
lowa - - - - - 2(0) 2 0
Kentucky 2(2) 3(3) 12(12) 4(3) 41(35) 54(25) 116 80
Maryland - - - - - 4(0) 4 0
Massachusetts - - - - 1(0) - 1 0
Michigan - - - - - 1(1) 1 1
Missouri 1(1) 5(5) 5(5) 5(2) 25(19) 30(10) 71 42
New Jersey - - - - 2(2) - 2 2
New York 3(3) - 3(3) - 4(4) 10(6) 20 16
North Carolina - - - - - 4(1) 4 1
Ohio - - 1(1) - 1(2) 5(0) 7 2
Oklahoma - - - - - 3(2) 3 2
Pennsylvania - - 1(D) 1(0) 5(4) 20(12) 27 17
Tennessee 1(2) - 2(2) 5(4) 15(13) 14(7) 37 27
Vermont - - - - 5(3) 1(0) 6 3
Virginia - - - 2(2) 6(6) 8(3) 16 11
West Virginia 1(1) - - 1(2) 11(11) 26(13) 39 26
Wisconsin - - - - - 1(0) 1 0
Tota 16 8 35 20 154 234 467 300

1 P1A: >10,000 bats at some point in time and >5000 bats at some point within past 10 yrs. P1B: >10,000 bats at some point in time, but <5,000 bats within past 10
yrs. P2A: 1,000-9,999 bats at some point in time and >500 bats at some point within past 10 yrs. P2B: 1,000-9,999 bats at some point in time, but <500 bats within
past 10 yrs. P3: 50-999 bats at any point intime. P4: 1-49 bats at any point in time.
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Figure 1. Location and priority number of known Indiana bat hibernacula within each Recovery Unit
(RU boundaries depict currently assumed range limits of the species) (priority numbers were updated using 2009
population estimates) (all extant and historic sites are shown and al sites falling outside of a RU/the current range

are historic).

Table 2 provides population estimates through time for each of the 23 current Priority 1 hibernacula (PLA=16, P1B=7).
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Table 2. Winter population estimates through time for P1A (n=16) and P1B (n=7) Indiana bat hibernacula. All P1 hibernacula (n=24)
have at some point in the recorded past had >10,000 hibernating Indiana bats and currently provide suitable winter habitat. P1A hibernacula
have maintained a minimum of 5,000 Indiana bats during the last 10 years, whereas P1B hibernacula have not met this criterion in the last 10+ years.

>
o
o g Max. Max. Max. Max. Max. Max. Rl\{elgeit Yggg/c;.rd.
G | HbemedumName | Type | 2 Allme | Prodsro | 107670 | 198080 | 190600 | 200000 | POPESimite | WNSwas
-tim e- - - - - ' .
g (2009 or 2010) | Confirmed
IN | Ray's cve | A | 71687 | 3200 9233 | 2858L| 62464 | 77,687 59,250 :
IN_| Wyandotte cave | A | 54913 | 15000 2152 | 10344| 26,854 | 54913 52610 | 2011
IL | Magazine mine | A | 44,580 0 0| 1814| 0074| 44580 40,705 §
IN | Jug Hole cave | A | 46,664 Unk.| 1384|6424 | 20,741 46,664 36,067 :
KY | Bat (Carter Co) cae | A | 100,000 | 100,000 | 40,000 | 51500 | 49,575 | 36942 23,346 :
IN_| Grotto cae | A | 16,190 200 2193|4198 | 4361 ] 1997 19197 | 2011
IN_| Coon cae | A | 18,640 150 801|  2950|  6341| 18640 18,640
IN_| Twin Domes cae | A | 100,000 Unk. | 100000 | 98250 | 87,350 | 50.32%5 18,484
WV | Hellhole cave | A | 12,858 500 386 | 5143 | 10437 | 12858 12858 2010
NY | Barton Hil mine | A | 11,009 0 20| 2183| 4842 11,009 10678 2008
NY | Williams Hotel mine | A | 24,317 0 0 236 | 7553 | 24317 8152 2008
TN | White Osk Blowhole | cave | A | 12,500 Unk. | 12000 | 12500 | 7250 |  7.983 7983 | 2010
MO | Great Scott cae | A | 85700 Unk. | 81800| 85700 32125| 8250 4,670 :
IN | Bawing cae | A | 50,000 Unk. | 50,000 | 29960 | 13150 |  9.350 4222 2011
KY | Dixon cave | A | 16550 | 4000 9525 | 16550 9150 | 3,670 2432 ;
KY | Line Fork cave | B | 10000 10000 953 | 8379| 3297 | 1877 1877 ;
MO | Pilot Knob mine | B | 100,000]| 100,000| 100000] 88923 | 33538| 1,678 1678 ;
KY | Long cae | B | 50000 50000 7600 7527 | 1249] 1319 1319 ;
MO | Copper Hollow Snk | cave | B | 21,000 Unk. | 2L,000| 9,295 200 380 320 ;
NY | Walter Wm. Preserve | mine | A | 13,014 0 0] 5631] 9415| 13014 190 2008
MO | Onyx cae | B | 12850 Unk. | 12850 | 8994 | 1275 180 120 ;
MO | Brooks cave | B | 19461 Unk. | 19461 ] 11850] 2,700 235 20 ;
MO | Ryden cave | B | 10539| 5600 10539| 5800 160 13 2 ;
KY | Coach cave | B | 100,000 | 100,000 | _ 4500 600 48 101 0 ;
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The 2009 Indiana bat rangewide population estimate was 414,031 bats with 99% of the bats hibernating at sitesin 8
states: Indiana (52%), Kentucky (14%), lllinois (13%), New Y ork (8%), West Virginia (4%), Missouri (3%),
Tennessee (3%), and Ohio (2%) (Table 3, Figures 2 and 3) [Note: thisis an updated 2009 estimate that significantly
differs from the one that originally was posted on the Service’ swebsite in April 2010]. In 2009, the Midwest
Recovery Unit (RU) contained two-thirds (68.6%) of the rangewide Indiana bat population followed by the Ozark-
Central (16.5%), Northeast (8.2%) and Appaachian Mountains (6.6%) RUSs.
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Figure 2. Indiana bat rangewide population estimates from 1981 — 2010 (USFWS unpublished data 2011).
Current WNS Status

Asof March 11, 2011, biologists had confirmed White-nose Syndrome (WNS) and/or the fungus Geomyces
destructans (G.d.) from bats/samples collected within at |east 59 Indiana bat hibernaculain 11 states (IN=4, MA=1,
MD=1, MO=1, NJ=2, NY=19, PA=10, TN=4, VA=4, VT=5, WV=7). Thirty-five of the 59 WNS/G.d.-affected sites
sheltered one or more Indiana batsin 2009. 1n 2009, these 35 sites collectively contained approximately 134,770
bats or approximately 33% of the rangewide population. Table 2 provides the WNS/G.d. status for each of the 23
current P1 hibernacula.

Population Trends

After being listed in 1967, the rangewide Indiana bat population continued to decrease precipitously and reached a
low of about 329,000 bats in 2001 before an increasing population trend began in 2003 and continued through 2007
(Table 3, Figure 2). Through 2003, most of the overall population declines were attributed to declines at high-
priority hibernaculain Kentucky and Missouri and to alesser extent, Indiana. Bat populations in Missouri
hibernacula declined drastically from 1980 through 1997 and have continued to decline at a slower rate from 1997 to
present. In contrast, the recent 2003-2007 population increase was largely attributed to population growth at
hibernaculain lllinois, Indiana, Kentucky, New Y ork, and West Virginia. During the three intra-biennial survey
periods from 2001-2003, 2003-2005 and 2005-2007, the rangewide population had increased by 10.8%, 16.9%, and
10.4%, respectively. In sharp contrast, from 2007 to 2009, the overall Indiana bat population declined by
approximately 11.8% (aloss of approx. 55,458 bats) with most of the apparent declines occurring in Indiana,
Kentucky, and New Y ork and to alesser extent Missouri, and Illinois). Thiswas the first observed overall
population decline since 2001 (Figure 2).
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Figure 3. Pie chart of the 2009 Indiana bat rangewide population by state (USFWS, unpublished data, 2010)
(total 2009 rangewide population estimate was 414,031 Indiana bats).

In 2009, the total Indiana bat population was estimated at approximately 414,000 bats, which represents a 35%
decline from the 1971 population estimate of approximately 633,000 bats (Table 3). The overall population decline
has not been uniformly distributed throughout the range of the species, however. Hibernating populations in the
southern part of the range have declined by 71% in the past 40 years (since 1971), while those in the northern
Midwest and Northeast had increased by up to 95% by 2007, prior to the onset of WNS and subsequent population
declinesin affected areas.

The population trends in the Indiana bat recovery units (RU) have not been uniform either (see Figure 1 for RU
boundaries). Between 2001 and 2007, all four RUs had had a stable or upward trending population (Figure 4).
However, in 2009 the Northeast and Midwest RUs both declined by 36.5% and 11.3% respectively. The overall
decline in the Northeast RU primarily resulted from declines at several WNS-affected hibernaculain New Y ork and
the overall declinein the Midwest RU primarily stemmed from apparent declines at multiple P1 sitesin Indiana and
on P1 sitein Kentucky (Figure 4). The Appalachian RU has shown a gradual increase between 2001 and 2009 and
the Ozark-Central RU has remained relatively stable in recent years (2005-2009).
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Table 3. Size and distribution of hibernating populations of the
Indiana bat by region and state, based upon estimates nearest to the year indicated.

State 1971 1981 1991 2001 2007 2009
Alabama 300 276 216 173 258 253
Arkansas 7,000 6,332 3,394 2,475 1,829 1,480
S. lllinois 100 124 6304 20115 52800 50,763
s | Kentucky 100000 93935 80,765 51,053 71250 57,325
B | Missouri 346000 232911 87,138 18999 15895 13674
% North Carolina 0 0 0 0 0 1
& Oklahoma 0 0 7 0 0 0
Tennessee 15500 18,998 8,508 9,564 8906 12,721
Virginia 1,300 1,121 1,599 969 723 730
Subtotal 470200 353697 188021 103,348 151,751 136,947
% of Rangewide Total 74% 69% 50% 31% 32% 33%
,\N/I'i :]'g)”"is (Blackball 100 20 621 1,562 2,513 2,513
Indiana 157,000 151,676 162714 173111 238026 215,277
Michigan 0 0 0 20 20 20
c | New Jersey 0 0 19 335 659 416
SE) New York 3,900 3617 14288 29671 52,783 33647
% Ohio 100 73 2,324 9,817 7,629 9,261
2 Pennsylvania 800 440 262 702 1,038 1,031
Vermont 0 2 8 246 325 64
West Virginia 900 437 6,088 0714 14745 14855
Subtotal 162,800 156,265 186,284 225178 317,738 277,084
% of Rangewide Total 26% 31% 50% 69% 68% 67%
Grand Total

633,000 509,962 374,345 328,526 469,489 414,031

*Not all surveys occurred exactly in the year portrayed in the table, particularly for the 1971 and 1981
columns. Population estimates for a particular period were based on the survey of that year or the nearest to the
year indicated, either prior to or subsequent to that year.
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Figure 4. Most recent biennial Indiana bat population estimates by Recovery Unit.
Discussion

The Indiana bat population datain the Services hibernacula database currently spans a period of 80+ years. Much
effort and many resources have been expended over the decades by countless dedicated individuals (See
Acknowledgements for a sampling) to obtain thisdata. Despite the Indiana bat’ s data set admittedly having some
troublesome gaps (especially pre-1981; see USFWS 2007, Appendix 3) and including estimates derived from
different survey techniques of variable accuracies (see Meretsky et a. 2010), to our knowledge, it remains unrivaled
as the single most comprehensive and accurate population index available for any North American bat species and
thereforeis extremely valuable. Without such data, the Service would have few aternative means of monitoring and
assessing population responses to threats and whether or not recovery goals are being achieved. Therefore, on
behalf of the Service, | extend our sincere gratitude to all who have loaned us their hard-earned data over the many
years.

The population numbers and trends presented in the text, tables, and figures more-or-less speak for themselves, but |
will comment further on the following points.

e The Service recently reviewed existing population and threats data as part of a5-Y ear Review for the
Indiana Bat (King 2009). This review concluded that the population- and threats-based recovery criteria set
forth in the draft recovery plan (USFWS 2007) had not yet been met and therefore the Indiana bat should
remain listed as endangered. In 2007, WNS was not aknown or recognized threat to the Indiana bat and
therefore was not addressed in the draft recovery plan (USFWS 2007), but was included as an emerging
threat in the 5-Y ear Review. Inthe year and ahalf since this review was completed, WNS has continued to
threaten the species and G.d. has spread beyond the western boundary of the Indiana bat’ s range and to
points north of this range. WNS has rapidly emerged as an unprecedented threat to numerous, perhaps all,
hibernating bat speciesin North America (Blehert et al. 2009). The consensus of bat experts at aMay,
2009 WNS meeting in Austin, Texas, was that “White-nose Syndrome is a devastating disease of
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hibernating bats that has caused the most precipitous decline of North American wildlifein recorded
history.” (http://www.batcon.org/, accessed 8-18-09). If the spread and current trends of mortality at
affected sites continue, WNS threatens to drastically reduce the abundance of Indiana bats and other
species of hibernating bats in major regions of North Americain aremarkably short period of time (see
Frick et al. 2010).

e Theobserved decline (-36.5%) within the Northeast RU between 2007 and 2009 (a net loss of approx.
19,640 bats) is presumably the result of bat mortality associated with the onset and spread of WNS. This
decline may in reality be steeper than what we have cal culated because some of the bats counted among the
living during the winter hibernacula counts may have aready been dead (yet till hanging on the
ceiling/walls) and other WNS-affected bats likely died after the winter surveys were conducted. Therefore,
the calculated decline should likely be considered a minimum.

e Theoverall population decline (-11.3%) within the Midwest RU between 2007 and 2009 (a net loss of
approx. 36,284 bats) primarily resulted from large population declines at one P1 hibernaculum in KY (Bat
Cave in Carter Co) and three P1 hibernaculain Indiana (Ray’s, Jug Hole, and Twin Domes caves). WNS
was not detected at these sitesin 2009 (nor 2010) and no WNS-associated mortality was observed
elsawherein thisRU that year. The Service and its partners are investigating potential causes that may
have contributed to the apparent population declines at these sites. One plausible explanation for the
apparent decline at Bat Cave in Kentucky was that the Indiana bats appeared to be utilizing cracksin the
cave ceiling more so in 2009 than had been observed in previous years, which may have obscured some
unknown portion of the bats from the surveyors view (Mike Armstrong, USFWS, pers. comm., 2011).
Potential causes of the apparent declines at the Indiana sites are till being explored.

e Over the past 5+ years, the Service and its partners have invested a significant amount of staff time and
resources into researching, developing, and field testing new and improved population survey techniques
for the Indiana bat (Hamilton et al. 2009, Meretsky et al. 2010) and have tackled afew problematic survey
sitesaswell (e.g., Elliott and Kennedy 2008). The importance of these actions was recognized by the
Service and they were included as priority tasks needing to be completed in the draft recovery plan
(USFWS 2007). Asaresult of our own exploratory efforts and those of afew pioneers (e.g., Al Hicks and
Carl Herzog), digital photography has emerged as an efficient and highly accurate survey tool in many
hibernacula settings and an excellent means for conducting WNS surveillance aswell. Therefore, the
Service has been encouraging the use of digital cameras during winter surveys of M. sodalis and will
continue to research and devel op new survey techniques in an ongoing effort to improve both the accuracy
and consistency of our bat population estimates.
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Factors contributing to population declines

+ Winter populations in caves and mines were
vulnerable to human disturbance, vandalism, and
natural hazards,

* Improper cave gates and structures physically
blocked bat ingress/egress and/or restricted airflow
leading to altered/unsuitable micro-climates within
hibernacula,

+ Changing land-uses (e.g., forest clearing and
fragmentation), and

» Chemical contamination.
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Range of the Indiana Bat
in relation to Eastern U.S. Coal Fields

Approximate
Indiana Bat
Composite Range
(summer and winter)

* Isolated Record

@ Priority IA Hibernacula
(>10,000 bats since 1999)

[ Anthracite (potentially minable)

[ Lignite (potentially minable)

[ Low Volatile Bituminous
(potentially minable)

[ Medium and High Volatile

Bituminous (potentially minable)

[ Medium and High Volatile
Bituminous (other uses)
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Federal Status of the Indiana Bat

* Myotis sodalis was originally listed as being
in danger of extinction under the
Endangered Species Preservation Act of 1966
(32 FR 4001, March 11, 1967),

* Overall population was approx. 883,000 bats at time
of original listing.

* Currently listed as under the
Endangered Species Act (ESA) of 1973, as amended.
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5-Year Review

« completed in 2009

« evaluated progress towards
achieving recovery criteria
laid out in the 2007
draft recovery plan

¢ Bottom-Line:

the Indiana bat still
remains “
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Indiana Bat Hibernacula
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Priority 1 (P1): > 10,000 Indiana bats.
P1A > 5,000 bats over the past 10 years.
P1B < 5,000 bats over the past 10 years.

Priority 2 (P2): 1,000 to 9,999 bats.
Priority 3 (P3): 50 to 999 bats.
Priority 4 (P4): < 50 bats.
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Packing densities of large clusters LaVal and LaVal 1980
of M. s. reported between 194 — 500+ bats/ft.2 EITSEIIHEIEIY
Tuttle 2003

Elliot and Kennedy 2008
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In 2009,
we

compiled
data from
16 states
with extant
winter
populations
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2 ft.

Using the dimensions of the cluster above and the
packing densities below, calculate the estimated
number of Indiana bats within the cluster.

If 300 bats/ft.2, then total # of bats = 900
If 400 bats/ft.2, then total # of bats = 1200

U.S. Fish & Wildlife Service

2009 population data are posted on the
Region 3 Indiana bat website
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2009 IBat Population Overview
* 2009 rangewide pop. = 387,835 bats

« from 2007 to 2009 the overall pop. declined
by 17% (approx. 2-yr. loss of 80K bats)

» 2009 was the first observed decline since 2001

* during the 3 previous bienniums, the overall
pop. had increased by 10.8%, 16.9%, and
10.1%, respectively.
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Indiana Bat Rangewide Population Distribution
among Known Hibernacula in 16 States during the 2008-2009 Winter
(2009 pop. = approx. 387,835 bats)

AR, PA, VA, NJ
Tennessee____ AL, VT, MI, &NC
3% S 1%

Missouri_—
%

Indiana
49%
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Indiana Bat
Recovery Units

% of 2009 Population
Midwest: 66.7

Ozark-Central: 17.6
Northeast: 8.6
Appalachian Mtns.: 7.1

) Ecolegical Trap
@ Priority 2 @ Priority 4 O RU Boundaries.
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* in 2009, 75% of the pop. hibernated in 12 sites
in six states (IN, IL, KY, NY, OH, and WV)

* in 2009, 100% of the pop. hibernated in 211
sites in 16 states.

» WNS has been confirmed at approx. 44
Indiana bat hibernacula, which contained
approx. 14.2 % of the 2009 overall population
(approx. 55,488 M. sodalis).
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Indiana Bat Rangewide Population Estimates 1981- 2009
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Biennial Indiana Bat Rangewide Population Estimates
by Recovery Unit
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Pilot Knob Mine, Missouri (P1 Hibernaculum)
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Pilot study using
image-recognition
software

N2 -

Hamilton et al. 2009
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THE RANGE-WIDE INDIANA BAT
PROTECTION AND ENHANCEMENT PLAN:
WHERE WE WERE, WHERE WE ARE, AND WHERE WE HOPE TO BE

CarrieL. Lona
U.S. Fish & Wildlife Service
Kentucky Field Office
Frankfort, Kentucky

Abstract

In 1996, a Biological Opinion (BO) was issued to the Office of Surface Mining (OSM) by the U.S. Fish and Wildlife Service
(FWS) for surface mining and reclamation operations under the Surface Mining Control and Reclamation Act of 1977. The
BO serves as an overal framework for OSM’s compliance with the Endangered Species Act (ESA). In particular, the 1996
BO: (a) evauated SMCRA's potential effects on federally listed species, (b) determined that implementation of SMCRA
would not jeopardize the continued existence of any federally listed species, and (¢) identified several reasonable and prudent
measures that must be met in order for SMCRA -authorized coal mining programs to maintain compliance with the ESA. A
key condition of the 1996 BO required each state to implement and require compliance with any species-specific protective
measures developed by the FWS field office and the regulatory authority with the involvement, as appropriate, of the
permittee and OSM.” For the federally endangered bat (Myotis sodalis), this proved to be a difficult and complicated
condition to meet. Ideas concerning protective measures varied widely between loca FWS offices and state regulatory
authorities and were inconsistent across the species range. These conflicts and inconsistencies often led to separate ESA
requirements within different permitting programs for the same project and adelay in permit review and issuance.

Due to concerns that agencies were not consistently implementing the 1996 BO, a team facilitated by OSM, representing
three FWS regions, and including state coal mining regulatory programs, met in 2009 and developed guidelines to provide
habitat protection and avoidance measures for the Indiana bat that could be used in coal mining states across the species
range. State participation on the team and peer review of the guidelines was coordinated by the Interstate Mining Compact
Commission (IMCC), a multi-state organization representing the natural resource interests of its member states. The team
developed the Range-wide Indiana Bat Protection and Enhancement Plan (PEP) Guidelines to assist surface mining
applicants and state coal mining regulatory agencies (RA) with the process and ensure protection of this species during coal
mining operations. Based on the best scientific information available and current mining practices, the PEP guidelines
identify species-specific protective measures for the Indiana bat and outline many of the options that are available for
applicants to satisfy these requirements. States began implementing the new guidelines in the fall of 2009 with a goal of
providing recommendations to promote consistency in PEP' s among states/regions within the range of the Indiana bat.

Range-wide Indiana Bat Protection and Enhancement Plan (PEP) Guidelines

The guidelines are intended to cover the applicant and the RA under the ESA for the Indiana Bat. The guidelines are a
minimum set of requirements/recommendations; state RA’s and local FWS offices may require additional measures. If the
guidelines are not implemented, the RA and/or applicant may not be covered under the ESA.

Implementation of the guidelines has led to severa questions and a need for clarification on some issues:

1. Do the guidelines need to be followed by all mining states within the Indiana bat’ s range?
Following the guidelines ensures that the applicant and RA will be covered under the ESA for the Indiana bat. If the
applicant and/or RA cannot follow the guidelines, they should coordinate with the local FWS office to achieve
compliance.

2. If these are “quidelines’ why are some measures *required”?
Required measures are those elements that the development team acknowledged as critical to achieving compliance
with the “No Jeopardy” determination of the Biological Opinion. Recommended measures are desired because of
their benefits to Indiana bats, but are not critical.
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3. Isit permissible to cut treesin the summer?
Removing trees during the summer may be permissible if the RA and/or FWS determine that the forested habitat
within the project area is not suitable for Indiana bats (i.e- contains no trees greater than or equal to 5 inches in
diameter at breast height (dbh) with exfoliating bark) or on a case-by-case, project-specific basis and if approved by
the local FWS office.

4. Why is selective tree clearing no longer allowed?
Selective tree clearing allowed the removal of all suitable roost trees within a project area during the winter, when
Indiana bats would not be present. A permitted biologist would walk the site, marking all potential roost trees to be
removed. Once al suitable roost trees had been removed, the remaining forested habitat, not considered suitable for
Indiana bat utilization, could be removed during any time of the year.

Observations by state regulatory authority biologists showed that suitable roost trees/snags were being missed,
especially within large permit areas, and it was determined that is was not feasible for a permitted biologist to mark
every possible roost tree/snag within an area. In addition, there were instances where selectively removing roost
trees actually created more Indiana bat roosting habitat. This occurred because the felling of selected trees killed or
injured live trees and created snags (i.e. the operation produced trees that were once unsuitable were now suitable
Indiana bat roost trees). In other instances, natural events (e.g., ice storms, wind-throw, etc.) could create suitable
habitat after selective tree clearing had occurred, so, collectively, these factors showed that selective tree clearing
was problematic and should be avoided. After severa discussions within the development team, it was determined
that risks associated with selective tree clearing outweighed the benefits to Indiana bats. In some cases, the RA and
local FWS may agree that selective tree clearing is appropriate, but this would only be on very small parcels where it
could be clearly demonstrated that al suitable trees could be marked and removed without creating additional
habitat.

Since the initia implementation of the guidelines, severa future improvements have been identified, which include:

»  Applicants should submit a thorough habitat assessment with the application or preliminary application to better
assist the RA/USFWS in making a habitat determination;

»  Applicants should only submit PEPs that, at a minimum, follow the guidelines;

»  Applicants should consider early coordination if a project will not be able to follow the guidelines; and

e Thereisaneed for continual outreach and communication among the RA’s, local FWS offices, applicants, and
the mining industry.

Conclusion

Overdl, the implementation of the guidelines appears successful. The mgjority of RA’s, local FW'S offices, and applicants
have stated that they are benefitting from a clear, concise guide for protecting the Indiana bat on coal mining projects.

CarrieLonaisaFish and Wildlife Biologist (consultation) currently reviewing surface mining permits for the U.S. Fish and
Wildlife Service, Kentucky Field Officein Frankfort, Kentucky. Prior to being employed by the Service, she was an
environmental consultant specializing in endangered species surveys and 404 water quality certificationsin Florida, North
Carolina, and South Carolina. She has a bachelor’ s degree in Marine Biology and a Master’ s Degree in freshwater biology
from Auburn University.



EVERYTHING YOU WANTED TO KNOW ABOUT “TAKE”
IN THE ENDANGERED SPECIESACT

Peg Romanik
U.S. DOI Salicitor’s Office
Washington, D.C.

Abstract

“Take’” isapowerful component of the Endangered Species Act (ESA). The ESA wields a strong hammer when the potential
for take of listed species occurs—there are civil and criminal penalties for prohibited take. If an action islikely to “take”
listed species then both the government and private parties must seek an exception for prohibited take either in the form of an
incidental take statement under section 7 or an incidental take permit under section 10 of the ESA.

The definition of “take,” therefore, is a core component in the analysis of any action that may affect listed species. The ESA
offers abroad definition of “take,” which has been further defined by regulations promulgated by the U.S. Fish and Wildlife
Service. Under these regulations, the subcomponents “harm” and “harass,” as aform of “take,” are defined. The Supreme
Court upheld the Service' sright to promulgate those definitions.  This discussion will focus on the statutory and regulatory
prohibitions against take, the definitions of take and its various components, as well as court decisions that offer further
guidance on take.

Take Under the Endangered Species Act

The stated purposes of the Endangered Species Act (ESA) of 1973 are to provide a means to protect the ecosystems of
endangered and threatened species, to provide a program for the conservation of threatened and endangered species, and to
promote steps to achieve the purposes of certain specified treaties and conventions set out in the ESA." Section 4 of ESA sets
out proceduresto qualify aplant or wildlife species to become “listed” as a species protected under the ESA. Once aplant or
wildlife species has been “listed” under the ESA, as either a“threatened” or “endangered” species, certain specific
protections under the ESA are triggered.?

Definition of “ Take”

Generally, the ESA prohibits the “taking” of listed fish and wildlife species.® Specifically, the ESA states that it is unlawful
for any person to “take any such species within the United States or territorial sea of the United States.” Theterm “take” is
defined in the ESA as “to harass, harm, pursue, shoot, wound, kill, trap, capture, or collect, or to attempt to engage in any
such conduct.” * Most of the terms listed as prohibited actsin the definition of “take” are self-evident and relate to acts like
deliberate hunting that, traditionally, have been subject to government regulation. Some of the prohibited acts (e.g. harass,
harm) in the definition, however, are broader in scope and were not found in traditional conservation laws.

116 U.S.C. § 1531(b).

> This paper represents only a broad discussion of “take” under the ESA. In addition to the prohibition against the taking of
listed species, the ESA provides multiple tools for the conservation of species.

%16 U.S.C. § 1538. For fish and wildlife species under the jurisdiction of the Fish and Wildlife Service, generally, take is
prohibited for both threatened and endangered wildlife unless there is a special 4(d) rule for that species. Under the ESA,
there is no prohibition for the take of listed plants. There are, however, prohibitions against jeopardizing listed plant
species, removing plants from areas under Federal jurisdiction, maliciously damaging or destroying plants from areas
under Federal jurisdiction, or removing, cutting, digging up, damaging, or destroying plants in any area in knowing violation
of State laws. 16 U.S.C. §1538(a)(2)(B).

*16 U.S.C. § 1532 (19).
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In 1981, the United States Fish and Wildlife Service (the “ Service”) and the National Marine Fisheries Service (“NMFS”)
finalized regulations to define the terms “harm” and “harass.” Theterm “harm” was defined as:

an act which actualy kills or injures wildlife. Such act may include significant habitat modification or degradation
whereit actually kills or injures wildlife by significantly impairing essential behavioral patterns, including breeding,
feeding, or shelter. 50 C.F.R. §17.3

Theterm “harass’ was defined as:

Anintentional or negligent act or omission which creates the likelihood of injury to wildlife by annoying it to such
an extent asto significantly disrupt normal behavior patterns which include, but are not limited to, breeding, feeding,
or sheltering.” 50 C.F.R §17.3.

These definitions were not without controversy. Most of the controversy surrounded the potential consequences for “take”
could be caused by an underlying action’ s habitat modification. Some landowners and land managers, in particular, were
concerned that this definition could include actions that, in the past, were not considered to trigger the prohibition against
take under the ESA. Specifically, under these new definitions, where changes to habitat could result inillegal “take,” certain
land activities such as logging, grazing, or mining now had the potential to trigger criminal and civil penalties under section 9
of the ESA. For example, after promulgation of these definitions, a mining company would have to consider whether any
habitat modification that occurred because of their actions would kill or injure alisted species by significantly impairing
“essential behavioral patterns’ rather than just whether their activity would directly kill or injure alisted species.

Like most mattersinvolving the ESA, the controversy of the proper definition of “harm” eventually was tested in the courts.
Two decades after the definition of “harm” was proposed, litigation over the definition managed to work itsway al the way
to the Supreme Court. The case before the Supreme Court involved an attack on the validity of the rule itself, not the
application of that rule. That is, the Respondents® (a group of small landowners, logging companies and private individuals)
argued that the regulatory definition of “harm” was not supported by the congressional legislative history and that section 5
of the ESA, which allows for the Secretary to buy land, was the exclusive check on habitat degradation for listed species. In
short, the Respondents argued that the definition of “harm” went too far by including the potential for take liability from
habitat modification.

The magjority of the Supreme Court disagreed with Respondent’ s arguments and concluded that the regulatory definition of
“harm” was valid as it “rested on a permissible construction of the ESA.”” The Court concluded that the ordinary meaning of
theword “harm” does not duplicate any of the other descriptive actions in the statutory definition of “take”; that the broad
purpose of the ESA supports the concept of protecting the “precise harm” of habitat degradation; and, the language of the
ESA indicates that Congress understood that section 9 prohibition against take would apply to “indirect takings’ aswell as
direct takings.® The definition of “harass’ has been the focus of very limited litigation and the regulatory definition noted
above stands.

Penalties

Section 11 of the ESA provides for criminal, civil, and administrative penalties for violations of its “take” prohibitions.® In
addition, in certain circumstances, injunctive relief can also be pursued. Thelevel of crimina sanctions depends on the
listing status of the species. Anyone who knowingly violates the ESA’ s take prohibitions with respect to endangered species

> The definition of “harass” also sets out three exceptions related to the care of captive wildlife.

®The “Respondents” before the Supreme Court, were the plaintiffs at the District Court level. The District Court found
against them. The Court of Appeals, after initially affirming the judgment of the lower court, ultimately reversed the lower
court’s ruling. The government, therefore, petitioned the Supreme Court to hear this matter.

’ Babbitt v. Sweet Home Chapter of Communities for a Great Oregon, 110 S.Ct. 2401(1995).

& The Court issued a majority opinion, a concurring opinion, and a dissenting opinion in this matter. The issues of “indirect
effects” and causation were a significant part of the focus in the concurring and dissenting opinions.

°16 U.S.C. §1540.
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can be imprisoned for up to one year and fined up to $50,000 or both.® With respect to take of a threatened species, the
penalty can be up to six months imprisonment and a $25,000 fine or both. Civil penalties may attach as well — up to $25,000
for each violation of an endangered species and $12,500 for a take of athreatened species. Federal agencies aso have the
authority to take administrative actions such as revoking leases, licenses, or permits for violations of the ESA’s take
prohibitions. Further, the ESA contains an all-encompassing forfeiture clause, which could result in the forfeiture of
essentialy all objects (including guns, equipment, vessels, aircraft, etc) used “to aid the taking.” Finally, courts have the
power to enjoin actions that unlawfully take listed species.

Unlike many other wildlife statutes, the ESA provides for citizen suits against anyone for the violation of any provision of the
ESA.™ Thatis, aprivate individual or group can file suit to enjoin the actions of an individual or a government agency for
violations under the ESA. Thisisavery powerful tool for aprivate individuals or groups as it allows them to focus a court’s
attention on activities that may impact listed species even if the Federal government is not aware of the violation or has
chosen not to act on the violation.

Exceptionsto the Prohibitionson Take

The ESA provides some exceptions to the prohibition on take of listed species of fish and wildlife. The two most common
exceptions are the take authorizations that are granted under section 7 and section 10 of the ESA. Under either of these
sections, if certain procedures are followed and certain required findings are made, take can be authorized.

Consultation under section 7 of the ESA is the mechanism federal agencies can use to acquire authorization for take of listed
species.”” Section 7 of the ESA, and its implementing regulations, require federal agencies to consult with the Fish and
Wildlife Service (the Service) to determine if any discretionary agency action they take may affect alisted species.®® If that
action islikely to adversely affect alisted species, the action agency must engage in formal consultation with the Service.
The Service ultimately issues a biological opinion that determines whether the agency’s action is likely to jeopardize the
continued existence of alisted species or adversely modify designated critical habitat. If the Service determinesthat the
action is not likely to jeopardize the continued existence of alisted species, the Service is required to produce an Incidental
Take Statement (ITS). The TS isthe mechanism that “authorizes’ thetake. The ESA, however, requires that the ITS
contain “reasonable and prudent” measures that minimize the impact of the action on listed species. The action agency (or
applicant) must comply with the RPM’s and any terms and conditions associated with the RPM’sin order to receive the
exemption from liability for take.

Individuals or actors other than the Federal Government can receive a permit for the incidental take of listed species under
the procedures set forth in section 10 of the ESA.* In order to receive the permit, first an applicant is required to submit a
“conservation plan,” more commonly called a*“ conservation habitat plan” or “HCP.” Section 10 requires that the plan
include measures to mitigate for any take that is likely to occur because of the underlying action. Further, the ESA requires
that the impacts of any incidental taking will be “minimized and mitigated” to the “maximum extent practicable.”*® Finally,
the Service must determine that the take that results from the underlying action will not “appreciably reduce the likelihood of
the survival and recovery of the speciesinthewild.” If al the requirements of section 10 are met, an incidental take permit is
issued.

Conclusion

Congress enacted the ESA because they found that various species of fish, wildlife and plants were extinct and that other
species were in danger of extinction. Congress declared that those species are of “esthetic, ecological, educational, historical,

1%1n 1978, Congress lowered the standard from “willful” to “knowing”. “Knowing” does not mean that the person had to
know the species being taken was a listed species but rather simply that the person “knowing” took the action that resulted
in the take. For example, a hunter does not have to “know” that he shot a listed bird as long as he knowingly shot his gun.
16 U.S.C. §1540(g).

216 U.S.C. §1536.

B If the action may affect a listed species under the jurisdiction of the National Marine Fisheries Service (NMFS), the action
agency consults with that agency. NMFS is governed by the same consultation regulations as is the Service. These
regulations are set out in 15 C.F.R. Part 402.

16 U.5.C. §15309.

> There are other procedural requirements — including proof of funding — not discussed here. See, also,
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recreational, and scientific value” to this country. *® The ESA, therefore, contains powerful prohibitions against the take of
species listed under the provisions of the ESA. Those who knowingly violate the take provisions, without first receiving an
ITS under section 7 of the ESA or an incidental take permit under section 10 of the ESA, face the potential for civil, criminal,
and injunctive actions taken against them.

Peg Romanik isasenior attorney with the Division of Parks and Wildlife, Office of Solicitor, U.S. Department of the
Interior. Peg'sfocusis primarily on section 7 of the ESA. She coordinates national level legal issues across the country.
She works with regional and field office attorneysin the Solicitor’s Office as well as with other Federal agencies’ ESA
attorneys. Peg works with FWS biologists both in DC aswell asin regional and field offices when vexing section 7 issues
arise. She frequently helps teach the section 7 classes at the National Conservation Training Center. Peg also coordinates
with various U.S. Attorney offices and the Department of Justice on cases involving the Fish and Wildlife Service. Peg
graduated from the University of Notre Dame law school and Michigan State University.

®16 U.S.C. §1531(3).
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Range-Wide Indiana Bat Important Things That Would Not Exist If It
Weren't For Bats:

Protection and Enhancement Guidelines: (\
Where We Were, Where We Are, ®
and Batman

Where We Hope to Be

Minor League
Baseball Teams

Carrie L. Lona
Fish and Wildlife Biologist

Kentucky Ecological Services Field Office Halloween
330 West Broadway Street
Erankfort, KY 40601 A
Where We Were:

* In 1996 the USFWS issued a Biological Opinion for OSM that stated that
impacts from surface mining would not jeopardize federally listed species as
long as the State agencies and local USFWS offices worked together to create
Protection and Enhancement measures for each species.

* Good idea in theory, but most states and local USFWS offices couldn’t agree
on protective measures.

¢ The Indiana bat was by far the species with the most “issues” across it’s
range. It was decided that one Protection and Enhancement Plan (PEP)
could be developed to cover surface mining throughout the species’ range.

Summer Roost

The guidelines are the product of State and Federal government
collaboration and partnerships among three USFWS Regions and their field
offices; 13 state coal mining regulatory agencies, and the Interstate Mining
Compact Commission (representing those states); and two OSM Regions
and their field offices.

Indiana Bat Roost Tree

ange of the Indiana Bat

Range-Wide Indiana Bat
Protection and Enhancement Guidelines Where We Are:
e I D=
@ l J @ * At this time, the guidelines have been implemented in
= . most states where applicable
(=)
T @ * The Guidelines set the MINIMUM standards for
msime i Tl st el development of the species-specific protective
i measures.
T,
FiEfe . s * The goal is to provide consistent, predictable in the
| . SMCRA permitting process across the Indiana bat’s
1 range.

ACTION: Davalop.
Pertal Closurs Plan




Where We Are:

+ If the guidelines are implemented, the applicant and
RA are covered under the ESA for the Indiana Bat.

* State RA’s and local FWS offices may require
additional measures —remember the guidelines are
the MINIMUM standard.

* If the guidelines are not implemented —

YOU MAY NOT BE COVERED!!!

Frequently Asked Questions

1. Do we have to follow the guidelines: Yes, if you want to

be covered under the ESA. Otherwise, you need to work
with the local FWS office to ensure compliance.

2. If these are “guidelines” why are some measures

“required”: Required measures are elements that the
development team felt were critical to achieving
compliance with the “No Jeopardy” determination of the
Biological Opinion. Recommended measures are desired,
but not critical.

3. Can we ever cut trees in the summer? Yes-if the RA

and/or FWS determine that the forested habitat within the
project area is not suitable for Indiana bats (i.e- contains no
trees > or = 5”dbh with exfoliating bark) or on a case-by-
case project-specific basis (if approved).

Frequently Asked Questions

4. Why is selective tree clearing no longer allowed?
Selective tree clearing allowed the removal of all suitable roost trees within

a project area during the winter, when bats would not be present. Once all
suitable roost trees had been removed, the remaining forested habitat could
be removed during any time of the year because no habitat=no bats.

However, personal observations showed that suitable roost trees/snags
were being missed and it was determined that it's unfeasible for a
permitted biologist to mark every possible roost tree/snag within an area,
especially when the permit area is large. Further, there is the risk that
selectively removing roost trees actually created more habitat by killing
live trees and creating snags (i.e. trees that were once unsuitable were now
suitable) or natural events (ice storms, etc.) could create suitable habitat
after selective tree clearing had occurred.

In the end, it was determined that that risks to Indiana bats associated with
selective tree clearing outweighed the benefits. In some cases, the RA and
local FWS may agree that selective tree clearing is appropriate —but this
would only be on very small parcels where it could be clearly
demonstrated that all suitable trees could be marked and removed without

creating additional habitat.

Where We Hope to Be:

Applicants submitting a thorough habitat assessment with the
application or preliminary application to better assist the
RA/USFWS in making a habitat determination.

The submittal of PEP’s that, at a minimum, follow the
guidelines.

Early coordination for projects that are not able to follow the
guidelines.

Continual outreach between the RA’s, USFWS, and Industry.




Session 3

STATUSOF STATE
PERMITTING/RECOVERY/MITIGATION/
IMPLEMENTATION STRATEGIES

Session Chairperson:
Dr. Richard Wahrer
Kentucky DNR
Frankfort, Kentucky

A Comparison of Indiana Bat Population and Coal Mining Trends
Kimery C. Vories, U.S. DOI Office of Surface Mining, Alton, lllinois

Industry Per spective on Indiana Bat Protection Efforts
Bernard Rottman, Peabody Energy, Evansville, Indiana

State Survey of Indiana Bat Protection and Enhancement M easures and Interactive
Panel Discussion on State-Specific Bat Protection Strategiesat Coal Mines
Gregory E. Conrad, Interstate Mining Compact Commission, Herndon, Virginia

INTERACTIVE PANEL DISCUSSION: State- Specific Bat Protection Strategies
Panel Moderator: Gregory E. Conrad, Interstate Mining Compact Commission,
Herndon, Virginia

Pennsylvania Representative: State-Specific Bat Protection Strategiesat Coal Mines
Geoff Lincoln, Pennsylvania DEP Bureau of Mining and Reclamation, Harrisburg,
Pennsylvania

Virginia Representative: Indiana Bats and the Coal Mining Industry in Virginia
John Lawson, Virginia Division of Mined Land Reclamation, Big Stone Gap, Virginia

Ohio Representative: State-Specific Bat Protection Strategies at Coal Mines
Scott Stiteler, Ohio DNR Division of Mineral Resources Management, Columbus, Ohio

West Virginia Representative: State-Specific Bat Protection Strategies at Coal
Mines

Bob Fala, West Virginia DEP, Division of Mining and Reclamation, Charleston, \West
Virginia
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Session 3—Continued

Indiana Representative: State-Specific Bat Protection Strategiesat Coal Mines
Ramona Briggeman, Indiana Division of Fish and Wildlife, Jasonville, Indiana

Kentucky Representative: State-Specific Bat Protection Strategies at Coal Mines
Dr. Richard Wahrer, Kentucky Department of Natural Resources, Frankfort, Kentucky
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A COMPARISON OF INDIANA BAT POPULATION
AND COAL MINING TRENDS

Kimery C. Vories
U.S. DOI Office of Surface Mining
Alton, Illinois 62002

Abstract

Bat population census information shows a dramatic decline in the number of Indiana bats (Mysotis sodalis) since 1965
nationwide. On a regional basis, however, the populations have been increasing in the northern States and decreasing in the
southern States. Indiana bat population data from 2001-2007 show that the population had been steadily increasing prior to
the outbreak of White-nose Syndrome (WNS). This report compares the data on changes in populations of the Indiana Bat
prior to the outbreak of WNS with data representing coal production from the same States and over the same time period.
The result of this comparison indicates there are no data that would suggest a correlation between the Indiana Bat population
trends and: (1) total coal production, (2) rate of growth or decline in coal mining as indicated by percent change in coal
production, or (3) surface mining or underground mining methods. This conclusion would be supported by a comparison of
the data from the Forest Service that there are 384 million acres of forest cover in the eastern U.S. with the 3.07 million acres
of total permitted acreage of surface coal mines in the 14 States within the Indiana bat habitat (OSM 2004), that results in a
maximum of 0.8% of the eastern forest cover that could be impacted by surface coal mining.

Although the regional changes in bat population may be suggestive of changes in climate (a uniform increase in the
temperature in winter hibernacula could make hibernacula in southern States too hot and in northern States more suitable),
the most likely reason for the decline of the species is tied to human disturbance of their underground winter habitat during
hibernation. The current emphasis of the U.S. Fish and Wildlife Service (USFWS) on mitigation of impacts due to coal
mining is to protect and enhance summer habitat. This may not be effective when the limiting factor in sustaining a healthy
Indiana bat population is having an adequate supply of suitable winter hibernacula.

Investigations are needed to determine what, if any, impact coal mining and reclamation is having on the bat populations and
what mitigation activities are appropriate and effective. The challenge before the States, USFWS, OSM, the coal mining
industry, and bat conservationists is to coordinate these concerns in a way that is both protective of the species and
appropriately efficient in terms of mitigation requirements that bring proven positive results for this species.

Trendsin Indiana Bat (Mysotis sodalis) Populations

Richard Clawson of the Missouri Department of Conservation elaborated on the trends in population decline over the last 40
years for the Indiana bat as follows.

The current total population is estimated to number slightly below 400,000 bats; this compares to an
estimated population of nearly 900,000 bats in the same hibernacula 30 to 40 years ago, when surveys
first began (Table 1). The observed decline is not uniformly distributed throughout the range of the
species, however. Hibernating populations in the southern part of the range have declined by 82% in the
past 40 years, while those in the northern Midwest and Northeast have increased by 35%. Cumulatively,
the total population of Indiana bats has declined by 56% since regular surveys began (Figures 1 and 2).
(Clawson, 2004)

Known and Suspected Causes of Decline

Human disturbance of hibernating Indiana bats has long been recognized as a factor in the decline of
populations of this bat (U.S. Fish and Wildlife Service 1983). Arousals caused by repeated disturbance
force bats to burn their fat reserves during the critical winter hibernation season. A single arousal
requires as much fat as 68 days of uninterrupted hibernation (Thomas et al. 1990). Improper gates or
other structures at hibernacula have rendered some sites unavailable to the bats, or altered the
microclimate sufficiently that winter temperatures became so warm that Indiana bats were unable to
survive through winter on their fat reserves (Humphrey 1978, Richter et al. 1993, Tuttle and Kennedy

51



2002). Natural hazards such as freezing, flooding, and ceiling collapse also have killed hibernating
Indiana bats (Hall 1962, Humphrey 1978, Richter et al. 1993).

Population declines may also be caused by factors that affect Indiana bats in summer. Pesticides, for
example, may be a factor in survival and reproduction (O’Shea and Clark 2002). Studies of sympatric
species indicate that Indiana bats may be exposed to residual levels of banned chlorinated hydrocarbons
and currently applied chemicals such as organophosphates and carbamates (McFarland 1998, Schmidt et
al. 2002). It also is possible that changes to the landscape affect summer habitat for the species. Land-
use practices that alter the extent and quality of riparian, bottomland, and upland forests may have
profound effects, either negative or positive, on the roosting and foraging habitat for the Indiana bat.
(Clawson, 2004)

It is important to note that Indiana bats are capable of occupying newly available sites. In Illinois and
Ohio, large hibernating populations have become established in mines in which mining activities have
ceased in only the past 15 years. (Clawson, 2004)

Table 1. The size of hibernating populations of the Indiana bat by
Region and State, based upon estimates nearest to the year indicated (Clawson, 2007).

State 1965 1980 1990 2001 2007
Alabama 350 350 350 250 250
- Arkansas 15,000 15,000 4,500 2,500 1,800
2 [linois South 14,700 14,700 14,500 19,500 40,000
& Kentucky 248,100 | 102,200 78,700 50,050 68,800
c Missouri 399,000 | 342,000 | 150,100 73,000 65,550
£ | Oklahoma 0 0 0 5 5
3 Tennessee 20,100 20,100 16,400 10,200 8,400
@ Virginia 3,100 2,500 1,900 850 750
Subtotal 700,350 | 496,850 | 266,450 | 156,355 | 185,555
lllinois North 100 100 400 1,550 1,800
Indiana 160,300 | 155,200 | 163,500 | 173,100 | 238,200
S Michigan 0 0 0 20 20
> | New Jersey 0 0 0 100 650
nC: New York 20,200 21,100 26,800 29,750 54,000
3 Ohio 150 3,600 9,500 9,800 7,600
= Pennsylvania 700 700 400 700 750
zZ Vermont 0 0 0 150 300
West Virginia 1,500 1,200 6,500 9,750 14,600
Subtotal 182,950 | 181,900 | 207,100 | 224,920 | 317,920
Grand total 883,300 | 678,750 | 473,550 | 381,275 | 503,475

Information provided by Clawson (2004) showed a dramatic decline in the number of Indiana bats from 1965-2001
nationwide. However, on a State-specific basis populations are increasing in the northern States and decreasing in the
southern States (Figures 1 and 2). Information provided by Clawson (2007) during the Indiana Bat and Coal Mining Revised
Recovery Plan workshop showed a steady increase in the Indiana bat population from 2001-2007 nationwide.
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Range-wide Population of Indiana Bats
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Figure 1. Range Wide Population Trends based on estimates and surveys from 1965 t02007
for the Indiana Bat (Clawson, 2007).
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Figure 2. State Population Trends for the Indiana bat from 1960 to 2003 (Clawson,
2004).
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Overlap of the Eastern Coal Fieldswith Indiana Bat Habitat

Figure 3 illustrates the range overlap of Indiana Bat habitat with coal fields in the Eastern United States. Of the fourteen
States included in either the summer or winter range of the Indiana Bat, twelve are actively involved in coal mining
including: Alabama, Arkansas, Illinois, Indiana, Kentucky, Missouri, Ohio, Oklahoma, Pennsylvania, Tennessee, Virginia,
and West Virginia. The State of lowa is involved with reclamation of abandoned coal mines but no longer has active coal
mining.

Range of the

Indiana Bat (Myotis sodalis )
in relation to Eastern U.S. Coal Fields

Approximate
‘(_:::? Indiana Bat

Composite Range

(summer and winter)

% Isolated Record

@ Priority | Hibernacula
(>30,000 bats since 1960)

B Anthracite (potentially minable)
Lignite (potentially minable)

Low Volatile Bituminous
(potentially minable)

Medium and High Volatile
Bituminous (potentially minable

B Medium and High Volatile
Bituminous (other uses)

'_VDF; e
EEIT
W
B tion “ 3
International O S
Coal field and Indiana bat range (based on data compiled by Bat Conservation International) boundaries were accessed via The National Atlas
of the United States ( ). Map prepared by Andrew King, Bloomington, Indiana Field Office, U.S. Fish and Wildlife Service.

Figure 3. Coal Field and Indiana Bat range (based on data compiled by Bat Conservation
International). Boundaries were accessed via “The National Atlas of the United States”
(http://nationalatlas.gov). Map prepared by Andrew King, Bloomington, Indiana Field Office,
U.S. Fish and Wildlife Service.

Coal Production Data and Trends

In order to better understand the relationship between Indiana Bat populations and coal mining activity in the eastern United
States, coal production data were obtained from the U.S. Department of Energy, Energy Information Administration Website
at www.eia.doe.gov/fuelcoal.html. The coal production data from 1970, 1980, 1990, and 2006 (U.S. Department of
Energy(a)) was determined from the States where Indiana Bat populations and coal reserves overlap (Figure 3). These data
were then compared to trends in the Indiana Bat populations presented by Clawson (2007). The total coal production in
millions of tons (Table 2) for each decade from 1970 to 1990 and then from 2006 was the most recent data available and was
as comparable as possible to the data from Clawson. The southern States where the Indiana Bat populations are declining are
shown first in capital red letters followed by the northern States where the Indiana Bat populations are increasing in lower
case blue letters. The percent change in coal production for this time period is obtained by calculating the difference in total
coal production from 1970 to 2006 and dividing it by coal production in 1970 resulting in either a positive or negative change
in coal production for that time period. The data in Table 3 compares the positive or negative change in bat population with
the positive of negative percent change in coal production for the same time period.
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Table 2. Coal Production Trends in States
with Changing Populations of Indiana Bats.

Coal Production in Millions of tons*
State 1970 1980 1990 2006 %

Change
ALABAMA 155 21 19 21 +35%
ARKANSAS 0.35 0.4 0.15 0.01 -97%
KENTUCKY 100 140 175 127 +27%
MISSOURI 3.3 5 2.5 0.6 -82%
OKLAHOMA 1.0 5.0 1.8 2.3 +130%
TENNESSEE No data No data 2.6 2.6 0%
VIRGINIA 35 35 46 31.6 -10%
Ilinois 64 60 60 32 -50%
Indiana 18 27 33 36 +100%
Ohio 51 38 35 25 -51%
Pennsylvania 85 90 70 68 -20%
West Virginia 135 120 155 159 +17%

(*www.eia.doe.gov/fuelcoal.html) (Southern States with Declining
Populations of Indiana Bat in are shown in Red Capital Letters; Northern
States with Increasing Populations of Indiana Bat in are shown in Lower Case
Blue Letters).

Table 3. Comparison of Changes in
Indiana Bat Populations with Changes in Coal Production.

State Total Change in Indiana % Change in Coal
Bat Population Production 1970-2006
1965-2007
ALABAMA -100 +35%
ARKANSAS -13,200 -97%
KENTUCKY -179,300 +27%
MISSOURI -333,450 -82%
OKLAHOMA +5 +130%
TENNESSEE -11,700 0%
VIRGINIA -2,350 -10%
Illinois +27,000 -50%
Indiana +77,900 +100%
Ohio +7,450 -51%
Pennsylvania +50 -20%
West Virginia +13,100 +17%

(Southern States with Declining Populations of Indiana Bat in are shown in
Red Capital Letters; Northern States with Increasing Populations of Indiana Bat
in are shown in Lower Case Blue Letters)

Comparison of Bat Population Trendswith
Growth or Decline of Coal Mining Activity in a State

The author assumes that if coal mining activity had a negative impact on Indiana bat populations, then you would expect a
correlation between declines in bat populations associated with an increase in coal production or vice versa. The data in
Figure 4 illustrates a comparison of the positive or negative change in bat populations with the positive or negative changes
in percent coal production. Actual bat population changes are shown in green and actual coal production changes are shown
in blue. Figure 4 is arranged from left to right by the State of Missouri with the greatest total decline in bat population to the
State of Indiana with the greatest increase in bat population. The blue arrows indicate the expected direction of percent
change in coal production assuming that increasing coal production was having a negative impact on the Indiana bat
population. The red dashed line would be the expected trend line in coal production if a positive percent change in coal
production had a negative impact on bat population. The red line is an arbitrarily projected line that would be expected to
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mirror image the bat population trends where a large percent increase in coal production would result in a large decrease in
bat population and large decrease in coal production would result in a corresponding large increase in bat population.

IN BAT POPULATION CHANGE (Thousands)
VERSUS (%) CHANGE IN COAL PRODUCTION
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Figure 4. Indiana Bat population change versus Percent Change in Coal
Production.

I ndiana Bat Populations with Significant Population Decline

Missouri is the State with the greatest percent decrease in Indiana bat population from 399,000 in 1965 to 65,550 in 2007.
This population decline of 333,450 represents an 84% reduction. If there was a correlation with coal mining, then you would
expect to see a significant increase in coal production during the same time period. Instead, Missouri has experienced a
dramatic decline in coal production (negative 82%). The current total coal production in Missouri (0.6 million tons per year)
is so small that it cannot be a contributing factor to the bat population trend. A similar case could be made for Arkansas.

The population has decreased from 15,000 in 1965 to 1,800 in 2007. This population decline of 13,200 represents an 88%
reduction in numbers of Indiana bat. Yet during the same time period, Arkansas has experienced a 97% decrease in coal
production resulting in a total current coal production of 0.01 million tons per year which again is so small that it is cannot be
a contributing factor to the bat population trend.

The State with the second largest decrease in bat population is Kentucky from 248,100 in 1965 to 68,800 in 2007. This
population decline of 179,300 represents a 72 % reduction. In the case of Kentucky, there has been a significant increase in
coal production (positive 27%). Coal mining in Kentucky, unlike mining in Missouri and Arkansas, is largely by
underground mining (61%) and the increase in coal production has been largely due to an increase in underground mining.
Although the reduction in bat populations in Kentucky is substantial, there seems to be little mechanism for an increase in
impact to summer habitat due to mining when the increase has been largely due to underground mining. The data also shows
that the bat population in Kentucky has increased from 50,050 in 2001 to 68,800 in 2007 even though it is a Southern State
where populations have been generally in decline.

Indiana Bat Populations with Significant Population | ncr eases

Indiana is the State that has the largest increase in Indiana bat population from 160,300 in 1966 to 238,200 in 2007. This
population increase of 77,900 represents a 49% increase. If there was a negative correlation with coal mining, then you
would expect to see a significant decrease in coal production during the same time period. Instead, Indiana has experienced a
substantial increase in coal production (positive 100%). This is especially significant since the predominant mining method
in Indiana is by surface mining (67.5%) that would be assumed to have the greatest impact on bat populations and summer
habitat.

The State of West Virginia has experienced an 873% increase in its Indiana Bat population while its coal production has also
grown by 17%.
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The State of Oklahoma has experienced a 130% increase in coal production while the bat population has increased from 0 to
5 over the same time period.

In conclusion, if changes in the rate of coal production were correlated with changes in corresponding increases or decreases
in bat population then a pattern should be evident in Figure 4 as indicated by the dashed red line. Instead, trends in bat
populations appear to be totally independent of changes in coal production rather than in any way related to them.

Comparison of Trend in Indiana Bat Populations
with the Size of the Coal Mining Industry in a State

The author examined the possible correlation between trends in bat populations as compared to the overall size of the coal
industry in a State, the theory being that there may be some threshold for the size of the coal mining industry to have an
impact on bat populations. Figure 5 provides data for a visual comparison of total coal production in 2006 with the positive
or negative change in bat population from 1965 to 2007. Actual bat population changes are shown in green and total coal
production is shown in blue. The figure is arranged from left to right with West Virginia being the State with the greatest
total coal production to Arkansas with the least. The States are divided into three sizes of coal mining industries. These
categories include a large coal industry (WV, KY, PA), medium size coal industry (IN,VA, IL,OH, AL), and a small size coal
industry (TN, MO, AR). The green arrows indicate the expected direction of bat population increase or decrease if there
were a large negative population decrease with a large coal mining industry, a smaller negative population decrease with a
medium sized coal industry, and a positive population increase with a coal industry too small to have any negative influence
on the bat population. The red line is an arbitrarily projected line that would be an expected mirror image of the bat
population trends where a large size coal industry would result in a large decrease in bat population, a medium size coal
industry would result in a smaller decrease in bat population and, a small coal industry would result in a corresponding
increase in bat population.
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Figure 5. Total Coal Production by State Compared with Change in
Indiana Bat Population.

The three States with greatest coal production showed two States, West Virginia and Pennsylvania had gains in bat
populations while Kentucky had a substantial decrease in bat population. Of the five States with a medium sized coal
industry, three States, Indiana, Illinois, and Ohio, had substantial increases in bat populations while two States had small
declines in bat populations. Of the three States that have a total coal production that is too small to have any impact on bat
populations, Tennessee, Missouri, and Arkansas, all had substantial decreases in bat populations with Missouri having the
greatest decline. These results would suggest that the size of the coal mining industry in a State does not appear to be related
to changes in bat population.
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Correlation of Bat Population Data with Coal Production Data
Associated with either Surface Mining or Underground Mining M ethods

The author also examined trends in bat populations as compared to the predominant mining method for the State. If over 60
percent of the coal was produced by surface mining methods in 2005 then the State was categorized as a surface coal mining
State. If over 60 percent of the coal was produced by underground mining methods in 2005 then the State was categorized as
an underground coal mining State. Table 4 contains the coal production figures for the predominately surface mined States
and shows the coal production figures for the predominately underground mined States (U.S. Department of Energy (b)
summarized in Table 5). These tables illustrate that with the exception of the State of Indiana, the major coal producing
States within the range of the Indiana Bat are predominately underground mining States.

Table 4. Total Coal Production in Thousands of Tons for States
where the Predominant Mining Method was Surface Mining in 2005.

State Total Coal Production | Surface Mined | Underground % Surface Mined
in thousands of tons Mined

Totals 40,134 27,251 12,878

ARKANSAS 3 1 0 100
MISSOURI 598 598 0 100
OKLAHOMA 1,858 1,391 465 74.9
TENNESSEE 3,218 1,993 1,224 61.9
Indiana 34,457 23,268 11,189 67.5

(Southern States with Declining Populations of Indiana Bat in Red Capital Letters; Northern States with
Increasing Populations of Indiana Bat in Lower Case Blue Letters)

Table 5. Total Coal Production in Thousands of Tons for States
where the Predominant Mining Method was Underground Mining in 2005.

State Total Coal Production | Underground | Surface Mined % Underground
in thousands of tons Mined Mined
Totals 436,606 291,744 144,864
ALABAMA 21,339 13,295 8,044 62.3
KENTUCKY 119,734 73,702 46,032 61.5
VIRGINIA 31,596 21,225 10,371 67.2
Ilinois 32,014 26,343 5,671 82.2
Ohio 24,718 15,823 8,896 64.0
Pennsylvania 67,494 54,563 12,931 80.8
West Virginia 139,711 86,793 52,919 62.1

(Southern States with Declining Populations of Indiana Bat in Red Capital Letters; Northern States with
Increasing Populations of Indiana Bat in Lower Case Blue Letters)

Correlation of Coal Production Data with Indiana Bat Population Data
from Predominately Surface Mined States

Table 6 indicates the percent change in coal production compared to changes in Indiana bat populations from 1965 to 2007
for Predominately Surface Mining States.

Table 6. Percent Change in Coal Production
from 1970 to 2006 for Predominately Surface Mining States.

Surface Coal Mining State Total Change in IN | % Change in Coal Production
Bat Population

ARKANSAS -13,200 -97%

MISSOURI -333,450 -82%

OKLAHOMA +5 +130%

TENNESSEE -11,700 0%

Indiana +77,900 +100%
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Correlation of Percent Changein Surface Mined Coal Production
with Changein Indiana Bat Population

In Figure 6, the percent changes in coal production are compared with bat population trends for States that are predominately
mined by surface mining methods. Actual bat population changes are shown in green and percent change in coal production
is shown in blue. The figure is arranged from left to right by the State of Missouri with the greatest total decline in bat
population to the State of Indiana with the greatest increase in bat population. The blue arrows indicate the expected
direction of percent change in coal production assuming that increasing coal production was having a negative impact on the
Indiana bat population. The dashed red line is an arbitrarily projected line that would be an expected mirror image of the bat
population trends where a high percent change in coal production would result in a large decrease in bat population and small
percent change in coal production would result in a corresponding large increase in bat population.

The data from Missouri and Arkansas show a dramatic reduction in surface coal mining that is occurring at the same time as
the population of Indiana bats are dramatically decreasing. The data from Oklahoma shows a substantial increase in surface
coal mining with a very small increase in Indiana bat population. The Indiana data illustrates a substantial increase in bat
populations occurring at the same time as a substantial increase in surface mining activity. The author could not find data to
support any connection between the level of surface coal mining activity with trends in the Indiana bat population.

IN BAT POPULATION CHANGE (Thousands)
VERSUS (%) CHANGE IN COAL PRODUCTION
FOR SURFACE MINED STATES
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Figure 6. Change in the Population of Indiana Bats versus the
percent Change in Coal Production for Surface Mined States.

Correlation of Total Coal Production in Stateswith Surface Mining
asthe Predominant Mining Method with Changein Indiana Bat Population

In Figure 7 the total coal production is compared with bat population trends for States that are mined predominately by
surface mining methods. Actual bat population changes are shown in green and total coal production is shown in blue. The
figure is arranged from left to right by the State of Indiana with a medium sized coal industry with the other four states with a
coal industry too small to be of any significant influence on bat populations. The green arrows indicate the expected
direction of bat population increase or decrease if there were a negative correlation with the size of the coal industry in the
State. The red line is an arbitrarily projected line that would be an expected mirror image of the bat population trends where
a medium sized total coal production level would result in a moderate decrease in bat population and small total coal
production would result in a corresponding large increase in bat population.

These data suggest that Indiana, with a medium-sized coal production where the bat population has substantially increased in
comparison to Missouri, Arkansas, Oklahoma, and Tennessee with very small coal production and yet the bat populations in
Missouri and Arkansas still decreasing dramatically. The trend in data does not support a connection between levels of
surface coal mining activity with trends in the Indiana bat population.
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TOTAL COAL PRODUCTION (Millions of Tons)
FOR SURFACE MINED STATES VERSUS
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Figure 7. The Indiana Bat Population Change versus the Total Coal
Production for Surface Mined States.

Correlation of Coal Production Data from Predominately
Underground Mining Stateswith Indiana Bat Population Data

The percent change in coal production from 1970 to 2006 for Predominately Underground Mining States is summarized in
Table 7. Kentucky has the most dramatic decrease in bat population whereas Illinois shows the most significant increase in
bat population that occurred at the same time as a 52 percent decrease in coal production.

Table 7. Percent Change in Coal Production
for Predominately Underground Mining States.

Underground Coal Total Change in IN Bat % Change in Coal
Mining State Population Production
KENTUCKY -179,300 +27%
VIRGINIA -2,350 -10%
ALABAMA -100 +35%
Pennsylvania +50 -20%

Ohio +7,450 -51%

West Virginia +13,100 +17%
Illinois +27,000 -50%
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In Figure 8, the percent change in coal production is compared with bat population trends for States where coal is mined
predominately by underground mining. Actual bat population changes are shown in green and percent change in coal
production is shown in blue. The figure is arranged from left to right by the State of Kentucky, with the greatest total decline
in bat population to the State of Illinois, with the greatest increase in bat population. The blue arrows indicate the expected
direction of percent change in coal production assuming that increasing coal production was having a negative impact on the
Indiana bat population. The dashed red line is an arbitrarily projected line that would be an expected mirror image of the bat
population trends where a high percent change in coal production would result in a large decrease in bat population and small
percent change in coal production would result in a corresponding large increase in bat population.

In this case, five of the seven underground mining States KY, AL, PA, OH, and IL would seem to support the expected trend
if increased coal mining activity resulted in a decrease in bat populations. The data from Virginia and West Virginia would
contradict this trend because Virginia has a decreasing coal production along with a decrease in bat population while West
Virginia has an increase in coal production along with an increase in bat population. In addition, since the majority of mining
is underground, increases in coal production would not be expected to affect surface habitat of the bat.
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Figure 8. Indiana Bat Population Change versus the Percent Change
in Coal Production for Underground Mined States.

The data in Figure 9 compares the total coal production data with bat population trends for States that are mined
predominately by underground mining methods. Actual bat population changes are shown in green and total coal production
is shown in blue. The figure is arranged from left to right by the State of West Virginia with the greatest total coal
production to the State of Alabama with the least. The States of West Virginia, Kentucky, and Pennsylvania would be
classed as having a large sized coal industry while the other States Virginia, lllinois, Ohio, and Alabama would be classes as
having a medium sized coal industry. The green arrows indicate the expected direction of bat population increase or decrease
if there were a negative correlation with total coal production levels. The red line is an arbitrarily projected line that would
be an expected mirror image of the bat population trends where a State with a large coal industry should result in a large
decrease in bat population and State with a medium sized coal industry would be expected to result in a smaller decrease in
bat population.

Of the States with a large coal industry, the State with the highest total coal production is West Virginia that had an increase
in bat population. The State with the second highest total coal production was Kentucky that had a substantial decrease in bat
population. Of the States with a medium coal industry, three showed a significant increase in bat population with one a very
small decrease. Based on these data, there does not appear to be any trend to support a connection between levels of
underground coal mining activity with trends in the Indiana bat population.
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Figure 9. Indiana Bat Population Changes versus Changes in Total Coal
Production for Underground Mined States.

Conclusion

Information provided by Clawson (2004) during the Indiana Bat and Coal Mining forum showed a dramatic decline in the
number of Indiana bats from 1965-2003 nationwide. Information provided by Clawson (2007) during the Indiana Bat and
Coal Mining Revised Recovery Plan workshop showed a steady increase in the Indiana bat population from 2001-2007
nationwide. Coal production data from 1970, 1980, 1990, and 2006 (U.S. Department of Energy(a) and (b)) was determined
from the States where Indiana Bat populations and coal reserves overlap.

Over the time period from 1970-2006, coal mining activity in these States has ranged from a negative 97% in Arkansas to a
positive 100% in Indiana and 130% in Oklahoma. Total coal production ranges from 10,000 tons/year in Arkansas to 159
million tons/year in West Virginia. They include five States where surface mining methods predominate and seven States
where underground mining methods predominate. Coal production has increased significantly in the States of Alabama,
Indiana, Kentucky, Oklahoma, and West Virginia.

Over the time period from 1965-2007, bat populations are decreasing in the six coal mining States of Alabama, Arkansas,
Kentucky, Missouri, Tennessee, and Virginia and increased in the six coal mining States of Illinois, Indiana, Ohio,
Oklahoma, Pennsylvania, and West Virginia. More recently from 2001 to 2007, bat populations have been increasing in
seven of the coal mining States including Alabama, Illinois, Indiana, Kentucky, Oklahoma, Pennsylvania, and West Virginia.

There does not appear to be any consistent pattern or trend in data between coal mining and bat population related to changes
in levels of coal mining activity, total coal production (size of the mining industry), or mining method (surface versus
underground). This conclusion would be supported by a comparison of the data from the Forest Service that there are 384
million acres of forest cover in the eastern U.S. with the 3.07 million acres of total permitted acreage of surface coal mines in
the 14 States within the Indiana bat habitat (OSM 2004), that results in a maximum of 0.8% of the eastern forest cover that
could be impacted by surface coal mining.

While total forest area has been relatively stable for the last 100 years (currently about 747 million
acres), there have been significant regional shifts in the area and composition of the nation's forests.
Reversion of marginal farmland in the east, large scale planting in the South, and fire suppression have
contributed to increases in forest area. Urbanization, conversion to agriculture, reservoir construction,
and natural disasters have been major factors contributing to loss of forests. Eastern forests cover
about 384 million acres and are predominantly broadleaf (74%), with the exception of extensive
coniferous forests and plantations in the southern coastal region. These are largely in private
ownership (83% )(Smith, W. B. et al.1997).
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Although some of the changes in bat population are suggestive of changes in climate (a uniform increase in the temperature
of winter hibernacula could make hibernacula in southern States too hot and in northern States more suitable), the most likely
reason for the decline of the species is tied to human disturbance of their underground winter habitat during hibernation.
Active coal mining operations do not have any impact on underground winter habitat of the species. The current emphasis of
the U.S. Fish and Wildlife Service on mitigation of impacts due to coal mining is to protect and enhance summer habitat.
This may not be effective when the limiting factor in sustaining a healthy Indiana bat population is having an adequate supply
of suitable winter hibernacula.

Investigations need to be undertaken to determine what, if any, impact coal mining and reclamation is having on the bat
populations and what mitigation activities are appropriate and effective. The challenge before the States, USFWS, OSM, the
coal mining industry, and bat conservationists is to coordinate these concerns in a way that is both protective of the species
and appropriately efficient in terms of mitigation requirements that bring proven positive results for this species.

The recovery of the species will depend upon our ability to detect, restore, and protect key caves and
mines that provide adequate and suitable winter hibernacula (Tuttle, 2007).

LiteratureCited

Clawson, R. 2007. National Status of the Indiana Bat. Slide presentation at the Indiana Bat & Coal Mining Revised Recovery
Plan Workshop. June 20-21, 2007. Indianapolis, IN.

Clawson, R. 2004. National Status of the Indiana Bat. pp 1-6. IN Vories, K.C. and A. Harrington (eds). “Proceedings of
Indiana Bat and Coal Mining: A Technical Interactive Forum” November 16-18, 2004. Louisville, KY, Coal
Research Center, Southern Illinois University, Carbondale, IL and Office of Surface Mining, Alton, IL.

Hall, J. S. 1962. A life history and taxonomic study of the Indiana bat, Myotis sodalis. Reading Public Museum and Art
Gallery, Scientific Publications 12:1-68.

Humphrey, S. R. 1978. Status, winter habitat, and management of the endangered Indiana bat, Myotis sodalis, Florida
Scientist 41:65-76.

King, A. 2005. Results of 2004/2005 Indiana Bat Survey. U.S. Fish and Wildlife Service. Bloomington, IN.

McFarland, C. A. 1998. Potential agricultural insecticide exposure of Indiana bats (Myotis sodalis) in Missouri. M.S. thesis,
University of Missouri-Columbia, Columbia, Missouri.

O’Shea, T. J,, and D. R. Clark, Jr. 2002. An overview of contaminants in bats, with special reference to insecticides and the
Indiana bat. IN Kurta, A and J. Kennedy (eds). The Indiana bat: biology and management of an endangered species.
Bat Conservation International, Austin, Texas.

Richter, A. R., S. R. Humphrey, J. B. Cope, and V. Brack, Jr. 1993. Modified cave entrances: thermal effect on body mass
and resulting decline of endangered Indiana bats (Myotis sodalis). Conservation Biology 7:407-415.

Schmidt, A. C., K. Tyrell, and T. Glueck. 2002. Environmental contaminants in bats collected from Missouri. IN Kurta, A.
and J. Kennedy (eds). The Indiana bat: biology and management of an endangered species. Bat Conservation
International, Austin, Texas.

Smith, W.B., Vissage, J.S., Darr, D.R., and Sheffield, R.M., 2000, Forest Resources of the United States, 1997: St. Paul, MN,
U.S. Department of Agriculture Forest Service.

Thomas, D. W., M. Dorais, and J.M. Bergeron. 1990. Winter energy budgets and cost of arousals for hibernating little
brown bats (Myotis lucifugus). Journal of Mammalogy 71:475-479.

Tuttle, MD. 2007. Protecting Underground Habitat for the Indiana Bat. Presented at the Indiana Bat and Coal Mining Revised
Recovery Plan Workshop. June 20-21, 2007. Indianapolis, IN.

63


http://www.treesearch.fs.fed.us/pubs/viewpub.jsp?index=10845�

Tuttle, M.D., and J. Kennedy. 2002. Thermal requirements during hibernation. IN Kurta and J. Kennedy (eds). The Indiana
bat: biology and management of an endangered species. Bat Conservation International, Austin, Texas.

U.S. Department of Energy(a). Coal State Profiles. Energy Information Administration Website at
www.eia.doe.gov/fuelcoal.html.

U.S. Department of Energy(b). Annual Coal Report 2003. Energy Information Administration Website at
www.eia.doe.gov/fuelcoal.html.

U. S. Fish and Wildlife Service. 1983. Recovery plan for the Indiana bat. U. S. Fish and Wildlife Service, Washington,
D.C.

U. S. Fish and Wildlife Service. 1999. Agency draft Indiana bat (Myotis sodalis) revised recovery plan. U. S. Fish and
Wildlife Service, Fort Snelling, Minnesota.

U.S. Office of Surface Mining. 2004. 2004 State and Indiana Land Regulatory Program Permitting.
http://www.osmre.gov/progpermit04.htm

Kimery C. Voriesis a Natural Resource Specialist/Technology Transfer employed by the Office of Surface Mining
Reclamation and Enforcement (OSM) since 1987. He is chairperson of several multi-agency, multi-interest group steering
committees that hold forums, publish proceedings, and manage Internet Websites on mining and reclamation issues related to
the technical aspects of Coal Combustion By-Products, Prime Farmland Reclamation, Bat Conservation and Mining,
Geomorphic Reclamation and Natural Stream Design, and Reforestation. He has been professionally employed in coal
mining and reclamation since 1979 with over 70 related professional publications. He is the team leader for the OSM
National Technology Transfer Team and the OSM Applied Science Program. He is President of the American Society of
Mining and Reclamation and serves on its National Executive Council. He holds a BA & MA in Biology/Geology from
Western State College of Colorado with an additional three years Post MA Graduate work in Ecology and Reclamation at the
University of Massachusetts and Colorado State University.

64


http://www.eia.doe.gov/fuelcoal.html�
http://www.eia.doe.gov/fuelcoal.html�
http://www.osmre.gov/progpermit04.htm�

COAL MINING &
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POPULATION TRENDS
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RESULTS

» NO TREND COULD BE IDENTIFIED
BETWEEN CHANGES IN INDIANA BAT
POPULATIONS AND ASPECTS OF
COAL PRODUCTION OR MINING
METHOD EITHER POSITIVE OR
NEGATIVE.

FOREST COVER
IN EASTERN U.S.

« “No Significant Trend in Eastern US Forest

Cover in last 100 Years” USDA Forest
Service
— Regional Increases due to:
« Conversion of Marginal Farmland to Forest
« Large Commercial Planting in South
« Fire Suppression
— Regional Decreases due to:
« Increase in Urbanization, Agriculture, Reservoirs
 Natural Disasters

Eastern US Forest Cover
Related to Coal Mining
» 384,000,000 acres of Forest Cover in
Eastern U.S.(USDA Forest Service 1997)

» 3,076,251 (OSM 2004) Total Permitted
Acres of Surface Coal Mines in Indiana
Bat Habitat

* Maximum of 0.8% of Eastern U.S.

Forest Cover could be impacted
by Coal Mining.

Bat Friendly Closure built by OSM at

In Conclusion,
What is Required
for
Recovery?

Detect, Restore &
Protect Key Caves

Protect and/or Modify
Potentially Suitable
Abandoned Mines

Potential for Success?

Outstanding!
M. Tuttle BCI 2007




Industry Per spective on Indiana Bat Protection Effortst

Bernard Rottman
Peabody Energy, Midwest Group Operations
Evansville, Indiana

Abstract

Given the extent of coal mining throughout the United States and the land disturbances associated with surface mining and
the surface affects of underground mining, the potential for conflicts between coal mining operations and conservation efforts
for imperiled bat speciesis obvious. Conservation measures undertaken by the coal industry are primarily directed at
limiting potential encounters during the warm season, protecting hibernacula, addressing any direct impacts to high value
habitat, and restoring usable habitat during the land reclamation process. Habitat destruction is usually minimized to the
extent possible, although it is recognized that by the nature of coal mining operations, some habitat will be removed from the
landscape for some duration of time. General wildlife habitat restoration is a routine part of mine reclamation plans, and
these habitat restoration efforts can be directed towards specific enhancement measures for specific species. Other efforts
include work scheduling to avoid disturbances to a species during certain periods of their annual cycle. Regulation of the
coal industry under the Endangered Species Act for conservation of threatened and endangered species has evolved through
theyears. The process has not necessarily been consistent from state to state, specifically with regard to the detail of policies
and procedures, and the changing of these requirements over time. Additionally, the entire process since formalization of the
1996 Biological Opinion by the U.S. Fish and Wildlife Service has been carried out by guideline and internal policy of the
state regulatory agencies, which in the everyday working world of the coal industry has taken the weight of rule. The Indiana
bat (Myotis sodalis) is the most significant imperiled bat species that we encounter at Midwest coal mining operations. The
recent completion of the Range-wide Indiana Bat Protection and Enhancement Plan Guidelines has helped standardize
conservation initiatives, but still differences exist between states as to how they implement these new guidelines.
Implementation of protective measures for imperiled species will continue to grow stricter. White-nose Syndrome has
profound implications on the population levels of all bat species. The coal industry continues to have a strong concern as to
new and ever more restrictive conservation measures in the future.

Introduction

The Indianabat (Myotis sodalis) was among the first speciesto receive formal recognition and listing as endangered by the
United States government. It was officially listed in March 1967 under the Endangered Species Preservation Act of 1966, the
precursor to the Endangered Species Act of 1973 (ESA), which initsbasic form is the statute we still servetoday. Itis
noteworthy that this species was recognized from the outset asimperiled, and redress to its decline was brought to the
forefront during the nationwide environmental movement of the 1960s and 1970s. Population levels of the Indiana bat have
continued to decline overall, although recent population data indicates that the rate of decline is significantly reduced. A
great concern still exists as to the future of the species.

The range of the Indiana bat covers much of the Eastern half of the United States. Included within this geographic territory
are seventeen (17) states that have either active or inactive coal mining. Some of these states have very limited coal
resources with minor historic production levels. Severa states have non-existent coa industriestoday. Coal production
levels vary by state and include anthracite and bituminous along with some lignite. Mining format is both surface and
underground. Given the extent of coal mining throughout the Eastern United States, and given the land disturbances
associated with surface mining and the surface affects of underground mining, the potential for conflicts between the coal
industry and conservation efforts for the Indiana bat is obvious.

Protection and enhancement measures undertaken by Peabody Energy on behalf of the Indiana bat are primarily directed to
habitat management and work scheduling concerns. Habitat features that hold particularly high value for the Indiana bat,
such as riparian zones and stream corridors are avoided where possible. Habitat destruction is usually minimized during the
mining process to the extent possible, and habitat restoration following mining disturbance is a routine part of mine

! This paper was first presented in November 2004 at the U.S. Department of Interior, Office of Surface Mining Technical
Interactive Forum on the Indiana Bat and Coal Mining. The contents have been updated from the original presentation to
reflect the changes in recent years to regulatory programs and conservation efforts on behalf of the species.
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reclamation efforts. Specific habitat restoration objectives on behalf of the Indiana bat are undertaken during reforestation
efforts. Other species-specific efforts include work scheduling to avoid disturbances to the species during important periods
of itsannual cycle.

Regulation of the coal industry under ESA for conservation of the Indiana bat has evolved through the years. The process
has not necessarily been consistent from state to state within the Illinois Coa Basin, specifically with regard to the detail of
policies and procedures as implemented by both state and federal offices. In July, 2009, Range-wide Indiana Bat Protection
and Enhancement Plan Guidelines were adopted. 1t was intended to standardize conservation requirements. The
requirements of these guidelines continue to be implemented in a somewhat variable manner and are more stringent than
previously required conservation measures.

General Conservation Approach

Conservation efforts to minimize impacts to Indiana bats from coal mining operations are focused primarily on regulatory
schemes and general management practices that eliminate disturbances to bats when they are present, reduce disturbance to
suitable habitat, and restore suitable habitat in the land reclamation process. Habitat istypicaly divided into two distinct
types including hibernacula (winter habitat) and summer habitat. Specific concerns arise where an individual or a population
of Indiana bats are encountered on prospective mine sites, and in such instances, protective conservation measures are
required to address the affected individual (s) or population.

Indiana bats utilize hibernacula from early fall through the winter period. Hibernacula may include caves and abandoned
underground mines. Caves and cave systems are uncommon in the lllinois Coal Basin proper. However, abandoned
underground mines are common in areas of past mining. Most abandoned underground mines and caves do not provide
suitable habitat for Indiana bats. Summer habitat includes roosting and foraging areas. The past understanding of habitat
utilization and site selection by Indiana bats identified riparian zones and floodplain forests as the preferred habitat type.
This view has changed as research hasidentified varied habitat utilization. Upland forests have been confirmed as a suitable
habitat type for roosting by Indiana bats. Foraging areas include forested habitats in riparian, floodplain and upland areas,
forest clearings, old fields, along borders of agricultural fields, woody fencerows, woody ditch banks, farm ponds, and other
types of water bodies. The existence of Indiana bats at any particular location is associated with the availability of nearby
roost sites, which include standing live or dead trees with exfoliating or sloughing bark. Roosting sites are distinguished
between consideration of early spring and fall locations and the summer use of maternity roost sites by maternity colonies.
The understanding of spring through fall habitat selection by Indiana bats has expanded and the definition of this habitat now
includes ailmost all forested and fragmented forest landscapes in the Eastern United States.

Where known hibernacula or site records identify the probable presence of Indiana bats within preset distances of amine plan
area, bat surveys are required to determine actual presence or absence. The presence of Indiana bats or other threatened or
endangered species will require protective conservation measures on a site-specific basis, and these measures will be
determined through consultation with the state regulatory authority and the U.S. Fish and Wildlife Service. This may
ultimately require some degree of site avoidance. Consideration of roosting sites where threatened or endangered species are
identified will similarly require protective measures negotiated with the state and federal regulatory agencies and may also
require some degree of site avoidance.

General conservation measures undertaken by the coal industry in the lllinois Coal Basin for protection of the Indianabat are
primarily directed to habitat management. The practices are outlined in the Range-wide Indiana Bat Protection and
Enhancement Plan Guidelines. Timber harvest and tree clearing activities on mine sites are limited to periods of the year
when bats are not present. Minimization of habitat destruction, particularly along riparian corridors and habitats of unusually
high values such as wetlands, is undertaken to the extent possible and the reduction of habitat disturbance is pursued for non-
essential support areas within the mining permit area. General wildlife habitat restoration is aroutine part of most mine
reclamation plans and these restoration efforts are directed towards specific habitat enhancement measures for the Indiana
bat.

Indiana Bat Protection and Enhancement M easur es
Assessment of Future Mine Areas

Future mine plan areas need to be assessed to determine if any Indiana bat issues or concerns are present. Contacts with the
state regulatory agencies and/or the U.S. Fish and Wildlife Service will identify the existence and locations of any known
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Indiana bat populations and ESA designated critical habitats. If the records check does not indicate presence of Indiana bats
or ESA critical habitats, a determination must still be made as to the existence of suitable habitat and the relative value of that
habitat.

Suitable summer habitat for the Indiana bat is characterized as forested stream corridors, riparian zones, forested floodplains,
forested uplands, forest edges, water bodies including ponds, lakes and impoundments, and wetlands. This definition
includes almost all forested and fragmented forest landscapes in the Eastern United States. Therefore, suitable habitat is
found on most mine plan areas in the region. Further, summer habitat may include individua treesthat are (1) living and
exhibit exfoliating bark, crevices or cavities, and (2) dead, dying trees or severely injured trees that exhibit sloughing bark.
Suitable winter habitat includes potential hibernacula and is characterized by caves or abandoned underground mine
openings.

Habitat surveys must be performed to determine the type and quality of habitat that exists within the permit area. If potential
hibernacula sites are identified or potential suitable summer habitat exists, a decision must be made to verify presence or
absence of Indianabats. Surveys may involve use of bat detection devices to determine if the cave or abandoned
underground mine is being utilized by bats of any species. Mist net surveys may be mandatory to identify the species type
utilizing the hibernacula site. Mist net survey protocols are standardized for both summer habitat and for cave or mine
openings. Results of the survey may demonstrate existence of Indiana bats and other species of threatened or endangered
bats, aswell. The decision to perform mist net surveys istime sensitive due to specific netting season dates, and requires
preplanning to accomplish mist net surveys at the appropriate times of year. The decision to mist net can be driven by time
constraints, aswell as cost. If no Indiana bats are found by the surveys, the coal operator may assume probable absence of
the species within the permit area. If Indiana bats are found, specific conservation measures for Indiana bats will be required.
The other approach to addressing Indiana bat concerns within a future mine plan areais to assume presence and proceed with
protection and enhancement planning to minimize disturbance and avoid the potential for an incidental take of the species.

Mine Per mitting Procedures

An assessment of future mine plan areas will determine the actual presence or likelihood of Indiana bat presence, and identify
the need for any further survey work and specific permit objectives. Where Indiana bats or critical habitats are known to
exist within the proposed permit area or within a predetermined distance of the proposed permit area, contact with the state
regulatory agency and the U.S. Fish and Wildlife Service should be undertaken early in the permit application processto
coordinate address on Indiana bat issues. The distance set by regiona guidance include (1) a 10 mile radius of a Priority 1 or
Priority 2 hibernacula, (2) a5 mile radius of a Priority 3 or Priority 4 hibernacula, and (3) a 2.5 mile radius of a known
maternity tree or male capture. Early contact will allow for coordination and development of specific mine plans to protect
the identified population. Such a plan will be negotiated and may involve various measures to assure protection of the
identified population. This plan could require modification of the mining plan.

Where high value habitat exists within a proposed permit area, and it will exist in some form or another on most sites,
specific address to Indiana bat conservation will be required in the mining permit application. The existence of high value
habitat is typically addressed in the permit application under the fish and wildlife resource information section. Habitat
features may be specificaly referenced for the species, or are sometimes addressed in a more general sense by the
descriptions of the premine land use and plant community information.

Should mist net surveys be employed, the findings are presented to confirm presence or probable absence of the Indiana bat
for permit processing purposes. Again, where Indiana bats are identified by the survey, early coordination with state
regulatory agencies and the U.S. Fish and Wildlife Service is advisable, prior to application preparation. In the absence of
mist net survey data, specific measures must be undertaken where high value habitat exists to reduce the likelihood of
potential take of an Indianabat. Thisisaccomplished primarily by removing potential roosting habitat during a period of the
year when bats are not present. Range-wide tree removal dates are presented in Table 1. If caves or abandoned mine entries
are present and bats are using them, a protection plan is required to address closure of the cave or mine entry.

Table 1.
Approved Tree Removal Periods
State Tree Remova Period Habitat Type
From To
Range-wide | October 15 March 31 | Summer habitat
Range-wide | November 15 | March 31 | Caves, mine openings, rock shelters, etc.
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Peabody Energy has traditionally addressed Indiana bat conservation by removing high value habitat features during the
winter timber harvest period. Wetypically coordinate this activity with the state regulatory authority and commit to this
processin the permit documents. We have not encountered any situations where caves or mine openings (i.e. potential
hibernacula) were present within or adjacent to our mining permit areas. There are other efforts that we undertake in the
mine planning and permitting process for the protection and enhancement of Indiana bat habitat. The integrity of riparian
corridors is maintained to the extent possible and stream buffer zone variance requests are limited to the extent possible.
Habitat loss is minimized on mining support areas with careful design, location, and construction of sediment ponds, ditch
systems, stockpiles, roads, etc. Road systems and stream crossings are designed and constructed to reduce disturbance to
streams and floodplains. Postmine forest and wildlife habitat acreages are proposed in approximate premine amounts. Water
resources are almost always proposed in the reclamation plan. Wetland disturbances are held to a minimum. Wildlife habitat
restoration plans are developed and implemented to restore high quality habitat within the permit area and interface with
habitat types and values adjacent to the permit area.

Land Reclamation Practices

Federal and state surface mine control and reclamation regulations require that restoration of sites disturbed by coal mining
operations be carried out contemporaneously and that a demonstration be made as to proof of vegetation success and
productivity. Land uses, vegetation re-establishment efforts, and wildlife habitat restoration and enhancement plans are
detailed in the mining permit document.

The reclamation process begins with proper grade restoration. Site stability, proper slopes, and topography that compliment
the surrounding landscape are important aspects to achieving high quality land reclamation. Proper soil handling and
replacement is a critical process to achieving land reclamation success. Soil resource investigations are undertaken on all
permit areas to identify the quality and quantity of soil materials. Peabody Energy routinely obtains soil substitution plans,
which alow usto utilize and replace the most desirable soil materials within the permit area. All topsoil materias are
removed and replaced to a uniform thickness throughout the permit area. An exception to thisisthe occasional use of a
topsoil substitute material on nonprime areas where an A/B mix or excess prime soil B horizon material is identified as being
amore productive soil material. This occurs when an existing soil type has arocky or highly eroded topsoil horizon. A
substitution plan for subsoils is also employed. High quality subsoils exist in certain prime soil types, and these prime
subsoils are retrieved from deeper intervals and substituted for less desirable subsoil materials of other soil types. Erosion
control structures such as terraces, tiling, and dry dams are frequently installed at the time of soil replacement. When erosion
problems are apparent in the initial years following soil replacement, terracing, dry dams, tiling, and other measures are
implemented as control measures.

Topsoil replacement operations are concentrated during the months of May through October to take advantage of favorable
weather and ground conditions and to allow for establishment of vegetative cover for erosion control. Land leveling, deep
soil tillage, and installation of erosion control systems are completed as soon as practicable following topsoil replacement.
Cover crops (temporary vegetative cover) and mulching are used extensively to control erosion and aid the establishment of
permanent vegetation. Permanent vegetation is, likewise, established as soon as practicable following topsoil replacement
and completion of appropriate land management practices.

Standard soil test sampling and analysis procedures are conducted for texture, pH, buffer pH, nitrogen, phosphorus, and
potassium to provide accurate soil amendment recommendations. Soil amendments are applied accordingly. Straw or hay
mulch is applied at the rate of 1.5 tons/acre. Mulch is applied to areas of replaced topsoil that cannot be immediately
revegetated, due to the season or ground conditions.

Therestoration of cropland involves standard agronomic practices for production of wheat, soybean, and corn crops. These
grains are harvested and yields compared to the U. S. Department of Agriculture and state agricultural agency target yields
for site and soil types. Success is demonstrated by meeting 100% of the target yields on prime farmland and 90% of the
target yields on non-prime farmland. Pasture establishment includes various grasses and legumes that are typically grownin
the area and are planted and managed utilizing standard agronomic practices for production of forage crops. Warm season
grasses may also be utilized. Success is demonstrated by a 90% ground cover of the approved pasture species and by
meeting 100% of the target yields on prime farmland and 90% of the target yields on non-prime farmland. Forest re-
establishment success is measured by an 80% survival rate over three growing seasons and 450 live trees per acre at fina
bond release, with a 70% ground cover of herbaceous vegetation for erosion control. Wildlife habitat re-establishment is
measured by an 80% survival rate over three growing seasons and 225 to 250 live trees per acre at final bond release, with a
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70% ground cover of herbaceous vegetation for erosion control. Table 2 identifies the tree and ground cover species
typically employed for reforestation and wildlife habitat restoration and enhancement on Peabody Energy mine properties.
Warm season grass plantings are sometimes utilized as wildlife habitat along with the establishment of moist soil or wetland
sites. Success standards include establishment of the intended vegetation type and erosion control.

A genera wildlife habitat restoration and enhancement plan with upland and lowland habitat types isincluded in the permit.
The plan includes restoration of wildlife habitat on areas designated with the specified postmine land use of wildlife habitat
and, in addition, the plan may be integrated into other approved postmine land use types as a general means to improve and
enhance wildlife habitat on the postmine landscape. Habitat enhancement features include the type and configuration of
vegetative components reestablished, as well as the retention of temporary and permanent water bodies. These efforts
provide food, water, cover and an increased amount of edge for wildlife. Woody plantings are arranged in two forms
including strip and group plantings. Strip plantings typically are composed of desirable evergreens and flanked with rows of
wildlife shrubs. Strip plantings are intended to break up large open areas, furnish travel lanes, and provide food and cover.
They are established along field borders, drainways, fencerows, and property lines. Group plantings are comprised of
deciduous trees, primarily oak, ash, walnut, locust, and maple and a combination of wildlife shrubs and conifers. Pinesare
not planted in large blocks, but primarily utilized as windbreaks and cover. Group plantings are of arandom plant mix and
pattern. The groupings are usually one acre or less and furnish islands of food, cover, and loafing areas in herbaceous
plantings.

Warm season grasses are developed in blocks of 10.0 acres or less. These permanent species may include, but are not limited
to, big and little bluestem, Gama grass, Indian grass, and switchgrass. These fields are managed for hay production aswell as
wildlife benefit. Hay production or mowing for management of these grasses as wildlife habitat occurs after July 15th.
Additionally, warm season grass plantings are periodically burned to manage stand integrity and vigor. Brush pilesare
occasionally constructed into any of the above mentioned wildlife areas for cover features. Such areas are constructed with
any combination of rocks, branches, limbs, roots, trunks, or trees. Water resources, both seasonal and permanent, are
constructed when an advantageous situation arises.

Wetland units are sometimes restored as an integral part of the reclamation plan. Such wetlands may include either shallow
water and emergent marshlands or forest plantings with mixed deciduous bottomland hardwood trees. Reconstruction of
wetlands occur under authority of Clean Water Act Section 404 permits for authorized wetland disturbances, or aswildlife
habitat enhancement efforts integrated into the approved postmine land use plan.

Peabody Energy operations in the Midwest will produce approximately 28M tons of coal in 2010 and will disturb
approximately 2,500 acres. Annual disturbed acreage figures will vary with new mine development, expansion at existing
mining operations, and changes to operating conditions for different coal seams at existing mines. Final reclamation
activities are completed on approximately the same acreage, annually, and final bond (Phase I11) release tracks accordingly.
Table 3 summarizes these figures for Peabody Energy coal production, acres disturbed, and acres receiving final bond (Phase
[11) release in the Midwest during the past ten (10) years.

Table 2.
Reforestation and Wildlife Habitat Restoration
Tree and Ground Cover Species

Plant Species Seeding or Planting Rate Method of Application
Orchard Grass 10.0 Iblac Broadcast
Red Clover 6.0 Iblac Broadcast
Brome Grass 100 Iblac Broadcast
Red Top 200 Iblac Broadcast
Bluestem 40t080 Iblac Broadcast
Buffalo Grass 40t080 Iblac Broadcast
Gama Grass 40t080 Iblac Broadcast
Buffalo Grass 40t080 Iblac Broadcast
Indian Grass 40t080 Iblac Broadcast
Switchgrass 40t08.0 Iblac Broadcast
Rye Grass [perennial] 100 Iblac Broadcast
Ladino Clover 20 Iblac Broadcast
Alfafa 80 Iblac Broadcast
Birdsfoot Trefoil 100 Iblac Broadcast
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Table 2. Continued
Reforestation and Wildlife Habitat Restoration
Tree and Ground Cover Species

Plant Species Seeding or Planting Rate Method of Application |

Korean Lespedeza 150 Iblac Broadcast

Y ellow Poplar 726 treeslac Mechanical or Hand
White Oak 726 trees/ac Mechanical or Hand
Bur Oak 726 treeslac Mechanical or Hand
Pin Oak 726 treeslac Mechanical or Hand
Northern Red Oak 726 trees/ac Mechanical or Hand
Southern Red Oak 726 trees/ac Mechanica or Hand
White Ash 726 trees/ac Mechanica or Hand
Green Ash 726 trees/ac Mechanica or Hand
VirginiaPine 726 treeslac Mechanical or Hand
White Pine 726 trees/ac Mechanica or Hand
Eastern Red Cedar 726 treedlac Mechanical or Hand
Sugar Maple 726 trees/ac Mechanica or Hand
Red Maple 726 treesec Mechanical or Hand
Silver Maple 726 trees/ac Mechanical or Hand
River Birch 726 treeslac Mechanical or Hand
Sweet Gum 726 treesac Mechanical or Hand
Sycamore 726 treeslac Mechanical or Hand
Black Walnut 726 trees/ac Mechanical or Hand
Black Locust 726 trees/ac Mechanica or Hand
Gray Dogwood 726 trees/ac Mechanica or Hand
Red-osier Dogwood 726 trees/ac Mechanical or Hand
Hawthorn 726 trees/ac Mechanica or Hand
Sumac 726 trees/ac Mechanical or Hand
Elderberry 726 treeslac Mechanical or Hand
Crabapple 726 treeslac Mechanical or Hand

Table 3.

Peabody Energy Coal Production
Land Disturbance and Land Reclamation in Midwest

Year | Coal Production | Land Disturbance | Land Reclamation
(Phase ll1 Release)
Tons Acres Acres
2001 26 M 2,200 2,400
2002 25M 2,100 300
2003 25M 1,716 3,470
2004 29M 1,948 2,716
2005 21M 1,937 2,913
2006 23M 4,314 3,472
2007 38M 2,509 2,867
2008 31M 3,890 3,132
2009 32M 1,953 1,637
2010 28 M* 2,500* 2,689*

*2010 projections.

Land use patterns on Peabody Energy mine sites include between 65%-70% agricultural land uses (primarily cropland and
pasture), 25%-27% forest and wildlife habitat land uses, and 3%-10% other types of land uses such as residential, industrial
and commercial, water, roads, etc. Modification of these premine land uses in the postmine state includes insignificant
changes to the agricultural land uses. Forest and wildlife habitat typically increase about 10% during reclamation on
Peabody Energy permits. Postmine forest acreages decrease slightly while postmine wildlife habitat increases significantly.
Water resources increase in the postmine state and comprise 5% of the final reclaimed acreages.
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Land use changes approximate the pre-existing land uses within the permit area and utilize slope and setting to finalize the
reclamation plan for the permit area. These land use modifications involve minor changes and relocations. Peabody Energy
does not typically pursue large or expansive land use changes where one type of land use is replaced with another. There are
instances, however, where a property owner stipulates by lease agreement specific postmine land uses. In these instances we
are obligated to replace adesired land use. We routinely seek approval for an increase of water resourcesin the postmine
state. Water resources comprise 1% of the premine area and about 5% of the postmine area. Land use changes are
compatible with adjacent land uses and also comply with existing local land use policies and plans. Table 4 summarizesthe
premine and postmine land use patterns on Peabody Energy mine sites.

Table 4.
Premine and Postmine Land Use Patterns
Land Uses Premine Postmine
Agricultural (Crop and Pasture) 65%-70% 65%-70%
Forest and Wildlife Habitat 25%-27% | 30%-37%*
Water 1% 5%
Other (Residential, Commercial, Roads, etc) 3%-9% 1%-3%

* Postmine forest and wildlife habitat typically increases about 10%. Forest
decreases dlightly and wildlife habitat increases.

Per spective on Regulatory Process

The ESA isafairly straightforward environmental law. It requires the identification and listing of speciesin need of
protection. It requires that protective measures be identified in the recovery of the listed species. It providesfor
consideration of the listed species, prior to any federal action that would potentially affect them. It providesfor punishment
of any entity that harms a listed species. Interestingly, however, the law does not identify what can and cannot be done. It
does not direct the regulated community in a manner as to the conduct of businessto ensure compliance. The ESA provides
no warning of potential conflicts.

There are numerous criticisms of the ESA concerning both its content and implementation. Thisis the case with most
environmental legislation. Although some criticisms have merit and other criticisms are suspect, there are shortcomingsin
the implementation of the ESA for protection and recovery of Indiana bats that directly impact the coal industry. Decisions
made on conservation and protection measures are not necessarily based on scientific findings, particularly for protection of
summer habitat. Many of these measures take a "shotgun" approach for the protection of individuals or populations that have
apossible, not verified, presence. Thereisasignificant effort made for conservation measures on mine sites where there is
no evidence that Indiana bats are present and, in fact, are probably not present. Implementation of conservation efforts for
Indiana bats and all threatened and endangered species should be based on verifiable effectiveness of those measures. This
brings up the point that thereis no reward for beneficial conduct under ESA. Cost and the tremendous regulatory uncertainty
are additional issues of significant concern.

The implementation of protective measures under ESA for the Indiana bat has grown stricter in recent years. Conservation
measures have been undertaken through the use of policies, regulatory guidance memoranda, and other regulatory initiatives,
and have not undergone outside review or comment. Scientific research has unquestionably expanded knowledge of thelife
history of the species and particularly its biology and behavior during the non-hibernating period. And implementation of
new conservation measures based upon this information has afforded the species additional protection. There are several
areas where changes in protective measures have affected the conduct of business with the coal industry.

The definition of suitable habitat has changed significantly in recent years. Further, the definition of high value habitat, that
is, habitat requiring protection, has expanded significantly. The original definition of high value habitat focused upon
hibernacula and the surrounding area to some predetermined distance and maternity colony sites. Later, summer habitat was
added which included riparian zones, stream corridors, and bottomland forest settings where the understanding of habitat
selection indicated maternity colonies were most likely to occur. In recent years, the definition of suitable summer habitat for
roosting and foraging has expanded to include forested stream corridors, riparian zones, forested floodplains, forested
uplands, forest edges, water bodies including ponds, lakes and impoundments, and wetlands. Notably, foraging areas now
include old fields, borders of agricultural fields, woody fencerows, woody ditchbanks, farm ponds and other types of water
bodies. Pastures with scattered trees have been identified as foraging areas by Indiana bats. Suitable summer roosting
habitat may include individual treesthat are (1) living and exhibit exfoliating bark, crevices or cavities, and (2) dead, dying
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trees or severely injured trees that exhibit sloughing bark. All forested and adjacent areas in any landscape setting can now
be characterized as suitable habitat. Given the status of the species as endangered, the habitat is afforded a defacto status as
"high" value. This present definition of suitable/high value habitat includes most mine plan areasin the range of the Indiana
bat. Asaresult, without a mist net survey demonstrating probable absence of the species, a mitigation plan addressing
conservation measures for the Indiana bat must be implemented project wide

The definition of roost tree has also changed in recent years. Tree size measured in diameter breast height (DBH) has been
used as an in-field measurement technique for determining a potential roost tree and the minimum size has ranged from 16"
DBH down to 5" DBH in recent years, depending on what agency officia you are conferring with and what political domain
you are standing in. Pursuant to the recently adopted regional guidelines, habitat is now defined as any woody stem with a5"
DBH. Thelist of tree species most commonly utilized by Indiana bats for summer roosting continues to increase and a
summarization of various state and federal documents yields up to twenty-seven (27) different tree species. Table5
summarizesthe list of tree speciesidentified as the most suitable roosting habitat for Indianabats. Most forested areasin the
Eastern United States will include many of these tree species.

Therestriction on timber harvest, tree clearing, tree removal, etc. is another protective measure that has changed with
adoption of the regional guidelines. Table 1, Approved Tree Removal Periods, identifies the current restrictions.

Table5.
Tree Species Utilized by Roosting Indiana Bats
Tree Species
Shagbark Hickory Carya ovata

Shellbark Hickory
Bitternut Hickory
Pignut Hickory
Mockernut Hickory
White Ash

Green Ash

Black Ash

White Oak

Post Oak
Northern Red Oak
Southern Red Oak
Black Oak

Scarlet Oak
Shingle Oak
Chestnut Oak
American ElIm
Slippery EIm
Silver Maple

Red Maple

Sugar Maple
Black Cherry
Persimmon
Sassafrass

Eastern Redbud
Black Locust
Eastern Cottonwood

Carya laciniosa
Carya cordiformis
Caryaglabra

Carya tomentosa
Fraxinus americana
Fraxinus pennsylvanica
Fraxinus nigra
Quercus alba
Quercus stellata
Quercusrubra
Quercus falcata
Quercus velutina
Quercus coccinea
Quercusimbricaria
Quercus prinus
Ulmus americana
Ulmus rubra

Acer saccharinum
Acer rubrum

Acer saccharum
Prunus serotina
Diospyros virginiana
Sassafrass albidium
Cercis canadensis
Robinia pseudoacacia
Populus deltoides

It isimportant to note that the justification for the increased protective measures of recent years is based primarily on
intuitive principles. The implementation of protective measures and their ongoing modifications, obviously, have a
probability of affording some level of additional protection to Indiana bats. However, the relative value of these protective
measures has not been subjected to any scientific analysis, and their respective merits have not been qualified or quantified as
to the relative protection afforded the species. How many Indiana bat maternity colonies have been shielded from
disturbance by the implementation of timber harvest restrictions and subsegquent modifications to these harvest period dates?
What is the operational and economic impact on the coal industry, and the entire regulated community for that matter, asa
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result of the implementation and subsequent changes of these dates? What is the net positive affect of these restrictions on
Indiana bat populations? What level of incidental take, both permitted and not permitted, is occurring with and without the
current conservation measures? The basis and justification for implementation of current conservation measures is anecdotal,
not scientific.

The implementation of protective measures for conservation of the Indiana bat has impacted the coal industry and will
continue to impact the industry. The lead-time for reserve evaluation, permitting, and initiation of mining operations has
been increased because of the requirements to assess mine plan areas for Indiana bats. Delays in the permitting process are
real in those instances where portal surveys or other mist net surveys are required. Also, if Indiana bat populations are
identified in the immediate mine plan area, permit delays most definitely will occur. The potential for regulatory
entanglementsisreal and threatening. Certainly, any additional work conducted by a coal operator on behalf of the Indiana
bat isadirect cost, but in addition, the protection and enhancement measures frequently add minor incremental costs to
otherwise standard work processes. These minor costs are often unaccounted for individually in economic assessments, but
can add up to significant increases in overall costs. The biggest concern for the industry is the risk of encountering Indiana
bats, and thereby preempting mining operations or causing the extent of operations to be reduced and restricted. The
identification of Indiana bats within a mine plan area has the potential to require avoidance of sites such as hibernacula and
maternity colony roosting sites. On smaller reserve areas, any reduction or restrictions on operations can render the reserve
uneconomical for mining.

Oneissue of immediate concern is the needless destruction of habitat in advance of mining operations. The new range-wide
guidelines require, as a protective measure, removal of all woody vegetation that exceeds 5" DBH during a period from
October 15 to March 15 for summer habitat and removal of all woody vegetation that exceeds 5" DBH during a period from
November 15 to March 15 in areas near hibernacula. Past protective measures involved removal of potential roost trees that
exhibited exfoliating or sloughing bark in larger size classes (10", 12", 15" DBH or other identified sizes). The new
requirements result in the removal of all woody vegetation in al areas where mining operations might reasonably occur in the
immediate future. The practice resultsin land disturbance to large areas during winter months. These disturbances result in
extensive habitat |oss, soil erosion and soil destruction, and the subsequent impacts on water quality.

Regulation of the coal industry under ESA for conservation of the Indiana bat has evolved through the years and moved
cautiously to implement progressively stronger protective measures for the species. The process has not necessarily been
consistent from state to state within the Illinois Coal Basin and elsewhere, specifically with regard to the detail of policies
and procedures as implemented by both state and federal offices, and the changing of these requirements over time. The
entire process since formalization of the 1996 Biological Opinion by the U.S. Fish and Wildlife Service has been carried out
by guideline and internal policy of the regulatory agencies. The Indiana bat recovery plan is currently undergoing revision
and was last updated and approved in 1983. That proposed revised plan does not necessarily recommend the expressed
conservation and protection measures that are in force today for the coal industry. In the everyday working world of the coal
industry, the current guidelines and internal policies have taken the weight of law. Even more ominous are the implications
of the spread of White-nose Syndrome on the population levels of all bat species. Protective measures will most likely
continue to grow more stringent.

Summary

Peabody Energy is committed to compliance with the ESA. We will continue to expend funds and take appropriate actions to
protect and conserve Indiana bats and other threatened and endangered species in accordance with applicable state and
federal laws. Obviously, we feel that many of our efforts under the current regulatory process are not time or money well
spent. Land disturbances resulting from coal mining do not now and will not in the future have a significant impact on the
continued existence and recovery of the Indianabat. The potential exists for isolated encounters between coa mining
operations and this species. Such isolated encounters will undoubtedly be very costly and possibly preemptive for mining.
Given the evolution in recent years of expanding habitat definitions and ever more restrictive conservation measures for the
Indiana bat, there is concern about impacts on the coal industry from Indiana bats.
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State Survey of Indiana Bat Protection and Enhancement M easures
and | nteractive Panel Discussion on
State-Specific Bat Protection Strategiesat Coal Mines

Gregory E. Conrad
Interstate Mining Compact Commission
Herndon, Virginia

Abstract

This presentation, and the interactive discussion that follows, will provide an overview of how various state regulatory
authorities are implementing the Range-wide Indiana Bat Protection and Enhancement Plan Guidelines that were adopted in
September of 2009. The guidelines were developed through extensive state and federa collaboration and are intended to
provide both state regulatory authorities and coal mining companies with a set of consistent and reasonable habitat protection
and avoidance measures that can be used when proposed mining operations potentially impact the Indiana bat and its critical
habitat. Over the past several months, the states have begun incorporating these guidelines into their permitting processes
and this presentation will provide a status report on their progress and any implementation issues associated therewith. State
presenters will speak specifically to the successes and challenges regarding bat protection and habitat enhancement of listed
species within their respective borders and their experience implementing the 2009 Indiana Bat guidelines.

Introduction

In preparation for the Office of Surface Mining's Forum on “Protecting Threatened Bats at Coal Mines’, the Interstate
Mining Compact Commission was asked to survey the states regarding their experience with implementing the Range-wide
Indiana Bat Protection and Enhancement Plan Guidelines that were adopted in September of 2009. IMCC was a contributor
to the development of the guidelines which were aresult of extensive state and federal agency collaboration. They are
intended to provide both state regulatory authorities and coal mining companies with a set of consistent and reasonable
habitat protection and avoidance measures that can be used when proposed mining operations potentially impact the Indiana
bat and its critical habitat.

Most IMCC member states responded to the survey; however severa were outside the range of the Indiana bat and therefore
did not provide detailed information. The information | will present today provides an overview of the responses received
from those states who are most directly affected by the presence, real or potential, of the Indianabat and include AL, IL, IN,
KY, MD, MO, OH, PA, VA, and WV. My overview also reflects input from the federal regulatory program in Tennessee
implemented by OSM. Several of these states will present more detailed overviews of their state-specific bat protection
strategies during the panel presentation that follows my remarks, so | will do my best not to steal their thunder.

Survey

Our survey was structured around several key questions related to implementation of the 2009 guidelines. We attempted to
ascertain the degree to which the states had incorporated these guidelines into their regulatory programs, how well the
guidelines were working in terms of developing protection and enhancement plans, problem areas that have arisen during
implementation, and changes or adjustments that might be helpful for future consideration.

Our overarching question was as follows: Since the guidelines were officially approved in September of last year, how and
to what extent have you put them to use in your state? If you have not implemented them, please explain the approach you
are using in your state to address Indiana bat protection and enhancement measures. In addressing this question, | should
note that the majority of states focused on the use of the guidelines at active mining sites, while a small minority also
discussed their usein conjunction with abandoned mine land reclamation projects. While the guidelines specificaly state
that they are not intended to cover AML projects, there was recognition that they might be so used, as determined by the local
U.S. Fish and Wildlife Service office.
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Results

Four states (IL, KY, VA, and WV) are directly using the guidelines as part of their regulatory programs and the latter three
states have provided training or workshops for the industry regarding use of the guidelines. Other states (IN, OH, PA) have
found the guidelines to be a useful tool and were already implementing many of the specific conservation measures addressed
in the guidelinesin their existing programs. OSM’s Tennessee program does not utilize the guidelines per se, but instead
relies on a separate guideline document that was devel oped between OSM and the FWSin 2006. In many instances, the full
extent of the guidelines does not become relevant until habitat is found to exist, at which point permit applicants are required
to either survey for bats or develop protection and enhancement plans.

Two states specifically spoke to the applicability of the guidelinesto AML projects. Alabama has incorporated some aspects
of the guidelinesinto their own state-developed guidelines for AML projects on the off-chance that Indiana bats were ever
identified. To date, that has not been the case. In Indiana, the state was required to implement the guidelines for AML
projects, aswell as for active mining operations —much to their surprise. Following a period of negotiation and
collaboration, the state has worked out an agreement with the FWS concerning applicability of the guidelinesto AML project
bidding and contracting.

A repeated concern by some states was the mandatory nature of the guidelines. These states understood that the guidelines
were intended to be just that — discretionary options that a coal mining applicant could incorporate into a permit application
and that the regulatory authority could consider in reviewing the permit application in order meet the requirements of the
1996 Biological Opinion (BO) regarding species-specific protective measures. It was further understood that if the
guidelines were followed in detail, there was a greater assurance, perhaps even a guarantee that the requirements of the BO
would be considered fully complied with. However, these states till believed that there was flexibility in terms of the use of
the guidelines, should a state choose to pursue its own version thereof. These states are now concerned that, in actual
practice, thereis little room for discretion regarding use of the guidelines and that they are mandatory for al surface coal
mining permits. How this continues to play out will be one of the future challengesfor all of the parties to debate.

The second question explored the relative value and success of the guidelinesin terms of ease of use, effectiveness, and
providing additional clarity concerning the issues associated with protection of the bat. The general consensus of those states
that have used the guidelines is that they provide more clarity as to the measures that should be taken to evaluate sites for
potential use by the Indiana bat and that they readily explain the step-by-step processes and procedures that are needed to
develop effective protection strategies for individual mining permits. Severa states mentioned the value of the flowchart
(Figure 1, p. 4) as a useful tool to determine the steps necessary to ensure protection and to orient permit applicants around
the data that needs to be collected and submitted in their applications. One state commented that the guidelines are
particularly valuable for permit applicants who desire agreater degree of predictability, knowing that if they complete all of
the steps, they can be assured of closure on this particular matter.

A handful of statesindicated that the jury is till out regarding the effectiveness of the guidelines, especially since they have
not yet fully implemented them. These states also noted the complexity of the issues surrounding protection and
enhancement plans and the evolving nature of the process. In some cases, the guidelines do not seem to provide enough
detail or explanation of new requirements, examples being habitat determination and tree clearing restrictions. The latter
issueisaparticular problem for the state of Indiana (particularly selective roost tree removal), and | am sure you will hear
more about this from Ramona Briggeman later this morning.

Next we asked the question: What, if anything, would you change about the guidelines or their implementation? This
elicited avariety of suggestions or concernsincluding the following:

e Changethetreesizefrom 5" dbhto either 8" or 10" dbh. The larger tree size should provide a more secure areafor
bats to roost and raise their young.

e  Will equating the concept of “take” under the Endangered Species Act with “assumption of presence” in the
guidelines survive alega challenge? Isthere potential for significant differences of opinion arising between the
state RA and OSM about assumption of bat presence at amine site? Does it make sense to define “take” based upon
acres disturbed?

e Allowing the practice of selective roost tree removal in non-occupancy season and removal of the remaining non-
roost trees during the occupancy season.

e Providing alist of federal agency contacts that can provide further guidance and insight regarding the guidelines.
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e Matching up the mist net survey term (5 years from survey completion) with the term of the permit (5 years from
permit issuance). This could encourage premature tree removal.

o Keep the guidelines adaptable to change with new circumstances.

e Inlight of issues associated with White-nose Syndrome, are the guidelines too summer range specific, as opposed to
preserving, acquiring, and protecting hibernacula?

¢ Inone state, the guidelines are actually less stringent than the state guidelines which could result in less protection
for the species.

There remains the question of how best to address these suggestions and concerns, including any new ones that may arise
over time. As| recall, there was agreement among the parties who developed the guidelines that if new issues or concerns
arose in the future, especially based on implementation of the guidelines, the parties would meet to discuss and ideally
resolve these matters. | am hopeful that thiswill continue to be the case, even though we do not have a specific timeline for
doing so.

The survey then turned to the question of the states' experience in working with coal operators in the development and
approval of protection and enhancement plans as part of the SMCRA permitting process. There appears to be significantly
different experiences among the states here. On the one hand, we have states that have had positive experiences in working
with their coal mining companies, especially as the companies understand the benefits of complying with the guidelines. One
state noted that the protection plans developed by permit applicants appear to be more effective in both protecting the Indiana
bat and replacing suitable habitat during reclamation than under the previous guidelines used by the state. Another state
noted that the guidelines have resolved many industry consultation concerns on issues such as tree clearing dates and the
validity period for netting data. The fact that the guidelines provide a step-by-step process for development of protection
plans, as reflected in the flowchart, has been particularly helpful to industry.

A few other states noted concerns that have been voiced by industry, especialy with regard to the mandatory nature of the
guidelines and the restrictive nature of some of the requirements. At the same time, the mining companies are working with
the states to comply with the guidelines in order to obtain needed permits. In terms of working with other state and federal
agencies on protection measures, the state mining agencies have so far found the guidelines to be useful in defining roles and
responsibilities and thus they have led to a greater degree of coordination and cooperation.

We next asked whether the guidelines have proven successful in helping the states to implement and meet their
responsibilities under the 1996 biological opinion, especially since thiswas one of the primary objectives for developing the
guidelines. In general, the experience to date is that the guidelines have been useful in meeting the requirements under the
BO, although some states believe that their own guidelines and regulations already adequately addressed this matter. For
those that have actively implemented the guidelines, they have found the process to be more defined and workable and that a
broader understanding of mining-related issues and concerns has been achieved. Those who are still working toward full
implementation or who are syncing up the guidelines with their existing program reguirements have found the guidelines to
be useful in confirming their existing procedures under the BO. One state articulated that it is hopeful OSM will defend the
concept of equating “take” with assumed presence in the context of the BO.

In response to a question of whether there is enough flexibility and discretion provided in the guidelines to allow the states to
tailor their PEPs to site-specific needs, the general consensus was that this was true, although alingering concern was
mentioned by at |east two states concerning the mandatory nature of the guidelines. One state put it thisway: “Phrases such
as ‘must be implemented’ and ‘ reclamation activities must result in’ serveto limit flexibility and discretion. Thislanguage
appears to be more regulatory than guidance. To answer the question, more experience with the processis needed to
determine if sufficient flexibility has been provided.” In thisregard, severa states noted that they have been able to work out
issues with their FWS offices in devel oping PEPs, although one state noted that the FWS field offices are interpreting issues
differently within the same regions.

We then asked a series of questions about the states' experience with several specific aspects of the guidelines and
appendices that were identified as being critical components of the species protection protocol. With regard to habitat
determination, one state noted that it can be difficult to determine whether a mine portal is actually being used by bats,
especidly if it isabandoned. One state recommended more science to support this particular requirement, while another
indicated that its own guidelines were stronger in terms of favoring protection of the bat and acquiring bat habitat.

With regard to demonstrating lack of adver se effects, there was an overall sense that this was going to be difficult to
establish and that in actual practice, avery small percentage of permit applicants have been able to demonstrate this. One

77



state recommended that examples be cited. On the topic of conducting bat surveys, one state recommended the inclusion of
more information in the appendices about the use of some of the less familiar survey methods. Another state noted that the
five year limit could be an issue given the fact that it will never coincide with permit renewal, will encourage waiting until
the last minute to do a survey and may encourage excessive clearing to reduce the need for additional surveys. On the topic
of avoidance measur es, one state noted the potential difficulty of compliance when performing reclamation work at high
priority AML sites. Another state mentioned that some permit applicants have been changing their mine plansto avoid
potential habitat and have been more receptive to limiting mining activities to areas aready disturbed by previous mining
activities. In this state, most applicants are opting to survey proposed sites, if possible, to demonstrate alack of presence and
thus show that the proposed plan is avoiding impact.

With regard to minimization measur es, one state questioned the level of applicability at active mines of staged tree removal
and flooded timber protocols. Another state noted the fact that its watering areas and reforestation rates are more stringent
than the federal guidelines. And finally, with regard to enhancement measur es, most states noted that these are becoming
standard operating procedure. One state commented that more species of trees suitable for use as habitat are being planted
and greater diversity in plantings, along with afocus on the use of native species, isincreasing. The use of rough grading
techniques to enhance tree survival has also increased. In one state, ajoint program with a sister state agency has allowed
mining companies to mitigate mining impacts to the bat by purchasing land that will be managed as bat habitat in perpetuity.
In another state, one permittee has enhanced areas on their reclaimed permit by installing “ bat boxes’ designed by BMI.

We next asked whether any of the states have customized the guidelinesin the areas | just discussed and whether those
measures are more or less stringent than the federal guidelines. A few states, as mentioned earlier, have guidelinesin place
that do not exactly mimic the Range-wide guidelines but include most of the elements and protocols. In one case, the state
guidelines are actually more stringent. A few of the differences among the states include the following: one state determines
the need for site specific information and surveys on a permit by permit basis, not based on a minimum acreage requirement;
one state has more stringent netting requirements; and one state has adjusted requirements for seasonal clearing restrictions,
acoustic monitoring, tree plantings next to streams, minimum number of tree plantings, and minimum soil compaction. In
large measure, the states are implementing the guidelines directly or have guidelines of their own that are no less stringent.

We also asked if there were other areas or aspects of the guidelines on which the states wished to comment. One state
indicated that it would be helpful if there was a map that identified the range of the species habitat. Another expressed its
concerns about off-site mitigation for the Indiana bat and how that might play out as part of a permitting process. In this
regard, another state specifically mentioned its concern about the 40 acres of forest land outside the radii around hibernacula
and roost trees. This state also noted that, while the 1996 BO is not applicable to non-coal mines, the state’ s own guidelines
do apply to these mines and this may become more of a concern in the future.

We completed our survey by asking states whether they had any data or information regarding the location of mines and
caves that have been gated. Some of the states will be presenting this information during the forum, so | will not go into it at
this point. Sufficeit to say that many of the states have utilized gates to protect bat populations and hibernacula, especialy at
abandoned coa mines.

Gregory E. Conrad is Executive Director of the Interstate Mining Compact Commission (IMCC), amulti-state
governmental organization representing 24 mineral producing states. Greg has served in his position since 1988 and is
responsible for overseeing several issues of importance to the statesin the legislative and regulatory affairs arenas including
mining and reclamation, mine placement of coal combustion products, identification and restoration of abandoned mine
lands, mine safety and health, and various environmental issues associated with mineral production such as surface and
ground water quality and quantity. Prior to joining IMCC, Greg served for nine years as senior counsel with the American
Mining Congress, which is now part of the National Mining Association. Whilewith AMC, Greg had primary staff
responsibility for several coal related issues including transportation, leasing, research and development initiatives, and
surface mining and reclamation. Greg has spoken and presented papers at a variety of meetings and conferences hosted by
such organizations as the Eastern Mineral Law Foundation, the National Academy of Science, the Conference of Government
Mining Attorneys, the American Association of State Geologists, the Colorado School of Mines, the Office of Surface
Mining, the National Association of Abandoned Mine Land Programs, the National Mining Association, the Environmental
Law Institute and various state government groups. He has written extensively on mining issues for professional journals and
magazines. Greg graduated from Michigan State University with a degree in business administration and later from the
University of Detroit/Mercy School of Law where he was an associate editor of the law review.
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State Survey Results
Survey of the Statesre Indiana Bat Protection and Enhancement Guidelines

Due to the fact that these states are outside the range of the Indiana bat, the following states did not respond: AK, AR, CO,
LA, MT, ND, NM, MT, OK, TX, and UT. Othersthat arelikely in this same situation, but did not respond, include WY, IA,
KS, and MS. Thefollowing states did respond to the survey and their input is summarized generally below: AL, IL, IN, KY,
MD, MO, OH, PA, VA and WV. We have aso included input from OSM’ s federal programin TN.

1. Sincetheguidelineswere officially approved in September of 2009, how and to what extent have you put
them to usein your state? If you have not implemented them, please explain the approach you areusing in
your stateto addressIndiana bat protection and enhancement measures.

AL —For AML projects, we have not used the specific guidelines as listed in the document. However, in 1988, we hired two
consultants from Kentucky to enter some of our abandoned mines to search for bats and to provide training on how to
identify potential bat habitat. Since that time, we have used the guidelines provided by the consultants to determine whether
each site has the potential to support bats. If it is determined that bats (any species) could possibly utilize an underground
mine portal, we close it using abat gate. We are unaware of any sightings or capture of Indiana bats during the spring or
summer months while they are raising young or roosting in forested areas of Alabama. At thistime, no PEP should be
required for our AML projects. If and when additional bat surveys are conducted and Indiana bats are |ocated, we will
initiate a PEP as required. For active mining permits, no Indiana bats have been identified. We would implement the
guidelinesif any were discovered.

IN — Indiana has found the guidelines to be a useful tool containing guidelines for protection of the Indiana Bat. Indiana was
already implementing many of the species specific conservation measures addressed in the guidelines. Other than the
prohibition against selective roost tree removal there has not been substantive changes. Unfortunately, we apparently had
misunderstanding as to the implementation of these guidelines as they are instead more to the effect of mandates.

AML

It was our understanding the guidelines were applicable only to the Regulatory Program but they were also
immediately implemented for the Abandoned Mine Land Program. It took a lengthy cooperative effort with staff of
the Abandoned Mine Land Program and the FWS to work issues that otherwise were problematic to bidding and
contracting. At this point, the AML Program has agreement in concept on implementing the measures of concern
and it appearsthe issueis closeto resolution. 1t might have been worthwhile to consider a phasing in of the
guidelines rather than immediate implementation due to changes that had to occur that, because of the time of year,
were problematic.

Regulatory
Indiana had a representative on the team that developed these guidelines. Throughout the deliberation of the

contents of this document by team members, the Indiana representative continually reported to Indiana s director
and to Indiana’ s wildlife biologist assigned to SMCRA issues that “no practice in effect today will change as aresult
of thisdocument”. It was also our understanding the “guidance” document would contain items that could be
considered, picked, and chosen for generating species specific protective measures and in no way was a mandate.
The outcome was very different and the guidelines have instead become mandates.

| do want to note the two other state representatives on the team view this differently from our position athough our
representative did not indicate this to be the case. We did not realize they viewed it differently until we inquired
with them after the FWS said seasonal cutting was no longer allowed. Kentucky has indicated concern with tree
cutting and stated their research has shown that harming other trees could occur that then become an occupied tree
or alimb being harmed that then becomes occupied. No reply was received upon asking for the details or the
publication of this research. No reply was received when we asked for minutes of the meetings themselves either.
The Indiana representative had since retired although we did find reference in his notes indicating his belief that
seasonal tree clearing could continue.
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Specific issues are as follows:

The FWS mandated that no cutting during the summer occupancy season can occur. Previously, the FWS had
commented upon Indiana s policy for selective roost tree removal during the non-occupancy season and then cutting
the remaining trees during the summer occupancy season in what otherwise would be the non-cutting season.
Selective Roost tree removal during the non-occupancy season is a method to minimize temporal loss of summer
foraging habitat and optimize the availability of such habitat during the mining operation. We believe selective
roost tree removal is beneficial for avariety of reasons, including:

a.  Foraging habitat isavital component of the habitat of the Indianabat. Selective removal allows foraging
habitat for the bat to remain aslong as possible.

b. Becausethe bat isreluctant to cross open areas, this habitat could serve as atravel corridor in the short term
connecting unaffected areas.

c. Potentia roost trees can remain to the last possible season prior to being affected then selectively removed
during the non-occupancy season

d. Selective removal alows for the mining company to affect and handle soils at adrier time of year thus
reducing compaction and increasing the capability of replaced soils to nurture trees.

e. Should the mining plan change- aviable forest habitat with many mature trees is still present and the time
frame for development of roost trees in the future is more rapid.

f.  Minimizes sedimentation in streams.

Most of these points have been mentioned in the PEP guidelines as important to the Indiana bat (not to mention
other woodland species). Selective roost tree removal minimizes the area disturbed at onetime, increases the life of
foraging habitat, avoids clearing areas that potentially may not be mined, allows the timing of removal activitiesto
be one year in advance of pit advancement, potentially provide future roosting habitat earlier if ultimately not
affected by coal removal.

This practice worked well. It took away any concern of cutting by landowners many yearsin front of an application
being received and it significantly reduced erosion from cutting activities during non-occupancy months at which
time the ground surface is at the poorest for timbering.

The document, in Section 2.4.1, Page 9, Tree Clearing Restrictions, indicates: Seasonal tree clearing restrictions are
arequired (emphasis added) avoidance measure that can minimize potential adverse effects to Indiana bats caused
by timber removal, or other disruptions of habitat, during Indiana bat occupancy periods. In general and when
unavoidable, summer and swarming habitat may be removed when bats are not likely to be present, which is
typically the winter months when Indiana bats are hibernating. Treeclearing isdefined asthe removal of all trees
greater than or equal to 5 inches dbh and does not include the selective removal of suitable bat roost trees.
(emphasis added). This underlined statement has been interpreted by Indiana’ s Division of Reclamation and by
OSM'’s Alton staff to allow for seasonal tree clearing. The FWS disagrees and saysiit only allows for seasonal
clearing during the non-occupancy period. We disagree with that position and question why that statement would be
included when the previous sentence clearly indicates trees can be cut during the non-occupancy period.

IL —In lllinois we have started asking coal mine permit applicants a number of questions regarding Indiana bats taken from
the new guidelines such as the following:

a. Arethere any trees greater than or equal to 5 inch dbh with exfoliating bark within the proposed permit area?
b. If aaboveis"yes", then will the proposed operations affect those trees?

c. Isthe site within 10 miles of an Indiana bat P1 or P2 hibernaculum?

d. Isthe site within 5 miles of an Indiana bat P3 or P4 hibernaculum?

e. Isthe site within 5 miles of afemale or juvenile Indiana bat capture site?

f. Isthe site within 2.5 miles of an Indiana bat maternity roost tree?

0. Isthe site within 2.5 miles of a male Indiana capture site?
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h.1f c, d, e f, or gisno, can adetermination be made that no adverse effect on Indiana bats will occur? If yes,
justify such a determination.

i. Is"take" of Indianabats (as defined in the Endangered Species Act of 1973 as amended or in the Illinois
Endangered Species Protection Act) anticipated to result from the proposed operations?

j- State whether or not an incidental take authorization is being sought to "take" Indiana bats incidental to the
proposed operation. If an incidental take authorization is being sought, the number of Indiana bats proposed to be
taken shall be specified.

So far, only 2 applicants have indicated that no habitat exists. The Department does not plan to require protection
and enhancement plans, per the 2009 guidelines in these cases. Several other applicants have indicated that habitat
does exist. The Department is working with those applicants to develop protection and enhancement plans meeting
the specifications of the guidelines.

KY -- The Kentucky Division of Mine Permits has been making the use of the 2009 Guidelines as requirement for al new
applications submitted after October 1, 2009. Outreach training by KY DNR and FWS on the Guidelines was given to the
coal industry, permit reviewers and field inspection personnel. A reclamation advisory memorandum (RAM) with the new
Guidelines attached was distributed to coal applicants. All applications are required to evaluate the proposed disturbance
areas for potential impacts to the Indiana bat and potential habitat, and if habitat is found to be present, all applicants are
being required to either survey for Indiana bats (where applicable) or develop protection & enhancement plans (PEPS) in
accordance with the 2009 Guidelines.

MO -- No new permits or revisions have been received, hence we have not implemented these guidelines. For future
permits, our approach will be to consult with FWS and the Missouri Dept. of Conservation, asin the past, to assure their
concerns are addressed, if any.

OH -- Ohio is not using the guidelines but Ohio has incorporated some of the itemsin the guidelines into a Procedure
Directive (Permitting 2010-1 located on our web page). The Procedure Directive was issued July 19, 2010. This Procedure
Directive is an update of one we were aready using. The regulatory and permitting staff are now following the new
Procedure Directive.

PA -- The Pennsylvania DEP uses the regional guidelines as general guidance, but we a so use the PA Guidance which is
specific to PA (more restrictive in several ways) and includes steps for a Protection and Enhancement Plan.

TN -- To date, the Range-wide guidelines have not been implemented in Tennessee. We use the guidelines set forth in the
document “Coal Mining in Tennessee, Minimum Guidelines for Development of Protection and Enhancement Plans for the
Indiana Bat (Myotis Sodalis)”, dated March 2006. The Knoxville Field Office worked with the U.S. Fish and Wildlife
Service, Cookeville Field Office to produce this document as a requirement of the 1996 BO.

VA -- Theregulations have been distributed to industry via Presentations for the Virginia Mining Association and viaan
email to all consultants. A discussion at Technical Section Meetings has been held on how to administer the guidelines
within the division. During the permit review process, ecologist have made numerous comments pertaining to the guidelines
and directed numerous consultants to the document for permit planning. Ecologists have obtained the Fisheries and Wildlife
Information Service from the state game department (VDGIF) and can access collection data (GIS) for al recorded Indiana
Bat captures and hibernaculato aid in the permit review process.

WV -- West Virginia both implemented and web-published the Guidelines effective January 1, 2010. WVDEP hosted a
related Workshop on the Guidelines in February, 2010. The new Range-wide Guidelines largely reflected the existing WV
State Guidelines implemented January 1, 2007. The transition was thus a seamless one. The web link to the Guidelines
including the WV State specific Preface is as follows:

http://www.dep.wv.gov/dmr/handbooks/ Documents/| ndi ana%20Bat%20Gui del ines¥%62003-22- 10%20Revi sed.pdf

2. How would you characterize the success of the guidelines in terms of ease of use, effectiveness, and providing
additional clarity to theissues associated with protection of the bat? Please attempt to answer thisquestion
even if you are not actively using the guidelines, based on your review of them.

AL —We do not use these guidelines at AML projects. However, our guidelines are very similar when dealing with
abandoned underground mines. They should be effective and easy to use.
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IN — For most issues the guidelines are fairly straightforward and easy to implement. The mining industry in Indiana had
been including in mining applications many of the components of this final document. Our one issue remains that mentioned
above.

IL -- Itistoo early to tell. Aswe gain more experiences with the guidelines, as we compl ete the permit application process
with several pending applications, we will learn more about how easy they are to use and how successful they are. The flow
chart in the guidelines seems pretty self explanatory and should be easy to follow.

KY -- The new guidelines have provided more clarity as to the measures that should be taken to evaluate sites for potential
use by the Indiana bat, and readily explained the step-by-step the processes and procedures that are needed to develop
protection strategies for individual mining permits.

MO -- This document is well organized and appears to adequately discuss the concerns and resolutions for addressing the
IndianaBat issue. | found the flow chart to be very useful.

OH -- Ohio was already using similar guidelines (Procedure Directive) that were developed between ODNR and USFWS.
These new guidelines go into much more depth and details. The new Procedure Directive we developed has only been used
for avery short time but it does make the process very clear for permitting and regulatory staff and also industry people. We
had the mining industry in Ohio comment on the Procedure Directive prior to issuance.

PA -- The guidelines provide a good general overview, but this continues to be a complex issue and evolving process. We
have developed a sample letter and will soon develop a guidance form that can be used by the permitting staff and applicants.

TN -- Ease of Use: Initidly, the use of the guidelines would be difficult to use because it's a new document, it's a lengthy
document, and it contains some new and additional requirements. Like any new guidelines, it will take time and effort to
become familiar with them. More than likely it will require additional work to comply with and reguire changesin current
procedures.

Effectiveness: The guidelines are well written. They provide agood explanation why they were devel oped and how
they should be implemented. Inthelongterm, | think the use of these guidelines or similar guidelines will lead to
better protection of the Indian bat and better understanding of the bat’s habitat and needs.

Clarity of Issues. The guidelines contain alot of requirements. Some sections contain no real explanation asto why
they are needed or the reasoning behind the requirement. Of particular concern is Section 2.2, Step 2: Habitat
Determination and Section 2.4.1.1, Tree Clearing Restrictions.

VA -- Simply having a document to reference has provided clarification on many occasions. The flowchart included (Page 3)
in the document works well as atool to determine the steps necessary to ensure protection of the species and to serveasa
simple model to orient applicants to the data that needs to be collected and submitted in their applications.

WYV -- Most applicants want to know what to do and that if they complete the prescription that there would be some
predictable end point or closure to the matter. This has been the case and the program has thus been effective.

3. What, if anything, would you change about the guidelines or their implementation?

AL —Changetreesizefrom 5" dbhto 8” or 10" dbh. The large tree size should provide alarger more secure area for bats to
roost and raise their young. Also, there might be a problem if a project investigator and an OSM oversight person differ on
whether they want to assume bat presence.

IN — The single most significant issue for Indianais the prohibition on selective roost tree removal. This has affected both
the Title V and Title IV programs. Prior to issuance of the guidelines, Indiana practiced selective roost tree removal (any tree
over 5 inches dbh with exfoliating bark, cracks, splinters or openings) during the non-occupancy season and allowed removal
of the remaining non-roost trees during the occupancy season. The Bloomington USFWSfield office interprets the new
guidelines to prohibit this practice. Indianawould like to be able to continue the practice of selective roost tree removal in
the non-occupancy season
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Clarity asto application and significant documentation of intent. Quite honestly, in retrospect, we would have
sternly opposed generation of this document unless it was very clear asto its applicability. We do not believe the
current approach concerning seasonal tree cutting considers balancing the issue of protection of the bat and
protection of stream ecologic and hydrologic resources.

Quantifying a take based upon assumption of presence and based upon acres disturbed seems an unreliable
methodology and one that will eventually be used by opponents who will state that mines killed x number of bats
even though there is no evidence indicating that to be the case. This seems strange, particularly when the guidelines
to prevent atake are being implemented.

IL -- Equating an ESA “take” with assumption of presence seemsto be giant leap in applying that aspect of the ESA. Do
you folks who came up with that feel confident that it will withstand the test of litigation?

K'Y -- No changes appear to be necessary at thistime.

MO -- Provide alist of Federal Agency contacts that can provide further guidance and insight to the development of these
guidelines.

OH -- The one problem we see is the mist net survey term (5 years from survey completion) does not match the term of the
permit (5 years from permit issuance). Inspectors may need to monitor this situation for requiring a new mist net survey if
needed. Thismay also encourage premature tree removal.

PA -- It might be more convenient to be able to follow the Range Wide Guidance rather than the more restrictive measuresin
the PA Guidance, particularly for mining companies operating in severa states. In the PA guidance, the habitat protection
radius was expanded from 5 to 10 miles for P3 and P4 Hibernacula, reforestation is at a 90% rate compared with the 70% rate
in the Range Wide Guidance, and watering areas may be required at the rate of one pond for every 50 acres of mined areain
many Cases.

TN -- | would rethink and possibly change/limit the options presented in Section 2.2, Step 2: Habitat Determination and
Section 2.4.1.1, Tree Clearing Restrictions.

VA -- No changes currently, | do hope that there is a method to keep the guidelines adaptable and able to change when new
circumstances develop (impacts of white nose syndrome research).

WYV -- The Guidelines seem to be too summer range specific where the attention in heavily forested states might be better
directed toward the preservation, acquisition and protection of hibernacula especialy in view of White Nose Syndrome
(WNS).

4. What hasbeen your experiencein working with coal mining companiesin the development and approval of
protection and enhancement plansaspart of the SMCRA permit? Havethe guidelines proved useful in this
process? If you are not using the guidelines, how are your own guidelines or approaches working?

AL —None

IN — See above. Obviously the coal industry isin an uproar and question how these mandates have come about without any
opportunity by them for comment. They feel this was rulemaking by policy. Although we disagree with the prohibition
against roost tree removal, there have not been any other negative issues.

IL -- We are not aware that we have any choice in applying the guidelines. We sought clarification on that issue and are
under the impression that the guidelines are binding. Our experience with the coal companiesis that they see the guidelines
as overly restrictive but will submit to them in the interest of obtaining their permit.

KY -- All of the coal mining companies we have dealt with appear to be amiable to using the new Guidelines, once the
benefits of the new Guidelines were explained to them. Once the applicants have understood the guidelines, the protection
plans developed by the applicants appear to be more effective in both protecting the Indiana bat and replacing suitable habitat
during reclamation than previous guidelines used by our agency.
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MO -- None. However our approach has been for the applicant to coordinate with the various agencies prior to submittal of
the application and our staff conducts follow-up correspondence to assure the wildlife agencies satisfied. This has worked
well in that there have been no significant conflicts and the permits have been completed in atimely manner.

OH -- Ohio has been requiring protection and enhancement for some time. Companies are beginning to get used to the
system and are doing what is best for their individual situations. With over 130 permits reviewed and 80 surveys, no
company has captured an Indiana Bat yet. The big changes from our previous procedure directive are the 5 year term for
surveys, reforestation survival rate, and requirement for native herbaceous planting.

PA -- While each permit application presents unique circumstances, the guidelines provide a good framework.

TN -- | work as a permit reviewer on biology, revegetation, and soilsissues. This requires me to work with companies on a
regular basis to incorporate PEP' s in their mining plans. | have worked directly with FWS to develop the Indiana bat and the
blackside dace PEP guidelines for Tennessee mining permits. In both instances, mining companies were given opportunity to
comment on the guidelines during the development of the guidelines and changes to the documents were made as a result of
their comments.

Have the guidelines proved useful in this process? Y es, guidelines are like arecipe. They provide a step by step process to
achieve the desired product.

If you are not using the guidelines, how are your own guidelines or approaches working? Currently we are not using the
Range-wide plan in Tennessee, but | think we are achieving favorable results with the guidelines being used in Tennessee.
We will be looking at the Range-wide plan to enable us be more consistent with other state programs and to address aspects
of the Tennessee plan that could be improved.

VA -- Once again the guidelines, especially the flowchart included, have been a perfect reference to allow the companies to
know how the agency will deal with Indiana Bats and their critical habitat.

WYV -- See answersto questions 1 and 2 above. Also, WVDEP was keenly aware of the industry consultation concerns, such
as. differences between state programs not based upon science (i.e. varying tree clearing dates, etc.). The Region-wide
Guidelines resolved many of these and other concerns including the three year validity period of netting data which was
extended to five years viathe new Guidelines. Y es, the Guidelines are useful and they are working in WV where they are
widely accepted by the varying government agencies.

5. Havethe guidelines proved successful in helping you implement and meet your responsibilitiesunder the
1996 biological opinion? Again, if you are not actively using them, do you believe they would assist you in
meeting your BO responsibilities?

AL —Yes

IN — We believe the program was already meeting the responsibilities benesth the 1996 biological opinion. We believe these
responsibilities are still being met but in aless balanced manner now that the guidelines are being mandated.

IL -- We believe aspects are useful. For example, the distances specified in the guidelines are helpful in making adjacent
area determinations under 780.16. The equating of “take” with assumed presence does not seem to be particularly useful;
however, if that was what was negotiated on our behalf and OSM is prepared to enforce that using their oversight powers,
that is what we will pass along to the industry and we will rely on OSM to defend that position if contested.

KY -- Indiscussions | have had with the US Fish and Wildlife Service, it seemsthat they are pleased with the process and
implementation of the guidelines by our agency and have had no complaints. Implementation of the guidelines has been
successful thus far.

MO —N/A. Wewould only use the guidelines to assist in meeting the 1996 Biological Opinion if required to do so by the
USFWS.
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OH -- The guidelines have confirmed our process and helped add detail to our process. We used the guidelines to revise our
Procedure Directive.

PA -- Yes, and we are doing much more to protect Indiana bats and habitat compared to a few years ago when we only
worried about timber restrictions. For the impacted mining community, it ssems asif costs resulting from Indiana bat issues
have increased and more restrictions have come into place, almost overnight.

TN -- Our current guidelines have helped us successfully implement the 1996 BO. We will work with the FWS to determine
when and how to implement the Range-wide plan in Tennessee.

VA -- The playing field is set, now the applicants know the rules to the game. The processis more defined and workable. It
isno longer a surprise to many applicants when we ask them to do additional surveys dueto their location in reference to
known hibernacula or capture sites.

WYV -- Yesin that per the’96 BO, both OSM and the State RA’ s had direct involvement with their development thus a
broader based understanding of mining related issues and concerns.

6. Issufficient flexibility and discretion provided in the guidelinesto allow you to tailor your PEPsfor site
specific needs?

AL —Yes

IN — Indiana believes that the guidelines themsel ves support the option of tailoring the specific plans to each state but local
USFWSfield offices are still interpreting issues differently within similar regions and in some cases using the guidelines as if
they are law.

IL -- We would note that phrases such as “must be implemented” (2.4.1 1* para.) and “ Reclamation activities must result in
... (2.4.2.2, para. 2)) certainly serveto limit flexibility and discretion. This language appears to be more regulation than
guideline. To answer the question, more experience with the process is needed to determine if sufficient flexibility has been
provided.

KY -- Yes, the guidelines allow for enough flexibility to develop PEPs that effectively protect and replace Indiana bat
habitat, while allowing the mining companies to tailor the plansto suit their specific needs with regards to tree clearing, post-
mining land uses, etc.

MO -- There appears to be a sufficient amount of flexibility.

OH -- Generdlly, Yes

PA -- Yes, and to date we have been able to work out issues with the FWS primarily using the PA guidance for developing a
PEP.

TN--Yes

VA -- The on-site habitat and collection techniques seem to work throughout the coalfields. The mitigation measures
suggested are sufficient but also alow for innovative practices when deemed necessary.

WYV -- Yes, we believe that we have successfully been able to address endangered species presence when encountered in
cooperation with USFWS, OSM, WVDNR and the applicants. Thisisnot to say that it was always easy and without lengthy
negotiations and process at times. Va uable experience with the process has also been gained which has improved current
efficiency.

7. If possible, please comment on your experience with and concerns (if any) regarding the following aspects of
the guidelines (and appendices) —or with your experience under your own guidelines/appr oach:
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Habitat Deter mination

AL — Sometimesit is difficult to determine whether a mine portal is actually being used by bats. Examples = 1) portal
accessible to bats; 2) fresh air flow from portal opening; 3) not flooded; 4) bat feces and/or insect parts not evident at portal
entry (summer time). If aportal possesses potential for bat occupations, we would use a bat-friendly gate to closeit.

IL —the guidelines seem pretty straight forward on this

KY -- The applicants are completing this for most every application, unless KY DNR personnel has evaluated the site and
determined it is not necessary. Applicants have been very candid and forthcoming on their determinations, and have been
honest about the amount of habitat present.

PA -- The PA Guidance favors protection of the Indianabat and acquiring bat habitat; while the Range Wide guidance could
be seen by some in the industry as more balanced.

TN -- | would like to see some science to support the habitat determinations.

Demonstrating L ack of Adver se Effects

IL -- Other than the situation where a particular portion of the permit areais not planned for disturbance, lack of adverse
effects seems pretty nebulous.

KY -- A very small percentage of the applicants have been able to demonstrate alack of adverse effects, and al of these were
correct when evaluated by KDNR and USFWS.

PA -- Operators and the DEP may have difficulty getting the USFWS to agree that there are no adverse effects in some cases.
The mining company might have to hire an environmental consultant with Indiana bat expertise to prove their case to the
USFWS, athough we have not experienced this as yet.

TN -- Examples could be cited.

Conducting Bat Surveys

IL -- The guidelines seem pretty straight forward on how the surveys are to be conducted.

KY -- The mgjority of the applicants thus far have been choosing to conduct a survey in areas where known bat records are
not present. The number of surveys has more than doubled since the new guidelines were implemented.

OH -- 5 year time limit could be an issue, considering it will never coincide with permit renewal, will encourage “waiting
until the last minute” to do a survey, and may encourage excessive clearing to reduce the need for additional surveys. May
also encourage clearing of site prior to completion of 404/401 permitting process, leading to impacts to streams and wetlands
if tree clearing around these resources occurs prior to aternatives analysis to avoid and minimize aguatic impacts.

PA -- Itishard to find Indiana bats, but if you do, more of your land will be deemed bat habitat, therefore placing more land
off limitsfor mining. The cost of bat surveysis an additional cost placed upon the operator. Small mining companies who
operate in the same area for years could be affected to a greater extent than larger operators.

TN -- More information about the use of some of the lesser used survey methods in the appendices would be helpful.

Avoidance M easur es

AL —If we have aPriority 1 or Priority 2 surface mine that contains an Indiana bat roosting area a maternity area, we could
not avoid the disturbance of these areas. However, if these habitats are located on spoil material that is required to backfill a
highwall, we could minimize the effect of the disturbance by clearing the spoil areain the winter months when the bats are
not present.
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IL — The guiddlines repeatedly use the phrase “a recommended avoidance measure”. This language appears to be consistent
with the idea of “guidelines’, as opposed to the “must be” and “must result in” language cited above.

KY -- Some applicants have been changing their mining plans to avoid potential habitat and have been more receptive to
limiting mining activities to areas already disturbed by previous mining activities. Most applicants are opting to survey
proposed sites, if possible, to demonstrate alack of presence and thus showing that the proposed plan is avoiding impact.
PA -- These measures work well.

TN -- What science drove the need to include two different tree clearing dates?

Minimization M easur es

IL -- The guidelines have useful suggestionsin thisregard.

KY -- Applicants have been implementing avoidance measures more readily under the new guidelines, limiting the amount
of disturbed area and adhering to the clearing restrictions, thus ensuring that habitat is only disturbed when bats are not
present.

PA -- Watering areas and reforestation rates are more stringent in the PA Guidance requiring one watering pond per 50 acres
of mined areain most cases, and 90% reforestation rate, all adding to costs to reclaim the site and limiting post mining land
use.

TN -- | understand the basis behind staged tree removal and flooded timber but their applicability in an active mining
scenario is limited.

Enhancement M easures

IL -- Rather than making recommendations regarding habitat measures, the guidelines dictate that applicants “ must attempt”
to replace water, “must result” in reforestation of 70%, use of native speciesis “required”, forest habitat “must be replaced”
by ... six species from the supplied list. Again this sounds more like rulemaking and less like guidelines.

KY -- Applicants are using the enhancement measures in the guidelines. More species of trees suitable for use as habitat are
being planted, and greater diversity in plantings along with a focus on the use of native speciesisincreasing. Also, the use of
rough grading techniques to ensure tree survival has also increased. All in all, it seems that the enhancement measures
proposed under the new guidelines are being utilized and accepted by the mining companies.

PA -- A Habitat Compensation program was set up with the PA Game Commission to allow mining companies to mitigate
mining impacts to Indiana bats by purchasing land that will be managed by the PA Game Commission as Indiana bat habitat
in perpetuity. The PA Game Commission has yet to come up with land values for counties with no Indiana bat hibernacula
but that still trip the 40 acre deforestation trigger.

TN -- Generally easy to incorporate in a mining operation plan and is becoming SOP in most permits.

VA -- The survey methods are pretty standard. Minimization and avoidance that occursin Virginiausualy result in time of
year restrictions for tree harvest. One permittee has enhanced areas on their reclaimed permit by installing “bat boxes’ of
BMI’sdesign. Many others have planted exfoliating bark species and converted sediment basins to wetlands to enhance
habitat.

WYV -- No major concerns over these particular items.

8. Hasyour state“customized” the Guidelineswith regard to the bullet topics above? Arethese measuresmore
or less stringent than outlined in the Guidelines? Please give examplesif possible.

IN—-No
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IL -- Nowe have not. We are under the impression that the guidelines are binding and we do not have the option to be less
stringent.

KY -- The guidelines are being utilized as written. Our state does not have a minimum acreage requirement; rather we are
determining the need for site specific information and surveys on a permit by permit basis.

MO -- No, again we will rely on coordination with USFWS and our state wildlife agency to determine the need for
implementing these guidelines.

OH -- Changed seasonal clearing restrictions for summer habitat to April 1 — Sept 30.
e Eliminated requirement for acoustic monitoring. Not confident about reliability of species-level acoustic I.D. in
Ohio.
Grouped Avoidance and Minimization measures together as “ Protection Measures.”
Required tree planting 100 feet either side of streams (instead of 50).
Required minimum 600 trees planted/acre.
Required demonstration of minimization of soil compaction for tree planting areas.
Tried to condense the document to make it easily interpreted by industry
Overal, Procedure Directive is about equally as stringent as range-wide guidelines

PA -- Yes, Pennsylvania has specific guidance for Indian bats that is more stringent in several areas than the Range-wide
Guidelines. The examples appear abovein several of our answers.

TN -- The guidelines we are using in Tennessee don’t mimic the Range-wide guidelines. | don't see them asless stringent,
but they don’t include all of the alternatives and as much habitat information currently found in the Range-wide guidelines.

VA -- No customization has occurred in Virginia, after the guidelines have been instilled and practiced for alonger duration,
we may find reasons to adjust them.

WYV -- Yes, to adlight extent. WVDEP provides a brief web-page preface to the Region-wide Guidelines. The Preface
addresses three WV specific items: 1.) State-Specific Acreage Threshold Options based upon forest cover (largely more
stringent in that netting is required for all applicationsin excess of 247 acres). 2.) It addresses the slight changes of the
Range-wide Guidelines versus the prior WV Guidelines and 3.) It Provides the Listing of WV Qualified Indiana bat
Surveyors.

9. Should you have other commentsor concernsregarding the guidelinesor their implementation, please
identify them.

KY -- None at thistime.
MO -- It would be helpful if there was a map that identified the range of the species habitat.

OH -- We have ageneral concern about clearing site prior to coal application to avoid addressing Indiana bat. Not
experienced with off-site mitigation for Indianabat. Unknowns regarding how that process will play out.

PA -- Our major concern is the impact on 40 acres of forest land outside the radii around hibernacula and roost trees. This
area does not show up on PNDI searches and is how just starting to be considered. We are working with Carole Copeyon to
include areminder for Indiana bat considerations when 40 acres of forest may be affected. Thisisalso an issue for Non-Coal
mining for which there is no 1996 biological opinion, and results in operators having to consult directly with the USFWS to
get take coverage. The PA Guidance also applies to Non-Coal, which is helpful. The State College Office of the USFWSiis
just starting to deal with the Non-Coal issues and procedures are still evolving.

TN —good job on adifficult task.

VA —None

WYV -- Theissue of assumption of presence equating to Incidental Take (ITS) remains an area of concern.
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10. Do you have any data or information that you can shareregarding the location of mines and cavesthat have
been gated? Mapsand numbersof bat gates or other bat-friendly closuresinstalled would be particularly
helpful.

AL —Yes

IN — Not for the Regulatory Program which was the intent of implementation of this document. The coal region of Indiana
has little topographic relief and any slopes or shafts from permanent program underground mining are required to be sealed.

KY -- No caves or portals usable by Indiana bats have been identified on any permit application since the guidelines were
implemented. The Kentucky AML program often gates abandoned mine portals.

MD — The Maryland AML program hired the University of Maryland, Center for Environmental Studies, Appalachian Lab to
complete abat survey of 52 open portals in western Maryland from 2006 to 2008. The survey included mist netting to
estimate the number of bats occupying the mine and the species. Management recommendations to accommodate bats were
also provided in the study. No Indiana bats were found as part of this survey. Maryland has gated 2 mine openings since
completion of the Bat Study. Five additional openings will be gated during the Summer/Fall of 2010. The remaining
openings will be gated as funds become available.

MO -- Our AML program has reclaimed several portal openings by constructing a grate over the openingsto prevent entry.
These grates were constructed using heavy rebar welded to create a grate with 6” x 6” square openings. These grates allowed
the wildlife, including bats, to continue to utilize the portal openings for wildlife habitat.

Additionally, abat gate was designed and installed to prevent entry into alead/zinc portal in Jefferson County (located at
UTM 705,408,4,222,252). The bat gate and grates were placed in areas where thereis a potential for Indiana and Gray bats.
No population sampling was conducted and there were no apparent signs of bat use prior to the projects.

OH -- Ohio’'s AML staff have gated about 30 mine openings with bat friendly gates over the years.
PA -- See the attached maps and list of deep minesthat the Pa. DEP, Bureau of Abandoned Mine Reclamation has surveyed
and gated. Caveissues are handled by the PA Game Commission, and we are unaware of alist of gated cavesin

Pennsylvania. Most caves in Pennsylvania are on private property.

TN -- Noinformation. No mines or caves have been gated in Tennessee on a permitted mine site since our guidelines were
put in place.

VA -- YES. Thisisexactly theinformation | am working to gather to present for Virginia's portion of the Indiana Bat
Conference held in Charleston, WV on August 31-Sept 3.

WYV -- WVDEP Abandoned Mine Lands (AML) personnel will be presenting information regarding their gating efforts at the

upcoming Forum. Other parties that have installed gates at mines include the National Park Service (NPS) in the New River
Gorge. WVDEP isaware of but does not have the specifics on the NPS bat gates.
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Industry Perspective on Bat Protection
Efforts

¢ General Conservation Approach

% Protection and Enhancement Measures

“ Assessment of Future Mine Areas

“* Mine Permitting Procedures

«+ Land Reclamation (Habitat Restoration) Practices

< Perspective on Regulatory Process

General Conservation Approach

o

» Determine possible presence or probable absence

2,

% Reduce/eliminate disturbance when bats potentially present
< Summer habitat & hibernacula

%

» Reduce disturbance to suitable habitat on mine sites

2.

% Restore suitable habitat during mined land reclamation

General Conservation Approach
Specific to Indiana bat

e

2%

Determine distance to hibernacula or site record
Assume presence or justify no adverse impact
If assume presence, obtain Protection & Enhancement Plan
Or, conduct mist net survey to confirm presence/absence
«¢ If present, obtain PEP
< If absent, no further action required
* Basic PEP requirements:
% Observe no disturbance periods
¢ Reduce disturbance to suitable habitat on mine site
<+ Restore suitable habitat during mined land reclamation

3
o

X3

o

e

2%

3

Protection & Enhancement
Assessment of Future Mine Areas

+ Contacts with SRA and USFWS on known populations or
critical habitat
« Habitat surveys
< Determine presence or absence of suitable habitat
« Determine actual presence or absence of species

< Mist net surveys or no mist net surveys

Protection & Enhancement
Mine Permitting Concerns

«+ Documented presence or critical habitat in area
« Contact & coordinate with SRAs & USFWS
« Issues

<« Modification of mine plan

<% Sterilization of reserves

< Economic implications

Protection & Enhancement
Mine Permitting Procedures

« Assumed presence
<« Conservation measures

% Tree removal (timber harvest/tree removal) periods
¢+ Minimize habitat loss in mining support areas
-

* Maintain integrity of riparian zones, stream corridors, wetlands
« Habitat restoration & enhancement
« Absence

< Nothing more required




Protection & Enhancement
Land Reclamation Practices

Coal Production, Land Disturbance & Land Reclamation

2
o3

B3

2
<

Year Coal Production Land Disturbance
tons acres
2001 26M 2,200
2002 25M 2,100
2003 25M 1,716
2004 29M 1948
2005 2IM 1937
2006 23M 4314
2007 38M 2509
2008 3IM 3890
2009 M 1953
2010 7™ 1291

B3

2
3

Protection & Enhancement
Land Reclamation Practices

Contemporaneous reclamation
Grade restoration & soil replacement
Vegetation re-establishment

Land use & habitat restoration
Proof of vegetation success

erations & Minimiza

T




Reforestation Exhibiting Good Survival & Growth

Reforestation Exhibiting Good Survival & Growth

Reforestation Exhibiting Good Survival & Growth




Protection & Enhancement
Land Reclamation Practices

Land Use Patterns & Replacement

Land Uses Premine Postmine
Agricultural (Crop & Pasture) 65%-70% 65%-70%
Forest & Wildlife Habitat 25%-27% 30%-37%*
Water 1% 5%
Other (Residential, Commercial, Roads, etc) 3%-9% 1%-3%
* Postmine forest and wildlife habitat typically increases about 10%. Forest decreases slightly,

while wildlife habitat increases.

Perspective on Regulatory Process

% ESA straightforward environmental law
¢ Requires listing, consideration & protection of imperiled species
% Does not direct conduct of business
< Provides no warning of potential conflicts

Perspective on Regulatory Process

¢+ Major concerns of coal industry on protection of IN bat

RS

¢ Protection & enhancement grow continually stricter

Ry

%+ Changes to habitat definition, habitat now includes everything

RS

< Changes in tree removal period more restrictive

RS

< Justification for changes anecdotal, not based on science
.

¢ Relative conservation merit of PEPs undetermined

Perspective on Regulatory Process

% Protection & enhancement grows continually stricter

% Conservation efforts carried out with guideline and policy (ie Range-
wide Indiana Bat Protection and Enhancement Guidelines)

+“* Guideline & policy carry weight of law in working world (IN Bat
guidelines now declared to be "binding"
% Justification not based on science
< Implementation of new guidelines have already:
“ Required last minute modification of mine plans
«¢ Sterilized some portions of recoverable coal reserves
< Negatively impacted economics of mine operations

Perspective on Regulatory Process

+«+ Habitat definition all-inclusive

Ry

RS

<+ Forests containing trees > 5" dbh with exfoliating bark. (Today,
includes upland forest, forest edges, fencerows, ditch banks, old
fields, pastures with scattered trees, wetlands, isolated water bodies
with standing snags, and more.)

3

B

5

Effectively, all forest & adjacent areas now habitat

«

o

&

Roost tree definition
“ Effectively everything over 5" dbh

B

%+ Caves, UG mine openings, rock shelters, bridges, tunnels, dams, etc.

Perspective on Regulatory Process

Approved Tree Removal Periods

State Previous Approved Tree Removal Period Habitat Type
From To
Ilinois September 30 April 1 All habitat types.
Indiana September 15 April 15 All habitat types.
Kentucky November 15 March 31 All habitat types.
Ohio September 15 April 15 All habitat types.
State New Approved Tree Removal Period Habitat Type
From To
Range-wide October 15 March 31 Summer habitat.
Range-wide November 15 March 31 Caves, UG mine openings, rock shelters, bridges, etc




Environmental Impacts — Habitat Loss, Soil Erosion, Water Quaii

Perspective on Regulatory Process

«+ Impacts to Coal Industry
< Lead time for reserve evaluation & permitting
« Delays in permit process/acquisition
< If IN bats present, then additional regulatory entanglements
< Negative impacts on environmental stewardship
< Negative impacts on compliance with other portions of PL 95-87
< Modifications to logical mine plans
< Loss & sterilization of coal reserves
< Increased operating costs
< Preemptive to mining?

0ss, Soil Ero:

Summary

¢ Committed to compliance with ESA

«» Will continue to expend funds & take appropriate actions to
protect & conserve IN bats & other imperiled species

%+ Believe much of effort is time & money not well spent

¢ Coal mining will not have significant impact on continued
existence or recovery of IN bats (or other bats)

%+ Potential for isolated encounters & they will be costly, if not
preemptive to mining

+¢ Strong concern as to new & more restrictive conservation

measures




PENNSYLVANIA REPRESENTATIVE: STATE-SPECIFIC
BAT PROTECTION STRATEGIESAT COAL MINES

Geoff Lincoln
Pennsylvania DEP Bureau of Mining and Reclamation
Harrisburg, Pennsylvania

Abstract

The mining of coal in Pennsylvania and itsimpact on Indiana bat habitat has collided with the heightened effort to protect bat
habitat due to White—nose Syndrome. White-nose Syndrome is spreading across Pennsylvania starting in the northeast and
spreading south and west, devastating cave dwelling bat populations including the Indianabat. In the past, Pennsylvania
mine operators and regulators have had limited dealings with Indiana bats and the protection of their habitat. Until recently,
the avoidance of known bat hibernacula and seasonal tree cutting restrictions were the only real impact bats and mining have
had on each other. Pennsylvania has only 2-3% of the Indiana bat population with no P-1 and only one P-2 Indiana bat
hibernacula. In July 2009, the Range-wide Indiana Bat Protection and Enhancement Plan Guidelines were finalized laying
the foundation for species and habitat protection. That same month, the Pennsylvania Field Office of the U.S. Fish and
Wildlife Service (USFWS) published the Indiana Bat Mitigation Guidance for Pennsylvania, focusing on all land
development and the impacts on Indiana bats and supporting habitat. In September 2009, after meeting with the Office of
Surface Mining and Pennsylvania Department of Environmental Protection, the USFWS Pennsylvaniafield office published
a subsection of the guidance titled Coa Mining Projects and Indiana Bats Species-Specific Protective Measures. These
protective measures specific to coal mining provided increased protection of the Indiana bat compared with the Range-Wide
Guidance causing concern of many in the mining industry. First, the protective radius around hibernacula were increased
from 5 to 10 mileradius for P-3 and P-4 hibernacula with the difference being an additional 235 square miles of protected
habitat per hibernaculawith atotal impact of approximately 2.4 million acres of land. Second, the requirement of the PA
Guidance to reforest the mine site at a 90% rate as opposed to the 70% rate in the Range-Wide Guidance leads to a
considerableincrease in habitat. Thirdly, areas of suitable habitat are now being protected in both guidance documents
potentially impacting millions more acres all over the State (areas of forest with trees >5 inches diameter and greater than 40
acres). All of these measures, along with the off-site compensation option, have created an ever-increasing amount of habitat
protection for an ever-decreasing number of Indiana bats. The results being, an ever-increasing cost to the mining industry
with an ever-decreasing amount of land in Pennsylvania available for mining operations.

Geoff Lincoln isthe Chief of the Environmental Studies Section in the Bureau of Mining and Reclamation, Pennsylvania
Department of Environmental Protection (DEP). Geoff has 25 years of experience in the environmental, health, and safety
fields working in the federal government, state government, and private sector. Heisan Environmental Science/ Safety
Officer in the Pennsylvania Army National Guard. He served for five years as an environmental planning officer for Fort
Indiantown Gap PA, managing Environmental Impact Studies (EIS) and devel oping natural resource management plans to
include habitat management plans for threatened and endangered species. Currently, he is conducting statewide Indiana bat
workshops with the US Fish and Wildlife Service for DEP staff, consultants, and mine operators. HehasaMS and BA in
Geoenvironmental Studies from Shippensburg University of Pennsylvania.
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U.S. Fish and Wildlife Service

Indiana Bat Mitigation Guidance for Pennsylvania

Site Assessment

Surveys: Mist-netting

» PNDI - online environmental review

» Site Reconnaissance
» Forests
» Potential Hibernacula

» Site Surveys
» Mist-netting
» Cave surveys
» Portal surveys

» Mist-net surveys

» 2 40 acres forest impacts anywhere in the State

(unless presence is assumed)
» USFWS mist-netting guidelines
» Qualified surveyor — USFWS/PGC list
» Results to PADEP, USFWS & PGC

Project Coordination — Responsibilities

» Applicant
» Site assessment and reconnaissance
» Coordinate with USFWS and DEP on PEP
» Fully implement the PEP

PA DEP
» Review PEP

» Condition permit to include PEP as enforceable

v

» Ensure PEP is fully implemented

» Take tracking and reporting

Project Coordination - Responsibilities

» USFWS
» Provide information on T&E species
» Provide guidance on PEP development
» Review PEP and assist with IBCF calculation sheet

» Send PGC copy of IBCF calculation sheet

» PGC
» Coordinate with USFWS on habitat purchases

» Use escrow funds to purchase Indiana bat habitat




When is a PEP needed?

» Forest impacts
» Within 10 miles of hibernacula
» Within 5 miles of female or juvenile capture
» Within 2.5 miles of maternity roost or male capture

» 2 40 acres forest impacts outside these areas if
Indiana bat presence is assumed

» Forest impacts = trees 25” d.b.h.

PEP — Long-term Habitat Needs

Restore and conserve habitat on-site to provide for
long-term habitat needs of the Indiana bat

® Watering areas — | per 50 acres
® Post Mining Land Use — “wildlife habitat”
® > 90% reforestation using PEP specifications

® Written confirmation that landowner will retain forest
cover for several decades (time necessary to meet long-
term habitat needs of Indiana bats)

® Must result in long-term habitat conservation

PA vs Range-wide Guidance

v

v

v

Expanding the radius from 5 to 10 miles for P-3 and P-4
Hibernacula is an additional 235 square miles of
protected land creating 2.4 million additional acres of
protected land.

Reforestation rate for post mining land use “wildlife
habitat” was increased from 70 to 90 percent expanding
the amount of bat habitat.

2 40 acres forest impacts outside these areas is not more
restrictive, but in practice will identify millions of
additional land as bat habitat.

PEP - Long-term Habitat Needs

Protect and conserve habitat off-site to provide for
long-term habitat needs of the Indiana bat

® Acquire habitat (fee simple or conservation easement) and
place in conservation ownership

® Indiana bat conservation bank
® Indiana bat conservation fund (IBCF)

® Must result in permanent protection

Indiana Bat Conservation Fund

» Permanent protection of off-site forest by PGC
» In-lieu fee program
» Fee based on size & location of impact
» Type of Indiana bat habitat
» Number of forested acres affected
» Land comparable values
» Fee paid within 2 weeks of DEP permit issuance

» Habitat to be purchased within 5 years of deposit

IBCF Calculation Sheet

Table 1. Calculation of Compensation Acres

TMPACT TVPE IMPACT 1= [ COMPENSATION
| ACHRES | MULTIPLIER' ACKES

{Summer Habitat Loss™

Known maternity habitat | | 1.5 |

Known non-materity habitat | | 1.0 |

Potential habitat | | 0.5 |
[Swarming Habitat Loss'®

P2orP3 | | 1.5 [

P4 | | 1.0 |
[Overlapping Habitat Loss”

Known maternity and swarming habitat Choose hughest mulnplier fom above

occur together (maternity or swanming) appropriate

for the impact. and add 1.0 to the wltiplier




Table 2. Calculation of Deposit when using the Indiana Bat Conservation Fund

. Compensation
Locatton of lmpact Aeres CosvAere™ |  IBCF Deposit”

- (from Table 1)
Adams TBD
Butl 31890
Beaver/Lawtence $2126
Bedford TBD
Berks TBD
Blair TBD
Centre TBD
Favette $1400
Greene $1120
Huntingdon TBD
Luzerne TBD
Mifflin [BD
Somerset [BD
Washington $2530
York TBD
Other areas (not listed above) TBD

Bats, Mining and Urbanization

Encroachment on one of Pennsylvania’s most
urbanized hibernacula. Is it mining or
industrial, commercial and residential
development causing the most harm?

I Forest Cover in 2005
@ Coal Mins Permits Issued 1992 - 2005

~ Sveams
4| £ Envooa City 10 Mie Radius

I Forest Cover in 2005

Conclusions

» More land being identified and protected as Indiana bat
habitat; with less Indiana bats to use the increasing
amount of protected habitat.

» Large tracks of land are being permanently protected for
bat habitat but limiting future development and resource
extraction.

» Increasing costs to the mining industry with ever
decreasing amount of land available for mining.




VIRGINIA REPRESENTATIVE: INDIANA BATSAND THE COAL MINING
INDUSTRY IN VIRGINIA

John Lawson
Virginia Division of Mined Land Reclamation
Big Stone Gap, Virginia

Abstract

With the multitude of natural challenges facing the Indiana Bat in today’ sworld, it is our mission as regulators to ensure that
active mining has the least damaging effect on the species and their critical habitat and that reclamation provides the utmost
benefit to the species. | will be discussing the steps taken in Virginiato protect the endangered species over the last 25 years.
| hope to provide insight into the research and monitoring being done in Virginia and work within the mining industry,
including collaboration, education, and on-the-ground protection of the Indiana Bat and their habitat.

Jon Lawson is an Ecologist for Virginia' s Division of Mined Land Reclamation. His responsibilities include technical
review of mining permits and field inspections for bond reduction. During hisfive years of service in the Commonwealth of
Virginia, he has served on humerous committees including the Appalachian Regional Reforestation Initiative. He also writes
articles for two regional outdoors publications about hunting, fishing, and natural resourceissues. Hereceived his BS from
Virginia Tech in Fisheries and Wildlife Science in 2004.
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State Specific Bat Protection
Strategies at Coal Mines

VIRGINIA Dﬂ,p‘g;’?fﬁm
‘I;?\;Ll_l'j\gngogist ME and Enﬂklgnyﬂag

2010 Technical Interactive Forum
Charleston, West Virginia

Resources to Protect

o 2009 Rangewide Population Estimate for the Indiana Bat (Myotis
sodalis) by USFWS Region compiled by Andy King.
= VIRGINIA

2001|2003 [2005|2007{2009| % % of 2009
Change total

from
2007

969 |1,158| 769 | 723 | 730 | 1.0% 0.2%

Resources to Protect

o Clawson (2002) documented the presence of
11 hibernacula used by Indiana bats in
Virginia.

o Maternity colonies in Lee County and
hibernacula in Bath, Bland, Craig, Giles,
Dickenson, Highland, Lee, Montgomery,
Shenandoah, Tazewell, and Wise counties
(Brack et al 2005¢; USFWS 1999)

Protection Strategies

o Forestry Reclamation Approach
o Portal Surveys
o Mist Net Surveys
o Bat Gates

o Time of Year Restrictions
o GIS Database

Permit Review Strategies

o Incorporation of 2009 Range-wide Indiana
Bat Protection and Enhancement Plan
Guidelines

Permit Review Strategies

o Time of Year Restrictions

o Application 1002163

= The permittee may only clear trees for the mining
project between October 1 and April 1, a summer
habitat assessment for the Indiana Bat is required
for any areas that were not cleared during the
approved time frame. The assessment must be
reviewed and approved by VA DMLR prior to
any further clearing before or after the October 1
through April 1 timeframe.




Permit Review Strategies

o Mitigation Fees
= Permit Number 1601871

= $14,000 to Department of Conservation and
Recreation for bat cave gating.

= The Cave Conservancy of the Virginia’s

AT | Species Cbservation Map
Permit Review Strategies FA&N X

o GIS DATA

= VADGIF
WERMS Program

Reclaiming Forestland in Virginia

o Appalachian Regional Reforestation
Initiative
= Over 90% of Post-Mining Land Uses in Virginia
is Now Forestry.

= 100% of new permits with Forestland PMLU
include the Forestry Reclamation Approach

Reclaiming Forestland in Virginia

o 2008

= 841,662 trees planted

= 1832.45 acres planted

= FRA - used on 85% of permits reporting
o 2009

= 1,010,796 trees planted

= 1,695.84 acres planted

= FRA - used on 82% of permits reporting
o 2010

= 1,715,197 trees planted

» 2,117.03 acres planted

= FRA —used on 87.2% of permits reporting

Forestry Reclamation Approach

.|
On-the-Ground Strategies

O Bat Boxes
o 6 Structures
o Installed on A&G

Coal Corporation
Permit in 2010.




On-the-Ground Strategies
o Bat Gates

On-the-Ground Strategies
o Bat Gates

—
Abandoned Mine Land

o Portal Surveys

o Bat Gates
m Successes
= Failures

Future Challenges

o White Nose Syndrome in East Tennessee and
Virginia Caves
= Suspected in Cumberland, Bland, and
Rockingham Counties
= Confirmed in Bath County and Giles County




OHIO REPRESENTATIVE: STATE-SPECIFIC
BAT PROTECTION STRATEGIESAT COAL MINES

Scott Stiteler
Ohio DNR Division of Mineral Resources Management
Columbus, Ohio

Abstract

The Ohio Department of Natural Resources, Division of Mineral Resources Management (DMRM) isthe principa state agency
responsible for regulating coal mining in Ohio under the Surface Mining Control and Reclamation Act (SMCRA). DMRM has the
unique and difficult responsibility of regulating the mining industry in away that strikes a balance between protection of society
and the environment from the adverse effects of mining operations and to ensure the reclamation of the land after mining. The
state mining and reclamation law, 1513 of the Ohio Revised Code, and rule, 1501 of the Ohio Administrative Code requires
mining operations to comply with a host of other local, state, and federal laws and programs to obtain and maintain a permit
to mine coal in Ohio including the Endangered Species Act and the Fish andWildlife Coordination Act.

Ohio’s coal regulatory program contains several references to protection of threatened and endangered species and their
habitats, including the development and implementation of species-specific conservation measures as required by a1996 U.S.
Fish and Wildlife Service (FWS) Biological Opinion to the Office of Surface Mining (OSM).

The 1996 Biological Opinion stemmed from aformal consultation between FWS and OSM, required by Section 7(a)(2) of
the Federal Endangered Species Act of 1973, as amended (ESA). The Biological Opinion states that “ surface coal mining
and reclamation operations conducted in accordance with properly implemented Federal and State regulatory programs under
SMCRA are not likely to jeopardize the continued existence of listed or proposed species...” This conclusion is based on
compliance with all provisionsin 30 CFR. The Biological Opinion further provides that “the level of unanticipated take is
not likely to result in jeopardy to any listed species...” In effect, this provision acknowledges that unanticipated take of
endangered species may occur under the conditions specified by the Biological Opinion.

To be exempt from this take prohibition, the Division of Mineral Resources Management (DMRM) and mining operators
must comply with the specific terms and conditions of the Biological Opinion. One of these conditionsisthat DMRM “must
implement and require compliance with any species-specific protective measures developed by the FWS field office and the
regulatory authority (with the involvement, as appropriate, of the permittee and OSM).” A Procedure Directive (PD) was
developed in 2004 in consultation with FWS and OSM to comply with this requirement. This PD is currently being revised to
incorporate requirements detailed in the July 2009 agreement among OSM, FWS, and the Interstate Mining Compact
Commission entitled “ Range-wide Indiana Bat Protection and Enhancement Plan Guidelines.” The range-wide guidelines
provide a minimum set of standards for development of protective measures on coal mining operationsin all states within the
range of Indiana bats.

R. Scott Stiteler isan Environmental Specialist for the Ohio Department of Natural Resources, Division of Minera
Resources Management. With 20 years of experiencein the Permitting and Hydrology Section of the Division, his duties
include field and office reviews of proposed coal mining application areas to evaluate potential environmental impacts
(streams, wetlands, endangered species) and to evaluate the merits of the proposed mining and reclamation plans. He
received his Associates of Science degree from Hocking College in Wildlife Management in 1985.
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Success and Challenges for
Protection and Habitat
Enhancement of the Indiana Bat

Ohio Department of Natural Resources
Division of Mineral Resources Management

Since 2004 (PPD Permitting 2004-1)

130 permits reviewed under bat
conservation guidelines

15 with no suitable habitat

115 with suitable habitat

80 surveys (all negative)

35 protection and enhancement plans

Reasons for Success

Good working relationship among DMRM, OSM,
and USFWS

No known hibernacula in active coal mining
areas of Ohio

Remining areas typically have lower quality bat
habitat

No Indiana bats found on proposed coal sites

Involvement of USFWS: reviews and comments
on each proposed coal application

Past Challenges

» No success criteria for tree planting
» Tree clearing prior to application submittal

New Guidelines

Differences between the Old PPD and New
Guidelines

- Stocking and success criteria for tree planting
- 70% reforestation criteria

- Off-site habitat mitigation permitted

- Greater regulatory authority responsibility

- Known vs. Potential habitat

- Require radio telemetry

-  Staged tree removal

- Short Term Habitat Replacement

- Native herbaceous groundcover

PD Permitting 2010-01

Changed seasonal clearing restrictions for summer habitat to
April 1 — Sept 30
Eliminated requirement for acoustic monitoring

Grouped Avoidance and Minimization measures together as
“Protection Measures”

Require tree planting 100 feet either side of streams (previously 50
feet)

Require minimum 600 trees planted/acre

Require demonstration of minimization of soil compaction
Condensed PD to make it easier to interpret

PD is equally as stringent as range-wide guidelines




Potential Challenges

Tree clearing prior to application submittal
— Impacts to stream and wetland quality
— Impact to bat habitat

70% reforestation criteria

5 year survey time limit

— May result in more frequent pre-application clear cutting (also
impacts stream/wetland quality prior to 401/404 permits

— “Over clearing” to ensure all clearing is completed prior to
expiration of 5 year limit
Off-site mitigation
— Agreements will need to be crafted to be enforceable by USFWS
— DMRM does not regulate

R. Scott Stiteler

ODNR-DMRM

2045 Morse Road, Building H-3
Columbus, OH 43229

614-265-6431

scott.stiteler@dnr.state.oh.us




WEST VIRGINIA REPRESENTATIVE: STATE-SPECIFIC
BAT PROTECTION STRATEGIESAT COAL MINES

Bob Faa
West Virginia DEP, Division of Mining and Reclamation
Charleston, West Virginia

Abstract

West Virginia State coal program-specific bat protection strategies have evolved significantly since SMCRA (1977). A trend
from generalized to more site-specific baseline data and active implementation of avoidance and minimization measuresis
exhibited. Therate of change accelerated after the Bragg v. Robertson (1998) mountaintop mining litigation. A trying period
ensued, ultimately resulting in applicants being channeled directly through U. S. Fish and Wildlife Service (FWS), WV Field
Office. However, in accordance with the 1996 Biological Opinion (‘96BO) between FWS and the U. S. Office of Surface
Mining (OSM) and after development of species-specific guidelinesin cooperation with FWS, OSM, and WVDNR, WVDEP
took on the consultation processin 1997. On behalf of the Interstate Mining Compact Commission (IMCC), it then
participated with FWS and OSM in the development of the Range-Wide Indiana Bat Guidelines (2008-09), implementing
them January 1, 2010. Highlights of the Mountain State coal program include: Thefirst in-state Indiana bat maternity
colony discovery, blasting research on the effects of surface (over-mining) of underground mines harboring bats, and an
active bat gating of pre-SMCRA mine portals program.

Bob Fala coordinates state Fish and Wildlife coal programs for the West Virginia DEP, Division of Mining and Reclamation
where he has worked for the past 21 years while he has also been the outdoors columnist for the Logan (WV) Banner.
Timely with the advent of SMCRA, he was formerly employed by Arch Coal, Inc. at similar capacities in the coalfields of
Wyoming, Illinois, and West Virginia. Pre-SMCRA, he worked for the Pennsylvania Game Commission. A certified
wildlife biologist, he holds aBS and MSin Forestry and Wildlife from Penn State University.
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Permitting Program
Highlights and Considerations

iological Opinion ("96 BO)

d-based, national coal program endangered
cies Act (ESA)-Section 7 Consultation between
the OSM and Fish & Wildlife Service

< Provides for unavoidable Incidental Take of

endangered species associated with the o
lawful activity of coal mining in the U

Also Provides That:

e State RA (DEP) and FWS develop species
cific conservation measures for each species

% Indiana bat presented the greatest potential for
WV ES encounter, it was dealt with first!

% As a result WV Guidelines were develop
implemented January 1, 2007

3 Legal Framework:
Regard to Endangered Species (ES)

< Federal-P.L. 95-87 SMCRA
(the Act)

.« State-Chapter 22, Arti
(the Act)

% State-Title
WVSM

rovided that:

% State coal program
approved under SMCRA
(since 1981)

-~ % WV is approved primac

state RA (Regulatory

Authority)

Are the Guidelines....




e Syndrome (WNS)

y Positive Bat News
srupted by WNS in
2006 (2009 in WV)

% Should more emphasis
been placed on
hibernacula?

% This Forum.....

Maternity Colonies:

% Discoveries
% Case Histories

ing Research:

ts of surface mining
ove pre-law mines
harboring bats below

% Predictive Curves and
Research Results Available

rogram Highlights:

rnity colony discoveries in Boone
y (2003, 2005) and their Case Histories

andoned Mine Lands (AML) bat friendly “
closures in lieu of sealing up pre-law porta

% Office of Explosives and Blasting (OE
on blasting effects of over-minin

< General science, research an

endly Portal Closures:

% Once unheard of, now
routine practice

ence, Research, Data...




ost-SMCRA) History

ngered species procedures

DNR Lands Inquiry and project FWS notification
- all the above but with increasing litigation/concern for ‘potential’
, issues arise, permit delays at the Corps/404 level...

-2006- Per FWS request, their early direct involvement; protocols quicl

evolve; 11t hour delays at Corps/404 level gone

% 2007 and on...DEP to now handle routing processing; FWS expertist
presence, ‘hit’ or ‘kick-out’ situations. This is what the “96 BO c:
Nose Syndrome (WNS) rears its ugly head

< 2010 and on... Region-wide Guidelines and Electronic P
adaptable per WNS in particular.

licant Concerns:

free-trade

Gas, Logging, Farming,

Housing do little or

nothing

% Are Range-wide
Guidelines being equally
applied? (state to state)

ide |1-Bat Guidelines

a Lot Like the WV Guidelines!

% Increasing ES complexity
since advent of SMCRA
(1977 to Present)
% |s mining really hu
the bats?

ES) Implementations:

lectronic Processing of ES Consultation
aterials Effective February 1, 2010.
< Send all materials to:

end.species.coal@

< Implementation of New Rang
Guidelines Effective Janu




INDIANA REPRESENTATIVE: STATE-SPECIFIC
BAT PROTECTION STRATEGIESAT COAL MINES

Ramona Briggeman
Indiana Division of Fish and Wildlife
Jasonville, Indiana

Abstract

In July 2009, the Range-wide Indiana Bat Protection and Enhancement Guidelines were published as part of a collaborative
effort of the USFWS, OSM and state regulators. The guidelines fulfill the Fish and Wildlife Service 1996 Biological

Opinion, which stated that coal mining activities regulated by SMCRA, if augmented by species-specific protective measures
in each permit, would not jeopardize the continued existence of any threatened or endangered species.

Indiana’ s current protection and enhancement plan consists of various line items included in the guidelines, including but not
limited to the following: Tree clearing restrictions, minimization of disturbed area, reconstruction and reforestation of
disturbed drainage corridors, tree species planted, constructing watering areas, and buffering and/or avoiding caves and
abandoned mine openings known to harbor the Indiana bat.

The implementation of the range-wide plan has had significant impact on both the Title VV and Title IV programs. Although
the plan was not meant to apply to the AML program, Indiana’s AML program has had to significantly change their
procedures to comply with the guidelines. Prior to publication of the guidelines both the Title IV and Title V programs
conducted selective roost tree removal in forest areas. With the new guidelines, this option has been removed.

Ramona Briggeman is currently the Reclamation Biologist with the Indiana Division of Fish and Wildlife. She servesasa
field biologist in Indiana Division of Fish and Wildlife but is assigned to the technical services section of the Indiana
Division of Reclamation. Prior to serving as the Reclamation Biologist, she was a Reclamation Specidlist for the Indiana
Division of Reclamation. With over 18 years experience with mining and reclamation, she is responsible for reviewing coal
mining operations to evaluate environmental impacts, including effects on fish and wildlife resources (streams, wetlands,
endangered species). She received her BS degree in Life Sciences from Indiana State University.
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KENTUCKY REPRESENTATIVE: STATE-SPECIFIC
BAT PROTECTION STRATEGIESAT COAL MINES

Dr. Richard Wahrer
Kentucky Department of Natural Resources
Frankfort, Kentucky

Abstract

The Kentucky surface mining program within the Department for Natural Resources (KY DNR) has employed procedures for
the protection of the Indiana bat since 1995. Though the 2001 “ Guidelines for the Devel opment of Protection and
Enhancement Plans for the Indiana Bat,” were authored by the U.S. Fish and Wildlife Service (FWS), the Kentucky
Department of Fish and Wildlife Resources, and KYDNR, unresolved differences remained causing the coal applicant to
perform duplicative and contradictory procedures for Indiana bat protection with the SMCRA and Clean Water Act permits.
Dueto varying bat protection requirements and measures utilized by the coal states and FWS field offices, it was requested
that the Office of Surface Mining intervene and provide multi-state consistency on Indiana Bat protection and enhancement
plans. With the assistance of the Interstate Mining Compact Commission, FWS and OSM, the 2009 Guidelines were created
and implemented by KYDNR in October 2009. Successes and challenges encountered will be discussed.

Dr. Richard J. Wahrer isan Environmental Scientist in the Office of the Commissioner for the Kentucky Department for
Natural Resources. He has been involved with the development of the regiona Indiana Bat protection and enhancement
guidelines and is a member of the Appalachian Regional Reforestation Initiative Core Team. He currently coordinates the
Lands Unsuitable for Mining petition and Cumulative Hydrologic Impact Assessment programs. He is an instructor for the
OSM/FWS Biologica Opinion and Permit Findings classes. He holdsaBSin Zoology and MSin Limnology from Stephen
F. Austin University, and aPh.D. in Aquatic Biology from Texas A & M University.
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Session 4

STATUS OF ON THE GROUND RECOVERY EFFORTS

Session Chairperson:
Christy Johnson-Hughes
U.S. Fish & Wildlife Service
Arlington, Virginia

Creating Summer Bat Habitat on Surface Minesin Appalachia Using the Forestry
Reclamation Approach (FRA)

Scott D. Eggerud, Office of Surface Mining Reclamation and Enforcement, Pittsburgh,
Pennsylvania

Potential Effects of Surface Mine Blasts Upon Bat Hiber naculum
Jim Ratcliff, West Virginia DEP Office of Explosives and Blasting, Charleston, West
Virginia

Active Mining Recovery Opportunities: Boone North No. 3 Surface Mine
J.D. Wilhide, Compliance Monitoring Labs, Inc., Chapmanville, West Virginia

West Virginia Department of Environmental Protection — Office of Abandoned
MineLands (WVDEP/AML) Preservation Efforts of Potential Bat Habitat
Robert Rice, West Virginia DEP, Office of Abandoned Mine Lands, Philippi, West
Virginia

Pennsylvania Bat Gating Efforts

Calvin M. Butchkoski, Pennsylvania Game Commission, Petersburg, Pennsylvania

Microclimate Resear ch to Support Endanger ed Species of Batsin Hellhole and
Schoolhouse Cave and Technological Advancementsin Monitoring Systems
Mike Masterman, Anvesh Singireddy, and Shana Frey, Extreme Endeavors, Philippi,
West Virginia
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CREATING SUMMER BAT HABITAT
ON SURFACE MINESIN APPALACHIA USING
THE FORESTRY RECLAMATION APPROACH (FRA)

Scott D. Eggerud
Office of Surface Mining Reclamation and Enforcement
Pittsburgh, Pennsylvania

Abstract

Deforestation and forest fragmentation caused by mining has reduced bat habitat throughout much of the Appal achian Range.
The reforestation of mined lands in Appalachia using the forestry reclamation approach (FRA) will return disturbed lands to
forest habitat that closely resembles the pre-mining native forests, faster and more efficiently than traditional reclamation
methods. The goals of the Appalachian Regional Reforestation Initiative (ARRI) are to plant more high-value hardwood
trees on reclaimed coal mined landsin Appalachia, increase the survival rates and growth rates of planted trees, and to
expedite the establishment of forest habitat through natural succession on both active mining operations and on previously
reclaimed mine sites. The Forestry Reclamation Approach (FRA) is afive step process promoted by ARRI: That, 1) creates
the best possible forestry growth medium with materials on site, 2) reduces compaction of the growth medium by utilizing
alternative methods of placement or reduced grading, 3) uses tree compatible ground covers, 4: plants amixture of early and
later successionary, native hardwood tree species, and 5) uses proper tree planting techniques. Using these techniques, ARRI
isworking with the regulatory authorities and the coal industry to promote the use of the FRA on active and proposed
operations, and on previously reclaimed mine sites where reforestation was not attempted or the results were unproductive.
On sites close to documented bat activity, planting arrangements and tree species selection have been altered to promote
summer bat habitat.

I ntroduction

The Office of Surface Mining Reclamation and Enforcement and the state regul atory authorities are working to improve
mined land reforestation in Appalachia and throughout the United States. With the passage of SMCRA in 1977, many of the
issues of stahility, erosion, and acid mine drainage were addressed. However, many of the reclamation techniques advocated
resulted in compaction of surface materials and persistent ground covers of exotic grasses and legumes. These techniques
provided stability. However, they also owed the natural healing process of plant and animal succession and in many cases
drastically reduced site productivity (Angel and others, 2005). With the large dragline operations of the 1980’ sand 1990's
vast areas were converted from forest cover types to grass and scrub/shrub cover types, especialy in Appalachia (Saylor
2008).

Appalachian Regional Reforestation Initiative (ARRI)

To address the issue of forest habitat loss by surface mining, the Appalachian Regional Reforestation Initiative (ARRI) was
created. ARRI isabroad-based group working to reestablish forest habitat on active and abandoned mine lands. ARRI’s
goals are to plant more high-value hardwood trees on surface mines, increase the survival rates and growth rates of those
trees, and to expedite the establishment of forest habitat through natural succession. ARRI started as ajoint effort between
OSMRE and the seven central Appalachian states that had a coal regulatory program. These statesinclude: Kentucky,
Maryland, Ohio, Pennsylvania, Tennessee, Virginia, and West Virginia. The ARRI Core Team consists of state and federal
regulators from each of those seven states. An academic team was formed and was later more accurately referred to as the
ARRI Science Team. The ARRI Science Team consists of all the major universities and reforestation researchers within
Appalachiaincluding: Ohio University, Ohio State University, Pennsylvania State University, Purdue University, Southern
Illinois University, University of Kentucky, University of Maryland, University of Tennessee, Virginia Polytechnic Institute,
West Virginia University, West Virginia State University, the US Forest Service, the US Geological Survey, The American
Chestnut Foundation, and the Office of Surface Mining, Reclamation and Enforcement.

To promote proper mine land reforestation, the ARRI Science Team advocates using a set of best management practices
called the Forestry Reclamation Approach (FRA) (Burger and Zipper, 2002). The FRA isa5 step process that includes: 1)
Creating the best possible growth medium with material on site that is at least 4 feet thick, 2) Minimize compaction of the
growth medium, 3) Use tree compatible ground covers, 4) Plant the proper species of trees, and 5) Use proper tree planting
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techniques. ARRI’s Core Team and Science Team have been working with the coal industry, academia, government
agencies, conservation organizations, and environmental groups to promote proper mined land reforestation using the FRA.
Thisincludes: research, outreach, regulation and policy development, training, and mine site visits to promote the FRA.
Reforestation research has been ongoing at Virginia Polytechnic Institute’ s Powell River Project for the last 20 years
(http://mww.cses.vt.edu/PRP/V CE_Pubs.html, 2010). Reforestation research from the University of Kentucky and West
Virginia University has confirmed many research findings and formed the basis for the FRA. Studies are currently underway
looking at parent materials used as a growth medium, depths of these growth mediums, compaction rates, and ground covers
and seeding rates (Emerson and others, 2009). Now many of the research institutions associated with the ARRI Science
Team are advancing the FRA into different aspects of reclamation such as stream restoration, water chemistry, and carbon
sequestration.

ARRI started with an aggressive outreach campaign consisting of: awebsite, http://arri.osmre.gov, a Statement of Mutual
Intent (SM1), a periodic newsletter, several brochures, seven Forest Reclamation Advisories thus far, Arbor Day and
volunteer tree planting events, awards program for both active mine sites (Title V) and abandoned mine sites (Title V),
videos, and numerous television, newspapers, and radio appearances.

The Core Team held an initial Statement of Mutual Intent signing ceremony on December 15, 2004 at Stonewall Jackson
Lake State Park, West Virginiaduring which 36 individuals, mostly leadersin their fields, signed the Statement committing
to mine land reclamation using the FRA. Today over 1,000 individuals, representing over 200 organizations have signed
ARRI’s SMI.

ARRI’s Science Team has collaboratively written seven Reforestation Advisories and is currently working on two more.
These advisories provide details on how to implement different aspects of the Forestry Reclamation Approach. These
advisories are available on ARRI’ sweb site at: http://arri.osmre.gov/FRA/Advisories/Advisories.shtm.

ARRI’ s outreach a so consists of Arbor Day events and volunteer tree planting events. The Arbor Day events are now
mostly industry driven to showcase their reforestation and overall environmental stewardship efforts. The coa companies
hosting these eventsinvite local school groups, conservation groups, regulators, and academics to join the tree planting. To
date over 5,000 people, mostly young students, have participated in these events. An awards program, “Excellencein
Reforestation” has also been developed for both active mining operations and Abandoned Mined Lands (AML) operations to
further promote the FRA. These annua awards, one for each state for each category, are usually presented at the Arbor Day
Events. An Awards Committee chooses the best state awards for aregional award that is presented at the annual ARRI
Conference.

ARRI hasworked closely with state and federal regulatory agencies to incorporate the Forestry Reclamation Approach into
policies and regulations. 1n 1996, the state of Kentucky drafted Reclamation Advisory Memorandum (RAM) 124. RAM 124
fully incorporated the reforestation techniques later described asthe FRA. Ram 124 has been recently upgraded with RAM
144 alowing no strike-off grading (KY DNR, 2009). KY RAM 144 allows for no strike-off grading, providing landowner
approval and acommercial woodland planting plan. Thistype of grading leaves the mine soil material, used as aforestry
growth medium, dumped into 50 to 100 ton piles, (approximately 6 to 8 feet high) depending on the size of the rock truck,
with no grading allowed. This material slowly levels off with weathering and leaves a non compacted rooting medium
excellent for tree growth and very conducive to invasion of native vegetation, and infiltration and retention of rain water.

State Programs

The Office of Surface Mining Reclamation and Enforcement approved West Virginia s forestland post mine land use
regulations at 38CSR2-7.6 on May 8, 2005. These regulations fully incorporate the FRA. These rules apply to Approximate
Original Contour (AOC) compliant sites only, and the planting plans must be prepared by a WV registered professional
forester and reviewed by aforester employed by the WV -Department of Environmental Protection. These regulations
establish limits on what materials can be used in the growth medium, the thickness of this growth medium, and the amount of
grading allowed. These rules also prohibit seeding Kentucky-31 fescue, Serecia lespedeza, al vetches, and clovers (except
ladino and white clover). Native hardwoods are also required. View the complete rules at:
http://ww.dep.wv.gov/dmr/codes/Pages/default.aspx.

Both the Tennessee Federal Program and the Virginia State Program reduced or eliminated the ground cover standard for
forestry post mining land usesto alevel that controls erosion and promotes good tree growth and natural invasion. By
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choosing a ground cover vegetation level that is appropriate for achieving the post-mining land use of an individual site, these
states have taken an important step in removing regulatory barriers to implementing the FRA.

OSM followed suit with their own policy, TSR-16, which fully supports and encourages the FRA (OSM, 2008). An
exhaustive search of the state and federal programs within the Appalachian Region found no regulatory barriersto
implementing of the FRA.

Training

Numerous reforestation training sessions have been provided to industry, mining and forestry consultants, state and federal
regulators, landowners, and watershed groups. Most of the seven Appalachian States conduct at |east one FRA training
session annually for their permitting staff and their inspection and enforcement staff. Most of these sessions include State
Core Team members, OSM Core Team members, and Science Team members from within that state. FRA training has also
been provided to industry groups including equipment operators, mining and forestry consultants who prepare the mining and
reclamation plans, the equipment operators who actually carry out the work, landowner groups who often own the land being
mined, conservation groups, and environmental groups. Several reforestation workshops, which tend to be more detailed and
often include field activities, have also been conducted.

Site Visits

An aggressive campaign of site visits to promote the FRA in thefield is also showing results. Site visits with coal operators,
mining consultants, landowners, and local inspectors to promote the FRA prior to mining and reclamation is an effective
method to spread the technology of the FRA. Pre-inspections on proposed mine sites are an example of such visits. Once a
mining or forestry consultant drafts the proper reforestation language for a planting plan, he or she can often usethisasa
template for other planting plans. Once a coal operator gets a reclamation/reforestation plan and is able to successfully
implement that plan, he or sheislikely to reuse the techniques specified in that plan. These approaches have been repeated in
most of the Appalachian states by the regulatory authorities and the coal industry. On oversight inspections conducted by
OSMRE inspectors, the FRA is often emphasized.

Results

Theresults of ARRI’s efforts on the active operations have been remarkable. Most of the mining permits now issued propose
forestland as the post mine land use. In Virginia 100% of the permits issued in 2009 propose FRA compliant forestland as
the post mine land use (Eggerud, 2010). In WV, over the last 5 years about 85% of the acreage permitted for surface mining
proposes reclamation to forestland and about 10% to wildlife habitat. Collectively, thisis over 90% of the acreage to be
disturbed in WV (Quick, 2010). All of this disturbed acreage should be reclaimed and reforested using the FRA.

The success of these reforestation efforts is due to the partnerships that have been formed. Partnersinclude but are not
limited to: ARRI Core Team members, ARRI Science Team members, mining and forestry consultants, conservation groups,
environmental groups, students of all ages, and citizen groups, etc. Our strongest partner has been the coal industry. Since
2004, over 70 million seedlings have been planted on just over 100,000 acres of mine lands in Appalachia alone (Angel and
Bower, 2010).

Another one of ARRI’s more successful partnerships has been with The American Chestnut Foundation (TACF). The natural
range of the American chestnut and the Appalachian coal fields overlap almost perfectly. TACF has been providing blight
resistant, American chestnut seedlings for reintroduction back into Appalachia s forests, so far on atria basis. Surface mines
are a perfect place to attempt reintroduction of the American chestnut and may serve as springboards for large scale efforts.
ARRI hasthe infrastructure and organization in place to facilitate large scale plantings on active and previously reclaimed
mine sites. Members of the ARRI Science Team also have numerous research projects underway involving American
chestnuts on surface mines.

ARRI is not only promoting proper mine land reforestation on active coal mining operations but is also working on
previously reclaimed sites where reforestation was not attempted or where the results were undesirable. In the last two years,
ARRI has partnered with watershed groups, coal operators, and several other organizations to coordinate 22 volunteer tree
planting events throughout Appalachia. These events, usually organized by watershed groups or the Appalachian Coal
Country Watershed Team (ACCWT), planted over 177,500 trees on about 250 acres of mined land. ARRI’srolein these
endeavors isto facilitate communication between the watershed groups and the coal industry and to provide technical
assistance using a dlightly modified FRA for previously reclaimed sites. The FRA on these sites includes deep ripping with
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large bulldozers to mitigate compaction and reduce competition of the ground covers, selecting and planting proper species of
trees, and using proper tree planting techniques. The significance to ARRI on these volunteer tree planting eventsis not
necessarily the acreage being restored to future forests, but the outreach and awareness of proper mine land reforestation and
the research potential that is being created. On all 2009 volunteer planting sites, 51 chestnut trees were planted in the ripped
areas, along with all the other hardwood seedlings. These chestnuts consisted of 17 pure American chestnuts, 17 Chinese
chestnuts, and 17 15/16 backcrosses. The backcrosses are 15/16 American for form and functionality, and 1/16 Chinese for
blight resistance. All chestnuts were protected with tree tubes, stakes, and weed mats. L ocations were established using
GPS. TACF and several of the university researchers will monitor these plantings. In the last two years, over 2,500
volunteers participated in these tree planting events. The volunteer tree planting events are now evolving into large scale
plantings funded by grants, cost share programs, utility companies seeking carbon credits, and corporate donations. Most of
this money is used for site preparation and purchasing seedlings. In many situations, volunteer tree planters will till be
needed. Over 1,000 acres of previously reclaimed mine lands in Appaachia are being prepared for spring tree planting in
2011.

On each legacy (previously reclaimed) planting site, we have been trying to establish side by side demonstration plotsto
learn about the effectiveness of different practices and establish outdoor classrooms. We have been conducting annual
monitoring of the volunteer tree planting sites and have noticed vigorous colonization of native plants such as ragweed
(Ambrosia spp.), aster (Aster spp.), and goldenrod (Solidago spp.). In fact, the vegetation has been coming in so fast we are
concerned about competition to the tree seedlings. On some demonstration plots, we have established atemporary ground
cover of annual ryegrass to slow the invasion of native vegetation to give the seedlings a head start. The adjacent plots had
no ground cover established. On some sites, we have ripped in one direction on one plot and then cross ripped (ripped in
perpendicular directions) on the adjacent plot. Other demonstrations include using herbicide on one plot and no herbicide on
the adjacent plot, herbicide with mowing, and herbicide without mowing, etc. We will continue to monitor these sites
attempting to find the most efficient methods of reforestation of previoudly reclaimed sites. A recent study from Virginia
Tech estimates close to 750,000 acres of grass and shrub/scrub cover types on old mine lands in Appalachia (Zipper and
others, 2007).

ARRI is also working with the AML programs throughout Appaachia. General recommendations for implementing the
Forestry Reclamation Approach (FRA) on abandoned mined lands have been provided to West Virginia s AML program.
Many of the AML projects are relatively small compared to the active mining operations, and material is often pushed by bull
dozer instead of being loaded and hauled by truck. Also, on many of the AML projects, materials to be used as a growth
medium are limited. These factors will require further modificationsto the FRA for AML sites. Several different methods of
material placement were offered in the WV recommendations. These included: end-dumping of the forestland growth
medium on flat to gently sloping areas with minimal grading using trucks, highwall elimination by hauling and dumping the
forestland growth medium from above using trucks, push-up method perpendicular to the high wall using bull dozers, and
push-up method parallel to the high wall using bull dozers. We are trying to come up with new, innovative techniques of
material placement.

The State of Maryland is using a push down method on some of their active operations, basically windrowing mine soils on
contour, in parallel rows with bull dozers. Maryland officials have coined this technique the Mongold Method after the local
inspector. These windrows are connected to form long ridges. Care must be taken to construct the ridges on contour without
any downhill slope. A practice caled flipping has also been used on a 5 acre demonstration plot on an AML project in WV.
Since the demonstration area was located on a borrow area (old contour mine), material would not be brought in but taken
area. Thislimited our method of placement. The contractor and the local inspector developed a method they called
‘flipping’ using an excavator. First the bucket was plunged into the ground about 3 to 4 feet deep. Then the material was
lifted up and dumped in place. Thiswas repeated over and over until the entire 5 acreswas prepared. The site was then
planted to a mixture of native hardwoods including red spruce. The USF WS partnered on this project due to the concern of
the then endangered northern flying squirrel. Red spruce is a critical component of the northern flying squirrel habitat. No
ground cover was sowed on the FRA demonstration plot. Ferns, forbs, cherries, and big-tooth aspen are invading, in addition
to the red spruce, black cherry, white oak, red oak, sugar maple and black walnut that were planted. ARRI attended the pre-
bid meeting to brief the vendors on the FRA and how it was to be used on this project. Site specific recommendations have
been provided on two other AML projectsin WV.

ARRI has also partnered with Kentucky’s AML program on several volunteer tree planting sites. The Y ork sitein Morgan
County, KY and the Dollar Branch site in Harlan County are examples of this. The Y ork site was a contour operation with
point removals. The site was reclaimed to hay land/pastureland and the landowner has actually been mowing hay off
portions of the mine site for close to twenty years. Overburden materials and the resulting mine soils were physically and
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chemically very similar to the pre mining native soils. Thirty foot highwalls, flat benches about 200 feet wide, and small
valley fills dominated the site. KY Department of Fish and Wildlife (KY DFW) paid for site prep (ripping) through the cost
share program Landowner Incentives Program (L1P). Half the areawas cross ripped and half the areawas ripped in one
direction. The site was planted by volunteers. KY AML paid for 26,560 tree seedlings and will pay for post-emergent
herbicide to release trees from ground cover competition. Planting supervision was also provided by the KY Division of
Forestry (KYDOF).

The Dollar Branch AML siteis another volunteer tree planting event where ARRI, KY AML, KYDFG, and KYDOF
partnered. Thissiteislocated just north of Pine Mountain. Pine Mountain has limestone strata that are commercially mined.
Indiana bat activity, including hibernacula, has been documented nearby by the KYDFW. This AML site contains old coal
refuse from a processing plant. We could not deep rip for fear of disturbing the acidic refuse, so we disked the surfaceto a
depth of about 8 inches. Thissiteis surrounded by beaver ponds, elk habitat, and Indiana bat habitat. We tried to have a
theme or goal at each volunteer tree planting event. Here, we targeted bats, bees, and beavers. Eastern Kentucky University
and Berea College student volunteers helped with the planting, along with local volunteers. Several bat boxes were provided
and erected by the KYDFW. Exfoliating bark tree species such as white oak, hickory, and black cherry were planted for
future roost trees for the endangered bats. We could not find sycamore seedlings for riparian areas and bat habitat, so we
sowed sycamore seed along the creeks and all other wet areas. We also sowed a wildflower seed mix provided by the
KYDFW for bee habitat. KY AML paid for the tree seedlings and the post-emergent herbicide to rel ease these trees.

ARRI has been involved with forest habitat restoration involving other endangered species such as the northern flying
squirrel and the Cheat Mountain salamander. Our best contribution to forest habitat restoration is to encourage reforestation,
including expediting the natural healing process of succession, using the Forestry Reclamation Approach. Tree species
recommendations can be slightly altered to favor the species of concern. However, the best restoration plan is usually one
that tries to reestablish a forest that mimics the pre-mining native forest as much as possible and as quickly as possible. On
sites with documented bat activity, we try to slightly alter our tree speciesto favor exfoliating bark species, erect bat boxes if
available, and maintain pools, wetlands, and encourage vernal pool creation.

Conclusions

Large scale surface mining in Appalachiaisamajor contributor to forest habitat loss. Forest habitat |0ss threatens species
such as Indiana bats and other endangered species that depend on forest habitat. The Appalachian Regional Reforestation
Initiative (ARRI) promotes reforestation of mined lands using the Forestry Reclamation Approach (FRA). The FRA is set of
best management practices developed by reforestation scientists. Applying the FRA will return mined lands to forest habitat
that closely resembles the pre-mining native forests, faster and more efficiently than traditional reclamation methods. The
Forestry Reclamation Approach (FRA) is afive step process promoted by ARRI: That, 1) creates the best possible forestry
growth medium with materials on site; 2) reduces compaction of the growth medium by utilizing alternative methods of
placement or reduced grading; 3) uses tree compatible ground covers; 4) plants a mixture of early and later successionary,
native hardwood tree species; and 5) uses proper tree planting techniques. ARRI is working with the regulatory authorities
and the coal industry to promote the use of the FRA on active and proposed operations, and on previously reclaimed mine
sites where reforestation was not attempted or the results were unproductive. On sites close to documented bat activity,
planting arrangements and tree species selection have been altered to promote summer bat habitat (roosting trees). Bat boxes
have been erected and wetlands have been preserved or created.
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POTENTIAL EFFECTS OF SURFACE MINE BLASTS
UPON BAT HIBERNACULUM

Jim Ratcliff
West Virginia DEP Office of Explosives & Blasting
Charleston, West Virginia

Abstract

Issues arising in 2006, with respect to effects of surface mine blasting on the underground habitat for the endangered Indiana
(Myotis sodalis) and Virginia big-eared (Corynorhinus townsendii virginianus) bats sparked debate between federal and state
regulatory authorities and private industry. To address the concerns of the National Park Service (NPS) and the Fish and
Wildlife Service (FWS), seismographs were installed at two abandoned mine portalsin the New River Gorge Nationa River
Park where the bats have been observed and to ensure that agreed blasting vibrations were not exceeded. Seismographs were
also placed on the mine-site to record blasting impul ses that would be analyzed for ground vibration decay rates over
horizontal distances.

Due to restricted access, the underground roofs in the abandoned mines the bats were using for shelter were not monitored for
blasting vibrations. As an alternative, seismograph geophones were bolted to the roof of an active underground coal minein
southern West Virginia. Surface geophones were placed directly overhead. These recordings were then used to predict the
ratio of surface to underground peak vibration levels that could be observed at the non-accessible underground mine roof.

In 2005, federal and state regul atory authorities and private industry conducted awinter bat survey at a West Virginia surface
limestone operation. Blast and seismic data and bat survey data were used to compare the relationship of blasting vibration
levels and the bat population at this location. These findings could be indicative of the effects of blasting on any existing
endangered bat populations.

I ntroduction

Discussions between the NPS and FWS, both federal regulators, and the coal mine permitee began in mid-2005, concerning
proposed mining near old underground mine workings that potentially harbored endangered Indiana and Virginia big-eared
bats. Although mining would be conducted on private property adjacent to the New River Gorge Nationa River Park, the
mine portals the bats would use to enter and exit were located on park property.

There were four main concerns of the NPS and FW S with regard to blasting: 1) damage to the mine portal used by Indiana
bats (November 15 to March 31) and Virginia big-eared bats (year round); 2) potential for substantial collapses within the
abandoned Fire Creek coal mine workings from surface blasting that potentially could destroy roosting habitat for the
endangered bat species; 3) fear of partial collapses of the mine workings could make the mines unsuitable for bat habitat due
to changesin airflow patterns and/or internal temperatures; 4) hibernating bats disturbed by blasting vibrations could lose
energy stores and starve to death. West Virginia Department of Environmental Protection (WVDEP), in response to these
concerns, requested that the Office of Explosives and Blasting (OEB) monitor blasting compliance at the nearest gated
portals.

Questions arising at the beginning of this study included:

1) maximum blasting vibration levels alowed at the Fire Creek coal mine portals and those levels necessary to
maintain roof integrity;

2) distancethe bats migrate underground to hibernate;

3) maximum blasting vibration levels allowed that would not disturb hibernating bats in the winter months; and

4) variances between surface and underground seismic responses from surface blasting.

Consultations between the NPS, FWS, and Office of Surface Mining Reclamation and Enforcement (OSM) revealed that a
vibration limit of 0.30 inches per second (ips) should not be exceeded at the mine portals. Given that the underground Fire
Creek seam was not accessible, the permitee’ s blast design was based upon the use of the scaled distance formula. Scaled
distance is defined as D / W** where D equals the distance from the blast to a protected structure and W equals the
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maximum pounds per delay initiated on the blast. In this case, the protected structure was the abandoned coa mine roof
located approximately 455 feet below active mining. Regulatory scaled distance factors and maximum peak particle
velocities needed for various horizontal distances are:

Distance From Blast Minimum Scaled Maximum Peak
to Protected Structure Distance Required Particle Velocity (Ppv)
0 —300 50 1.25ips
301’ —5,000° 55 1.00ips
5,001 + 65 0.75ips

For example, aparticular blast that is 550 feet above the abandoned coal mine roof would need to maintain a maximum of
100 pounds per delay (W = (550 / 55)?). Since existing data on blasting vibration levelsindicate 1.00 ips will maintain roof
integrity, it was decided by OEB, NPS, FWS, and OSM, to alow the use of the scaled distance formulato minimize vibration
effects.

A detailed 2005 report titled “Bat — Swarming Inventory at Abandoned Mine Portals at New River Gorge National River,
West Virginia® states,

“Neither spring emergence, nor fall swarm surveys, will absolutely confirm presence of hibernating batsin
NERI [New River Gorge Area] mines. Conducting internal surveysisthe only method that can reliably
assess hibernating bat communities. However, that is very dangerous and should only be attempted by
qualified personnel aware of therisksto lifeand limb.”*

This same study includes bat survey datathat 2,346 bats were captured from 19 mine porta entries including the Virginia
big-eared and Indiana bats. It isassumed, for the sake of this report, bats do use the abandoned minesin the New River
Gorge Nationa River Park as hibernacula.

Using hibernating information obtained from published and unpublished research, the New River Gorge Park study
conducted by OEB focuses on the predicted blasting vibrations on potential underground bat hibernacula. Previous studies
measured vibrations of approaching blasting at the cave openings. OEB research addresses blasting impacts to the roof of the
abandoned underground coal mine and vibration levels that endangered bats might tolerate during their hibernation periods.

Field Data Collection Sites

Protected coal mine portals 2D and 2A are located in Fayette County, West Virginiaand open into the Fire Creek seam that
was mined in the 1940’ s. These sites were used as data collection points. The Fire Creek seam lies approximately 455 feet
below the Sewell coal seam that is actively being mined. Figure 1 shows the plan view of the permitted area with respect to
the portal openings.
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Figure 1 Plan view of permitted area, Fayette County, WV.
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Figure 2. Cross section of the permitted area and portal openings (Not to scale).

Geologic layers between the Sewell “B” seam and the bat hibernacula (Fire Creek seam) as described by the West Virginia
Geological Survey” are asfollows:

MATERIAL THICKNESS (FEET) TOTAL FEET
Coal, Sewell “B” 0-5 2,540
Shale 10-24 2,564
Coal, Sewell “A” 0-1 2,565
Sandstone, Lower Guyandot 0-50 2,615
Shale, Hartridge 0-5 2,620
Coal, Sewell 0-10 2,630
Shale 0-5 2,635
Sandstone, Welch 0-50 2,685
Shale 0-5 2,690
Coal, Welch 0-5 2,695
Shale 0-5 2,700
Sandstone, Upper Raleigh 50- 75 2,775
Codl, Little Raleigh “A” 0-3 2,778
Shale 0-25 2,803
MATERIAL THICKNESS (FEET) TOTAL FEET
Codl, Little Raleigh 4-2 2,805
Shale 15-5 2,810
Sandstone, Lower Raleigh 100 - 50 2,860
Coal, Beckley “Rider” 0-2 2,862
Shale 0-17 2,879
Coal, Beckley 0-10 2,889
Sandstone, Quinnimont 0- 66 2,955
Shale, Quinnimont 0-35 2,990
Coal, Fire Creek, “ Quinnimont” 0-5 2,995
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This table would suggest a potential for 22 layers of various geologic material between the Sewell “B” coal seam and the bat
hibernacula (Fire Creek seam). It includes nine layers of shale (126 feet thick), five layers of sandstone (291 feet thick), and
eight layers of coal (33 feet thick). Dueto the inability to gain access to the abandoned mine roof of the bat hibernacula,
seismograph geophones were bolted to the mine portal roof, or rib, outside the bat gates of portal 2D and 2A to monitor for
compliance (Figure 4).

Figure 3. Bat gatesinstalled to protect bat roosting and hibernaculain portal 2D.

Figure 4. Geophone Bolted to Roof of Portal 2A.
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Figure 5. Geophone Bolted to Roof of Portal 2D.

Seismographs were put into place on May 24, 2006, although blasting did not begin until June 19, 2006. These were to record
baseline data and possibly measure any natural movement of the roof before blasting began. The seismographs were
manufactured by White Seismology and were able to detect ground vibration levels as low as 0.002 ips. Seismic results prior
to blasting at portal 2D are asfollows:

DATE TIME PPV (IPS) AIRBLAST (dB)
5/30/2006 12:05 AM .005 <100
5/30/2006 12:07 AM .0075 <100
5/30/2006 12:12 AM .0113 <100
5/30/2006 12:58 AM .0288 <100
5/30/2006 1:.00 AM .0188 <100
5/30/2006 1:.09 AM .0025 <100

6/2/2006 7:28 PM .0025 134
6/14/2006 8:11 AM .0075 <100
Seismic results prior to blasting at portal 2A are asfollows:

DATE TIME PPV (IPS) AIRBLAST (dB)
5/24/2006 11:10 PM .0125 <100
5/28/2006 11:00 PM .0025 <100

6/9/2006 5:29 AM .005 <100
6/11/2006 4:32 AM .0025 <100
6/13/2006 10:20 PM .0300 <100
6/15/2006 1:00 PM 0175 106

A maximum vibration of 0.03 ipswas recorded at Portal 2A on June 13, 2006. This can be attributed to any number of non-
blast occurrences, such as wind moving the geophone cable, animal disturbances, thunder storms, etc. Figure 6 shows 134
decibels (dB) recorded on June 2, 2006. Normally this measurement would be considered non-compliant in regards to
blasting outside a permitted area. Although the unit of airblast measurement is denoted as decibels, it is actually recorded in
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pounds per square inch (psi). The 134 dB equates to 0.0145 psi. which is equivalent to awind gust of 20 — 28 miles per hour.
It is not known what caused this air overpressure pulse.

Once blasting began on June 19, 2006, bi-weekly hikes were made into the park to retrieve seismographs for data download
and to install fresh machines.

Eagle Ridge - Portal 2D

File Name: SN28§3220060602014.DTB
Number: 014

Date: 6/2:2006

Time: 19,28

Serial Number: 2832

Seismic Trigger: 00025 infs 0,0635 mm/s
Acoustic Trigger: 148 dB

Sample Rate: 1024

Record Duration: 12.0 Seconds
Pre-Trigger: 0.50 Seconds

Sensor Gain: 8x

Battery: 7.0

Amplitudes and Frequencies
Acoustic: 134 dB @ 51.2 Hz
(1.00Mb 0.0145psi 0.1000kPa)

Radial: 0.0025in/s 0.0635mm/s @ 0.0Hz
Vertical: 0.0025in/s 0.0635mm/s @ 0.0Hz
Transverse: 0.0013in/s 0.0318mm/s (@ 0.0Hz

Graph Information
Duration:0.000s To: 4.000s

Acoustic Scale:

134dB  1.00Mb (0.251Mb/div)

Seismic Scale:

0.20in/s (0.050in/s/div) 5.08mmy/s (1.270mm/s/div)
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Figure 6. Seismic results at portal 2D, June 2, 2006.
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Blast distances varied from 1,887 to 2,828 feet at portal 2D. Seismic data obtained from June 19 to November 21, 2006, is as

follows:
SHOT # DATE TIME PPV (IPS) AIRBLAST (dB)

1 6/19/2006 1:.01 PM 0.0100 106

2 6/22/2006 12:48 PM 0.0150 106

3 7/10/2006 1:36 PM 0.0225 120

4 7/11/2006 2:45 PM No Trigger No Trigger

5 7/13/2006 3:35 PM 0.0075 106

6 7/18/2006 3:50 PM No Trigger No Trigger

7 7/27/2006 5:28 PM 0.0125 <100

8 8/2/2006 2:51 PM 0.0075 106

9 8/10/2006 2:43 PM No Trigger No Trigger
10 8/21/2006 2:58 PM No Trigger No Trigger
11 9/7/2006 2:39 PM 0.0100 <100
12 9/13/2006 2:47 PM 0.0075 <100
13 9/18/2006 11:21 AM 0.0075 <100
14 9/20/2006 11:25 AM 0.0100 <100
15 9/22/2006 1:05 PM No Trigger No Trigger
16 9/27/2006 1:34 PM 0.0100 <100
17 10/9/2006 5:06 PM 0.0100 <100
18 10/11/2006 3:14 PM 0.0075 <100
19 10/16/2006 5:.03 PM 0.0200 <100
20 11/3/2006 3:02 PM No Trigger No Trigger
21 11/8/2006 1:38 PM No Trigger No Trigger
22 11/13/2006 3:57 PM 0.0100 <100
23 11/21/2006 5:03 PM 0.0100 <100

Blast distances varied from 3,514 to 4,514 feet at portal 2A. Seismic data from June 19 to November 21, 2006:

SHOT # DATE TIME PPV (IPS) AIRBLAST (dB)

1 6/19/2006 1.01 PM 0.0050 106

2 6/22/2006 12:48 PM 0.0050 106

3 7/10/2006 1:36 PM 0.0075 <100

4 7/11/2006 2:45 PM No Trigger No Trigger

5 7/13/2006 3:35 PM No Trigger No Trigger

6 7/18/2006 3:50 PM No Trigger No Trigger

7 7/27/2006 5:28 PM No Trigger No Trigger

8 8/2/2006 2:51 PM No Trigger No Trigger

9 8/10/2006 2:43 PM No Trigger No Trigger
10 8/21/2006 2:58 PM No Trigger No Trigger
11 9/7/2006 2:39 PM No Trigger No Trigger
12 9/13/2006 2:47 PM No Trigger No Trigger
13 9/18/2006 11:21 AM No Trigger No Trigger
14 9/20/2006 11:25 AM No Trigger No Trigger
15 9/22/2006 1:05 PM No Trigger No Trigger
16 9/27/2006 1:34 PM No Trigger No Trigger
17 10/9/2006 5:06 PM No Trigger No Trigger
18 10/11/2006 3:14 PM No Trigger No Trigger
19 10/16/2006 5:03 PM 0.0063 106
20 11/3/2006 3:.02 PM No Trigger No Trigger
21 11/8/2006 1:38 PM No Trigger No Trigger
22 11/13/2006 3:.57 PM No Trigger No Trigger
23 11/21/2006 5:03 PM No Trigger No Trigger
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These recordings show that the maximum ground vibration as of November 21, 2006, at either mine portal is0.0225 ips.
Since amaximum blast vibration level of 0.30 ipsis allowed at the portal for compliance, the scaled distance formulaisa
very conservative blast design criteriato protect the portal openings.

Existing Bat Research
During research, the following relevant information was found:
1) Maximum blasting vibrationsthat would maintain roof integrity.

David Siskind's book titled “Vibrations From Blasting” had very encompassing information on maximum blasting vibrations
and underground mine roof failures. Dr. Siskind evaluated nine separate studies from the United States, India, and South
Africa. These studiesincluded coa and hard rock. He declares:

“Thereis much variation between the structure and geologic conditions represented by the nine studies (and 12
sites) detailed above. A general observation is that major failure such as roof collapse and pillar failure would
require vibrations greater than about 12 in/s. In some cases, |oose pieces were dislodged at lower vibration
levels of about 1.2 to 5 in/s. Low-level vibrations, certainly below 1.0 in/s, have been found to be totally
harmless to underground workings, even active ones where rockfalls are a personal hazard.” *

2) Distancesthat bats migrate underground for hibernation.

Temperature, humidity, and airflow levels generally determine how far bats migrate underground for hibernation.
Temperatures need to range from 37 to 43’ F and have an average relative humidity of 87%. Only two references could be
found that documented distances that hibernating bats were found underground. The first was a report written by Dr. Richard
F. Myers, in 1975 titled “ Effect of Seismic Blasting on Hibernating Myotis Sodalis and Other Bats’.* Dr. Myers’ winter study
in east-central Missouri determined that several bat clusters were found anywhere from the cave entrance to 500 feet inside
the limestone cave. The other reference was from a 2005 winter bat survey performed at Greer Lime' s Hellhole Cavein
Pendleton County, West Virginia. Figure 7 reveals that bats had migrated up to 614 linear feet from the limestone cave
opening. Discussions with Alan Hicks, biologist with the New Y ork State Department of Environmental Conservation,
revealed that endangered bats migrated up to 2,300 feet in abandoned iron ore minesin New Y ork.

Little has been published on vibration levels that might awaken bats during their hibernation period. Dr. Myers report
concluded,

“Thereis no evidence from this study that blasting of the type and magnitude used here, as close as 120 m
(394’) to M. sodalis and 30 m (98') to P. subflavus, is disturbing to these species during hibernation. Nor is
there reason to think other types of blasting in which PPV reaches 0.02 ips will affect them. The presence
of humans was the most disruptive force acting upon the bats during the study.” *

This study was disputed by Alan Foster, of Vibra-Tech Engineers, Inc., after his study at Germany Valley Limestone (Greer
Lime Hellhole Cave) in 1985. Mr. Foster states,

“ ... thereisvery little source data available to enable us to determine what vibration levels can be expected
to disturb the hibernating bats. The one published paper; * Effect of Seismic Blasting on Hibernating Myotis
Sodalis and other Bats' 1975 by Richard F. Myers, simply states that the bats were not disturbed at 0.02
inches per second. Thisis an unrealistic criteria since no disturbance was noted and in the same report it
states that four people walking within 6" of the geophone produced levels of 0.055 inches per second.”®
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Figure 7. Distance to Primary Bat Roosting Sites from Entrance Drop of Hellhole Cave.

Mr. Foster also references the “ Glen Park Hydroel ectric Project”, a study conducted in Watertown, New Y ork, by James A.
Besha P.E., by saying,

“Another unpublished study, carried out by Glen Park Associates, on a hydroelectric project in Watertown, NY, involved
the video taping of bats using infra-red lights during a period from January to May, 1985. All blasts were monitored at
the cave entrance and peak levels of up to 0.20 inches per second were recorded. ... This more relevant data tends to
indicate that 0.20 inches per second as recorded at the cave entrance, is amore practical lower limit since it has been
shown to cause no disturbance to the Watertown bats.”®

The " Glen Park Hydroelectric Project” study states,

“Asreported in the Conservationist (Nye), a habitat of Myotisis located in the Jamesville area near
Syracuse in alimestone formation that has been under continuous quarrying activity by the Allied
Chemical Corp. since 1920. This quarrying activity involves blasting of all types. Loading limits of 200
pounds of explosive per delay as close as 1,000 feet from the caves during the winter are common.
Observers have recorded PPV of 0.05 ips 1,400 feet from the blast site. The habitat islocated 1,000 feet
from the quarrying operation, thus seismic velocities are certainly higher at the caves. It is extrapolated
that the PPV at the cavesisno lessthan 0.25ips. ... There has been no decrease in the population at
Jamesville since observations began in 1969 (Hicks) recent observations since 1977 have found increasing
number of bats.”®

This same bat study concludes in the Blast Plan,

“Based upon the experience of [Richard] Myers, the observations at the Jamesville site, and the Off Site
test blast program, alimitation of 0.10 inches per second of peak particle velocity is planned.” ©

Another method to determine vibration levels that disturb hibernating bats is an attempt to correlate blast log and seismic
recordings with bat survey data. Information from Vibra-Tech Engineers report in 1985, blast log and seismic records from
2004 through 2005, and data from awinter bat study at Greer Lime Hellhole Cave in Pendleton County, West Virginia, were
analyzed. Although many blasts were conducted, there were numerous no triggers recorded at the Hellhole site.
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VibraTech Seismic Data— Hellhole Cave

DATE SCALED DISTANCE | SURFACE PPV (IPS) | SUB-SURFACE PPV
8/13/1985 129 0.05 0.03
8/14/1985 100 0.10 0.05
8/15/1985 98 0.10 No Recording
8/16/1985 102 0.05 0.0375
8/21/1985 99 0.12 0.0435
8/28/1985 133 0.12 No Recording
9/5/1985 94 0.07 No Recording
9/10/1985 101 0.07 No Recording
9/26/1985 162 0.02 No Recording

2004-2005 Greer Lime Seismic Data— Hellhole Cave
DATE SCALED DISTANCE SURFACE PPV (IPS)
1/8/2004 106 0.10
1/12/2004 327 0.01
1/23/2004 323 0.01
1/29/2004 107 0.10
2/19/2004 175 0.06
2/27/2004 173 0.06
3/26/2004 176 0.06
4/5/2004 98 0.16
5/11/2004 80 0.16
4/13/2005 212 0.04

Regression analysis of the data determined its validity as a predictive model for various scaled distances. Thisisimportant
for predicting surface blast vibrationsin areas directly over bat nesting areas of the cave system.

As seen in Figure 8, aminimum of 0.70 has been obtained as a correlation coefficient (R?). Although only 19 surface data
sets were obtained, it is felt that the calculated regression surface equation has some validity as a predictive model.
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Figure 8. Hellhole Cave Data.
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Figure 7 shows that the endangered bats are roosting approximately 537 to 614 feet farther than the seismograph locations.
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Using the predictive equation of 154 * (D / W) *®where:

D = Seismograph distance from the blast
W = Maximum pounds per delay detonated within an 8-millisecond delay period

Calculations can now be made to predict the surface ground vibrations at a point 614 feet from than the cave openings. For
the blast of May 11, 2004,with a scaled distance of 80 and arecording of 0.16 ips at the cave opening, 614 feet away would
equate to a surface vibration of 0.081 ips.

Another potential set of valuable data is subsurface ground vibration measurements and corresponding surface vibrations.
Thetable “Vibra Tech Seismic Data— Hellhole Cave” reveals that underground measurements are 1.33 to 2.76 times less
than surface measurements. The predicted 0.081 ips surface vibration would now indicate a subsurface vibration level of 0.03
t0 0.06 ips.

During the winter of 2005, a bat survey was conducted at Hellhole Cave by the West Virginia Division of Natural Resources
(WVDNR) and included participants such as FWS and consultants with bat expertise. This report concluded that between
2001 and 2005, the Indiana bat population increased from 8,566 to 11,890 bats. The Virginia big-eared bat increased from
5,286 to 5,359 bats over the same time period. It is surmised from the analyzed data and research that endangered bat
populations can prosper even when exposed to blasting vibration levels of 0.06 to 0.20 ips. According to FWS, hibernating
bats awaken every 8 to 10 daysto join small bat clusters or fly about elsewhere in the cave. Vibration level intensities
necessary to waken abat during this sleep cycle would vary.

Under ground/Surface Geophone Data

To establish the relationship between surface and subsurface ground vibration differences, research was conducted at both an
active underground and a surface mine. Initial discussions with mine managers conducted in May, 2006, established a
research location. Coordinates were obtained for an existing underground geophone being used as a compliance point for the
active underground mine. A surface seismograph geophone was placed directly above the underground geophone using these
same coordinates. Fortunately, the surface location was not in the path of surface production blasting or excavation
operations. The surface geophone was kept at thislocation from May 3, 2006 until June 13, 2006. Three events were
recorded on the surface and underground geophones during this period. The seismic trigger information is as follows:

SURFACE EVENT UNDERGROUND SURFACE/UNDERGROUND
DATE (PPV) EVENT RATIO
(PRV)
5/16/2006 0.220 0.060 3.7x
5/18/2006 0.230 0.060 3.8x
5/22/2006 0.110 0.040 2.8x
Average 3.4x

Because mining was progressing away from the seismographs, it was decided to establish a new OEB surface and

underground geophone location for research purposes. On July 13, 2006, geophones were placed vertically in-line with each
other (Figure 9 and 10).
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Figure 9. Surface Geophone Location.

Figure 10. Underground Geophone Location.
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Underground seismic trigger levels were reduced to 0.005 ips to ensure as many blasts as possible were recorded. From July
13, 2006 to November 13, 2006, atotal of 40 surface and underground blast events were recorded. They are asfollows:

SURFACE UNDERGROUND
DATE EVENT EVENT SURFACE/EX‘.PI%RGROUND
(PPV) (PPV)

7/13/2006 0.095 0.020 4.8x
7/17/2006 0.235 0.030 7.8X
7/20/2006 0.110 0.028 5.5x
7/25/2006 0.155 0.033 4.7X
8/2/2006 0.140 0.030 4.7
8/4/2006 0.120 0.020 6.0x
8/8/2006 0.145 0.038 3.8x
8/9/2006 0.025 0.005 5.0x
8/10/2006 0.025 0.010 2.5X
8/16/2006 0.080 0.025 3.2
8/18/2006 0.020 0.005 4.0x
8/21/2006 0.065 0.018 3.6X
8/24/2006 0.020 0.005 4.0x
8/25/2006 0.055 0.015 3.7X
8/28/2006 0.120 0.048 2.5X
8/29/2006 0.075 0.020 3.8x
8/31/2006 0.235 0.058 4.0x
9/5/2006 0.020 0.008 2.5X
9/6/2006 0.210 0.033 6.4x
9/7/2006 0.020 0.010 2.0x
9/11/2006 0.025 0.008 3.1x
9/12/2006 0.400 0.085 4.7X
9/15/2006 0.300 0.058 5.2
9/18/2006 0.115 0.023 5.0x
9/19/2006 0.165 0.028 5.9x
9/21/2006 0.088 0.028 3.1x
10/17/2006 0.050 0.010 5.0x
10/18/2006 0.090 0.018 5.0x
10/19/2006 0.030 0.013 2.3X
10/20/2006(1) 0.500 0.095 5.3x
10/20/2006(2) 0.020 0.008 2.5X
11/9/2006 0.030 0.010 3.0x
11/13/2006 0.030 0.010 3.0x
11/14/2006(1) 0.035 0.013 2.8
11/14/2006(2) 0.100 0.020 5.0
11/15/2006 0.020 0.008 2.7
11/20/2006 0.120 0.023 53
11/21/2006 0.085 0.020 4.3
11/27/2006 0.170 0.025 6.8
11/28/2006 0.105 0.013 8.4
Average 4.3x

Figure 11 depicts the surface blast locations in the above table from August 25 to October 20, 2006, in relation to the
underground seismograph geophone locations and coal pillars.
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Figure 11. Surface Blast Locations, August 25 — October 20, 2006.

By plotting the surface PPV recordings versus the corresponding underground PPV measurements, alinear trend line can be
created (Figure 12). Thistrend line allows the prediction of underground roof vibrations based on surface vibration levels of
0.50ipsor less.
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Reasons for the difference between Hellhole cave and coal mineratio levels are thought to be from:
e Larger vibration data sets for the active surface and underground mine;

e Differencesin geophone placement - Hellhole Cave had the subsurface geophone coupled to the cave entrance floor,
while the active mine geophone was bolted directly to the mine roof. A 1980 report from Hayatdavoudi and Brown
states:

“During the course of investigation, seismic monitoring had to be standardized. In essence,
several placesin the underground mine were investigated for instrumentation. Later on, it was
found that monitoring of pillars and mine floor vibration should be avoided and the best place
that gave the highest response was found to be the center of crosscuts.””

e Stratatype and thickness were varied. Hellhole Cave seismic responses were measured in limestone to an
approximate vertical difference of 190 feet. The active coal mine seismic events were measured through sandstone,
shale, and coal layers to a depth of 376 feet. Thisis shown in the table below; and

o Differences between quarrying and surface mine blasting techniques.

MATERIAL THICKNESS TOTAL FT.
(FT.)

Sandstone 30 30
Sandy Shale 4 34
Sandstone 4 38

Coal, Upper Kittaning 2 40
Sandstone 5 45

Coal, Middle Kittaning 2 47
Sandstone 20 67

Coal, Middle Kittaning Rider 5 72
Shale 3 75

Sandy Shale 27 102
Sandstone 16 118

Coal, Lower Kittaning Rider 2 120
Sandy Shale 10 130
Shale 22 152

Coal, Lower Kittaning 4 156
Sandstone 80 236
Shale 6 242

Sandy Shale 6 248
Sandstone 16 264

Coal, Stockton 10 274
Sandstone 46 320
Sandy Shale 11 331
Sandstone 45 376

Other research on surface to underground vibration ratios reflected in the following table are varied because of many
blasting, seismic, and geologic variables. This type of research could be enhanced by studies conducted at other surface
and underground operations with different rock strata and thicknesses.
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OTHER SURFACE / UNDERGROUND PPV RATIO RESEARCH
MINE TYPE GEOPHONE VERTICAL SURFACE /
LOCATION DISTANCE UNDERGROUND
RATIO
Coal® Mine roof and rib 160’ Avg. 2.4
Limestone’ Inside Borehole 50 Avg. 2.0
Coal™ Minerib 100'-187' 1.26—2.99

Resear ch Findings

OEB research revealed that surface seismographs would record ground vibrations at alevel of 2.0 to 7.8 times higher than
underground vibrations. To calculate theoretical vibrations on the Fire Creek mine roof, surface seismograph units were
placed at various distances from the blasts to generate data used for regression analysis. Data from the mine portals were also
used in the analysis. A regression analysis on 44 seismic data points can be used to predict surface vibrations at various
distances from the blast site. The regression curve is shown in Figure 13.
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Figure 13. Regression Analysis—NPS, June 19 — November 21, 2006.

The graph indicates several important parameters. Mainly, with an R? of 0.92, the datais of sufficient quality and quantity to
use as a predictor of blast vibrations at this site.

Using the predictive equation (PPV = 106*(SD) %), current surface blasting near the NPS using a maximum of 100 pounds
per delay, would calculate a surface vibration of 0.065 ips at 959 feet from the permitted area (approximate extent of the bat
hibernacula). Using the underground predictive equation 0.19 * surface vibration + .0039, avalue of 0.016 ipsis calculated
for aroof vibration.

A maximum of 0.41 ipswas recorded on during a blast on July 13, 2006. Seismograph location was 306 feet from the blast
and 1,887 feet from portal 2D. Based on calculations using this data, should the bats hibernate more than 1,887 fee from the
portal opening, aroof vibration of 0.082 ips is predicted.

Under the premise that hibernating bats can withstand vibration levels of up to 0.20 ips, this research implies not only isthe

scaled distance formula adequate to protect the immediate Fire Creek roof, but that current blasting would not affect
hibernating bats. This scenario is depicted in Figure 14.
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Figure 14.

Conclusions

Information concerning blasting vibrations and bat hibernaculais very scarce. OEB research indicates:

As proposed by the permittee in the Blast Plan, scaled distance is more than adequate for compliance at
New River Gorge National River Park portals and will protect the integrity of the abandoned underground
coal mine roofs (bat hibernacula). The scale distance formulais also sufficient for protecting hibernating
bats that may migrate up to 1,877 feet into the Fire Creek seam.

Theimmediate Fire Creek roof should not be jeopardized by vibration levels of 1.00 ips;

Per OEB data, underground vibration levels are 2.0 to 7.8 times |ess than surface vibration levels. A
predicted linear equation for underground PPVs[0.19 * (surface vibration) + 0.0039] was generated for
surface vibrations of less than 0.50 ips;

Hibernating bats may withstand vibration levels of 0.06 to 0.20 ips (Hellhole and Watertown conclusions)
without adverse effects; and
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e Batshave migrated up to 2,400 feet in abandoned iron ore mines. In West Virginialimestone caves, bats
have migrated up to 614 linear feet into their hibernacula.

Research collected for this project will also have great benefit for site-specific blast plans submitted to OEB by
surface coal operators. These site-specific blast plans are required when blasting within 500 feet of active
underground operations.

Currently, the coal mine permittee mentioned in this report has submitted a Surface Mining Application for mining
near other bat hibernacula near the New River Gorge National River Park. A worthwhile endeavor might be a

collaborative effort between OEB, the permittee, NPS, FWS, and OSM on effects of surface blasting on endangered
bat populations. It is assumed this project would be one to two yearsin length.

Bibliography

1) “Bat-Swarming Inventory at Abandoned Mine Portals at New River Gorge National River, West Virginia': 2005.
J.E. Gates and J. Johnson. Page 13.

2) West Virginia Geological and Economic Survey: “Fayette County”: 1919. R, Hennen, D. D. Teets, R. C. Tucker,
and A. M. Hagan. Pages 108, 109

3) “Vibrationsfrom Blasting”: 2000. D. Siskind. International Society of Explosives Engineers. Pages 77, 78.
4) *“Effect of Seismic Blasting on Hibernating Myotis Sodalis and Other Bats’: 1975. R. Myers, Ph. D.
5) vibra-tech engineersincorporated: “ Germany Valley Limestone, Inc.”. 1985. G. A. Foster. Page 3

6) “Glen Park Hydroelectric Project, Supplemental Report, Article 34, Indiana Bat Monitoring Requirements’: 1984. J.
Besha, P.E. Pages 5, 9

7) “Useof Seismographsin Quality Control of Surface Mine Blast and Adjacent to Underground Mines’: 1980. A.
Hayatdavoudi and R. C. Brown. Page 457

8) “Wave Propagation in a Subsurface Environment Due to Blasting Operations’: 1981. D. A. Clark and R. E. Cavin.
Page 35

9) “Blast Vibration Effects Upon a Deep Injection Well and the Reduction of Ground Vibration Over Depth”: 1994. J.
A. Straw and J. P. Shinko, Jr. Page 36

10) “Vibration Characteristics on Surface and in Underground Openings from Opencast Mine Blasting”: 2006. P. K.
Singh and M. P. Roy. The Journal of Explosives Engineering. Page 18

Jim Ratcliff isthe program Manager for the West Virginia DEP Office of Explosives and Blasting (WVOEB). He started

with the WV OEB in January 2002. Heisresponsible for conducting surface mine blasting research for the state. He serves

as ablasting expert for the agency and is manager and instructor over the WV Surface Mine Blaster Certification program.
He has 25 years of mining experience serving in various positions in the operations and engineering aspects of the industry.
He holds a BS Degree in Mining Engineering from West Virginia Institute of Technology.

129






Surface Mine Blasting Effects on
Underground Bat Habitat

Presented by Jim Ratcliff, WVDEP,
Office of Explosives and Blasting

Concerns with blasting on a West Virginia surface
mine and impacts on possible bat hibernaculum.

¢ 2006 permit issues on a proposed 16 acre surface coal mine
permit, located in Fayette County, WV near New River Gorge,
National Park Service (NPS).

¢ Abandoned underground coal mine with extensive works in
the Fire Creek seam below the surface mine.

* NPS and US Fish & Wildlife raised concerns that the old
underground mine works potentially harbored endangered
Indiana bats, because they were documented in area.

¢ Surface mine was located on private property, however the
mine portals of the old mine works were located on park
property.

Surface Mine Background Information

* This proposed surface mine involved reclaiming
an old pre-law high wall on abandoned surface
mine site.

* The surface mine was in the final stages of the
permitting process when issues arose.

¢ Permit was appealed with protection of the bats
the key issue at underground mine.

Species of endangered bats in West
Virginia that were a concern in area

¢ Indiana (Myotis sodalis)
* Virginia big-eared (Corynorhisus
townsendii virginianus)

Agencies involved and concerned
about blasting near bat hibernaculum

¢ National Park Service (NPS)

* Fish and Wildlife Service (FWS)

* Office of Surface Mining and Reclamation
(OSm)

¢ West Virginia Dept of Environmental
Protection - Office of Explosives and Blasting
(WVDEP/OEB)

Blast Ground Vibrations - Basics

* Ground Vibrations from a blast are a function of the
amount of explosives used per delay and,

¢ the distance from the blast to a specific structure.

¢ Vibrations have a frequency component resulting from the
delay interval between charges.

¢ Blast vibration is characteristic of a particle oscillation,
back & forth across a central position, much like a cork
floating in a ocean wave.

¢ The wave decays or dissipates with distance or with
disruption of the transference medium.




What are the Most Important Parameters
in Evaluating Blasting Effects?

= Location of the blast

= Location of the compliance structure(s)

= Distance between the structure(s) and blast

= Charge weight per delay

= Shot Confinement
= Type of blast
= Geological characteristics

Examples of vibrations, particle
waves traveling through a medium

FAAAAAAES

Vibration Energy

L
. Structure
Blast / Airblast \
1,100 fps t

/%

Underground Mine ~ \

— N~ T
Body Waves Surface Waves
20,000 fps 5,000 fps

Scaled Distance Equation or PPV

WYV and Federal law stipulate minimum scaled distance
factors and use of a scaled distance formula to be used for
the protection of structures.

OR
Monitor the blast vibration with a blasting seismograph at the

structure to insure the blast vibrations do not exceed the
allowable limits, measured in peak particle velocity (PPV)

Scaled Distance Equation

Where,

W = Maximum weight explosive per 8ms delay (Ibs)

D = Distance from the blast to structure (ft)

SD = Scaled Distance (factor)

Ground Vibration Criteria

Distance SD PPV (ips)
0 - 300 50 1.25
301 - 5000 55 1.00
5001 - greater 65 0575

For perspective, the blast plan used the agreed limit
of 0.3 ips (inches per second) for the portals and SD
formula for the underground bat hibernaculum.




Examples Using Scaled Distance Formula
for Max. Weight Explosives

W = (D/SD)?
W = (295 ft /50)*= [ |lbs/delay
W = (1100 ft /55)° =[_|lbs/delay

W = (5010 ft /65)° =[] Ibs/delay

Parameters Affecting Charge
Weight per Hole

Borehole Diameter

¢ Borehole Height

* Type of Explosive

* Density of Explosive

¢ Amount of Stemming/Decking

1
Bi
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Blasting Vibration Concerns at the Proposed
Surface Mine and Impacts on Bats

* Damage potential to mine portal entrances.

¢ Mine roof collapse adversely impacting bat
habitat.
¢ Partial mine roof collapse disrupting air-flow.

Vibrations disturbing hibernating bats
resulting in energy loss and starvation.
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Eagle Ridge Mine and old mine portal locations that were being used
by various species of bats based on 2002 and 2005 inventories, near
the town of Thurmond and New River Gorge National River Park.
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Placement of Geophones on Mine Portal Roof

.

AR
R T e

Geophone Bolted to Roof

Seismograph Locked to Bat Ga

Collection of Baseline Data

Seismographs were put into place on May 24,
2006,

Blasting did not begin until June 19, 2006.
Baseline data was recorded to measure natural
movement of the roof before blasting began.
Low sensitivity seismographs able to detect
ground vibration levels as low as 0.002 ips.
Seismic data prior to blasting at portal 2D and 2A
were recorded.




Baseline Data at Portal 2D and 2A

Seismology and were able to detect ground vibration levels as low as 0.002 ips. Seismic
results prior to blasting at portal 2D are as follows

DATE TIME PPV (IPS) AIRBLAST (dB)
5302006 12:05 AM 003 <100
5302006 12:07 AM 0075 <100
53012006 12:12 AM 0113 <100
573012006 12:58 AM 0288 <100
5302006 1:00 AM 0188 <100
57302006 1:09 AM 10025 <100
6/2/2006 728 PM 0025 134 ]
61472006 811 AM 0075 <100

Seismic results prior toblasting at portal 2A are as follows:

TIME PPV (PS) AIRBLAST (dB)
11:10 PM 0125 <100
2! 11:00 PM 10025 <100
692006 529 AM 005 <100
/112006 132 AM 0023 <100
6/13/2006 10:20 PM 0300 <100
6/15/2006 1:00 PM 0175 [_m

Blasting Plan for the Surface Mine

¢ OEB installed seismograph monitoring at two
portal sites.

¢ Portal vibration limits not to exceed 0.3 ips.

¢ Abandoned Fire Creek U/G mine workings
located 475 ft below the surface mine, will be
considered a protected structure and protected
by use of the Scaled Distance Formula.

¢ Continual monitoring at two portal sites for
temperature outside and inside the mine
openings.

Portal 2D Seismograph Data - Blasting

Blast distances varied from 1,887 to 2,828 feet at portal 2D_ Seismic data obtained from June
19 to November 21, 2006, is as follows

SHOT # DATE TIME PPV (IPS) AIRBLAST (dB)

1 6/19/2006 1:01 PM 0.0100 106

2 6/22/2006 12:48 PM 0.0150 106

3 7/10/2006 1:36 PM .

4 7/11/200 2:45 P) No Trigger No Trigger
5 7/137200 3:35 P) 0.0075 06

6 7/18/2000 3:30 PM No Trigger No Trigger
7 7727200 5:28 PM 0.0125 <100

8 8/2/2006 2:51 PM 0.0075 106

9 8/10/2006 2:43 PM No Trigger No Trigger
10 8/21/2006 2:58 PM No Trigger No Trigger
11 9/7/2006 2:39 PM 0.0100 =100
12 9/13/2006 2:47PM 0.0075 <100
13 9/18/2006 1121 AM 0.0075 <100
14 9/20/2006 11:25 AM 0.0100 =100
15 9/22/2006 1:05 PM No Trigger No Trigger
16 9/27:2006 1:34 PM 0.0100 <100

17 10/9/2006 5:06 PM 0.0100 <100
18 10/11/2006 3:14 PM 0.0075 <100
19 10/16/2006 3:03 P) 0.0200 <100
20 11/3/2006 3:02 PM No Trigger No Trigger
31 11/8/2006 138 PM No Trgger No Trgger
22 11/13/2006 3:57PM 0.0100 <100
23 11/21/2006 5:03 PM 0.0100 <100

Portal 2A Seismograph Data - Blasting

Blast distances varied from 3,514 to 4,514 feet at portal 2A_ Seismic data from June 19 to
November 21, 2006

SHOT # DATE TIME PPV (IPS) | AIRBLAST (dB)

1 6192006 1:01 PM 0.0050 106

2 6/22/2006 0.0050 106

3 7/10/2006 =100

3 7/11/2006 No Trigger No Trigger
5 7/13/2006 Y rigger
6 7/18/2006 gger
7 7/27/2006 gger
B 8/2/2006 No Trigger Trigger
9 §/1072006 No Trigger No Trigger
0 8212006 No Trigger No Trigger
11 9/7/2006 No Trigger No Trigger
12 5/13/2006 No Trigger No Trigger
13 5/18/2006 No Trigger No Trigger
14 92012006 25 No Trigger No Trigger
15 5322006 05 No Trigger No Trigger
s 5/27/2006 3 No Trigger No Trigger
17 10/9/2006 : No Trigger No Trigger
is 10/11/2006 314 PM No Trigger No Tri

19 10/16/2006 5:03 PM 0.0063 106

20 11/3/2006 3:02 PM No Trigger No Trigger
21 11/8/2006 138 PM No Trigger No Trigger
22 11/13/2006 3:57 PM No Trigger No Trigger
23 11,21/2006 5:03 PM No Trigger No Trigger

Blast Monitoring Results by OEB for
Surface Mine near NRG area

¢ The OEB monitoring recorded a maximum ground
vibration of .0225 ips.

¢ The maximum blast vibration level of 0.30 ips was
not exceeded at the portal.

¢ The use of “scaled distance formula” was very

conservative blast design criteria to protect the

portal openings.

For perspective, a earlier U/G study recorded

people walking 6 ft from geophone produced
vibrations at levels of .055 ips.

Comparison of Underground vs. Surface
Geophones at Active U/G Mine

¢ Other ongoing OEB research during the same time
looked at the relationship between surface and
subsurface ground vibrations.

* Research was conducted at an active underground
mine, with overlying active surface mine.

¢ There was an existing seismograph being used as a
compliance point in an active underground mine.

¢ OEB established a surface monitoring point directly
above this existing underground geophone.

* Monitoring at this location from May thru June
2006, resulted in only three events recorded.




SURFACE
GEOPHONE
LOCATION

Surface Mine Geophone Installation

Deep Mine Geophone Installation

Underground vs. Surface Geophone Data

SURFACE | UNDERGROUND | §
DATE EVENT EVENT SURF.-\(.EIET_II‘)II(E)RGROIWD
(PPV) (PPV)
5/16/2006 0.220 0.060 3.7x
5/18/2006 0.230 0.060 3.8x
5/22/2006 0.110 0.040 2.8x
Average

Underground vs. Surface Geophone

With only 3 events recorded, and

Mining was progressing away from the
seismographs.

New surface and underground geophone
location was established.

Surface blast vibrations were recorded from
July thru November 2006.

Underground vs. Surface Geophone Data, Site 2

SURFACE | UNDERGROUND | o5 ~
DATE RS EReRo SURFACE/UNDERGROUND
PPV) )
1373008 093 020 =8
1772008 PEF] E Bx
T20/2006 T (b EEY
253008 033 7=
2008 & O3t 7=
2008 b 030 Ox
2008 3 038 3
3006 v 003 Ox
1072008 2. 010 3x
[ S183006 030 02 iy
153006 020 003 Ox
2172006 083 0135 Sx
3373006 030 0035 Ox
3573006 055 015 T
28/3006 130 048 X
3008 073 030 =
3008 335 038 Ox
372008 020 008 T
82008 210 033
3008 030 010 —=ox |
TI73008 0% (0] =
T33008 200 033 T
ST5/3008 300 =
ST133006 11 >3 Ox
1573008 1 3 X
173006 088 P Ix
0/17/3006 030 1 Ox
0/18/3006 090 1 O
0/15/3006 030 1 3%
TO/Z0/2006(1) 300 093 3=
10/20/2006(2) .020 008 2.3x
11/9/2006 .030 010 3.0x
1171373006 030 o1 3.0x
T1/1/2006C1) 03 o1 3
TI/1373006(D) . [h] 30
1373506 X P
2073006 13 3
3173006 XL 020 £
3006 1 73 re
2008 103 13 |
Average |

During OEB Research, the Following
Relevant Information was Found

¢ Maximum blasting vibrations to maintain roof
integrity had been previously established.

¢ Dr. Dave Siskind evaluated nine separate studies from
the United States, India, and South Africa for U/G
mines.

¢ Major failure such as roof collapse and pillar failure
would require vibrations greater than about 12 in/s.

* In afew cases loose rib material was dislodged at
vibration levels of about 1.2 to 5 in/s.

¢ Low-level vibrations, certainly below 1.0 in/s, have
been found to be totally harmless to underground
workings.




In Closing

¢ Need to continue to evaluate blasting vibration
levels in Appalachian U/G mines for both miners
and bats.

¢ Continued vibration research at bat habitat areas
like Hellhole and others have been
overshadowed with other concerns like disease.

* There is a need for bat vibration sensitivity data.

e OEB is on the Web at www.dep.wv.gov/dmr/oeb

Reference Studies for Continued
Information

Temperature, humidity, and airflow levels generally determine how far
bats migrate underground for hibernation.

Temperatures need to range from 37° to 43° F and have an average relative
humidity of 87%.

Only two references could be found that documented distances that
hibernating bats were found underground.

The first was a report written by Dr. Richard F. Myers, in 1975 titled “Effect
of Seismic Blasting on Hibernating Myotis Sodalis and Other Bats”.* Dr.
Myers’ winter study in east-central Missouri determined that several bat
clusters were found anywhere from the cave entrance to 500 feet inside
the limestone cave.

The other reference was from a 2005 winter bat survey performed at
Greer Lime’s Hellhole Cave in Pendleton County, West Virginia. The study
revealed that bats had migrated up to 614 linear feet from the limestone
cave opening.

Discussions with Alan Hicks, biologist with the New York State Department
of Environmental Conservation, revealed that endangered bats migrated
up to 2,300 feet in abandoned iron ore mines in New York.

References on levels of blasting vibrations
that would disturb hibernating bats?

« Little has been published on vibration levels that might awaken bats during their hibernation
period.

* In 1975 Richard F. Myers, simply states that the bats were not disturbed at 0.02 inches per second.
It was noted in the same report that four people walking within 6’ of the geophone produced levels
of 0.055 inches per second, not causing any disturbance.

*  “Glen Park Hydroelectric Project”, a study conducted in Watertown, New York, by James A. Besha
P.E., involved the video taping of bats using infra-red lights during a period from January to May,
1985. All blasts were monitored at the cave entrance and peak levels of up to 0.20 inches per
second were recorded. ... This more relevant data tends to indicate that 0.20 inches per second as
recorded at the cave entrance, is a more practical lower limit since it has been shown to cause no
disturbance to the Watertown bats.

* A habitat of Myotis is located in the Jamesville area near Syracuse in a limestone formation that has
been under continuous quarrying activity by the Allied Chemical Corp. since 1920. This quarrying
activity involves blasting of all types. Loading limits of 200 pounds of explosive per delay as close as
1,000 feet from the caves during the winter are common. Observers have recorded PPV of 0.05 ips
1,400 feet from the blast site. The habitat is located 1,000 feet from the quarrying operation, thus
seismic velocities are certainly higher at the caves. It is extrapolated that the PPV at the caves is no
less than 0.25 ips. There has been no decrease in the population at Jamesville since observations
began in 1969. Hicks recent observations since 1977 have found increasing number of bats.”®




ACTIVE MINING RECOVERY OPPORTUNITIES:
BOONE NORTH NO. 3 SURFACE MINE

J.D. Wilhide
Compliance Monitoring Labs, Inc.
Chapmanville, West Virginia

Abstract

In the summer of 2005, a pregnant female Indiana bat (Myotis sodalis) was captured in the Bull Creek area of Boone County,
West Virginia. Thiswas the first of three female Indiana bats captured during an endangered species bat survey for Boone
North No. 3 Surface Mine. Bats were radiotagged and tracked to five separate roost trees. Exit counts were conducted to
determine colony size. The primary roost tree (40 — 50 bats) was located along a ridge top that forms the boundary between
Boone and Kanawha counties and is the southern border of the Kanawha State Forest. These findings prompted the opening
of formal consultation with the United States Fish and Wildlife Service and subsequently the establishment of a 2-mile radius
buffer zone around the primary roost tree. We will examine how these events have affected Boone North No. 3 Surface Mine
and other surface mines within the buffer zone. We will examine the permanently established conservation and protection
efforts by mining companies in the area as well as document the ongoing plans to continue the protection and enhancement of
the Indiana bat population in the Bull Creek area.

Introduction

The Indianabat (Myotis sodalis) was listed as endangered by the USFWS pursuant to the Endangered Species Preservation
Act on March 11, 1967 (32 Federal Register 4001). Listing was warranted based primarily on large-scale habitat loss and
degradation, especialy at winter hibernation sites and significant population declines that continue.

Thirteen winter hibernacula (11 caves and two mines; Table 2) in six States were designated as Critical Habitat for the
Indiana bat in 1976 (41 Federal Register 187). The only designated critical habitat in West Virginiais Hellhole Cave, a
Priority 11 hibernaculalocated in Pendleton County, approximately 135 air miles from the action area. Hibernacula priorities
| through |11 are based upon population sizes at the various sites. Priority |: hibernation sites with arecorded population
>30,000 bats in a given survey since 1960 (although two of these sites currently have extremely low numbers of bats);
Priority 11: recorded population >500 but <30,000 bats in a given survey since 1960, and Priority 111: <500 bats (USFWS
1983).

Despite the protection of approximately half of the known major hibernacula (Currie 2002), range-wide population declines
continue. Inthelast fifteen years, appropriately constructed bat gates have been correctly installed in caves, allowing for
protection of hibernating bats and restoration of the microclimate. Although most of these efforts were completed by 1990
and resulted in some recolonization of traditional hibernacula, there have not been corresponding overall population increases
(Clawson 2002).

Land use practices have been identified as a suspected cause in the decline of the Indiana bat, particularly because habitat in
the Indiana bats' maternity range has been changed dramatically from pre-settlement conditions in the following ways. the
vast mgjority of old-growth forests have been harvested and remaining forests are fragmented to varying degrees; fires have
been suppressed; prairies have been replaced with agricultural systems; native plants have been replaced with exatics, and
diverse plant communities have been simplified. These changes can have profound effects through factors such as loss of
suitable roosting habitat caused by the removal of large trees and by areduction of the diversity and abundance of insects on
which the Indiana bats prey (USFWS 1983; Kurtaand Murray 2002; Kurta et al. 2002; McCracken 1988; Racey and
Entwistle 2003).

The action areais located within aregion underlain by coal deposits and, therefore, is subject to past, present, and future
mining activities. 1n 2003, a number of federal agencies and the WV DEP published a Draft Programmatic Environmental
Impact Statement (EIS) on mining/valley fillsin Appalachia (U.S. Environmental Protection Agency 2003). The EIS study
areaincluded the coalfields of Appalachiain eastern Kentucky, southwest Virginia, southwestern West Virginiaand a small
portion of Tennessee, covering an area of over 12.2 million acres. Studies conducted for the EIS anticipated significant
impacts to aguatic and terrestrial habitats as aresult of mining activities.
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Existing and projected (10-year) future impacts are expected to total 2,400 miles of streams and 2,200 square miles of land,

or 11 percent of forested habitat in the Appalachian coalfields region. Although this entire areais considered potential
summer (maternity) habitat for the Indiana bat, the only confirmed maternity sites occur adjacent to the project areathat isthe
subject of this consultation and a second area al so located in Boone County, West Virginia.

Study Area

While overall West Virginiais 78 percent forested (USDA 2004), Boone County is the most heavily mined county in the
state (West Virginia Coal Association, 2010). Boone County isin the southern part of West Virginia (Figure 1), and is
centered in one of the major coal districts of the State. Over 10,000 acres of surface mining was permitted in the county
between 2000 and 2005 (West Virginia Coal Association, 2010). The Raven Crest Contracting, LLC, Boone North No. 3
Surface Mine (BN3) (Project Area) can be found on the United State Geological Survey (USGS) Racine quadrangle map,
7.5-minute series in Boone County, West Virginia (Figure 2). A significant amount of surface mining is concentrated around
the Racine quadrangle and there are several adjacent surface mines found in the vicinity of the Project Area

Figure 1. Genera location of Boone North No. 3 Surface Mine in Boone County, West Virginia.
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Figure 2. Location of Boone North No. 3 Surface Mine and its proximity to the Kanawha State
Forest.

Background/History
2005

During the routine environmental survey for endangered bats required for the permitting of coal mining projects, three
pregnant femal e Indiana bats (Myotis sodalis) were captured in areas adjacent to the BN3. All three bats were fitted with
transmitters with frequenciesin the 151 MHz range; these transmitters were less than 5% of the bat’ s body weight. Tracking
was conducted for the life of the transmitter (until the transmitter was groomed off and located, or did not move for three or
more days). A total of five roost trees were located. An areaequal to 0.10 hectare circular plot around each roost tree was
characterized to determine percent ground cover, mid- and understory closure, and percent canopy cover. Roost trees were
also identified to species (2 - Shagbark hickory (Carya ovata), 2 - Pine (Pinus sp.), & 1 —White oak (Quercus alba)),
diameter at breast height, and height of each individual roost tree was determined.

Exit counts were conducted at various times on al roost trees and it was determined that one tree served as the primary
maternity roost tree (Pinus sp.) with exit counts of over 40 bats. Thiswas only the second Indiana bat maternity colony to be
discovered in West Virginia. This primary maternity roost tree located along the southern border of the Kanawha State
Forest was the center point of atwo-mile buffer zone established by the United State Fish and Wildlife Service (USFWS).
With the establishment of this buffer zone, any activity falling within its radius was immediately subject to initiation of
formal endangered species consultation with the USFWS. Boone North No. 3 Surface Mine fell within this radius and the
events that follow are the results of those initial meetings with the USFWS (Figure 3).
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Figure 3. Location of roost trees, Indiana bat (Myotis sodalis) capture sites, and the US Fish
and Wildlife Service two mile buffer zone centered on the primary maternity roost tree.

2006

With the capture of afemale Indiana bat and the location of a maternity roost in the summer of 2005, a Biological
Assessment (BA) (CMLI, 2006) with aformal protection and enhancement plan was required by the West Virginia
Department of Environmental Protection (WVDEP) and the USFWS. The BA established a base line with what was
currently known about Indiana bats in the area. It also documented and examined current and future mining projects within
the buffer zone in an effort to provide the best possible picture of what impacts may be affecting this population.
Conservation measures set forth in the BA are asfollows:

e  Establish apreservation area surrounding the primary roost tree approximately 433 acresin size (Figure 4).

e  Establish 100-foot riparian buffer zones along Left Fork of Bull Creek and Bull Creek extending to the Big Coal
River to maintain as much Indiana bat foraging area as possible (Figure 4).

e To conduct tree-clearing activities between November 15 and March 31. During these time periods, bats are
expected to be in hibernation and should not be present on site.

e Implement a post-mining re-vegetation plan that will prevent erosion, provide future travel corridors, foraging areas,
and include trees known to be used by Indiana bats.

e Minimize impacts to the bats by a phased-mining process, in which areas are reclaimed as the mining process moves
from west to east across the project area.

e Set up ajoint monitoring partnership between the Property owner and the Kanawha State Forest. Monitoring should
extend a minimum of two years beyond the life of the project.

The summer of 2006 began the first year of the annual monitoring with the capture of an additional pregnant female Indiana
bat. Shewas tracked to apreviously located roost tree.
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Figure 4. Location of the 2006 Indiana bat capture site (yellow dot) and conservation measures
established in the Biological Assessment.

2007

Two thousand and seven (2007) proved to be ayear of learning and re-evaluation of the conservation measures that had been
established and how those measures will be applied and managed. We were provided with several challengesthis year that
forced an examination of how the conservation efforts could be better implemented and how information was disseminated to
the public, aswell asinteragency personnel. Thiswastruly alearning year for all involved with this project.

The original BA had to be amended (Amendment No. 1) in order to account for 15 acres that were logged outside of the
designated timber cutting season (November 15 — March 31). Thisincident also required a change in the statement of how
BN3 would impact the Indiana bats in the area from “not likely to adversely affect” to “may likely adversely affect.” An
Incidental Take Statement (ITS) was now required to be added to the BA. The fifteen acres that were removed were a
younger forest type with dense midstory that minimizes bat flight corridors (Burford and Lacki 1995; Erickson and West
1996) and with limited snags. Although it may not have represented prime foraging and roosting habitat (Figure 5), itis
important to note when it was lost, during the early summer when bats are still replenishing themselves from winter
hibernation (Barclay and Harder 2003) and establishing roosting sites.

This was also the summer that we discovered that a gas company had constructed aroad and were drilling agaswell in the
center of the preservation area (Figure 5). The gaswell site was less than 100 meters from the primary roost tree. This
presented an interesting challenge in that the gas company had all the required permits but somehow had not been informed
that they were in a protected area and were in close proximity to an endangered species maternity colony. After being
informed of the situation, the gas company did suspend all activities until late in the fall and early winter when the bats had
migrated to hibernation sites. All work in the area was completed before the bats returned in the spring. Thisincident
prompted a more open interaction between interagency offices and demonstrated the need for better lines of communication
between agencies, the public, and companies that might have interestsin and around the preservation area.

Prichard Mining Company, Inc. (PMC) elected to assume presence of Indiana bats on their Fourmile Fork Surface Mine,
which is almost entirely located within the two-mile buffer zone (Figure 5). PMC as part of their protection and
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enhancement plan did the following: added 135 acres to the preservation area, installed 20 — two-chambered, rocket style bat
boxes (Figure 6) and established funding to support the annual monitoring as prescribed in the original BA.

The annual monitoring in the area did not produce any Indiana bat captures from sites where Indiana bats had been
previously captured. No additional sites were surveyed this year.

Figure 5. Location of areawhere timber was removed, road was constructed by gas
company into Preservation Area, additional area added to preservation area,
Fourmile Fork Surface Mine, and bat boxes.

Figure 6. Example of the two-chambered, rocket
style bat boxesinstalled by Prichard Mining.
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2008

Due in part to the events that occurred in 2007, this year proved to be the year that we intensified our efforts to manage and
protect this population of Indiana bats. Thisyear could also be called arebuilding year in that every effort was made to
inform all interested parties of the conservation efforts that are/were ongoing in the area. Raven Crest Contracting added a
small, 15-acre areato BN3 (Figure 7). The additional areadid not require any additional documentation and all previously
established conservation measures remained in place.

During 2008, it was discovered that four of the five roost trees had fallen, including the primary maternity roost tree. There
had been several severe storms during the winter and early spring, and after examination it was determined that all downed
roost trees had been lost through natural causes. After several discussions with the WV DEP and USFWS, it was decided that
every effort possible must be made to capture an Indianabat and document that they were till in the area. Mist net surveys
were conducted at 30 sites throughout the preservation area and the Kanawha State Forest (Figure 7). Netting was done
following the established guidelinesin the Indiana Bat Draft Recovery Plan (USFWS 2007). A single juvenile female was
captured outside the normal netting season in the Kanawha State Forest. This bat was not fitted with atransmitter due to the
lateness of the capture date and that bats in the area are typically moving to hibernation sites. The capture of thisjuvenile
female did provide intuitive information on the status of Indiana bats in the area. From this capture we can draw the
conclusion that thereis still aviable reproductive population of Indiana bats existing in the area.

Figure 7. Location of additional mist net survey sites (yellow dots) and late season
Indiana bat capture site (red dot).

2009

Raven Crest Contracting, LL C proposes to add an additional 45 acres to the Boone North No. 3 Surface Mine project. This
addition requires an amendment to the original BA (Amendment No. 2) with an updated ITS. This amendment requires a
more detailed Protection and Enhancement Plan with additional conservation measures. The WVDEP also requests a letter
of commitment to the conservation measures from Raven Crest Contracting, LLC. Thisrequest of aformal |etter that
acknowledges the conservation measures and a statement of commitment to them are uniquein that it had not been done
previously. To their credit, Raven Crest stepped up and agreed to provide the WV DEP with a letter acknowledging their
continued commitment to the conservation and long term protection of the Indianabat in the area. As part of the newly
updated Protection and Enhancement Plan, Raven Crest elected to install 10 two-chambered, rocket style bat boxesin the
preservation areain areas where Indiana bats had been previously captured and adjacent to fallen original roost trees (Figure
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8). Raven Crest also agrees to construct small (<4 meter diameter) wildlife pondsin upland areas to be part of the mining
reclamation adjacent to the preservation area.

Penn-Virginiaand Raven Crest elect to post signsin and around the preservation area to provide information that the areais
protected because of endangered species and all activities are restricted without written permission.

During the annual monitoring, a single female Indiana bat was captured in early June. Thisfemale was captured in the
Kanawha State Forest at the 2008 capture site. A radio transmitter was applied and the bat was tracked for the duration of the
battery life (10 days) but was never located.

Figure 8. Location of the additional 45 acres (light green) to be added to Boone North
No. 3 Surface Mine, bat boxes (blue green squares), Preservation Area signs (yellow
squares with “w”), and Indiana bat capture location (red dot).

2010

Routine visual examination of the 30 bat boxes revealed nine of the 20 installed by Prichard Mining and four (4) of the ten
(10) installed by Raven Crest had bats occupying them during the summer of 2010 (Figure 9). Exit counts were not
conducted because visual inspections only had one or two bats in the occupied boxes. There was no effort made to capture
any of the batsin an effort to minimize any disturbance that would cause bats to abandon the roost boxes. If bats return next
year, acoustic surveyswill be conducted to determine species present. If these surveys prove to be inconclusive, attempts
will be made to capture the bats for positive identifications.

This year also marked the final year of the annual monitoring as prescribed in the original BA. No Indiana bats were
captured during this year’ s netting effort.
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Figure 9. Nine of the 20 bat boxes installed by Prichard Mining and four of the 10 installed
by Raven Crest were occupied by bats during the summer of 2010.

Recovery Opportunities

This project demonstrates in many ways just what can be accomplished when there is an atmosphere of mutual trust,
understanding, cooperation, and willingness to explore unique management ideas. The level of cooperation and willingness
to accept conservation measures specific to bats demonstrated by Penn-Virginia, Raven Crest, and Prichard Mining truly
reflects a positive image of the mining community. These companies chose to see this as an opportunity to become a pro-
active partner in the conservation efforts of this population of Indiana bats. This positive attitude allowed the author and
agency personnel the ability to approach this work as a manageable challenge rather than having to deal with it as a problem.

Penn-Virginiatook the first step by setting aside 433 acres of land that fully enclosed the majority of the roost trees as a
preservation area. Although there were some early communication issues, this served as a major component of the
conservation and protection plan. Creating a preservation areawhere activities are more limited and controlled allows for
more diverse conservation and management opportunities. Prichard Mining then followed by adding 135 acres to the
preservation area established by Penn-Virginia, bringing the total protected areato 568 acres. This additional acreage
completely encloses the headwaters of Road Fork, the areawhere the original captures were made.

Prichard Mining and Raven Crest also installed 30 two-chambered, rocket-style bat boxes within and adjacent to the
preservation area. The placement of bat (roost) boxes by Prichard Mining and Raven Crest on active mining sites and
adjoining areas had not been done in West Virginia prior to this project. Raven Crest also took the same proactive approach
by installing bat boxes in areas where previously discovered roost trees had been lost. As previously stated, 13 of the 30 bat
boxes had bats occupying them during the summer of 2010.

Penn-Virginia, Prichard Mining, and Raven Crest all agreed to provide funding for the continued monitoring of the Indiana
batsin the area. Thisfunding provided for five years of additional surveys, radio transmitters for tracking, and production
and installation of signsidentifying the area and its use restrictions to be posted around the boundaries of the preservation
area.

139



Summary and Discussion

This project began with what many in the mining industry fear the most: finding an endangered species on or adjacent to the
mining project area. To make matters worse, several roost trees and a major maternity colony (2™ in the state) were also
discovered. There are many in the mining industry that would see this as aworst case scenario and do all they could to make
it go away. That'swhere this project takes adramatic turn. Instead of attacking this as a problem and working to make it
disappear, Penn-Virginia, Prichard Mining, and Raven Crest took a pro-active approach and elected to become partnersin the
conservation and management of this population of endangered bats. By taking a more positive approach, these mining
companies set a new standard on what could be done to protect a neighboring (endangered) species and still mine coal.
Although surface mining has a dramatic effect on the landscape, if more companies were willing to go the distance on
management and protection, the impacts on the habitat could be minimized and mitigated so that wildlife (in this case, bats)
can still exist in close proximity to working mining operations.
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Active Mining Recovery
Opportunities:

Boone North No. 3 Surface Mine

BACKGROUND / HISTORY

Raven Crest Contracting, LLC

Boone North No. 3 Surface Mine
Boone County, West Virginia

PROTECTING BATS AT COAL MINES?

> 3 Female Indiana Bats
> 5 Roost Trees
> Exit Counts 5 — 49 bats

> Establishment of 2 mile Buffer Zone




> Raven Crest Contracting, LLC

>Biological Assessment (BA)
»Protection and Enhancement plan
»Riparian Buffer Zone
»Establish Preservation Area (433 ac)
»Annual Monitoring

> Female Indiana Bat captured
»>No new roost trees (using existing roost)

> Prichard Mining Company, Inc.
> Assumes presence of Indiana Bats
»Protection and Enhancement Plan
> Installs 20 bat boxes
» Additional 135 acres added to Preservation Area
»Funding for annual monitoring

> Raven Crest Contracting, LLC
» Amendment No. 1 to original BA
»Incidental Take Statement
»Logging out of season

> Gas well road into Preservation Area within 100
m of primary roost tree

> No Indiana Bat captures

Prichard Mining Company, Inc.

- 20 two chambered rocket style bat boxes installed during
the Fall and Winter 2007 — 2008.




2008

> Roost Trees
>4 of B original trees fallen from natural causes

> Kanawha State Forest
> 1 Female Indiana bat captured (late season)

> Raven Crest Contracting, LLC
»>Addition of 25 acres to Boone North No. 3

4 of 5 Roost Trees have fallen:
Primary Roost Tree

> Kanawha State Forest

>»Female Indiana bat captured
»Same location as in 2008

> Raven Crest Contracting, LLC
»Amendment No. 2 to original BA
»Addition of 45 acres to Boone North No. 3
»>New Protection and Enhancement Plan
»Letter of commitment to conservation measures
»Installation of 10 bat boxes
Secondary Roost Tree >Wildlife ponds

»Signs for Preservation Area (Bull Creek Wildlife
Preservation Area)




2010

> Raven Crest Contracting, LLC
>4 of 10 bat boxes have bats
>Final year of Annual Monitoring (BA 20085)

> Prichard Mining Company, Inc.
»>9 of 20 bat boxes have bats

> No Indiana Bat Captures

BULL CREEK
WILDLIFE PRESERVATI

Bull Creek Wildlife Preservation Area Signs
Installed Fall and Winter 2009/2010




Recovery Opportunities

> Annual monitoring of populations

> Avoidance of established roost trees
> Bat Boxes

> Preservation Areas

> Post mining tree planting

> Tree harvesting

> Wildlife Ponds

> Challenges not Problems
> Partners in conservation
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West Virginia Department of Environmental Protection —
Office of Abandoned Mine Lands (WVDEP/AML)
Preservation Efforts of Potential Bat Habitat

Raobert Rice
West Virginia Department of Environmental Protection
Office of Abandoned Mine Lands

Abstract

Since entering into a programmatic agreement with the Fish and Wildlife Service in 2008, the WV DEP Office of Abandoned
Mine Lands has preserved approximately 75 mine openings with bat friendly closures. Many of these openingswerein a
state of collapse and due to the quick actions of the DEP, they are now stable. Due to the age and rock structure of many
portalsit is not uncommon for mine openings to be open today and completely sealed by rock collapse tomorrow.

Unlike limestone cave entries, mine entries are often in shale or severely fractured sandstones making the entries more
susceptible to freeze and thaw cycles. Therefore, standard bat gates are not always the most appropriate method for sealing
mine entries. The WV DEP has elected to use bat gates constructed in culverts as the common method for sealing mine
entries. By utilizing gates constructed in culverts to seal portals, the areas prone to collapse can be stabilized. Additionally,
by installing gates constructed in culverts, the highwall or faceup can also be backfilled without restricting reclamation.

Asthe WV DEP moves forward in its efforts to preserve potential bat habitat, it has become clear that current construction
constraints have limited our ability to preserve potential habitat to the best of our ability. Currently, construction of bat gates
islimited to summer months only in an attempt to prevent disturbance to hibernating bats. By alowing the installation of bat
gates constructed in culverts throughout the year, we would be preserving portal entries that could become completely
collapsed by the time the spring construction season starts. However, the WV DEP is aware of the detrimental effects that
disturbing hibernating bats can have. Can the installation of bat gates constructed in culverts be done in a manner that will
not be detrimental to hibernating bats?

Preservation Efforts

Since entering into a programmatic agreement with the U.S. Fish and Wildlife Service in 2008, the WVDEP/AML has
preserved approximately 75 mine openings with bat friendly closures. Many of these openings werein a state of collapse and
dueto the quick actions of the WVDEP/AML, they are now stable. Due to the age and rock structure of many portals, it is
not uncommon for mine openings to be open today and completely sealed by rock collapse tomorrow.

Unlike limestone cave entries, mine entries are often in between shale or severely fractured sandstones making the entries
more susceptible to freeze and thaw cycles. Therefore, standard bat gates are not always the most appropriate method for
sealing mine entries. The WVDEP/AML has elected to use culvert bat gates as the common method for sealing mine entries.

Culvert gates allow for reclamation to better resemble the original contour of the landscape. Thisis due to the ability to
backfill the highwall, which is necessary to establish the estimated original contour. Additionally, by backfilling highwalls,
AML isaso eliminating the health and safety hazards associated with the highwalls.

Culvert gates stabilize the shales that are frequently associated with the strata above and below WV coa mines, thus, better
preserving the mine entries. Mine openings, associated with AML sites, can come and go with the seasons. These openings
will close and open without warning during freeze/thaw periods and during heavy rain events which could trap hibernating
bats or allow for drastic changesin air flow (collapsed openings are permanently stabilized with modified mine seals).

Culvert gates can be installed with much lessrisk to contractors. By installing culvert gates, excavators can be used to
maneuver the culvert into place rather than having workers drill and weld within the mine entry. Additionally, the gate can
be assembled in a controlled environment such as aworkshop and hauled to the worksite for the equipment operator to
install.
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Culvert gates are cheaper to install than typical AML mine seals or wet-seals. The vast mgjority of AML mine entries have
drainage associated with them due to historic mining practices. Without pumps to remove water, the easiest way to drain
water from a mine was to mine up dip and let the water flow out. The mine seal must accommodate drainage or the mine seal
becomes a dam and creates an underground impoundment that could potentially blowout. Wet-seals consist of excavating the
entrance down to the coal pavement, installing bulk heads, risers, drains, clay seals, and stone bedding. A typical mine seal
iscomparablein cost to aculvert bat gat. Both culvert bat gates and wet-seals alow for water to flow freely from the mine
workings. However, by assuming presence, AML is able to skip the costly portal surveys and install bat gates.

Currently, construction of bat gates is limited to summer months only in an attempt to prevent disturbance to hibernating
bats. By allowing the installation of culvert bat gates throughout the year, we would be preserving portal entries that could
become completely collapsed by the time the spring construction season starts. However, the WVDEP/AML is aware of the
detrimental effects that disturbing hibernating bats can have. Can theinstallation of culvert bat gates be done in a manner
that will not be detrimental to hibernating bats? This question was asked during the 2010 OSM Forum “ Protecting
Threatened Bats at Coal Mines’ to the speakers and audience.

The general consensus was that construction could happen during the winter under specia circumstancesif extra precautions
were taken to prevent disturbance. The WVDEP/AML is currently working with various state and federal agenciesto
determine when winter installation would be acceptable and what precautions should be met for winter installations.

Robert Rice has been employed by the WV Department of Environmental Protection Office of Abandoned Mine Lands
since 2006. Part of his dutiesinclude being a planner with the WV DEP isto delineate where mine portals are located that
need to be sealed in a bat friendly manner and acquire the environmental clearancesto do such. He has been previously
employed by Sanders Environmental from 2001-2004 as a team |leader for Sanders Environmental, conducting mist net &
harp trap surveys, constructed bat gates, and tracked captured Indiana bats utilizing telemetry. He contracted to conduct mist
net surveys on the Monongahela National Forest in 2002. In 2000, he was on loan from Sanders Environmental and assisted
Cal Butchkowski, with the PA Game Commission, at Canoe Creek State Park on an Indiana Bat maternity colony telemetry
project.
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PENNSYLVANIA BAT GATING EFFORTS

Calvin M. Butchkoski
Pennsylvania Game Commission
Harrisburg, Pennsylvania

Abstract

In Pennsylvania, the seven hibernacula with the highest interior bat counts are mines; four of these harbor the federally
endangered Indiana bat (Myotis sodalis). The hibernaculum with the highest bat count has evidence of both coal and
limestone extraction. Eighty-seven percent of bats tallied in Pennsylvania hibernacula are in mines. Of the abandoned coal
mines where safe interior counts cannot be conducted, at least 3 have very significant bat populations as evidenced through
live-trapping, use of bat detectors, and mortality outside the mines after they were affected by White-nose Syndrome (WNS).
Because bats have adopted abandoned mines as primary overwintering habitat, management of mines as hibernaculaisa
priority. Pennsylvania has approximately 75 gated hibernacula on record; they include 42 abandoned coal mines, 18 other
mines (limestone, iron, clay), and 15 limestone caves. All 42 coal mines were gated by the Pennsylvania Department of
Environmental Protection, Bureau of Abandoned Mine Reclamation or the U.S. Department of Interior, Office of Surface
Mining Reclamation and Enforcement (OSM). Gates are installed for avariety of reasons that include: a significant
hibernating bat population; gating may be more cost effective than backfilling; or engineering requires that an opening be
maintained (for drainage, etc). Gate design takes 3 basic factorsinto account: 1) to exclude humans for safety and to
minimize disturbances to bats-gate must be robust and easily repairable if vandalized; 2) the gate must incorporate proven
designsthat allow bats to fly through; and 3) the gate(s) and entrance area must provide for the natural air flow in and out of
the mine so that the interior environment is not degraded. With the spread of WNS, which causes significant mortality of
hibernating bats, providing more hibernacula for smaller populations may be a management option, especially if WNSis
found to be most severe in hibernaculawith high densities of bats. Mines may also offer more environmental variables (i.e.
colder, drier sections) to buffer WNS impacts. Now more than ever, hibernacula management and protection must be
emphasized.

Introduction

In the mid-1980’s, the Pennsylvania Game Commission (PGC) entered a partnership with the OSM and the Pennsylvania
Department of Environmental Protection, Bureau of Abandoned Mine Reclamation (BAMR) to conduct bat surveys at coal
mine openings scheduled for reclamation. Bat use of abandoned minesiswell documented (Altenbach and Pierson 1995;
Altenbach et al. 2001; Ducummon 2001; McAney 1999; Tuttle and Taylor 1998; Tuttle and Kennedy 2002). The volume of
surveys needed was more than PGC staff could accomplish; shortly thereafter BAMR began awarding contracts to private
environmental companies to survey mine portals for the presence of bats. The contracted company must obtain a special-use
permit from the PGC to do the surveys. The permitting process requires reporting to the PGC and the dataiis preserved in a
netting/trapping database. Due to dangerous interior conditions, surveys of coal mines are done using harp traps, mist nets,
and acoustics at entrances to sample the species and abundance at a site. Survey results may require gating and/or
consultation with the PGC when bats are captured; otherwise the site can be reclaimed. Sometimes sites or the entire
landscape surrounding the sites are too dangerous or unstable to provide for a gate. In these cases, closures occur during the
summer months using exclusion techniques (Sherwin and Foss 2004) where possible. In Pennsylvania, surveys are conducted
in spring (April 10 through May 10) and fall (September 15 through October 31).

Gating and M odifications

Gates areinstalled for a variety of reasons that include: a significant hibernating bat population; gating may be more cost
effective than backfilling; or engineering requires that an opening be maintained (for drainage, etc). Gate design takes 3 basic
factors into account: 1) to exclude humans for safety and to minimize disturbances to bats-gate must be robust and easily
repairable if vandalized; 2) the gate must incorporate proven designs that allow bats to fly through; and 3) the gate(s) and
entrance area must provide for the natural air flow in and out of the mine so that the interior environment is not degraded.

Pennsylvania has 75 gated hibernacula on record. They include 42 abandoned coal mines, 18 other mines (limestone, iron,
and clay) and 15 limestone caves. Approximately 900 bat surveys (netting/live-trapping) have been done at 600 coal mines
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sites of which ~280 had bat captures and 205 sites had 10 or fewer bats captured. Not all gated coal mines have been
surveyed. In some cases, BAMR and OSM find that it is more efficient to gate a site with no surveys conducted.

Three coal mines (all in the anthracite region) have documented Indiana bat (Myotis sodalis) use. Another limestone mine of
which portions have coal extraction (bituminous) is also an Indiana bat hibernaculum. The 7 hibernacula with the highest
interior counts (~5,000 to ~90,500 bats) are mines (non-coal). Through live-trapping, at least 3 coal minesrival these 7 in bat
activity during spring/fall.

When a gating project involves earth—moving, preserving air flow within the tunnels is always a concern (Fig. 1). In some
cases, earth-moving can provide better habitat (Fig. 2).

In many cases during reclamation projects, there is heavy equipment involved and modifications can be easily achieved with
correct planning. The same holds true with extensive tunnels if they are mapped with elevations indicated. Gating the upper
entrances with bat-friendly designs (Tuttle and Taylor 1998) while closing lower el evation openings to prevent the escape of
cold air, can create exceptional hibernation environments for bats in some cases.

Underground Temperatures - Hibernation

Typical Underground
Temperatures in PA

Cold Air Trap (Rare)

Figure 1. Temperatures of 3°-7° C are considered optimum for Indiana bat hibernacula (Tuttle and Kennedy
2004). These temperatures require a cold air trap where cold air flows into a site while warm air rises and
vents out, resulting in some cold air being trapped within the lower tunnels to achieve the af orementioned
temperatures.
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Additional fill was pushed from surface above

Foreground was blasted to throw debris into openings.

e F

Figure 2. Existing large tunnels on state land needed to be closed for safety reasons. Fill was blasted and
pushed into 3 openings. Two gated openings at the top provided an exchange of air and allowed cold air
to drop into the lower portions of the mine. The next winter, Indiana bats were found in the site for the
first time.

Bat White-Nose Syndrome Consider ations

White-nose Syndrome (WNS) is an emerging disease affecting bats in hibernacula that can result in 2-year population
declinesin excess of 75% (Blehert et al. 2008). In Pennsylvania and el sewhere in the northeast, some hibernacula have
experienced a 99% decline (Frick et a. 2010). A newly described fungus, Geomyces destructans (Gargas et a. 2009), isthe
probabl e infectious agent. Two Pennsylvania abandoned coal mine sites with large numbers of bats were found due to WNS.
These were previously unidentified bat hibernacula. Local residents reported the sites and investigations found extensive
mortality at the entrances with bat carcasses layered in the snow pack. Nine abandoned coal mines have documented WNS
infections and all coal minesin the northeast coa region of Pennsylvania are likely already infected. Some common bat
species may experience extensive declines as time of exposure continues to impact populations, leading to the possibility of
extirpation or extinction (Frick et al. 2010).

However, WNS is a new emerging disease and much remains to be learned:

Do affectsincrease as bat density increases?

Do environmental factors within hibernacula play arole (cold and dry versus wet and warm)?
What is the etiology of WNS?

What is the ecology of Geomyces destructans?

Will there be survivors?

Recently WNS has been found in France (Puechmaille et al. 2010) with no apparent mortality. It is possible that the fungus
has been present in Europe for along time and bats may have developed immunity. If thisis the case, there may be hope for
survivorship.
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With the spread of WNS, providing more hibernacula for smaller populations may be a critical management option,
especialy if WNSisfound to be most severein hibernacula with high densities of bats. WNS research is focused on sites that
number in the hundreds to thousands of bats; little or no monitoring is being done at hibernaculawith 1 to 100 bats. In
Pennsylvania, of ~300 sites with interior hibernacula counts of 1 or more bats, ~230 have tallies of <100 bats. Eventually,
when monitoring of these small hibernacula begins, extra care will be needed to prevent WNS contamination.

Mines likely offer avariety of environmental conditions (i.e. colder, drier sections) that may minimize the impacts of WNS.
Pennsylvania mines also offer many small hibernaculawhere 10 or fewer bats are captured in netting/live-trapping surveys.
In the past, emphasis for preservation and management of hibernacula focused on sites with significant bat populations and
those with species of concern. Researchers and managers should now begin management of sites once considered
insignificant with just afew common species. Now more than ever, hibernacula management and protection must be
emphasized for all species and sizes of populations. Once considered insignificant, some smaller sites may turn out to be
critical refugiawith regard to WNS.
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Pennsylvania Bat Gating Effo

Pennsylvania hibernacula surveys are conducted and evaluated by Pa. Game Commission staff or in the case of
most coal mines, by the Department of Environmental Protection (BAMR) and the Office of Surface Mining.
Often times these relate to complaints.

BAMR regularly contracts private sources for bat surveys of problem areas.

Sites may be gated for several reasons which include:

The 7 hibernacula with the highest interior counts are mines - one of which has documented coal extraction.

Through trapping, at least 3 coal mines rival these 7 in bat activity.

_~] InPennsylvania, 3 coal mines and one limestone mine with evidence of coal
P | extraction contain hibernating populations of Indiana bats.
<3 —_ - — T
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Eighty-seven percent of bats tallied in Pennsylvania hibernacula are in mines

has 75 gated on record; they include 42 abandoned coal mines,
18 other mines (limestone, iron, clay), and 15 limestone caves.

- Distribution of gated sites and bat surveys of coal mine openings.
(Bat surveys at coal mines = approximately 900
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Abandoned Anthracite Coal Mine Subsidence, Luzerne Co., PA

Ice on October 2, 2003 !

Site has significant visitation by public with illegal dumping and campfires within the mine

Bat Gates

*
Vertical Openings

HIBERNATIO

Crite
»Bat-Friendly Design
»Keep People Out

»Provide for Natural Air Flow

The vertical configuration
of this site makes it a safety
issue.

The same vertical configuration creates ideal
hibernacula temperatures (38-45*F) within.

Site is one of larger hibernacula, as evidenced by bat captures including Indiana bats.

>Gated with perimeter structure to deter trash dumping that could result in a mine fire.

>Bats fly through interior rubble and are not easily accessed by humans.
(Gated by OSM, Wilkes-Barre office)
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Sometimes the land use is compatable with maintaining bat habitat
...but sometimes it just doesn’t work out.

Reclamation returns abandoned spoils to usable land.

the middle of a reclamation project
designed for a business park.

X Trapping revealed a significant bat site.

Unfortunately it was in the way of a
planned building complex.

Through old maps and bore holes,
the passage was traced to amore
secure location and a vertical
entrance was drilled - creating

new entrance. p




The site was gated and the trapping results showed success with
significant captures and was considered a “win/win” solution by all.
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White Nose Syndrome (WNS)
is resulting in >90% decline of
hibernating populations.

rm at Hartman Mine, Can

Population modeling using existing data shows a possibility of species extinction
<
However, WNS is a new disease and much remains to be learned.

.
>Do the affects increase as bat density increases?

>Do envi nental factors within hibernacula play a role
(cold and dry#wet and warm)?

>Will there be survivors?

"
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As the business park expanded, the opening was moved again by the developer without
consulting biologists. The relocated opening is now in the middle of an open lot and
very few bats use it.

However, this exercise does illustrate the potential for creation of new openings - as a
last resort of course

With the spread of WNS, which causes significant mortality of hibernating bats, providing
more hibernacula for smaller populations may be a management option, especially if WNS
is found to be most severe in hibernacula with high densities of bats. Some mines may also
offer a variety of environmental conditions (i.e. colder, drier sections) that buffer the
impacts of WNS.

Now more than ever; ®
hibernacula (both large and small)
management and

protection must be 7
emphasized for f
all speci ‘ :



Pennsylvania
Bat Gating

Efforts
>END<

%

By:
Cal Butchkoski




MICROCLIMATE RESEARCH TO SUPPORT ENDANGERED SPECIES
OF BATSIN HELLHOLE AND SCHOOLHOUSE CAVE AND
TECHNOLOGICAL ADVANCEMENTSIN MONITORING SYSTEMS

Mike Masterman, Anvesh Singireddy, and Shana Frey
Extreme Endeavors
Philippi, West Virginia

Abstract

Extreme Endeavors has been working under contract with Greer Lime to monitor the environment of Hellhole and School-
house Caves to protect one of the largest hibernacula and roosting sites of endangered species of bats. In this sixth year, we
have developed and are continuously improving a cave monitoring system that records microclimate data which has
redefined how the underground environment is viewed. We will present the system used to produce this data and some novel
results that detail what drives the underground conditions that house the endangered bats.

The undertaking of precise and accurate data collection from environments such as these caves located in Pendleton County,
West Virginiarequired significant el ectronics research and development and with the technological advancements made, the
monitoring potential is unlimited in the future. The future technology available to researchers will be presented and
discussed.

Introduction

Greer Lime isthe largest limestone producer in West Virginia. The company provides a valuable resource that is used to treat
drinking water and to save rivers and streams from acid mine drainage. While the need for limestone is clearly evident, sois
the need to protect natural resources. A common objective for both mine operators and governmental regulatorsisthe
protection of these valuable resources around the mine.

Under permit by the West Virginia Department of Environmental Protection, Greer Lime must monitor the environments of
Hellhole and Schoolhouse Caves because of the Endangered Species Act. Both Hellhole and Schoolhouse Caves have
significant numbers of endangered species of bats hibernating and roosting at their respective sites. The question that
surrounded this agreement was how an adverse impact to the underground environment is defined and what mechanism
created the irregularity.

In 2004, Extreme Endeavors was contracted by Greer Lime to provide environmental monitoring in accordance with its DEP
permit. Development of a data collection system that had to be created specifically for this application, taking into account
the austerity and general conditions of the target environments is what makes this project more advanced than the great
majority of environmental monitoring projects.

To compound the environmental issues associated with conservation and mining, very little knowledge is available as to why
bats select certain locations to hibernate and other locationsto roost. To complete the daunting task of providing a highly
precise monitoring system, while providing the resulting data in such way that it would be accessible from anywherein the
world through the internet, Extreme Endeavors designed the ‘ Cave Monitoring System.” Since then, it has continuously
worked to expand the research to provide the greatest benefit for the wildlife, not only in this particular instance, but as a
whole.

Cave Monitoring System

The driving challenges were to withstand the harsh cave environment while remaining precise and reliable. The development
started with a small module that samples temperature, pressure, and light. The sampling of air pressure incorporated a Micro
Electro Mechanical System (MEMYS) based sensor that was developed as an altimeter for precise missile guidance and
provides an accuracy and precision of .002 PSI. The temperature sensor utilized a 1 Kilo-Ohm platinum element and
provides a precision of .01 Degrees Fahrenheit. The datafrom these sensors s collected and stored on an on-board 64MB
memory chip. These electronics are enclosed in an air/water tight aluminum box (Figure 1).
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Figure 1. Cave Monitor Sensor.

Schoolhouse Cave is outfitted with a sensor package on the surface and another positioned some 600 linear feet underground,
centered in a passageway that is regarded as the hibernacula of Virginia Big Ear bats. These locations are shown in Figure 2.
The modules in this cave are referred to as Mod11 on the surface and Mod12 inside the cave.

MODULE 11
' { | Surface

MODULE 12
In Cave

Figure 2. Sensor Location in Schoolhouse Cave.

Asshown in Figure 3, Hellhole has atotal of four sensors. The surface sensor (Mod21) is located next to the fence line, out
of the sun, and just inside the sinkhole. The interior sensors are located in three different areas: in the passageway to the
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Shipp Room (Mod22), also referred to as the Triple Dome Location; in the corkscrew passage that leads to the southern
extension of Hellhole Cave (M0d23); and in the Hellhole Lower Sodalis site (Mod24).

All the modules in each cave are connected to a surface module which acts as a gateway between the radio system and the
modules. The data from the caves transmitted from the entrance of the cavesto arepeater station located on a mountain top
(Figure 4). From there the signal isrelayed down to the base station at Greer Lime's scale house using a 900MHz radio
system with 128-bit encryption. At the scale house, a Linksys router is used to connect the ‘ Cave Monitoring System’ to the
Internet.

Figure 3. Sensor Locationsinside Hellhole Cave.
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Figure 4. Portable Repeater System.

Temperature Data Results

Datalogged at the Hellhole and Schoolhouse Caves is downloaded weekly via a secure internet connection. Thisdatais
processed using the proprietary MATLAB code that analyzes the temperature trends and fluctuations of the cave passages.
Changesin environmental conditions are compared to the daily, monthly, and annual trends recorded during previous years
and are documented in a project plan. What makes this approach feasible is how Extreme Endeavors has defined its approach
to temperature monitoring, viewing the cave temperature as a dynamic and ever changing system.

Figure 5 shows the difference in the quality of the sensor system developed by Extreme Endeavors versus the standard
sensors used by current regulatory agencies. Extreme Endeavorsis using the advanced sensor system to analyze the micro-
environment and perform advanced analysis of the dynamic temperature cycle a cave goes through on both short and long
time frames.

Hellhole, Mod22, Breakdown Passage to Shipp Room Temperature
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Figure 5. Extreme Endeavors Data versus Regulatory Agencies Data.
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While most people understand seasonal temperature variations that occur in a cave passage from winter to summer, as shown
in Figure 6, closer analysis shows that the cave passages also undergo various environmental factors that affect the daily
microclimate as well. If we take a discrete Fast Fourier Transform to look at the data in the frequency domain, we will find
that every passageway being monitored displays daily, twice daily, and three times daily temperature changes. The discrete
FFT of Hellhole is shown in Figure 7.

Figure 6. Annual Variation in Temperature for Lower Sodalis Site Temperature.

Figure 7. Mod22 Fast Fourier Transform of Temperature Data.

To better understand the environment of a cave, we have to determine what drives that environment. First, we can easily see
the variationsin daily external air pressure causing changes in the cave by pushing and pulling air from different passages of
the cave. However, the temperature in the cave has been shown to be affected by water levels present in various locations.
At the Lower Sodalis sitein Hellhole, for example, we found that daily temperature variations increased drastically then
subsided after alargerainfall. The passageway behind the Lower Sodalis site is normally sealed with water, but when the
water levels become sufficiently low, the passageway is opened up. This allows air to flow and thereby changes the
environment of the passage. When heavy rainfall then occurs, it seals the passage back up, returning it to what we view as
the normal operating condition.

It should aso be noted that for the last two years the Mod24 passage has remained fairly stable in its temperature and that
snowfall datais needed to properly summarize the groundwater levels. In the two winters since we saw large daily
temperature cycles inside of Hellhole, the amount of snowfall has been increasing. When the snow melts, it raises the water
levels underground and keeps the passageways behind the Lower Sodalis site closed off from air movement.
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Figure 8. Mod23 Fast Fourier Transform of Figure 9. Mod24 Fast Fourier Transform of
Temperature Data. Temperature Data.

Most of Hellhole and other caves in the region are notably warmer than the Lower Sodailis site. In order to have these cooler
temperatures, there must be a heat sink that is absorbing the warmth inside this passage. As heat energy reaches the heat
sink, it can be absorbed in asimilar manner to the way sponges absorb water. Heat enters an object, warming it. The longer
the object is exposed to the heat source, the more heat it absorbs. 1t should also be noted that this passage shows less
interaction with the outside environment than the other passageways we have been analyzing. A changein air pressure
outside can change the temperature el sewhere in the cave by as much as four or five degrees, whereas the Lower Sodailis
region would only experience half a degree temperature change. Less airflow from the blocked passage, therefore, forces
other factors to dictate what controls the temperature.

What we have seen in January of 2010 isthat the Lower Sodailis site inside the cave reacts to temperature changes outside
more than it would from higher temperature changes outside the cave in March of 2010. The difference noted isthat in
March there were several feet of snow on the ground. It ishypothesized that as the snow melts, the water is close to 32
degrees and it runs into the ground, providing a cooler heat sink than water that has been underground for along period of
time.

From the last year it is evident that the snow fall, its melting, and outside temperatures all play critical rolesin the
microclimate of the Lower Sodailis site. The exact interaction between air pressure, outside temperature, precipitation and
water levelsis still unknown, but it is evident from this data that all contribute to setting up the microclimate of the Lower
Sodailis site.

Additionally, the data from the past several years show the temperature of the Lower Sodailis site has slightly dropped in the
previous three years. On average it is almost one degree cooler; however, weather data has shown that the snow fall has been
increasing over the last three years. Since the snow fall and run off from melting affect the short term climate of this passage,
we can assume that it has along duration effect. This also makes sense from a practical standpoint. During heavy snow melt
from the Rocky Mountains, the rivers run extremely cold. Asthe run off finishesin late July/August, the rivers warm up.
Thisis no different than the snow melt in Appalachiawhere water draining underground from snow melt is cooler than that
of normal rain water and, once the water supply is cooled, it affects the microclimate of the cave, bringing the average
temperature down.

Air Pressure Data Results

Air pressure plays akey role in the underground environment and monitoring systems. Many timesit is noted that the
changing air pressure outside will drive the conditionsinside the cave. The datain Figure 10 demonstrates the relationship
between the air pressure data recovered from the inside and the outside of the cave. Thereis asignificant difference between
the levels of air pressure inside and outside the cave because of the altitudinal difference from the entrance of Hellhole.
Figure 10 demonstrates, however, that changesin air pressures do occur inside the cave in a pattern relative to what happens
outside. By removing the DC components from the data, filtering the signal and zooming in on the data, we produce Figure
11, which shows that the pressure inside the cave is changing before the pressure outside the cave. By applying a Fast
Fourier Transform of the data, we obtain Figure 12, which demonstrates the frequencies of changesin air pressure that occur
at each module located inside and outside of Hellhole Cave. Figure 13 utilizes the units of cycles per day and clearly shows
changes on the order of once per day and twice per day.
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Figure 10. Pressure inside and Outside of School House Cave.
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Figure 11. Close Up of Filtered Air Pressure.
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Figure 12. The frequencies of change in air pressure that occur at each module located inside and
outside of Hell Hole Cave and outside of Hellhole Cave.

Figure 13. Correlation between the air pressures
outside and inside the cave.

Taken in October, 2004, the correlation between the air pressure outside and inside the cave is shown in Figure 14, with the
peak zoomed in on Figure 15. The sample rate of the data is once every 15 minutes, which is not precise enough to show the
time delay in the correlation of data, hence further research is required utilizing the SMART system operating at a sample
rate of one minute. However, this information shows that the change in the air pressure just outside of the cave does drive
the change that occurs within the cave. This effect is currently under investigation and is being researched since most
methane explosions within mines are correlated to times of high barometric pressure. Our data has shown that when the air
pressure dropped due to change in weather conditions, the leading and lagging effect that previously occurred desists.
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Thetime delay is critical to the environment because it is a measure of how much the outside environment will affect
environment inside the cave. The amount of environmental effect can be changed from a variety of parameters including, but
not limited to, the change in amount of passageway behind the sensors, the amount of passageway in front of the sensor, or
additional passageways opened up from the outside environment into the cave.

In considering pressure effects, a caver opening asmall hole from six inches in diameter to 2 foot in diameter so that they can
crawl through it, can greatly affect the air flow through a passageway and change the overall condition of the passage. This
pressure change affecting the environment is exactly what happed as described above when the passageway behind the Lower
Sodailis site drained and then refilled with water.
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Figure 24. Cross Correlation Peak between inside and outside
of cave.

Additional Research Involving the Partnership
between Extreme Endeavors and Greer Industries

Low Frequency Sound

Extreme Endeavors worked under a Space Act Agreement with NASA Langley in the development, testing, and analysis of
infrasonic sensor technology. Under the Innovative Partnerships Program, Extreme Endeavors and NASA Langley utilized a
small, compact infrasonic sensor designed for the application of cave detection on Mars and for listening for movement
inside an underground facility. Greer Industries provided testing facilities and provided supporting data to show how the
movement of air in the cave correlates to the infrasonic sounds.

Theissue that has restricted the use of infrasonic equipment in the past is the footprint size. Infrasonic systems have been
known to provide low power-consumption solutions and, due to the excellent propagation characteristics of low frequency
sound, these instruments could sense anomalies occurring at a considerable distance. The primary disadvantage of this
technology is that most applications require wind sound filtering, with this filter approximately the area of afootball field.
Not only does this take a considerable amount of real estate but the construction and placement of the wind filter isa
significant task that could take one to two days per system. Further, it must be operated on alarge flat region and is thus not
feasible for aremote area, such as a mountain crag, within a cave, or on abattlefield. The large size also limits the amount of
sensors that can be placed, making triangulation difficult.
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During this research, several different caves were monitored. Three infrasonic spectrums are presented in Figure 15. These
particular three spectrums were chosen because they came from different sized entrances of caves.

Figure 15. Infrasonic Spectrum of Cassel Cave, Cass Cave and Schoolhouse Cave.

From the data in Figure 13, we can conclude that infrasonic sound is emitted from caves and that this presents a viable means
to detect and monitor entrances. The size of the entrance, extent of the cave, and itsinterior geometry contribute to the low
frequency acoustical signature for the three cases presented in the chart and provide a couple of different general rules. The
noise from two to five hertz appears to be dependent on the size of the entrance. Other factors may affect the readings, such
asthe waterfall at Cass Cave and the multiple entrances of Cassel Cave.

It should a so be noted that the Schoolhouse Cave spectrum shows peaks of around 3.5 hertz and 13 hertz. This correlatesto
the spacing of the metal members of the gate covering the entrance. A literature search was performed to see how bats are
attracted to caves and to date there have been no reliable conclusions as to how bats find caves. In addition, literature
searches were conducted on the testing of bats' abilities to hear in the infrasonic range. It was found that most of the research
was conducted with a bat’s ability to hear extremely high frequency sounds. Thisresearch leads us to believe that if abat can
hear infrasound frequencies of sound (similar to adog), that it could use this as a methodol ogy to detect caves and
underground facilities.

High Freguency Acoustical Monitoring

When Extreme Endeavors performed maintenance on the cave monitoring system on January 11, 2010, we noticed two bats
flying around the entrance of Hellhole. Because this was out of the ordinary, the West Virginia Department of Natural
Resources was notified within one hour of the sighting. It was later confirmed that Hellhole was infected with White Noise
Syndrome. To assist in the research of WNS, Extreme Endeavors linked a sonar bat recording system through the wireless
bridge around Greer Lime's Environmental Monitoring System so that bat acoustical sounds could be placed on a computer
server anywhere in the world.

On March 5th, an acoustical monitoring system was secured to the fence around Hellhole, as shown in Figure 16. Power is
supplied to this system by Greer Lime's cave monitoring system. When acoustical dataisreceived, file transfer protocol is
used to place the data on the server at the WVDNR in Elkins, West Virginia.

For the first few days of operation, in approximately 4 1/2 days' time, some 3.7 gigabytes of data have been transferred
through the cave system. This data describes the acoustical recordings of bats flying out of Hellhole as a result of White-nose
Syndrome. What is most impressive about this data collection isthat it involves the monitoring of bat acoustics remotely in
real time. Figure 17 shows the successful number of chirps recorded over athree-day time period through this system.
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Figure 16: Acoustical Data Capture System at Hellhole Cave

Figure 17. Bat Chirps Recorded in Real Time, Using Greer’s Environmental Monitoring System.

Conclusion

During the past six years of monitoring, Extreme Endeavors has found no adverse impacts on the environment of the
Schoolhouse and Hellhole Caves as a direct result of Greer Lime's mining operations. We have learned a considerable
amount about the environments that the bats choose and the dynamics of the cave environment. These findings have not only
benefited environmental research, but have provided information to help NASA explore and search for underground
chambers on Mars and to assist our soldiers in the detection of underground facilities where enemy combatants may be

hiding.
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BATSAND COAL MINING: BIG PICTURE RESEARCH NEEDS

David L. Waldien, Mylea Bayless and Michael Baker
Bat Conservation International
Austin, Texas

Abstract

Bats are the only mammals capable of true flight and many species travel large distances throughout the year to meet their
biological needs. Conservation and management challenges of today, such as White-nose Syndrome (WNS), wind power
development, forest harvest, mining, and urbanization occur at large spatial scales and require private landholders, state and
federal land managers, conservationists, and researchers to think and act beyond the narrow scope of individual sites. The
coal mining industry currently faces the challenges of operating under guidance associated with three endangered species of
bats in the eastern United States (Indiana myotis [Myotis sodalis], gray myotis [M. grisescens], and Virginia big-eared bat
[Corynorhinus townsendii virginianus]). Threats from WNS have already resulted in a proposed listing of two additional
species (northern myotis [M. septentrionalis], eastern small-footed myotis [M. leibii]), and athird, the little brown myotis (M.
lucifugus) has been proposed for aformal status review and emergency protection. Among other management needs,
emerging large-scale research priorities include improved knowledge of 1) enhanced methods for monitoring bat colonies and
populations that will allow datato be compared among sites and synthesized across sites, 2) movements of bats among key
roost-sites and across landscapes, 3) the biologically important popul ation subunits of a species, and 4) the cumulative
impacts of emerging conservation and management threats to bats. It isimportant that researchers, managers, and
conservationists look beyond their boundaries and specific projects to help ensure that high quality research is developed to
truly address these needs at the correct scale. Collaboration among researchers, managers, and conservationists can ensure
well designed research projects that provide defensible information from which to base daily and long-term management
decisions for coal mining companies that also advance the conservation of bats and their habitat.

Introduction

Asthe only mammals capable of true flight (Kunz 2003), bats are fascinating yet feared, widespread yet cryptic, and their
presence in any given area often goes undetected. Many bat species are protected by federal law, as economically and
ecologically important insect predators, yet bats in many regions are often subject to persecution, and intentional or
inadvertent disturbance. Many species of bats travel large distances throughout the year to meet their biological needs (Kunz
2003) and exhibit very low reproductive rates. Several North American bat species also congregate in large numbersin
relatively few locations during overwinter hibernation (Kunz 2003, Tuttle 2003). These life history traits combine to make
these species exceedingly vulnerable to sudden and rapid population declines (Tuttle 2003). Emerging conservation and
management challenges of today, such as White-nose Syndrome (WNS), wind power development, forest harvest, mining,
and urbanization occur at large spatial scales and require private and government land managers, conservationists, and
researchers to think and act beyond specific sites. Currently, the coal mining industry faces the challenges of operating under
guidance associated with three endangered species in the eastern United States (Indiana myotis [Myotis sodalis|, gray myotis
[M. grisescens], and Virginia big-eared bat [ Corynorhinus townsendii virginianus]), and in 2010, as adirect result of the
threat of WNS to the survival of hibernating bats, three additional species of bats (little brown myotis, M. lucifugus; northern
myotis, M. septentrionalis; and eastern small-footed myotis, M. leibii) have been proposed for federal listing or emergency
protection under the Endangered Species Act (Kunz and Reichard 2010, The Center for Biological Diversity 2010).

Counting Bats across L arge Spatial Scales

Although bats can live relatively long lives, because they reproduce slowly and pups are nursed by their mothersthey are
vulnerable to rapid population declines (O’ Shea et al. 2003). Bat populations have been monitored by various methods for
more than 50 years, however, many of these methods result in significant biases and none of the current methods provide
statistical estimates with associated measures of error that would allow valid comparisons among sites or within sites over
time (Kunz 2003).

The most commonly applied technique for annual and biennial census efforts for bats that hibernate in known caves and
mines involves mid-winter entry into hibernacula by teams of biologists, resulting in disturbance to the colony during a
critical time of their annual life cycle (Tuttle 2003). The use of direct counting techniques has been augmented by the use of
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photography in recent years providing a mechanism for increased consistency and accuracy in bat census efforts (Meretsky et
al. 2010).

Over the last decade, additional technology has been applied to the task of enumerating bats through thermal imaging (Sabol
and Hudson 1995). This technique can provide reliable counts before and after the young of the year become volant, thus
providing estimates of the number of young produced, but requires active, on-site human operation of the equipment.

Another recently employed technique for counting bats is represented by the GateK eeper beam-break system, developed by
David Redell, Bat Ecologist with the Wisconsin Department of Natural Resources (Redell 2005, Redell et al. 2006). This
system utilizes a set of paired infra-red beams which allow for the detection and recording of bat movement in both directions
within user-defined time periods (Fig.1). This information can be recorded continually and uploads to a secure website
through either the cell phone or satellite networks. Coupled with other techniques, the system can provide continuous
statistically-valid population estimates.

Figure 1. The GateK eeper beam-break system installed on independent uprights at Wyandotte Cave, Crawford
County, IN, (Ieft) and on the gate at James Cave, Edmonson County, KY/, (right). Both views are from inside
the caves.

Despite these advancements in technology, further improved census methods, and innovative applications of new and old
technologies remains a fundamental research need to improve our ability to more effectively monitor individual colonies of
bats and obtain species-level population estimates from data obtained across the species range. Currently, most available
methods still do not provide statistically comparable estimates among sites and are costly either in staff resources or
equipment. Most methods provide information about one set of parameters (e.g. fecundity, overwinter survival, or behavior)
but do not provide complete information. Because of the costs associated with employing each technique, resources are not
commonly available to use multiple techniques at every site. Thus, comparing information among sitesis difficult and the
validity of synthesizing data gathered via different techniques from across a species range remains suspect. In addition, it is
difficult to determine if changes in estimates at asingle site are simply offset by changes occurring at other nearby sites
reflecting no net change in the local population. Although bats are difficult to study, improving our census techniques would
provide a critical tool for managing regional and local populations.

Tracking M ovements of Bats across L arge Spatial Scales

Most bats living in temperate climates are highly mobile and utilize seasonal movements as a means to survive during long
periods of inclement weather (e.g., freezing temperatures) and reduced food availability or to access specific resources
necessary for seasona activity (e.g., high quality hibernation or maternity sites; Fleming and Eby 2003). These seasonal
movements vary among and within species, but include short distance movements between summer and winter roosts,
typically <50 km (e.g., Rafinesque big-eared bats [Corynorhinus rafinesquii]), regional migrants moving moderate distances
seasonally, typically 100-500 km (e.g., little brown myotis, gray myotis, and Indiana myotis), and long distance migrants who
can sometimes travel > 1,000 km between summer and winter roosts (e.g., red bat [Lasiurus borealis] and hoary bat [L.
cinereus]; Fleming and Eby 2003). Individual bats not only move between summer and winter roosts, but they also typically
share roosts with individual s coming from different geographically isolated roosts. For example, one winter roosting colony
may be comprised of individuals from many different geographic areas. Band recovery data from a hibernating colony in
Aeolus Cave, VT, demonstrates this behavior by documenting little brown myotis traveling in all directions to summer sites,
including some sites up to 277 km (172 miles) away (Davis and Hitchcock 1965). The reverse is also true; bats from asingle
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summer maternity colony may hibernate in several different winter roosts. During migration bats will temporarily occupy
transient or swarming roosts further increasing the complexity of social behavior and gene flow in temperate North American
bat populations (Fleming and Eby 2003). Clearly there are important research questions that must be answered in order to
effectively manage regional bat populations.

Understanding the context of individual colonies within larger populations and the connections among summer and winter
roostsis critical to managing long-lived and slow-reproducing bat species. More research is needed to reliably estimate
regional trends in bat populations and interpret the effects of management actions on the landscape, recognizing that local
studies may produce biased results without understanding the context in which local colonies contribute to alarger regional
population. Without a clear understanding of seasonal bat movements, inferences about the effect of management actions on
aparticular colony of bats may be misleading. Kunz et al. (2009), in their review of research methods allude to this dilemma
stating “Much of our current understanding of population trends in bats is based on observations of changesin colony size
over time (Ellison et al. 2003). But because bat populations often consist of individuals distributed among different roosts,
assessing changes in abundance at a single roost may lead to biased estimates of population trends (Sherwin et al. 2003,
Sherwin and Altenbach 2004)”. For example, bat countsin hibernacula may not reflect impacts from local summer
management activities (e.g., timber harvest) simply because summer bat residents may migrate to other regions of the country
to hibernate.

Because bats are highly mobile and most individuals migrate to some degree between summer and winter ranges,
understanding their requirements during seasonal migration will be important to long term conservation of intact regional
populations and healthy gene flow. For populations with historically contiguous distributions, barriers to movement (e.g.
large breaks in suitable habitat) may isolate segments of the population or trigger changes in species diversity at any one site
(Kunz et al. 2009).

Identifying Biologically Important Subunits of a Species

Most species have much broader distributions than what we observe simply based on the location of the species’ largest
roosts. While it’simportant to recognize the core of a species range and protect the largest roosts, for some species, like the
endangered Virginia big-eared bat, there may be biologically distinct subpopulation units (Piaggio et al. 2009) worthy of
special management consideration. Further, it may be that these dispersed smaller colonies can serve as refugia from threats
such as emerging diseases or perturbations associated with different land management practices. For these reasons, the
preservation of speciesin general should incorporate efforts to conserve the genetic diversity of a species acrossiits range by
focusing on regional subpopulations within recovery units (Piaggio et a. 2009). Peripheral roosts may be critical to
maintaining a species in arapidly changing landscape and additional information is needed on the role of smaller dispersed
roosts in maintaining genetic diversity across the range of a species and the ability of bat populations to respond to
unexpected events.

Understanding biologically important subunits should also include thinking more broadly about how we define local bat
populations for research and management. For many species of bats, critical hibernation sites are not evenly distributed
across the species range but often occur in proximity to one another. When this occurs, sites may need to be considered as
members of ‘hibernation complexes and managed as such. Addition research to understand bat movements among
hibernacula, both within and among seasons, will be important when managing each site within a hibernacula complex or
when managing the entire complex as a biological subunit.

Estimating Cumulative Impacts of Multiple Threats

Bat populations may be impacted through the direct loss of underground roosts when old mines are removed from the
landscape due to renewed coal mining (Sherwin et al. 2009) or harvest of the surrounding forest. In 2004, at an Office of
Surface Mining Technical Interactive Forum, Vories and Harrington (2004) recognized the need for the coa statesto
evaluate cumulative impacts of coa mining on Indiana myotis. Unfortunately, in the 21% century, many species of bats are
subject to multiple threats, in addition to coal mining, across their range in North America. White-nose Syndromeis an
emerging fungal disease of hibernating bats that has killed over a million hibernating bats in the eastern United States and
Canadasinceits discovery in New York in 2006 (Bat Conservation International 2009) and half of the species of batsin the
United States and Canada are at risk from WNS. Further, in some regions of North America, wind-energy facilities are
causing unprecedented fatalities of bats, especially of migratory tree-roosting species (Arnett et al. 2007, Arnett et al. 2008).
Recreation and other disturbance in caves and mines have negatively impacted critical colonies of bats (Tuttle 2003) and both
urbanization and timber harvest have directly removed vast areas of forest habitats throughout North America. These large-

167



scale habitat perturbations not only result in the direct loss of roosts, they may also dramatically modify local foraging
habitats, fragment landscapes and may disrupt local and regional migratory corridors. Bat populations and communities are a
result of al of the factors that influence them and resource managers need to understand the cumulative impact of those
threats and how they may interact to impact bats across spatial scales. Further research to understand the complexity of these
combined effects could provide valuable tools for balancing the threats to bats with other resource management objectives.

Summary

The coal mining industry faces numerous conservation and management challenges today including WNS, wind power
development, forest harvest, mining, and urbanization that are manifesting themselves over large spatial scales. Operational
challenges have increased under federal guidance associated with three endangered species of batsin the eastern United
States and with an increasing probability of more species being proposed for listing under the Endangered Species Act due to
the threats of WNS. In this new environment, visionary managers must ook beyond the boundaries of specific mine-project
sites and manage for how local actions influence regional wildlife resources. Managers should work with researchers to
develop and implement quality research for large-scale issues including understanding: 1) improved methods for monitoring
bat colonies and populations to obtain data for comparison and synthesis across sites; 2) bat movement among key roost-sites
and across landscapes; 3) biologically important population subunits of a species; and 4) the dynamics of cumulative impacts
of emerging conservation and management threats, such as WNS and wind energy development, to bats. It isimportant that
researchers, managers, and conservationists work together to help ensure quality research is developed that truly addresses
the issues at the correct spatial and temporal scales.
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BAT CONSERVATION AND ENERGY

Christy Johnson-Hughes
U.S. Fish and Wildlife Service
Arlington, VA

Abstract

Asinmost thingsin life, bat conservation isnot asimpleissue. Bats are not just affected by coal mining activities. And, as
has been discussed during earlier presentations, bats are affected by non-development pressures, such as white nose
syndrome. Bat conservation has become more complex with ever-evolving issues, particularly the latest concern about
establishing secure, domestic energy that is centered on renewable energy sources.

This presentation focuses on the primary renewable energy sources that may affect bats and methods that are currently being
used to mitigate for those impacts. There are severa renewable energy concepts that will not be discussed here because the
technology is not as developed. Therefore, this paper will focus on biomass and wind. 1t is unknown whether commercial,
utility-grade solar facilities will affect bats. Transmission is also included because upgraded transmission lines are necessary
for the connection of new energy facilities.

Non Coal Energy Generation Impacts on Bats

Biomassis not a new concept in the realm of renewable energy sources. What is new is the identification of new techniques
and an increase in the scale of the effort. Various materials are being considered for biomass combustion, including logging
debris and sugar cane stalks. Of greatest concern for bat conservation is the practice of managing forests for eventual clear
cut to create biomass fuel. Such proposals include the planting of quick growing tree species, often as a monoculture, and
then clearing the forest once the trees are suitable for combustion.

The most obvious threat to bats is the replacement of native, mixed species and mixed aged forests with an even-aged, single-
species monoculture. Bats would lose roosting habitats. The areawould lose many of its ecological functions. Insect
availability and composition may change. From a bat’s perspective, a monoculture tree planting could look the same as a
clear cut areawith limited resource availability. It isnot known exactly how bats would react to large tracts of monoculture
forest. They do use agricultural fields for foraging, so they do not necessarily avoid monocultures. However, the loss of high
quality habitat with multiple roosts could not go unnoticed by the bat population.

Many studies have been conducted that evaluate impacts of wind energy development on bat conservation (for example,
Arnett et a 2007). Turbine strings and associated infrastructure can fragment the existing habitat. Bats collide with moving
turbine blades. On the other hand, wind energy can reduce greenhouse gas emissions and other pollutants. Entire forests are
not clear cut and streams are not impacted. The difficulty liesin understanding whether the impact of wind energy is more or
less athreat to bat populations when compared to surface coal mining activities. Surface mining can be very disruptive to
forest lands and streams. Roosts are lost and insect availability and diversity is changed (Range-wide Indiana Bat Protection
and Enhancement Plan Guidelines, rev December 2009). It takes years for the forest to re-grow and form new suitable roosts
areas. A stream may never recover from fill placement.

Wind facilities are growing in size and number. Wind energy facilities fragment the landscape and pose a direct threat to
bats, particularly migrating bats. There are currently no known methods for avoiding bat collisions with moving turbine
blades (Baerwald et al 2009, Arnett et al 2010). In addition, thereis less regulatory oversight of wind energy development
than of surface coal mining. It can be difficult to modify awind energy project onceit is operational. At thispoint, itis
difficult to tell which energy sector has the most impact on bat conservation. Wind energy, like coal mining, will continue
into the foreseeable future. It is even more crucia to avoid and minimize impacts from both energy sectorsin order to abate
the threat from both.

One instrument in use today to avoid and minimize threatsis the Avian and Bat Protection Plan. An ABPP spells out the
known and anticipated impacts on bat populations and provides a detailed list of activities that may reduce the impacts to
bats. Each ABPP isdifferent becauseit is based on the project and the species impacted by the project. It can incorporate the
tiered approach for assessing risks to wildlife and habitats described in the Wind Energy Federal Advisory Committee's
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Recommendations to the Secretary of the Interior (March 2010). It promotes the use of best available science and
management practices. It also promotes early coordination to get the greatest conservation benefit. It should also be kept in
mind that developing an ABPP and applying for alisted species take permit is voluntary for wind energy development on
private lands. This situation may result in regulated activities, such as coal mining, bearing more of the weight of species
conservation.

An additional stressor in the Appalachian coal fieldsis the marked increase in natural gas wells due to the devel opment of the
Marcellus shale. Access roads fragment forested habitat and operation of the wells can cause contamination of water sources.
The lack of coordination between the oil and gas program and coal mining programs can cause conflicts, resulting in
diminished value of conservation areas or other conservation activities. This extraction is aso not aswell regulated as coal
mining and can cause cumulative impacts that are not considered by state or federal agencies.

New energy development also means new transmission lines. Much of the wind development occurs in areas that are not
currently served by an existing substation. Additional lines, and upgrades of existing lines, can increase forest fragmentation.
Bats can use transmission corridors for foraging areas, but that may not be enough to offset the loss of contiguous forest
cover.

Conclusion

The rapid increase in energy development in bat habitat has lead to a great interest and need to understand the cumulative
impacts of these activities on bats and their habitats. Energy development needs to be evaluated at the landscape level. There
is also aneed to better understand bat migration and selection of maternity sites. White-nose syndrome is still poorly
understood, and much more additional research is needed to keep bat species from becoming extinct.

In the meantime, conservation will have to rely on established practices to reduce population stress as much as possible.
Wintering habitats need to be further identified and protected. Large-scale clear cutting of forests should be minimized.
Migration corridors should be preserved as much as possible. Water sources should be protected and/or restored.
Communication with and between various energy developersis crucial for establishing meaningful conservation. Mitigation
and conservation banks should incorporate bat considerations, where appropriate. And finally, Landscape Conservation
Cooperatives may be able to help evaluate cumulative, landscape-scale impacts to bat populations and to coordinate
conservation measures so they have meaning at the landscape level.
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ACOUSTIC MONITORING AND SAMPLING TECHNOLOGY

C. Ryan Allen, Shannon E. Romeling and Lynn W. Robbins
Department of Biology
Missouri State University
Springfield, MO

Abstract

Acoustic detectors have been used for monitoring flight activity of bats since G.W. Pierce developed sound capture
technology in 1938. Recently, significant progress has been made in the areas of portability, weather resistance, and the
collection and storage of large data sets over extended periods of time. This progress includes the continued development of
new and potentially more accurate means of collecting the information contained within each call sequence, aswell as more
accurate and repeatable ways to identify the species making these calls. The two main categories of detectors used to collect
these data are zero-crossing and full spectrum detectors. This study included three commonly used detectors; the zero-
crossing Anabat (Titley Electronics, Inc.) and two full spectrum detectors, AR-125 (Binary Acoustic Technology) and SM2
(Wildlife Acoustics). Side by side comparisons were conducted for 34 nights during 2010 throughout Missouri. These data
were used to compare average memory consumption, total files collected, total bat passes, species and species group
identifications, quality of the call sequences, and reported call parameters. In addition, two automated call identification
software packages were used for comparison; BCID (Bat Call Identification, Inc.) and Sonobat 3 NE (Sonobat). All recorded
call files were passed through the automated software packages. Furthermore, full spectrum calls from the SM2 recorder were
converted into zero-crossing call files allowing the software packages to analyze the same files. Species composition, calls
parameters, and processing times were measured for each block of files. A total of 140,968 files were collected resulting in
22,228 identified bat passes and 117,680 noise files from the 3 detectors. Results suggested that these detectors are not
interchangeable. There exist clear differencesin the amount and type of data they record and therefore projects conducted
with one are not necessarily comparable to projects done with another.

I ntroduction

The use of ultrasonic detectors to record echolocation calls has become an important part of studying bat ecology. With the
presence of endangered species of bats and the increased awareness of bat activity in industries such as wind energy, mines,
road construction, power lines, and timber, accurate identification of local bat faunaisimperative. Increasingly, the use of
bat detectors to passively monitor these sites has become the preferred manner in which these surveys are conducted.

In 1938, Donald Griffin and Robert Galambos used sound capture technology developed by physicist G.W. Pierce that
resulted in the discovery that bats produce and hear sounds in octaves above audible human hearing. After several years of
experimenting with bats and the use of ultrasonic sound, Griffin, in 1944, coined the term echol ocation to describe the
phenomenon they were observing. Echolocation is a process by which an animal orientsitself, or identifies the location,
character, and perhaps movement of objects, by emitting high-frequency sounds and interpreting the reflected sound waves
(Whitaker and Hamilton 1998).

Modern bat detectors use full spectrum or zero-crossing acoustic sampling techniques to record ultrasonic sound. Beginning
in the 1980’ s, zero-crossing detectors, specifically the Anabat, were increasingly used because of the low data consumption
rates, field adaptability, and relative low cost. While full spectrum detectors did exist during this time, due to the lack of
advanced computer technology and limited storage capacity, they were not often used as passive monitoring systems. With
the rapid advancement of computer technology, it has recently become feasible to use full spectrum technology under field
conditions. This naturally leads to the question, which system or detector leads to the most accurate and repeatable resultsin
a user-friendly manner?

While the use of acoustic technology is currently possible in along term monitoring situation, the large data sets require

automated identification. Several attempts have been made to automate bat species identification using techniques such as
discriminant function analysis, neural networks, and weighted classification trees. The most notable attempts using these
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methods have been made by Allen, 2010; Betts, 1998; Britzke et al., 2010; Corcoran, 2007; Fenton and Bell, 1981; Gruver et
al., 2010; Krusic and Neefus 1996; Parsons and Jones, 2000; and Szewczak, 2010.

The purpose of this study was to compare both the hardware and the software of full spectrum and zero-crossing acoustic bat
technology in a manner consistent with the manufacture’ s recommended use. While this introduced many variables to the
comparison, it was the only way to satisfy the goal of comparing results when using standard techniques. For this study, we
chose three commonly used bat detectors and the two known acoustic software packages that have graphical user interfaces.

Methods

This study included three commonly used detectors. Anabat (Titley Electronics, Inc.), AR-125 with an FR-125 recording
unit (Binary Acoustic Technology), and SM2BAT (Wildlife Acoustics). Detectors were aligned next to each other on pelican
cases on atable approximately one meter off the ground (Figure 1).

Figure 1. Setup of detector comparison. Anabat SD1 on left in this example, AR125
with FR125 in the middle, and SM2BAT on theright.

Detectors recorded between 4 and 8 hours each night. Data were collected from a variety of |ocations throughout Missouri
(Figure 2). Detectors were placed in avariety of habitats including fields, near ponds, forested roads, and trails.

Figure 2. Locations of detector comparison test locations.
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Two automated call identification software packages were used for comparison: BCID 10 (Bat Call Identification, Inc.) and
Sonobat 3 Northeast (NE) version (Sonobat). Sonobat 3 isafull spectrum, discriminates function analysisidentification
software recently developed for several regions of the U.S. The northeast version was used in this study because a Midwest
version was not available. BCID 10 is a zero-crossing, weighted classification tree analysis developed in 2007 and updated in
2010. It currently covers most of the northeast and Midwest species of the U.S.

The AR-125 and Anabat microphones were set at approximately 45° angles and 6” apart. Due to the unique configuration of
the SM2BAT detector, it was set vertically next to the other two detectors. The SM2BAT was used with both microphones
with the thought that most users would utilize the two microphones, taking advantage of this unique feature. Additionally, as
stated in the introduction, this project was set-up with the purpose of duplicating standard techniques. Throughout the
experiment, Anabat Il with aZCAIM, Anabat SD1, and Anabat SD2 units were randomly chosen each night. Due to cost
constraints, only one SM2BAT and one AR-125 with an FR-125 recording unit were available for use.

Anabats were set with the sensitivities calibrated equally for all units and all units were synced in time. A division ratio of 16
was used for all test nights with a standard microphone. Anabat data were collected on a CF card and processed through
CFCread version 4.2.1 with default settings. The AR-125 was set to atime-expansion (TE) of 10, duration of 15.0 second,
idle of 3.0, delay of 0.0, low-frequency of 15.0 kHz and high-frequency of 90.0 kHz. Data were collected on an 8 GB flash
drive and then run through the Sonobat Batch Scrubber 3 using default settings. The SM2BAT was set in accordance with the
SM2BAT supplemental manual (Wildlife Acoustics, Inc, 2009-2010). An SMX-US microphone was used for both
microphones and used in 192 kHz stereo. Data were run through WAC2WAYV (Wildlife Acoustics Audio Compression
Converter) version 2.9. WAC2WAYV was set with default settings and split triggers, skip noise, and SMX-US compensation
filter were selected.

Data were used to compare average memory consumption, total files collected, total bat passes, and reported call parameters
(mean Fmax, mean Fmin, mean duration, Fc and Fk). Recording time varied each night; therefore, all nightly data reported
were based on a 10 hour time period. Thiswas done by calculating an average per hour and multiplying by 10. Full spectrum
callsfromthe SM2BAT recorder were converted into zero-crossing call files using WAC2WAYV software allowing Sonobat 3
NE and BCID 10 to analyze the same files. Direct comparisons could then be made between the Anabat and SM2BAT as
well as the two software suites. To do these direct comparisons, 5 randomly chosen nights of data were used due to the large
volume of call files. These same 5 nights of data were also used in the parameter comparisons. Parameter comparisons were
done for eastern red bats, tri-colored bats, and silver-haired bats because they represent the full range of frequencies and call
characteristics. Additionally, there were alarge number of them available in the data for analyses. Myotis species could not
be analyzed for parameter differences due to the low number of calls available. For these 5 nights of data, SM2BAT files
converted to zero-crossing were compared to the Anabat files using BCID 10 (to compare detectors) and the un-converted
SM2BAT and converted SM2BAT files were analyzed using the two different software packages in order to directly compare
them.

Processing times of software packages were measured for each block of files when possible. Fewer data points exist for the
full spectrum files due to extremely large SM2BAT files that would cause stack overflows and crash the software. Sonobat 3
NE was used to identify all full spectrum call files using default settings. Bat passes were calculated by the high/low tally
from the output file given by Sonobat 3. The column MeanClassification was used for identification to species. BCID 10 was
used to identify all zero-crossing call files using default settings. Bat passes were calculated with the minimum number of
callswas set to 1 and species identification was cal culated with the minimum number of calls set to 4.

Results

Comparisons were conducted for 34 nights from May 17 to July 17, 2010 throughout Missouri. A total of 140,968 files were
collected resulting in 22,228 identified bat passes and 117,680 noise files from the 3 detectors. A total of 4,980 of thesefiles
were identified to species by the two acoustical software packages. An average of 0.02 MB/hr of data was collected from the
Anabats, 2.06 MB/hr from the AR-125 and 3.55 MB/hr from the SM2BAT (Figure 3).
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Analyzing these data with 27 identical computers running BCID 10 and Sonobat 3 NE resulted in processing times of
approximately 582 filesyminute by BCID 10 and 3 files/minute by Sonobat 3 NE (Figure 4).
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Figure 4. A comparison of processing time for BCID 10 and Sonobat 3 NE.

The parameter comparison using 5 randomly chosen nights of datafor eastern red bats resulted in significant differencesin
the mean Fmax and Fk of all three detectors (Figure 5).
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Figure 5. Parameter comparison for eastern red bat call files. Data analyzed was from 5 randomly
chosen nights of data.

For tri-colored bats, significant differences were found among all three units for Fmax and Anabats differed significantly
from the full-spectrum detectors for both duration and Fk (Figure 6).
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Figure 6. Parameter comparison for tri-colored bat call files. Data analyzed was from 5 randomly chosen
nights of data.

Silver-haired bats produced significant differencesin Fmin among all three detectors (Figure 7). The AR-125 significantly
varied from the Anabat and SM2BAT in Fmax and Fc, and the SM2BAT varied significantly from the other two in duration
for silver-haired bats as well.
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Figure 7. Parameter comparison for silver-haired bat call files. Data analyzed was from 5
randomly chosen nights of data.

The SM2BAT recorded the highest number of bat call files, noisefiles, and bat passes; however, it had the fewest sequences
identified to species by Sonobat 3 (Figure 8).
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Z
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1000 —— I
0 I e e : :
Files Noise Files Bat Passes Sequences
Recognized Identified to
Species

Figure 8. Average results based on a 10 hour period for both hardware and software comparisons.

Anabat files identified by BCID 10 were dominated by mid-frequency species (Lasiurus borealis, Nycticeius humeralis,
Perimyotis subflavus) and the SM2BAT and AR-125 were dominated by high-frequency species, which includes all of the
mid-frequency species plus the Myotis spp. There is no mid-species category when using Sonobat 3 (Figures 9-11).
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Figure 9. Species group composition for Anabat filesidentified by BCID.
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Figure 10. Species group composition for AR-125 identified by Sonobat.
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Figure 11. Species group composition for SM2BAT identified by Sonobat.

While the species distribution among all three methods was relatively consistent when looking at the entire data set, there
were obvious differences when compared on a nightly basis (Figure 12). There was alarge amount of variability in the
species level identification of call files. Sonobat 3 in conjunction with the full spectrum detectors identified many more low-
frequency callsto species (Figure 13), but relatively few Myotis spp. Only two M. sodalis and no M. septentrionalis were
identified by Sonobat 3 NE, while BCID 10 identified 27 files belonging to these two species (Figure 15). Identification of P.
subflavus was nearly equal among all three detectors, but BCID 10 identified many more N. humeralis and L. borealis
(Figure 14).

On average, the Anabat in conjunction with BCID 10 and the SM2BAT in conjunction with Sonobat 3 NE, found eastern red
bats and big brown bats to be the most common species (Figures 16 and 18). The AR-125 in conjunction with Sonobat 3 NE
found hoary bats and big brown bats to be the most common species (Figure 17).

After analyzing the same randomly chosen 5 nights of SM2BAT files converted to zero-crossing files and Anabat files using
BCID 10, there were clear differencesin the species groups and species detected by the two detectors. The SM2BAT detected
more high-frequency and low-frequency species than the Anabats; whereas, the Anabats detected more mid-frequency
species (Figure 19). The most apparent difference in the species comparison was the much larger number of tri-colored bats
detected by the Anabats (Figure 20). The use of these same 5 nights of data with the un-converted SM2BAT files and the
converted SM2BAT files, allowed for adirect comparison between the software packages. For the species group composition
comparison, BCID 10 identified more of both high and low-frequency species (Figure 21). The largest differencein the
species comparison was the higher number of tri-colored and eastern red bats identified by BCID 10 (Figure 22).
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Figure 12. Example of daily results of species group composition and the variation that occurred in the species group composition recorded by each

detector and identified by the two software packages.
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Figure 13. Total files identified to species for low-frequency species.
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Figure 14. Total files identified to species for mid-frequency species.
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Figure 16. Species composition for Anabat files by BCID 10 based on a 10 hour period.
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Figure 17. Species composition for AR-125 files by Sonobat 3 NE based on a 10 hour period.
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Figure 18. Species composition for SM2BAT by Sonobat 3 NE based on a 10 hour period.
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Figure 19. Species group composition of full spectrum files converted to zero-crossing files collected
with the SM2BAT and Anabat filesidentified by BCID 10. BCID 10 was used to analyze the same 5
nights of datafrom the SM2BAT and the Anabats, allowing for a direct comparison of the species
recorded by each detector.
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Figure 20. Species composition of converted full spectrum files collected with the SM2BAT and Anabat
files using BCID 10. The same software was used to analyze the same 5 nights of data from the
SM2BAT and the Anabats, alowing for adirect comparison of the species recorded by each detector.
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Figure 21. Species group composition of the same 5 nights of SM2BAT files (converted to zero-crossing and
un-converted) using Sonobat 3 NE and BCID 10, allowing for adirect comparison of the software packages.
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Figure 22. Species composition of the same 5 nights of SM2BAT files (converted to zero-crossing and un-
converted) using Sonobat 3 NE and BCID 10, allowing for adirect comparison of the software packages.

Number of Call Files

Discussion and Conclusions
The overall results of this study suggest that these detectors are not interchangeable. There exist clear differencesin the

amount and type of data they record and therefore projects conducted with one are not necessarily comparable to projects
done with another.
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The full spectrum detectors clearly collect more data (Figure 3). This may make them more useful when attempting to collect
callsfrom arare, quiet, or difficult species. However, data processing times can be quite extensive (Figure 4). More bat
passes appear to be identified using full spectrum equipment as well, but it is unknown at thistime if thisis an artifact of
noise being attributed to bats or actual bat calls. There is some qualitative evidence that thisis the case, but afull statistical
analysis has yet to be done. It does appear that additional noise may play arolein the ability for software to identify acall to
species. More bats appear to be identified to species using the BCID 10 software which is likely attributable to more
extraneous noise present in full spectrum calls, aswell as the conservative nature of Sonobat 3 NE (Figures 8). Additional
filtering techniques are in the process of being developed which should eliminate some of this discrepancy (Joe Szewczak,
pers. comm.).

Whileit isno longer a problem to store extremely large amounts of data, processing times are still an issue. The processing
time for the zero-crossing call files for this project was approximately two hours, while the full spectrum call filestook well
over 200 hours. It is recommended that future software developers of full spectrum identification suites |ook into parallel
processing as an aternative programming design. While this type of programming (e.g. CUDA) typically requires specific
hardware for the user, the time saved could be well worth it.

Automated call identification is still being developed, but it islikely the future of acoustic sampling. The software developers
recognize the current limitations and are continually expanding and improving upon their software. This study indicates that
surveys analyzed with different software packages should not be considered comparabl e data for abundance and species
composition type analysis, however, richness appears nearly equal across al variables over time with the exception of some
difficult to distinguish Myotis spp. not being identified by Sonobat 3 NE. Thisissueis currently being addressed in new
versions of the Sonobat software (Joe Szewczak, pers. comm.).

There were some differences in parameters recorded by the three detectors and reported by the software packages, however,
the majority of them are not significantly different (Figures5-7). It was expected that duration and Fmax would differ
significantly from zero-crossing to full spectrum due to the sensitivity of full spectrum detectors and the differing sampling
rates. The call files we chose for comparison were all identified using the software packages and visually to ensure that we
were comparing the same species. However, both the BCID 10 and Sonobat 3 NE software rely heavily on the call
parameters falling within a narrow band in order to make an identification. This effectively reduced the standard deviation of
these data sets making the error rates appear extremely low. This subsequently showed some statistically significant
differences between the hardware systems that may or may not actually exist. It has been shown that the natural variation of
call parameters within a species greatly exceeds these error calculations and therefore the three detectors are likely
comparable for reporting call parameters (Murray et a. 2001). It is suggested that more research be conducted in this area
using unknown call files recorded simultaneously or artificial sound, eliminating the bias of the software systems. Another
major problem that may lead to the differences in software identifications is the differences in the call libraries, which include
speciesin the library, sample sizes of these species, and methods used to collect the data. \We recommend that al data
included in call libraries that are used for speciesidentification be available for peer review, and all identifications using
these libraries include identification probabilities and confidence limits of these species or species group identifications.

While this study has produced valuable insights into the behavior of these hardware and software systems, it has opened the
door to many more questions. Future work still needs to be conducted to determine how these systems vary when most or al
of the confounding variables have been removed. The overall impression isthat all the hardware performs adequately in
general but fails to standardize echolocation research as a group. This is somewhat expected given the complicated nature of
recording high frequency sounds and the different designs (i.e. microphones, sampling rates, etc.) among the detectors. This
in turn has a profound effect on the performance of any software package. At the same time, standard levels of acceptable
confidence have yet to be devel oped for automated software, and there will always exist a trade-off between quantity over
quality in the identification of bat echolocation. Currently, the software is being tailored to specific hardware, which islikely
why Sonobat 3 NE is much more conservative than BCID 10. The hardware it is used with records alot of extraneous noise,
thus making the filtering process much more difficult. On the other hand a zero-crossing recorder can only record one sound
at any given instance and likely misses some important information such as harmonics. The future direction of echolocation
research will likely be more influenced by normal market conditions (cost, availability, time, ease of use, etc.) rather than
specific technological advancements.
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Introduction to Ultrasonic Detection

Griffin coined the term echolocation in 1940

Insectivorous bats use echolocation to obtain
information about the presence, position,
course, speed, and even identity of potential
prey

Recorded echolocation calls now used to
identify species, species groups, and to
determine relative abundance and activity:

Species or Group ldentification

More variation within the sequence from an
individual than among individuals

OR

When and Where, and What
Do You Want It To Do?

Purpose

To describe and compare both
the hardware and the software of
full spectrum and zero-crossing
acoustic bat technology as well
as the advantages and possible
disadvantages of each system

Zero Crossing Hardware

Anabat, Titley Electronics
Widely used by researchers and consultants
Study included Anabat I, SD1, and SD2 detectors

Typical Field Applications




Full Spectrum Hardware

Anabat-Tube vs. Bat Hat

Bat Hat-677

Tube-1939

Bat Hat

17% | 14%

10%

Costs: Hardware

$2,200.00

Data card: $30-
40

Weather Proof
Box: $50-$300

Total: $2280-
2540

high
= medium
low

unknown

$849.00
2nd SMX-US
microphone:
$149.95

Data Cards: $30-
90 each (up to 4)

Total: $1029-
1389

high
Hmedium

low

Receiver:$1085
FR125 Ill: $695
USB: $30-40
Or

External Hard
drive: $80-$100
Weather Proof
Box: $50-$300

Total: $1940-
2220




Average Hourly Memory Used (MB/Hour)

Methods

Settings for detectors
Recommended /Default
Triggers, filters

Download Anabat Calls

using CFC read
Div 16
Default filter

Download AR 125 calls
Batch Scrubber

Download SM2 calls

WACtoWAV
Skip noise

Examples of Calls

Analook DOS Sonobat 3

o e e S

Brazilian Free-tailed calls

Average Hourly Memory Usage

Anabat

Methods-Hardware

3 detectors set
next to each other
2.5 ft table

34 nights across
Missouri

May 17 — July 17,
2010

Collected 140,968
call files

Fields, near ponds,
in forest, on roads

Detector Comparison Locations
ia

Hardware: Ease of Use

MB of Data Consumed Over 2 Weeks

Estimated Memory Used in 2 Weeks

Anabat




Advantages

-Low memory
consumption

Hardware: Advantages and Disadvantages

Disadvantages

-Costly
-Not weather proof

-Settings are easily
adjustable
-Fewer noise files

-1 piece -Large amounts of data
-Weather proof
-Records more call files

-Data easy to download | -Large amounts of data
-Records more call files -2 pieces and 2 wires
-Not weather proof

Software

Requires large call libraries

Methods of building libraries: Hand Release,
Spot Light, Enclosure

Zip-Line Light Tag

Methods: Software

Bat Call Identification (BCID)
Zero-crossing analysis
Can analyze converted full spectrum calls
Version used 1.2.5.3- Analook DOS
Current Version 2.0.0.1- AnalookW
Trial version available free from batcallid.com

Species ldentification

Fenton, O’Farrell, Corben
Qualitative Characteristics
Britzke, Parsons, Betts, Krusic, Corcoran
Filters, DFA and/or neural networks
Allen (BCID)
Weighted classification tree
Szewczak (Sonobat)
DFA

Methods: Software

SonoBat 3 NE
Full spectrum analysis
Northeast Version

Midwest version including grey bats will be
available soon

Purchased from Sonobat.com: $1536.00
7 geographic regions

Methods: Software

Both software packages used with
default/recommended settings
SonoBat — 80% quality, 90% DP, 8 max calls
BCID — 1 pulse for bat passes, 4 + to
species
Time recorded for each data set when
possible




Example of Call Analysis Output Example of Call Analysis Output

SonoBat BCID

FILENAME SPECIES SPPERCENT ~ GROUP  GR PERCENT
Filename LoFspp Consensus ByVote #Majorltv Classlflcatlon Prob

test_D20100626T210207m29 K8122020.31# PESU 92.3077 MID 92.3077
5.wav

test_D20100626T210811m32 K8122021.07# PESU 93.5484 MID 93.5484
3.wav

test_| D20100626T211409m05 K8122021.37# NYHU 58.3333 MID 95.8333
4.wav

K8122021.56# LABO 66.1017 MID 94.9153

All species in
sequence with a call
Classificati Dischrob Dur Parent classified with a EPFU LANO LABO LACI MYAU MYGR MYLE MYLU MYSE MYSO NYHU PESU UNKN
on if <Thr mean Sthev calls/sec| Directory | Directory Up DP>0.75 : 0 0 0 0 0 0 0 0

_ : 0 o 0 0 o0 0 0 o
Laci/Lano : 0 0 8 0 0] 1 0] 0
3 0 1 0 7 0 1

10

99 0
ac
427 | 035 (859|036 | 543 AR125 10

DFA pulse identification, Methods- Parameter Comparison
Species ID depends on % 3 groups of calls

required. Anabat, SM2, AR125
Chose 5 random nights of data
Three species compared: Silver-Haired,
Eastern Red, Tri-colored
Used all files identified by Sonobat with
DP>90% and BCID with 4 or more pulses
Averaged parameters

F-min, F-max, Duration, Characteristic Freguency
(Fc) and Frequency of knee (Fk)

Example of Parameter Output Example of Parameter Ou

Sonobat Analook
Total of 76 parameters measured Total of 16 parameters measured

Parent Next Time In Preceding Calls Per CallDurat Filename il Fmean Tk
Filename Directory DirectoryUp File Intrvl Sec ion Fc

test_D20100626T210811 639.1825 7.75193 42,093 K8121953.47#
m323.wav Red  ARI25Files 22 8 5024433 91

test_D20100626T210811 252.5110 7.75193 42.430
m323.wav Red  AR125Files 3 8 4936583 93 KERREERECTL
test_D20100626T210811 402.5523 7.75193 44.451

m323.wav Red  AR125Files 79 8  3.836268 51 k8121953.47#

test_D20100627T002705 15.44285 4.16666 37.202
mO058.wav AR125 Files 3 7 6.189064 73 K8121953.47#




Parameter Comparison: Parameter Comparison: Tri-
Eastern Red Bats Colored Bats Average Hardware/Software Results
(Based on a 10 hour night)

Anabat -

A
Anabat

=AR125

SM2

Mean/  Mean Mean MeanFc Mean Fk Mean Fmin  Me: Mean  Mean Fc Mean Fk
Fmin  Fmax Duration (kHz)  (kHz) «Hz)  Fm Duration  (kHz)  (kH2)
(kHz)  (Hz2)  (ms) (K (ms) '

Parameter Comparison: Silver-Haired
Bats

Number of Files

Noise Files Bat Passes Seguences
Recognized Identified to Species

Mean Fmin Mean Fmax Mean  Mean Fcosiiean Fk
(kHz) (kHz)  Duration,ex(kHz) (kHz)

: OTE: Anabat = BCID, AR125 = Sonobat, SM2 = Son

Total Files Identified-Low Total Files Identified- Mid

Average Nightly Files Identified
to Species

AR125/Sonobat

er of Files
ied to Species

Number of Files

LANO LACI NYHU PESU

Total Files Identified- Myotis

%)
S

5]

Anabat/BCID

8
5 2
&
520
21
21

EPFU
Based on

10 hour Ao veE
LAC
dgtector -~
night _MYSE
MYSO

o oo o

This can be misleading...

Species Group Composition by Species Group Composition
SM2 6/29/10

Sonobat for AR125 Files by Sonobat for SM2 Files Anabat 6/29/10 AR125 6/29/10

High,
Unkn High

Anabat 7/10/10 AR125 7/10/10 SM2 7/10/10

Unkn Hi

Species Group Composition by
BCID for Anabat Files High

12% 1%
SM2 6/26/10

Vid Anabat §/26/10 AR125 6/26/10
Low Unkn 1SN )
Unknown L

Low




Software: Advantages and Disadvantages

_ Advantages Disadvantages

SonoBat -Comparison view of  -Long analysis time
pulses -Few calls identified to
-Harmonic emphasis  species or species
group
-Quick analysis time  -Zero-crossing
--Ability to turn analysis only
species off -Limited geographic
regions

Software Comparison Using SM2

(Based on 5 Nights of Data)

Species Composition of Zero-
Crossing SM2 Files and
Original SM2 Files

Species Group of Zero-Crossing
SM2 Files and Original SM2 Files

3500

3000

= Sonobat = Sonobat

2500 +—

(S atar N

N
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Number of Call Files
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o
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S
k]
o
K]
e
z

E,n,,t/ 4, M’usoqc/ ’”"Loﬂ”'é‘s""-?o”"fuhs% %W

Determine your needs, Define
your project, then choose
your system
S

Detector Comparison Using BCID

Based on 5 nights of data

Species Composition of Anabat
Species Group of Anabat Files and Zero-Crossing SM2
Files and Zero-Crossing SM2 Files
Files
3500

= Anabat = Anabat
3000 —!7
8 =SM2
T 2500 — | |
& 2000

of Call Files

21500
00
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Discussion

Data analysis time longer for full
spectrum calls

Variation in species and species groups
detected

Extensive memory usage using full
spectrum

Full spectrum hardware detecting more
bat passes




WHITE-NOSE SYNDROME: AN OVERVIEW
OF ONGOING AND FUTURE RESEARCH NEEDS

Thomas H. Kunz', Jeffrey T. Foster?, Winifred F. Frick™®, A. Marm Kilpatrick®,
Gary F. McCracken®, Marianne S. Moore', Jonathan D. Reichard®, DeeAnn M. Reeder’, Alison H. Robbins’

Abstract

White-nose syndrome (WNS) is an emerging infectious disease that is causing unprecedented mortality of hibernating batsin
eastern North America and is threatening regional extinction of formerly common species. The rapid rate of spread and high
mortality associated with WNS makes this epizootic one of the most threatening wildlife diseases ever reported for bats.
Current estimates indicate that over one million hibernating bats among six North America bat species have died from this
disease sinceitsfirst discovery in New York in 2006. These six species are the little brown myotis (Myotis lucifugus),
northern long-eared myotis (M. septentrionalis), Indiana myotis (M. sodalis), eastern small-footed bat (M. leibii), tricolored
bat (Perimyotis subflavus), and big brown bat (Eptesicus fuscus). A recent study predicted that if current assumptions about
mortality rates and spread persist, M. lucifugus, the species that currently is the most severely affected by WNS, will
experience regional extinction within 16-20 years. Geomyces destructans (Gd), the putative fungal pathogen associated with
WNS, was recently isolated from three additional species, the southeastern myotis (M. austroriparius), gray myotis (M.
grisescens), and cave myotis (M. velifer), but to our knowledge, evidence of Gd infection based on histopathol ogy (the “gold-
standard”) has not been confirmed in M. grisescens from Missouri or M. velifer from Oklahoma. To date, no evidence of
mass mortality has been reported for the latter three species. Researchers and wildlife managers are challenged by lack of
sufficient knowledge on transmission dynamics and disease resistance in bats, which is limiting the ability of researchersto
develop effective mitigation and management strategies. Research support is needed to investigate seasonal and geographic
variation in fungal prevalence and loads, differences in species susceptibility and infectiousness to Gd infection, and
mechanisms, routes and intensity of Gd transmission at different colony and geographic scales, with the purpose of
identifying effective mitigation strategies to reduce mortality of affected bats and to implement protocols to protect
populations at risk.

Key words: Chiroptera, Geomyces destructans, hibernating bats, North America, research needs, White-nose syndrome

I ntroduction

White-nose syndrome (WNS) is one of the most devastating diseases in recorded history to affect wildlife in North America
(Figure 1). Sinceitsdiscovery in upstate New Y ork in February 2006, estimates indicate that over one million hibernating
bats have died from this disease (Blehert et al., 2009; Frick et al., 2010a), with losses averaging 73%, but with decline of up
to 100% in some hibernacula and maternity coloniesin eastern North America. To date, six species are known to be affected
by WNS, including the most severely affected little brown myotis (Myotis lucifugus), northern long-eared myotis (M.
septentrionalis), Indiana myotis (M. sodalis), tricolored bat (Perimyotis subflavus), and the apparently less affected eastern
small-footed bat (M. leibii) and big brown bat (Eptesicus fuscus). Three other species, including the southeastern bat (M.
austroriparius), the Federally Endangered gray bat (M. grisescens), and the cave myotis (M. velifer) have been diagnosed
using PCR tests indicating presence of Geomyces destructans, but to date, infection from this fungal pathogen has not been
confirmed based on histopathology for M. griscescens from Missouri or M. velifer from Oklahoma (USFWS, 2011)

1 Center for Ecology and Conservation Biology, Department of Biology, Boston University, Boston, Massachusetts
2 Center for Microbial Genetics & Genomics, Northern Arizona University, Flagstaff, Arizona

3 Department of Environmental Studies, University of California, Santa Cruz, Santa Cruz, California

4 Department of Ecology and Evolutionary Biology, University of California, Santa Cruz, Santa Cruz, California

5 Department of Ecology and Evolutionary Biology, University of Tennessee, Knoxville, Tennessee

6 Department of Biology, Bucknell University, Lewisburg, Pennsylvania

7 Center for Conservation Medicine, Cummings School of Veterinary Medicine at Tufts University, North Grafton,
M assachusetts

189



Figure 1. A hibernating little brown myotis (Myotis lucifugus) infected
with Geomyces destructans, a fungus associated with white-nose
syndrome (Photo credit: A.C. Hicks, New Y ork Department of
Environmental Conservation).

The earliest research on bats affected by WNS identified cutaneous fungal infections caused by Geomyces destructans (Gd),
apreviously unknown, cold-adapted fungus that grows optimally between 5° and 10°C, within the 2° to 14°C temperature
range that is characteristic of hibernaculain North America affected by WNS (Blehert et al., 2009). Based on morphological
and genetic (PCR) analyses, Gd has been reported from hibernating bats in 17 states (Connecticut, Delaware, Indiana,
Maryland, Massachusetts, New Hampshire, New Jersey, New Y ork, North Carolina, Ohio, Pennsylvania, Vermont, Virginia,
West Virginia, Tennessee, Missouri, and Oklahoma), and four Canadian provinces (New Brunswick, Nova Scotia, Ontario,
and Quebec) (Meteyer et al., 2009; Chaturvedi et a., 2010; USFWS, 2011; Figure 2). However, to date, mass mortality has
only been reported from seven northeastern states (Connecticut, Massachusetts, New Hampshire, New Jersey, New Y ork,
Pennsylvania, and Vermont) and one Canadian province (New Brunswick).
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Figure 2. Map showing the distribution of the fungal pathogen Geomyces desctuctans (Gd)

and locations of bats manifesting symptoms of white-nose syndrome in North America
http://www.fws.gov/whitenosesyndrome/maps/WNSMap_040411 300dpi_DS.jpg (accessed May 10,
2011).

Research and monitoring studies on hibernating bats in eastern North America have revealed that bats affected by WNS are
characterized by the following symptoms: white fungal growth on exposed skin tissues, such as nose, ears, tail and wing
membranes (Blehert et al., 2009; Gargas et al., 2009); prematurely depleted fat reserves (Blehert et al., 2009; Gargas et al.,
2009; Courtin et al., 2010; J.D. Reichard, unpubl. data); immunological changes (M.S. Moore, unpubl. data; D.M. Reeder,
unpubl. data); altered arousal patterns during hibernation (D.M. Reeder et d., unpubl. data); atypical flight behavior in mid-
winter (A.C. Hicks, pers. comm.); and ulcerated, necrotic, and scarred wing tissue (Reichard and Kunz, 2009; Cryan et al.,
2010).

Recent evidence suggests that Gd is a pathogen that was introduced to the U.S from Europe by human trade or traffic.
Researchers have established that Gd is present in nine species of European bats, athough no evidence of mass mortality has
been reported (Puechmaile et al., 2010; Wibbelt et al., 2010; Martinkova et al., 2010). Fungal isolates of Gd from selected
hibernaculain the U.S. (Lorch et ., 2010; Lindner et al., 2010) appear to be derived from a single clone (Chaturvedi et al.,
2010), suggesting arelatively recent introduction. Research on WNS in North America suggests that there is no differencein
susceptibility caused by potential environmental toxins because they were similar in bats both affected and unaffected by
WNS (Courtin et al., 2010; Kannan et a., 2010), although more work is needed in this particular context. Mass die-offs
resulting from WNS (Figure 3; Frick et al., 2010b) are consistent with the hypothesis of an introduced pathogen in a naive
wildlife population (Cunningham et al., 2003). Notwithstanding, the origins of Gd in the U.S. will not be known until
comparative genomic analyses of isolates from North America and Europe are complete.
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Figure. 3. Dead and moribund bats lying on the floor of a hibernaculum in Vermont caused by white-nose syndrome (Photo
credit: M.S. Moore, Boston University)

Several mitigation strategies have been proposed, including installation of heated roosts as “thermal refugia’ in cavesto
reduce energy expenditure of aroused bats (Boyles and Willis, 2009), and culling to reduce the spread of Gd (Arnold Air
Force Base, 2009). However, attempts to deploy heated roosts have not been successful (C. Willis, pers. comm.), and a recent
modeling study demonstrates that culling would be ineffective in stopping the spread of Gd (Hallam and McCracken, 2011).
Additionally, proposals for reducing the spread of Gd by closing caves and mines to human traffic are being practiced by
some state and federal agencies, and protocols for decontaminating clothing and field equipment are being implemented
(USFWS, 2010). However, comprehensive understanding of WNS epidemiology remains elusive (Foley et a., 2011).

Ongoing and Futur e Resear ch Needs

Since 2008, wildlife biologists from state and federal agencies, non-government organizations, and academic researchers
have participated in several regional WNS strategy meetings and conferences in an effort to identify research and monitoring
needs (Bat Conservation International, 2009). Both non-government and academic scientists have developed and presented
proposed budgets for research and conservation management activities at congressional hearings, but limited funding has
been made available from federal sources or state governments to address this devastating and rapidly spreading disease. In
October 2010, the U.S. Fish and Wildlife Service proposed a draft National Plan
(http://www.fws.gov/whitenosesyndrome/national plan.html) to coordinate surveillance and monitoring efforts (Coleman,
2011), but as of thiswriting, this plan has not been implemented.

State and federal agencies, non-government organizations, and academic institutions have established partnerships (Waldien
et al., 2011) to help develop and address key questions related to understanding and managing WNS (Bat Conservation
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International, 2009). Examples of these questions include: (1) What are the mechanisms of disease-caused mortality in
hibernating bats? (2) What are the physiological, behavioral and immunological responses of individuals to Gd infection? (3)
How is Gd transmitted among individual s and across sites? (4) How does disease-related mortality from Gd affect population
dynamics and viability of affected populations and species? (5) What is the origin of Gd and how isit spread? (6) Isthere
variability in the susceptibility of different bat speciesto Gd? (7) Does the rate of disease progression in bats vary in relation
to microclimate of hibernacula? (8) Can quantitative diagnostic tools be developed for identifying Gd? (9) Can selected
chemical compounds be used to reduce or eliminate Gd on skin surfaces? (10) Should anti-fungal compounds be used as a
management strategy to reduce the effects of or spread of Gd? and (11) How can knowledge of ecosystem services be used to
convey the value of bats to humankind and to help raise funding levels to support research and management of WNS?

Ongoing Resear ch
1. Physiological and immunological responsesto WNS infection

Changesin body composition of bats affected by and unaffected by WNS—Early field and laboratory observationsin the
northeastern U.S. have shown that bats affected by WNS have severely depleted fat reserves in mid-winter, a condition that is
expected to compromise successful hibernation and ultimately reduce chances of survival. Studies have been designed to test
hypotheses that reduced fat reserves (white adipose tissue, WAT) are caused by failure to deposit sufficient WAT during the
prehibernation period or premature depletion of WAT reserves during hibernation, due in part to frequent or extended bouts
of arousal. Other hypotheses state that over-winter survival and subsequent reproductive success of hibernating bats also
requires sufficient quantities and qualities of WAT deposited during the pre-hibernation period (Kunz et al., 1998; Humphries
et a., 2003), and that these reserves include sufficient quantities of essential saturated and polyunsaturated fatty acids
(PUFAS) that can be obtained only from dietary sources because they cannot be synthesized by hibernating mammals,
including bats (C.L. Frank, pers. comm). The latter hypothesis predicts that dietary deficiencies of certain PUFA’swill affect
the depth and duration of deep torpor during hibernation.

To date, analysis of body composition, including PUFA’s, of little brown myotis (M. lucifugus) during the pre-hibernation
period at sites affected and unaffected by WNS suggests that bats deposit adequate reserves of WAT in autumn (J.D.
Reichard, unpubl. data). However, by mid-winter, WNS-affected bats have markedly lessWAT compared to unaffected bats.
AsWAT reserves approach critical thresholds, bats affected by WNS appear to adopt behaviors causing them to emerge from
hibernation prematurely in attemptsto feed or gain accessto water (J.D. Reichard, unpubl. data). At some WNS-affected
sites, bats have also been observed roosting near mine or cave openings long before spring emergence (A.C. Hicks, pers.
comm.). Such activities may reflect attempts by bats to sample outside conditions for early detection of spring warming or
insect availability. If bats adopt these behaviors when WAT reserves are low, they may be responding to some minimum
threshold of fat needed to initiate other physiological processes (e.g. immune responses or female ovulation).

Data collected to date have provided valuable insight for testing proposed hypotheses to help explain why hibernating bats
are dying prematurely at hibernaculain the northeastern U.S. and also suggest directions for future study to better understand
the etiology of WNS. Low reserves of WAT at the end of hibernation may reduce reproductive success of females, especially
when leptin levels are low (Kunz et a., 1998). Current evidence suggests that little brown myotis affected by WNS have
poorer body condition in spring and summer than unaffected individuals during the same period (Reichard and Kunz, 2009).
Some stored fat reserves at the end of winter are needed to fuel spring migration and early foraging bouts and to sustain early
gestation while energy sources transition from winter to the active season when insects and other arthropod prey become
available.

Immune function of hibernating bats affected and unaffected by WNS—Understanding the immunological status of bats
affected with WNS is essential to assess their ability to resist pathogenic or opportunistic infections. Effective immunological
defenses against tissue-invading fungi generally include the activity of soluble complement proteins, direct killing through
phagocytosis (e.g. by neutrophils, macrophages, dendritic cells), cellular inflammatory responses, T lymphocyte mediated
responses, and antibody dependent cell-mediated cytotoxicity (Blanco, 2008; Shoman, 2005; Speth, 2004, 2008) with optimal
resistance to fungi occurring at typical euthermic body temperatures (Bergman and Casadevall, 2010). However, because bats
use long periods of deep torpor during hibernation, their ability to resist infection may be significantly decreased relative to
the active season when bats are mostly euthermic. During the hibernation period, optimal temperature conditions are
available for growth of Gd (Blehert et al., 2009). Numerous aspects of immune response are known to become depressed in
other hibernating mammals (Jaroslow, 1972; Kurtz, 2007; Larsen, 1971; Manasek, 1965; Maniero, 2000; Maniero, 2002;
Boumaet a., 2010). Additionally, several experimental studies have shown that immunological stimulation alters patterns of
torpor and arousal (Burton and Reichman, 1999; Prendergast, 2002). Investigations are currently focused on multiple aspects
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of innate, adaptive, and cellular inflammatory immune responses in M. lucifugus affected by WNS, as well as research
designed to investigate rel ationships between these responses, body temperature, stage of arousal, and body composition
(M.S. Moore, unpubl. data; R. Jacob and D.M. Reeder, unpubl. data).

Relationship between body composition and immune competence of bats during hiber nation—While several aspects of
the immune response have been described, it isimportant to understand the relationship between levels of immune
competence and the amount of energy available to hibernating animals in the form of fat reserves. In addition to fueling a
variety of physiological processes and behaviors (Humphries et al., 2003), WAT is essential for proper immune function.
Immune function exhausts energy reserves in two important ways. First, to restore and mount an immune response, animals
must arouse from torpor to a euthermic state (Burton and Reichman, 1999; Humphries et al., 2003; Prendergast et al., 2002;
M.S. Moore and J.D. Reichard, pers. obs.). At thistime, bats may relocate to warmer parts of their hibernacula where the cost
of maintaining elevated body temperature is reduced (Boyles and Willis, 2009), although periodic arousals also account for
most of the depletion of WAT during hibernation (Thomas et al., 1990). Second, an immune response requires considerable
amounts of energy following arousal. Limited reserves of WAT may adversely affect immune competence directly (Demas et
al., 2003) and indirectly through leptin-mediated pathways, as has been shown in hibernating rodents (Demas and Sakaria,
2005). A similar pattern is expected in bats (M.S. Moore, unpubl. data). Metabolic rates may increase by up to 60% in
animals that mount immune response to severe infections (Lochmiller and Deerenberg, 2000). Moreover, while some
hibernators are able to upregulate immune mechanisms during their prolonged periods of euthermy (arousal bouts lasting ~24
h), arousal bouts of bats typically last only 70-90 minutes (Britzke et al., 2010; D.M. Reeder, C.L. Frank, et al., unpubl. data),
which quite likely confers few immunological benefits. Lastly, given the fact that hibernating bats affected by WNS
experience severely depleted WAT reserves by mid winter, they may also have reduced immune function owing to this
deficit.

Quantifying arousal freguencies during hiber nation—~Periodic arousals from torpor during mammalian hibernation
typically account for 80-90% of the energy expended throughout this period (Kayser, 1965). Thus, the premature depletion of
WAT observed in WNS-affected little brown myotis may be due to more frequent arousals (thus, shorter torpor bouts).
Increased arousals from torpor are postulated to occur in response to infection with Gd. Ongoing investigations are
examining patterns of hibernation in hundreds of affected and unaffected little brown myotisin several hibernacula across the
northeastern and midwestern U.S. (D.M. Reeder, C.L. Frank, E.R. Britzke, A. Kurta, G.G. Turner, A.C. Hicks, S.R. Darling.
C.W. Stihler, in progress). How the behavior of WNS-affected little brown myotis differs from that of unaffected bats during
these arousalsis also the subject of an ongoing study (S.A. Brownlee, unpubl. data). Limited studies of hibernation patterns
in the WNS-affected tricolored bat (P. subflavus), the moderately affected big brown bat (E. fuscus), and the as of yet
unaffected Virginia big-eared bat (Corhynorhinus townsendii virginianus) are also underway.

2. Testing the Efficacy of Selected Chemical Compoundsto Reduce or Eliminate Gd

The severe impact of white-nose syndrome on bat populations requires unusual intervention to explore possible treatment
strategies for both captive and wild populations. Testing both pharmaceutical and non-pharmaceutical compounds for their
capacity to safely combat Gd infection in batsis useful in that it may lead to the development of mitigation strategies for both
free-ranging bats and captive bats. While a number of antifungal agents successfully kill Gd, many of them are undesirable
for their other actions, including endocrine disruption. Thus, only a subset of pharmaceutical compoundsis likely to be viable
for treating bats. A number of non-pharmaceutical compounds also hold promise for treating free-ranging bats (H.A. Barton,
pers. comm.) without having significant ecological consegquences. Testing of agents on bats under captive conditionsis
ongoing in several laboratories (e.g.,. H.A. Barton, University of Northern Kentucky; D.M. Reeder, Bucknell University; and
A.H. Robbins, Cummings School of Veterinary Medicine, Tufts University).

To date, several compounds have been identified using in vitro testing that effectively kill Gd grown in culture (H.A. Barton,
pers. comm., M.A. Ghannoum, unpubl. data). The antifungal drug terbinafine has good fungicidal activity against Gd in
culture, and has along safety record in humans and domestic animals. A study of the safety and efficacy of terbinafinein
WNS infected bats held in captivity is currently underway. Studies using other compounds to treat bats in natural
hibernacula are al'so underway (D.M. Reeder, unpubl. data). However, it isimportant to emphasize that any compound or
compounds used to treat bats must be effective, environmentally safe to use, and easily applied with minimal handling or
disturbance.

194



3. Quantitative Diagnostic Toolsfor Identifying Gd and Assessing Transmission Dynamics

A gquantitative PCR (gPCR) assay that reliably detects low-level amounts of Gd on bats is a fundamental tool needed to
assess disease epidemiology of WNS. A recently developed qPCR assay will be used to identify infected bats, quantify Gd
fungal load, and assess transmission. The challenge for any DNA-based assay for Gd is the abundance of closely related
species of Geomycesin cave environments (Lindner et al., 2010). A similar challenge exists for histopathological studiesin
identifying Gd from closely related species. Thus, a diagnostic tool, based on gPCR, must be both highly sensitive and
specific to provide reliable identification of Gd. Initial screening against >100 Gd isolates, Geomyces isolates, and PCR
clones from cave soil extracts indicates that use of these two gPCR assays combined provides the most promising diagnostic
tool for detecting Gd (J.T. Foster, unpubl. data).

Detection of Gd presence and quantification of fungal abundance will have broad applicability to the WNS research and
management community for addressing questions such as testing the efficacy of disinfection techniques on field equipment,
testing and quantifying infectious loads from skin swabs or fecal samples, and testing for efficacy of antifungal treatments on
bats. In particular, these tools will make it possible to quantify the number of infectious particles on individua bats and to
enable comparisons among infection levels of individuals of different species, at different times of the year, and to quantify
transmission dynamics. Thisinformation could also be used to help identify infection stages in which interventions could
reduce transmission or increase survival rates.

Future Research Needs

While the above studies are ongoing, additional research is needed to: (1) assess transmission dynamics of Gd and
epidemiology of WNS; (2) determine optimal environmental conditions for growth and transmission of Gd; (3) determine
variation in host susceptibility to Gd; (4) determine pathogen origin and factors driving spread of Gd; (5) assess population
genetic structure and gene flow in bats at local and continental scales; (6) assess the population dynamics of maternity
colonies affected and unaffected by WNS; (7) assess impact of wing damage from Gd on foraging ability and reproductive
success; (8) evaluate and implement appropriate mitigation strategies; and (9) quantify the economic importance and
ecosystem services of bats affected by WNS.

The results of the proposed research, highlighted below, are critical to understanding the causes and consequences of WNS.
1. Assess Transmission Dynamics of Gd and Epidemiology of WNS

Determining whether transmission is frequency or density-dependent and how contact rates vary among species that vary in
social behavior are critical to understanding the impact of WNS on bat populations. Transmission of Gd may increase with
bat density, if per capita contact rates increase with colony size. Transmission may also vary among species as a function of
contact rates during arousal bouts, when bats are euthermic, active, and switching to other roost sites. Alternatively,
transmission of Gd within hibernacula may be frequency-dependent, if social clustering of bats during hibernation eliminates
the effect of overall density in a hibernaculum. If transmission is frequency-dependent, the main drivers of differencesin
transmission among sites may be due to variation in microclimate because of its effect on fungal growth (Blehert et al., 2009;
Chaturvedi et a., 2010). The crucia reason it isimportant to determine whether transmission is frequency or density-
dependent (or more generally, how it depends on density) is that a purely density-dependent disease will die out once bats
reach low numbers, but if it operates as frequency-dependent because of clustering of remaining bats, it could cause
extinction. It could also be density-dependent at high bat densities through several mechanisms, but frequency-dependent
effects at lower densities would aso make extinction possible. In addition, even if Gd is density-dependent and therefore less
likely (but not impossible) to cause extinction and if the density transmission relationship could be quantified, one could
predict at what density the populations would level out, which would be extremely valuable from a management perspective.

Seasonal variation in social behaviors and environmental conditions can both influence transmission rates (Bjornstad et al.,
2002; Hosseini et a., 2004; Shaman and Kohn, 2009). Bat aggregations vary substantially from large mixed-species colonies
in winter to smaller more species-specific and sexually-segregated groups in summer. In contrast, contact rates may be
highest during fall when bats are mating and interacting in potentially infected environments (swarming sites and
hibernacula). Microclimate conditions for Gd growth (but not necessarily transmission), such as moderately low cave and
mine temperatures and high humidity occur most commonly in winter (Blehert et al., 2009; Chaturvedi et al., 2010).
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2. Determine Optimal Environmental Conditionsfor Growth and Transmission of Gd

Seasonal variation in environmental conditions (e.g., temperature and humidity) can potentially influence growth,
transmission rates, and prevalence of Gd in hibernacula (K.E. Langwig, pers. comm.). The highest rates of prevalence can be
expected in late winter, after Gd has had the opportunity to grow and spread in hibernacula. Microclimate conditions for Gd
growth are also expected to affect survival and transmission rates of Gd.

3. Determine Variation in Host Susceptibility to Gd

Multi-host pathogens demand increased theoretical and empirical understanding for planning conservation efforts for species
at risk from emerging infectious diseases (Daszak et al., 2000). Geomyces destructans is a multi-host pathogen that infects
bats with widely varying distributions and social systems. The rapid spread of Gd from its epicenter in upstate New Y ork,
southward to Tennesee and North Carolina, and westward to Oklahoma and beyond, provides an opportunity to empirically
assess factors that influence the mode and rate of spread at both local and continental scales. Variation in pathogen-host
interactions may be especially important for understanding transmission and levels of infectivity. Additionally, whether WNS
will affect other hibernators, including hibernating ground squirrels (family Sciuridae) and bats that hibernate in trees rather
than caves, remainsto be determined (C.K.R. Willis, pers. comm.). Multi-host pathogens pose greater risks to endangered
species because one species can serve as areservoir to support persistent transmission while a more vulnerable species may
go extinct. Measurements of contact rates, prevalence, and infection intensity among individuals of different speciesthat vary
in sociality (e.g., group size and composition) and environmental conditions are needed across different life stages at local
and regional scalesto better understand the transmission dynamics of Gd. Known species-specific preferences for particular
microclimates in hibernacula (temperature, humidity, and airflow) will strongly influence which species are most likely to
experience significant mortality. For example, the big brown bat (E. fuscus) prefers to hibernate at low relative humidity and
at temperatures that are below the optimal growth rate of Gd, which may explain their apparent relative resistance to this
fungus (L.E. Grieneisen, pers. comm.).

4. Determine Pathogen Origin and Factors Driving Spread of Gd

Recent advances in the speed and accuracy of whole genome sequencing of microbes using Next-Generation Sequencing
provides aviable aternative to traditional cloning and sequencing methods (Mardis, 2008). Thisis particularly relevant to Gd
where few genetic differences are expected between isolates due to the recent emergence of the fungus and most genetic
methods may not be able to distinguish Gd isolates. With a reference genome for comparison, phylogenetic relationships
between isolates from bats in the U.S., Canada, and Europe, as well as from closely related Geomyces species, can now be
made using whole genomes. Studies are underway to sequence closely related congeners to identify unique characteristics of
Gd and determine whether differences between North American and European isolates contribute to pathogenesisin bats of
the U.S. With adequate variation in microsatellites, Gd can also be used to analyze spatial spread of Gd. Thus, understanding
the genetics of Gd is essential for assessing disease epidemiology.

Therate of spread of Gd across North America may be affected by colony size and species richness of bats and regional
prevalence of Gd. Alternatively, the spread of Gd across North America may be influenced primarily by abiotic factors (e.g.,
temperature and humidity) and traits of different bat species unrelated to social behavior. The rate of geographic spread may
also depend on the distribution and density of hibernacula (T.G. Hallam, unpubl. data). The probability of invasion of a
pathogen should be a function of propagule pressure, which, in a disease context, isthe force of infection (i.e. the density of
infected individuals moving into uninfected populations). The product of colony size and prevalence summed across species
richness of bats could be used as a correlate of propagule pressure. However, the diffusion of a multi-host pathogen may also
be influenced by traits of different host species (e.g. differential movements or rates of infectiousness), the permeability of
the landscape, and climatic effects.

5. Assess Population Genetic Structure and Gene Flow in Batsat L ocal and Continental Scales

Theidentification of gene flow corridors and barriers to major bat hosts of Gd could be used to identify populations most at
risk and to inform decisions on WNS surveillance, prevention, and mitigation. Geographic or other landscape features that
pose barriers to, or facilitate dispersal of bats, could create complex patterns of gene flow. Previous studies of host-parasite
relationships have shown that host population structure is reflected in gene flow, along with dispersal of a dependent parasite
or pathogen (McCoy et al., 2005; Nadler et a., 1990; Mulvey et al., 1991; Blanchong et a., 2008).
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Little brown myotisisrelatively abundant and currently shows the highest prevalence of infection, and thusislikely to be the
primary mode of dispersal for the fungus. Thus, the potential spread of Gd via dispersal might be predicted by using
historical patterns of gene flow in M. lucifugus across North America, and knowledge of the population connectivity of this
speciesis critical to predicting routes of spread and populations most at risk of WNS introduction (A.P. Wilder, pers. comm).
Previous studies of little brown myotis sampled during summer months have found little genetic differentiation in
populations, indicating that the species is wide-ranging and that dispersal is common. From this we can expect that an
isolation-by-distance pattern, and spread of WNS from infected populations to uninfected populations will be highly
correlated with spatial distance between colonies (A.P. Wilder, pers. comm.).

Samples of bats when they are breeding (fall swarming sites) or hibernating (fall and winter), may reveal more population
structure than when populations have dispersed to maternity roosts (spring and summer). If populations of little brown myotis
are structured, but the geographic pattern of WNS expansion is not predicted by patterns of gene flow, then other bat species
may be playing the dominant role in the spread of Gd (A.P. Wilder, pers. comm).

6. Assessthe Population Dynamics of Mater nity Colonies Affected and Unaffected By WNS

While most prior research on WNS has focused on factors affecting mortality in hibernating bats, the impacts of this disease
on bats during the active season have not been fully evaluated. Observed declines of bat populations in winter should be
manifested by comparable declines during the active period in the same region. The little brown myotis has experienced
severe winter mortality in the northeastern U.S. (Frick et al., 2010b) but could also be a valuable species for determining
population-level impacts of WNS during the non-hibernating period. Relative to most other bat species affected by WNS,
maternity colonies of little brown myotis can be readily monitored because this speciesroosts in relatively large numbersin a
variety of anthropogenic structures (Kunz and Anthony, 1996; Kunz and Reynolds, 2003; O’ Shea and Bogan, 2003). Long-
term monitoring studies are crucia for obtaining demographic data needed for assessing both population dynamics (Frick et
al., 2010a) and viability (Frick et al., 2010b). Similarly, acoustically monitoring the activity of bats during the warm season
can aso provide valuable information on a broader landscape scale (Brooks 2011). The studies by Dzal et al. (2010) and
Brook (2011) confirms that the overall observed decline of 73% based on surveys of batsin hibernacula (Frick et al., 2010) is
consistent with their data based on acoustic monitoring of batsin northwestern New Y ork and west-central Massachusetts,
respectively. Data derived from such studies should facilitate the development of strategies that will aid in informing future
management decisions.

7. AssessImpact of Wing Damage from Gd on Foraging Ability and Reproductive Success

Little brown myotis at maternity colonies in spring and throughout early summer have shown moderate to severe wing
damage associated with WNS (Reichard and Kunz, 2009). Such damage could adversely affect the abilities of these bats to
forage efficiently and thus maintain normal body condition (Reichard and Kunz, 2009; S.A. Brownlee, unpubl. data; N.W.
Fuller, unpubl. data). Moreover, reduced feeding efficiency could lead to lower survival and lower reproductive success
(Reichard and Kunz, 2009). Thus, field-based studies are needed to assess the consequences of WNS-related wing damage,
including the influence of wing damage on navigational ability, foraging success, and postnatal growth (a surrogate of
reproductive success). If foraging success is compromised, one would predict that postnatal growth rates and survivorship of
pups born to mothers with damaged wings will be greatly reduced (N.W. Fuller, pers. comm.).

8. Evaluate and Implement Ecologically-Sound Mitigation Strategies

Additional experimental research is needed to test the efficacy and safety of antifungal compounds to increase survival of
bats infected with Gd. Protocols should be identified to rid individual bats of Gd, especially those targeted for captive studies
and to create assurance colonies (see below). If an effective compound or compounds and treatment protocols are identified,
research will be needed on delivery methods to treat large numbers of free-ranging bats in field settings, with minimal
handling or disturbance to bats and their cave ecosystems. Drug safety and efficacy testing requires large numbers of animals.
Research is also needed to develop an animal model of WNS to increase the pace of drug development studies and to reduce
the lethal experimental use of dwindling bat populations (H.A. Barton, pers. comm.; D.M. Reeder, unpubl. data; A.H.
Robbins, unpubl. data).

Research and management strategies that provide secure, protected maternity roosts are needed to promote long-term use by
maternity colonies at risk of extirpation. This could be accomplished by installing thermally and structurally-enhanced bat
houses and roost modules to promote reproductive success of surviving individualsin small, remnant colonies (T.H. Kunz,
unpubl. data). For example, installation of roost modules in buildings that were previously occupied by little brown myotis
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could also be used for long-term popul ation monitoring programs. Data derived from installing roost modules could be used
to inform future management strategies needed to sustain populations and to promote recovery of bats currently being
affected by WNS.

Protection of hibernating bat colonies will continue to be of paramount importance. Caves and mines not yet gated should be
considered for gating to protect the small numbers of bats that may be resistant to WNS. Disturbance to hibernating bats must
be kept to aminimum. If current studies of survival in relation to microclimate at hibernacula (L.E. Grieneisen, in progress)
indicate significant survival of bats at sites outside the optimal growth range for Gd (i.e., caves and mines below 4°C), one
possible mitigation strategy might be to alter the microclimate of mines and other human-made structures (e.g., abandoned
military bunkers and artificial caves) to help promote the survival of hibernating bats. Such temperature modifications are
currently being used by the Pennsylvania Game Commission (D.M. Reeder, unpubl. data).

Another mitigation strategy currently under discussion is the creation of captive colonies of affected species, or so-called

‘ captive assurance populations'. This strategy has been employed in the amphibian conservation community in response to
chytridiomycosisin frogs, another fungal infection with significant mortality in multiple species and extinction in an
estimated 165 species (www.amphibianark.org). Dozens of species of amphibians have been brought into biosecure
“amphibian arks’ with the eventual goal of reintroduction into the wild. However, while protocols for amphibian husbandry
arefairly well established, housing bats, and most especially establishing successful breeding colonies of batsin captivity, is
not likely to be practical for most insectivorous species. Captive breeding has been proposed as a last ditch effort to protect
against extinctions; however, maintaining breeding populations of insectivorous bats is difficult and labor intensive and
sustaining sufficient numbers for gene pool integrity is a daunting prospect. The best prospect for pursuing such effortsisto
engage the talented and dedicated services of the community of animal rehabilitators who specialize in maintaining batsin
captivity (Barnard, 2010). Whether captive bats could ever successfully be reintroduced to the wild is highly questionable.
Notwithstanding, in the final analysis, the scale and multi-species nature of WNS may ultimately call for such novel efforts.

9. Quantify the Economic Importance and Ecosystem Services of Bats Affected by WNS

The severe decline in numbers of bats in areas affected by WNS is likely to have significant impacts on agriculture, forest
ecosystems, human health, and the economy in the forms of reduced crop yield, decreased forest production, increased
pesticide use in agriculture, increased exposure of humans to these pesticides, and increased numbers of arthropod-borne
pathogens. Little brown myotis can eat upwards of 100% of its body mass during peak lactation (Kurta et al., 1989) and at
least one-half of its body mass, on average, during the warm season from mid-April to mid-October. Because over one
million bats have aready died from WNS in the northeastern U.S.,, this translates to approximately 660-1320 metric tons of
insects have gone uneaten each year since mass die-offs from WNS have been reported (Boyles and Willis, 2009). Increased
attention should be given to quantifying nightly food (Kurta et al., 1989; Kunz et al., 1995) and assessing dietary habits using
molecular markers to identify potential insect crop pests, forest pests, and arthropods vectors of human diseases consumed by
this and other species (Claire et a., 2010; G.F. McCracken, unpubl. data.). Partnerships between bat biologists, agricultural
and forest land managers, disease ecologists, and economists should be established to explore relationships between
population declines of bats and crop damage and yield in both traditional agriculture settings and where organic gardening is
being practiced, and the possible transmission of insect borne diseases. Thistype of information, along with estimates of crop
damage and pesticide costs, can then be used to more effectively assess the economic value of bat populations (Cleveland et
al., 2006; Federico et a., 2008; Boyles et al. 2011; Kunz et al., 2011).

Conclusions

While one cannot foresee the future, it seems certain that researchers and wildlife managers are still in the early stages of

ng the WNS disease epidemic in bats. The spread of Gd is expanding geographically at an accelerating rate. Asit does
so, it continuesto involve different bat assemblages and in landscapes that differ in climatic, topographic, and physiographic
features. The current state of knowledge of the Gd pathogen, while still meager, has expanded enormously in avery short
time, and the emergence and threat WNS, the disease associated with Gd, has motivated an enormous body of new and
challenging research into poorly known and previously unknown aspects of bat biology. Our hope for mitigating the further
spread of this devastating disease depends on increased levels of funding and additional research that stretches the limits of
existing knowledge and technologies. Promoting the economic value of insectivorous bats to agriculture and to humankind
for their cultural and aesthetic value are important steps toward educating the general public and government decision-makers
that arelatively small investment now is preferred to much larger investments that will be needed later when ecosystems
collapse and an increasing number of endangered bat species become listed.
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Abstract

Abandoned mines can offer excellent opportunities to augment or even create habitat for bats. Mines often have the
necessary microclimate characteristics that are required as hibernacula. However, not all mines have conditions that are
appropriate for use by bats. Since bats may not possess the ability to assess modern hazards associated with many minesit is
crucia that we initially determine if an abandoned mineis safe for use by bats. Similar to human occupation, safety concerns
include stability of the site and air quality. If al or parts of amine are considered safe for use by bats then an assessment of
the microclimate characteristics is needed. Mines can then be manipulated as needed to create the necessary microclimate
conditions required by the bats. In Southern Illinois, we successfully stabilized many mines, manipulated entrances to
change internal temperatures and secured these mines from both disturbance to the bats and liability concerns. Other mines
that were not deemed valuable resources to bats were simply closed for liability reasons.

Introduction

Greater than 50% of eastern bats hibernate in underground caverns. It has been estimated that as many at 70% of abandoned
underground mines in the Eastern U.S. and Canada are used by significant numbers of bats (Tuttle and Taylor 1998). Bats
use these mines because of the similar characteristics that they share with natural caves. Often these caverns are used as
hibernacula. Suitable hibernacula are critical to the survival of bats because it allows them to survive long periods of time
when food isunavailable. Theinternal conditions of these hibernacula are a critical component to the survival of these
species. While the specific requirements may vary for each species there are over-arching themes that are common for all
hibernating bats. Hibernating bats seek alocation that has low temperatures near freezing but do not drop below freezing. It
is also important that these temperatures remain stable with little fluctuation (Steffen 2007). For instance, Indiana bats
(Myotis sodalis) have been found to prefer temperatures of 3-8°C throughout the winter (USFWS 2007).

Not all caves or mines have these microclimate conditions that make them favorable as hibernacula. Whileit iswholly
inappropriate to change the internal climatic conditions of caves because of the extensive biotic community that is adapted to
current conditions, abandoned mines generally lack these biotic communities and are perfectly suited for climatic
manipulation. However, since bats do not possess the ability to assess modern hazards of abandoned mines, we must first
assess the safety of amine prior to considering manipulation to attract bats. Major safety concerns revolve around air quality
and mine stability. It isimportant to remember that current bat use does not indicate suitable, or even safe, internal mine
conditions. Conversely, the lack of bats using a mine does not indicate unsuitable or unsafe internal conditions.

Once amineis determined to be safe or is determined that it can be modified to become safe, atemperature profile can be
used to determine the efforts that will be needed to create a suitable hibernaculum. The cost of conversion can be weighed
against the benefits of producing potential hibernacula. Benefits of producing hibernacula are based on the availability and
protection status of existing hibernaculain the local landscape and how this added resourceis likely to affect local bats.

Air Quality

Coal mines are known to have poor air quality conditions within (see Sherwin et al. 2009). Active mines are frequently
ventilated with fresh air from outside to remove air quality problems associated with equipment exhaust and natural
poisonous and or flammable gasses emanating from the mine substrate. While abandonment of a mine eliminates the exhaust
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fumes from machinery it does not eliminate the gasses that may be produced by the mine. Elevated levels of many lethal
gasses (e.g. carbon monoxide) cannot be detected without electronic equipment and as such pose a severe risk for bats and
humans (Sherwin et al. 2009). While ventilating a mine with outside air can remove or reduce these gasesto tolerable levels,
the act of pumping air into the mine could potentially alter temperature regimes within the mine, resulting in decreased
suitability. The cost associated with ventilation, combined with the added temperature issues that ventilation causes makes
mines with poor air quality ineffective candidates for modification. While with enough money and resources any air quality
issues can certainly be resolved, the cost of such modifications and continual maintenance usually makes such projects cost
prohibitive.

Mine Stability

Mine stability is a complex issue with numerous variables to consider. However, in general, stability isusually considered in
two areas: entrance stability (Figure 1) and interior stability. Often the entrance or portal has atendency to erode because of
exposure to outside elements. Eroding of the surface around the portal is caused from rain runoff as well the collapsing of
materials from the frequent expansion and contraction associated with fluctuating temperatures above and bel ow freezing.
Both of these forces combine to dramatically increase the spalling (falling material from walls or ceiling) at the entrance area.
This often leads the entrance to partially or completely fill, closing the mine to the outside. Since this spalling can happen
relatively rapidly, the major concerns lie in the possible exclusion of bats from the mine or the entombment of batsin the
mine during hibernation. There are additional issues with the accumulating material changing the air flow in or out of the
mine that can have dramatic effects on the internal temperatures.

Figure 1. Unstable mine entrance being excavated in Southern Illinois.

Entrance stability is usually only an issue for the first 10 to 30 m of the portal entrance where outside temperatures fluctuate
greatly. Inside the mine the temperatures are usually much more stable. These unstable entrances can be stabilized using a
variety of methods. One of the most straight forward and effective isto build a short stabilization tunnel in the entrance area
to maintain an open entrance. While avariety of tunnel systems exist, the steel arch with wooded cross beam system
(Modern Welding Company of Kentucky 2010) has been constructed in numerous mines (Figures 2 and 3) with great success
in Southern Illinois (Chadwick 2004). This method also provides a convenient location for adding bat-friendly gate (Fant et
al. 2009) to prevent human access while allowing bats free access to the mine. Reducing human access greatly reduces
liahility concerns often associated with abandoned mines. Caution should be taken to avoid changing the dimensions of the
entrance that is being stabilized, especialy if the mineis currently used by bats. The size and shape of the entrance can have
asignificant impact on the air flow in or out of the mine and therefore affect the internal temperature of the mine and its
suitability for bats.
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Figure 2. Steel arch with wooded cross beam system in an abandoned minein
Southern Illinois.

Figure 3. Stabilized mine entrance in Southern Illinois with bat-friendly gate.

Internal stability is also aresult of afew variables. Moisture and temperature are the primary variables associated with
internal stability. An extensive study in southern Illinois found that the temperature, temperature variability, and rock
moisture content were significant in predicting the amount of spalling (Corcoran 2009). Spalling happens most frequently
when temperatures fluctuate above and below freezing. This causes the material to expand and contract which loosens
material and promotes spalling. Elevated moisture levels exacerbate this with the increased expansion and contraction
associated with the freezing and thawing of the water content. Spalling occurs less often in areas with relatively stable, above
freezing temperatures. While these conditions of nonfreezing and stable temperatures are a so important for bats (see below;
Corcoran 2009, Steffen 2007), a safe mine does not mean amine is suitable as a hibernaculum.
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Internal Characteristics Important To Bats

The primary factorsidentified that affect use of a cavern by bats include internal temperature and temperature stability. Bat
use has been positively correlated with cold temperatures that do not drop below 0°C and that are relatively stable (Steffen
2007). Indiana bats for example prefer hibernation temperatures below 10°C (USFWS 2007). Specifically, Tuttle and
Kennedy (2002) and Brack (2007) found Indiana bats prefer temperatures between 3-7°C. Steffen (2007) found Indiana bats
in southern Illinois mines that had average seasonal hibernation temperatures from 9.63 to 3.11°C. Magazine mine which has
the greatest population of Indiana batsin Illinois (<40,000 bats) had average seasonal temperatures (winter 2007) that range
from 3.11 to 4.79°C.

Temperature Monitoring

After amine has been deemed safe for bats to use, the temperatures and temperature stability must be monitored to determine
if it is suitable as a hibernaculum. Thisis most frequently done using temperature dataloggers. Hobo Data loggers (Onset
Computer Corporation, Pocasset, MA) are perhaps the most commonly used dataloggers. These or other data loggers are
programmed to record temperatures over a series of months or years and store those data on internal memory. They are
placed in various locations within the mine and downloaded the following spring after retrieval. Average weekly
temperatures should be calculated during the hibernation season (November — March), and the level of temperature variation
should also be calculated. Thereis no set target for temperatures or temperature stability. Generally, temperatures should be
below 10°C and as stable as possible. Ideally these temperatures would not fluctuate outside of the desired temperature
range. Inalarger mine, agradient of temperatures should exist throughout the mine allowing bats to select the temperatures
that suit them best. Thiswould also alow bats to shift roosting locations should the temperatures change in mid hibernation
and become less suitable. Bats are known to naturally arouse multiple times throughout the winter and will often move
within the cavern to find the ideal hibernation location as conditions change (Brack and Twente 1985, Menzdl et al. 2001).

Mine Modification

The easiest way to achieve temperatures suitable for bat hibernation is to manipulate mine entrances to control air flow. Air
flow in and out of amine determines the internal temperatures and also the stability. It isbest to think of air in terms of
hydrodynamics. That is, air flows or acts similar to water with cold dense air sinking and warm light air rising. Cold air, if
allowed to enter amine, will collect in the lowest areas (cold air trap — Sherwin et al. 2009). Warm air will tend to rise and
will vent out of the mine if warmer than outside air. Alternatively, warm air may rise and become trapped in a high spot or
dome and remain (warm air trap) until the air cools and drops (Sherwin et al. 2009). Keeping these two factsin mind, an
evaluation of the current conditions of the mine can direct future modifications.

If mines are too warm then modifications need to allow warm air to exit and/or for cold air to enter. Often in single entrance
mines, thereis not enough air flow to allow for exchange of cold air for warm. This resultsin many single entrance mines
and caves being too warm to be suitable hibernacula for most bats. In many cases opening up a second entrance to the mine
will alow warm air to escape creating a vacuum which will cause cold air to be drawn in. The difference in elevation
between the two entrances will determine how quickly air is exchanged. The greater the elevation difference the faster the
warm air will ventilate and cold air will enter. Similarly, the size of the entrances will aso affect the volume of air that enters
or exitsthe mine. The cross sectional area of the smaller entrance and the el evation difference between entrances combined
will determine the overall volume of air per time that passes through the mine. As such, changing the size of the smaller
entrance is one method for controlling air flow.

Additionally, the shape and position of entrances on the landscape can influence the movement of air into or out of amine
(Figure 4). Each day as outside temperatures begin to drop, much like water, cold air falls and runs down slopes toward the
lowest part of the landscape. If amine portal is situated at the base of a slope or low on aslope and is shaped to catch the
cold air asit runs down the slope it will funnel that air into the mine. Similar mines on aridge top or at the top of a slope will
not have this source of cold air and may not get as cold as a mine further down the slope. Changing the shape of an entrance
can increase or decrease its ability to funnel cold air into amine. Conversely, cold air intake can be reduced by diverting or
blocking cold air from the entrance. Soil berms can be created above and around an entrance to divert cold air as it moves
down the hillside. Mine entrances at the base of avalley can have the entrance built up with soil allowing the entrance to
draw in air from above the cold air blanket at ground level.
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Figure 4. Common mine types with typical air flow pattern. Reproduced with
permission from Tuttle and Taylor 1998.

Mines that have unstable temperatures often have too much air flow. Many timesthereis an entrance that is at or near the
lowest part of the mine. Thisactsasadrain and allows cold air to exit the mine. Asthiscold air exits the mine, it drawsin
warm air from the upper entrance(s). Thisdraining will cycle on and off as the outside temperatures change in relation to
internal temperatures. When the air inside the mineis colder than the air outside, the mine will drain cold air. When the
internal temperatures are above that of the outside air the mine will ventilate warm air out the upper entrance and draw in
cold air from the lower entrance. This cycling often results in unstable temperatures. In these cases, the lowest entrance
needs to be completely or partially closed to slow the draining of the cold air and allowing a cold air trap to develop. This
will stabilize temperatures and increase mine suitability for bats. If closing the entrance stabilizes temperatures, but makes
the mine either too warm or too cold, then the remaining entrances can be modified to increase or decrease the amount of
cold air that enters the mine. Mineswith entrances located at the lowest elevation of the mine rarely produce suitable internal
conditions. Most suitable mines have some portion of the mine that islower in elevation than the lowest entrance which
allows cold air to collect (cold air trap). These same concepts of manipulating air flow in and out of a mine can and should
also be considered for the internal structure of the mine. Internal berms or elevation changes can redirect or block the flow of
cold air. Some internal modifications may also be needed to direct cold air flow as needed.

This process was successfully completed in Southern Illinois. A large mine (Birk 2) had four entrances, two that were man-
made and two from cave-ins. One man-made entrance was a shaft that entered from above and sloped into the mine while the
second entered horizontally at the main level of the mine. During the first winter survey of this mine, we counted less than
500 bats. Mines of similar size in the area often have thousands if not tens-of-thousands of bats. During the survey, the
temperatures appeared to be at or near suitability. Weinstalled a series of temperature data loggers (Figure 5) and the
following year downloaded the data (Figure 6). We discovered that while the average temperatures in the main shaft were
near the suitable levels (est. 6°C), the temperature fluctuated wildly throughout the hibernation period (max of 18°C and min -
2°C). While standing in front of the second man-made entrance (horizontal shaft), we observed a very strong breeze of cold
air rushing out of the mine. We came to the conclusion that any cool air that entered the mine through the upper entrances
quickly drained out of the mine through this lower entrance. In midsummer, we closed this lower entrance using heavy
equipment and fill dirt (Figure 7). We incorporated a 20ft long-4ft diameter culvert in the closure to facilitate ease of mine
access for surveys and also allowing some fine-tuning of airflow by adjusting the make-shift door applied to the end of the
culvert. The following winter the temperatures stabilized to an average of 11°C with amaximum of 13°C and minimum of
8°C. While these temperatures are somewhat high, there are other parts of the mine that were dightly lower in elevation and
the cold air settled in these locations making them more suitable. That next winter numbers increased to 1500 bats, and 2
years following closure the mine was used by 2500 bats including some endangered Indiana bats.
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Figure 6. Temperature fluctuation in Birk 2 mine prior to closure of one entrance.



Figure 7. Closure of lower entrance in Birk 2 mine to reducing air flow for better control of
internal mine temperature.

Conclusion

Converting abandoned mines to hibernacula for bats, including the Indiana bat, requires a basic understanding of physics and
biology. It also requires alittle artistry to compare known bat hibernation requirements with the current conditions within the
mine and develop a plan to achieve the desired results. Thereis no one way to convert amine to a hibernaculum. Every
mineis different, both in terms of internal (volume, elevation, topography, etc.) and external (entrance location, vegetation,
entrance size, etc.) characteristics that ultimately affect internal temperature regimes. While the exact modification required
may differ, many modifications can be made relatively easily and quickly with available equipment.

While most mines can be modified, it isimportant to be aware that some situations are not well suited for conversion.
Obviously, mines where hazardous/unsafe conditions are present should not be modified to attract bats. In these cases
complete closure should be considered for both the safety of bats and humans (see Sherwin et al. 2009). Future land use
should also be taken into account when considering modification. Should endangered species begin to use the mine, area
land use and mine entry restrictions may be enforced by the USFWS.
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{ Fundamental Question

Q: Can mines be converted in
to bat hibernacula?

CONVERTING ABANDONED MINIE
SUITABLE HIBERNACULA FOR

ENDANGERED INDIANA BATS

ArSome certainly can; many
should not!

- TE (N e . TimothyC.Ca:éer 3
PR Ball State University

{ Mine Evaluation L gy, Modern Hazards

= Greater than 50% of eastern
bats hibernate in
underground caverns (caves
and mines)

= Before moving forward with converting a
mine into a bat hibernacula we must
evaluate all aspects of the mine to
determine if it is
an economical
pursuit . - L Bat do not posses the ability to

assess modern hazards of
 Thitkincludes  _ abandoned mines

safety and internal
conditions

{ Mine Safety Air Quality

& Before we modify or improve a mine for bats = Air quality standards for bats should
we must first determine if a mine is safe for be similar to those expected for
bats to use humans

® The two main considerations include: If the air quality is not safe for humans then the
« Alr Ottty mine should be sealed so bats are kept out

= Structural Stability
Ventilation systems could rid mines of noxious
gasses — but it difficult to ventilate a mine and
still maintain the favorable internal
environment that bats need




Structural Stability

Entrance & Interior

ie main concern with the entrance is having it

closed

o} main concern with the interior is spalling
events (collapses) that can kill bats

3 April-07

fr

Entrance Issues

lling is primarily caused by
zing and thawing action and also rain
ater run-off
Water run-off is easily taken care of with proper
landscaping
Freezing and thawing is not easily controllable

The best solution is to construct short tunnels or other
structures to catch and control the spalling material




to spalling and determine if
those are the areas that the bats
will use




Safety vs. Suitability

= Just because a mine is safe does not mean bats
will use it

& The internal microclimate is a fundamental
determinate if bats will use a cavern

= Data suggest that the two main issues include
average temperature and temperature stability

Inlernal Microclimate

>

Inereased in Hibernating Bats is the result of
> Decreasing temperatures that do NOT fall below freezing
> Increasing moisture content
> Stable temperatures that do not fluctuate much
> More bats hibernate deeper in the mines
> Less temp fluctuations
Increases in Spalling is the result of

> Decreasing temperatures that fall below freezing

> Temperatures that fluctuation dramatically including above and
below freezing

> More spalling in rooms closer to surface/entrances
> Greater moisture percolation?

» Greater temperature fluctuation?

Internal Microclimate mperature Modification

1. Determining the current internal temperature
Temp i .
T Variation I Moisture s Temps too high
o Temps too low

8 Temps too unstable

2. Make structural modifications
to manipulate the air flow

From Tatle and Stevenson (1977)

Cave
=y | Types
With Air Flows -
= Temperature and stability are regulated by
controlling air flow ,
1 =3
B Always remember: Cold air sinks & hot air rises o Z::::_:;D

Periodic Breathing £ Winter

» Manipulate Internal
Climate?

Live Flow at Any
Season

From Tutth and Sevenson (1977




Air Flow In a Two Entrance Cave

BC1 Bats 2000 By David Chapman

Cave
o ep to high '\\ Winizr Types

Only
= Increase intake of cold air

With Air Flows

= Decrease intake of cold air t l \\

Temperature unstable

= Reduce volume of air flow

= Large mine are generally more stable than small
ones

Periodic Breathing

Microcrystalline Silica

Mlined only in southern
Illinois
a relatively small area

(4.6 km by 9.6 km)
Used in many products

> About 50 mines have
been found to '
date

> Only 20 originall
known




Microerystalline Silica
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New logger SIN#ST6607 TEMPIRH 0007 RECAP i

Determine safety of mine

= Air & structural stability
Determine internal climate

= Temperature & temperature stability
Worthy project? What will it take?
Make safety modifications

Make climatic modifications
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1110172004 08:00:00

Questions?




WHERE DO WE GO FROM HERE?
FORUM PARTICIPANT RECOMMENDATIONS

At the conclusion of the forum on September 3, 2010, the participants provided the following
recommendations concerning issues or concerns deserving attention and efforts by the Bat Conservation
and Mining Steering Committee.

=

Prioritize which species to protect and how to protect them.

Continue to observe changes in bat protection until some resolution is achieved related to
protection of T& E species and WNS.

Hold an acoustic monitoring workshop related to its acceptability for bat monitoring.
Guidance for a coal operator on how to follow the bat guidance document. Develop a short
document that the public would understand explaining the bat guidance document.

Develop a specific workshop for AML programs on bat issues and guidance for installing bat
gates.

Develop workshops or forums on EPA related issues on water quality, such astotal dissolved
solids (TDS) and impacts to benthos.
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PARTICIPANT SURVEY RESULTS
PROTECTING THREATENED BATSAT COAL MINES

FORUM
TOTAL PARTICIPANTS 86 | 100%

TOTAL COMPLETING THE SURVEY 32 | 3%

LEVEL OF SATISFACTION WITH THE FORUM
EXTREMELY SATISFIED

VERY SATISFIED

SATISFIED

DISSATISFIED

VERY DISSATISFIED

Average level of Satisfaction 4.5 or Very Satisfied
100 % rated the event Satisfied or better

=
coohh

FIELDTIP
TOTAL PARTICIPANTS 67 | 100%

TOTAL COMPLETING THE SURVEY 26 | 38%

LEVEL OF SATISFACTION WITH THE FIELD TRIP
EXTREMELY SATISFIED

VERY SATISFIED

SATISFIED

DISSATISFIED

VERY DISSATISFIED

Average level of Satisfaction 4.5 or Very Satisfied
100 % rated the event Satisfied or better

=
conNv®E

WHO DID THEY REPRESENT?

PARTICIPANT AFFILIATION PARTICIPANT # PARTICIPANT %

State Mining Regulatory Agency 26 31

Consultant 21 25

(O 11 13

U.S. Fish & Wildlife Service 11 13

University

Other Federal Agency

4
Industry 4
4
3

Bat Conservation I nter national
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WHERE DID THE PARTICIPANTS COME FROM?

REGIONAL REPRESENTATION

PARTICIPANT #

PARTICIPANT %

EAST

70

81

MID-CONTINENT

16

19

PARTICIPANT RATING ON USEFULNESS OF TALKS

4.0=EXCELLENT

3.0=GOO0D

2.0=FAIR

1.0=POOR

SESSON 1 WHITE-NOSE SYNDROME IMPACTS ON BATS AND MINING
PRESENTER AVERAGE RATING RATING RANGE
Jeremy T. Coleman 3.6 4-3
Mike Armstrong 3.3 4-2
Panel Discussion 3.2 4-2

OVERALL SESSION 1 AVERAGE 34

SESSON 2 FEDERAL EFFORTSFOR THE RECOVERY OF THE INDIANA BAT

PRESENTER AVERAGE RATING RATING RANGE
Scott Pruitt 3.0 4-2
Andy King 3.5 4-2
CarrieLona 3.0 4-1
Peg Romanik 35 4-2

OVERALL SESSION 2 AVERAGE 3.3

SESSON 3 STATUS OF STATE PERMITTING/RECOVERY/MITIGATION/ IMPLEMENTATION

STRATEGIES

PRESENTER AVERAGE RATING RATING RANGE
Kimery C.Vories 2.8 4-1
Gregory E. Conrad 3.0 4-2
Bernard Rottman 3.3 4-1
Panel Discussion 3.2 4-2
OVERALL SESSION 3AVERAGE 3.1

SESSON 4 STATUS OF ON THE GROUND RECOVERY EFFORTS
PRESENTER AVERAGE RATING RATING RANGE
Scott Eggerud 34 4-1
Jim Ratcliff 35 4-2
J.D. Wilhide 34 4-2
Robert Rice 3.7 4-2
Cavin M. Butchkowski 3.7 4-3
Mike Masterman 3.2 4-2

OVERALL SESSION 4 AVERAGE 35
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SESSON 5 RESEARCH EFFORTS AND RESEARCH NEEDS

PRESENTER AVERAGE RATING RATING RANGE
Dr. David Waldien 3.3 4-2
Christy Johnson-Hughes 3.2 4-1
Dr. Lynn W. Robbins 3.3 4-2
Dr. Thomas H. Kunz 3.7 4-3
Dr. Timothy C. Carter 3.9 4-3

OVERALL SESSION 4 AVERAGE 35

MOST USEFUL TOPIC

White-nose syndrome

Blasting design to prevent disturbance

Legal definition of “take”

Talk on Acoustic Monitoring and Sampling

Clarification of current regulations and the review of new ones

Talks that integrated science with successful, “real world” management situations
Protection and Enhancement Plan Issues

Forestry/summer habitat replacement

Bat Gates constructed at mine openings and development of better habitat at mines
Permitting Process

Session 3 on State Activities and Session 5 on Research Needs.

Discussions on mitigation and management strategies.

SUGGESTIONS

Future Forumsor Workshops
e |IndianaBat Recovery Plan once finalized.
e Changesto the Protection and Enhancement Plans
e Success of restoration of summer habitat related to use by the Indiana bat and other
Species.
e A workshop for the coal industry as few owners/operators have any understanding of
bats, bat habitat, and need for bat protection.
Improved mitigation techniques and the roles of consultants.
Impact of additional habitat needs of new species listed as Endangered due to WNS.
Bat gate construction.
Mine closure training for AML
Steam Benthic Issues
Bat management issues after WNS.

Forum Content and Presentations

More information on the Protection and Enhancement Plans
Need a greater number of coal mining operators at these events.
Seemed to be alot more information on bats than mining.
More bat talks
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e Theformat was very successful.

Additional Topics

More case studies on AML successes and failures

Overview on bat biology

Mitigation options for coal mining protection and enhancement plans

Application of the Indiana Bat Guidelinesto Oil, Timber, and Natural Gas companies as

well as Wind energy.

Additional permitting topics

e More case studies from coal operators

e Are conservation measures imposed by the regulatory process having a positive impact
on the species.

e Determine funding priorities of large-scale research projects that OSM/FWS/Coal
operators should pursue
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APPENDI X 1: RECORDED DISCUSSIONS

Edited by
Kimery C. Vories
Office of Surface Mining, Reclamation & Enforcement
Alton, Illinois

The following are the edited discussions that took place at the end of each speaker presentation and at the end of each topic
session. The actual comments have been edited to translate the verbal discussion into aformat that more effectively and
efficiently communicates the information exchange into awritten format. The organization of the discussion follows the
same progression as that which took place at the forum. The topic of each question is arranged in aphabetical order for ease
of access. A topical outline has been developed to aid in accessing the information brought out in the discussions.

The topic of each question is shown in alphabetical order in bold. Theindividual speaker questions are listed in outline
format under the appropriate topic session and presentation title. Questions during the interactive discussions are listed at the
end of the session in the following format:

SESSION # AND TOPIC AREA
1. Presentation Title
e Subject of Question or Comment
SESSION #: INTERACTIVE DISCUSSION
Subject of Question or Comment

OUTLINE OF DISCUSSION TOPICS
SESSION 1: WHITE-NOSE SYNDROME IMPACTS ON BATS AND MINING

1. Current Status of the Research and Management of White-Nose Syndrome
e Archeological Evidence of WNS
e Susceptibility of other Cave Speciesto WNS

2. How White-Nose Syndrome may Affect T & E Species, Permitting and Recovery
¢ Non Hibernating use of Caves by Male Bats

SESSION 1: INTERACTIVE PANEL DISCUSSION: Management Opportunities for Addressing White-
Nose Syndrome

Alteration of Cavesor Minesfor Temperatureand Humidity Control
Captive Breeding Programs

Chemical Experimentsin Mines

Decontamination of Mist Nets

Funding Prioritiesfor WNS

Fundsfrom States

Fundsfrom PA Conservation Fund

Fund Availability from Foundations

Increasing I ndiana Bat Populations

Listing of Additional Bat Speciesas T & E dueto WNS

SESSION 2: FEDERAL EFFORTS FOR THE RECOVERY OF THE INDIANA BAT
1. IndianaBat Recovery Plan Status

2. IndianaBat Population Status and Trends
e Environmental Variable Comparison
e Priority Designation Changes
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3.

4.

The Range-wide Indiana Bat Protection and Enhancement Plan: Where We Were, Where We Are,
and Where We Hope to Be

Everything you wanted to know about “take” in the Endangered Species Act

SESSION 2: INTERACTIVE DISCUSSION

Mining Versus Forestry
TreeClearing Versus Mist Net Surveys

SESSION 3: STATUS OF STATE PERMITTING/RECOVERY/MITIGATION/ IMPLEMENTATION
STRATEGIES

1.

A Comparison of Indiana Bat Population and Coal Mining Trends

Mining Data Analysis

Industry Perspective on Bat Protection Efforts

Assuming Presence Versus Mist Netting
Costsfor Assuming Presence

Guidance Changes

Increasing Disturbance

State Survey of Indiana Bat Protection and Enhancement Measures and Interactive Panel Discussion
on State Specific Bat Protection Strategies at Coal Mines

SESSION 3: INTERACTIVE PANEL DISCUSSION: State Specific Bat Protection Strategies at Coal
Mines

ANABAT Survey Requirements

Benefits of Increased Bat Requirements

Coal Mining Trend Analysisl
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e Winter Construction
5. Pennsylvania Bat Gating Efforts

6. Microclimate Research to Support Endangered Species of Bats in Hellhole and Schoolhouse Cave
and Technological Advancementsin Monitoring Systems

SESSION 4: INTERACTIVE DISCUSSION
e AMD in West Virginia
Bat SurveysPrior to Gating
Mine Investigationsto I mprove Design
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SESSION 5: RESEARCH EFFORTSAND RESEARCH NEEDS
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2. Big Picture Mining and Bat Permitting Issues
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SESSION 5: INTERACTIVE DISCUSSION
e Bat BoxesasMitigation
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DISCUSSIONSBY SESSION
SESSION 1: WHITE-NOSE SYNDROME IMPACTS ON BATS AND MINING

1. Current Status of the Research and Management of White-Nose Syndrome
Dr. Jeremy T. Coleman, U.S Fish & Wildlife Service, Hadley, Massachusetts

Question: (Archeological Evidence of WNS) Has there been any archeological investigations that would search for
evidence of the presence of the WNS fungusin North American caves?

Answer: There have not been any excavation investigations to date. One of the problems with the current detection
technology is that we have to conduct field investigations to identify the fungus. These PCR techniques require that
the sequence of the entire genome be determined, which is avery involved process. They are working to improve
these techniques. We are hoping that thisis developed and at |east tried in Europe where we think the fungus
originated.

Question: (Susceptibility of other Cave Speciesto WNS) Is there any evidence that the WNS fungusis spreading
to any other cave dwelling species?

Answer: Although there has been anecdotal reports of what appear to be fungal infectionson arthropods, spiders,
and snakes thereis no real evidence that WNS has spread to any other species. Currently, the fungus appears to only
attack hibernating bats. It attacks anything that would go into hibernation and drop its temperature down to the
range where the WNS is active and whose immune system would not be active. There has been some research
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proposed but not yet tried to infect other speciesin a controlled environment to see if they would be affected. It
remains to be seen what other species might be susceptible.

2. How White-Nose Syndrome may Affect T & E Species, Permitting, and Recovery
Mike Armstrong, U.S. Fish & Wildlife Service, Frankfort, Kentucky

Comment: (Non-Hibernating use of Caves by Male Bats) We need to be looking at WNS as it relates to the
difference between the behavior of male and female bats. Males spend much more time in the underground
hibernacula than the females. We need to be looking for the presence of the WNS on the males who use the
hibernaculain late spring, summer on for early return in the fall.

SESSION 1: INTERACTIVE PANEL DISCUSSION: Management Opportunities for Addressing White-Nose
Syndrome

Question: (Alteration of Cavesor Minesfor Temperatureand Humidity Control) How could the microclimate
of caves or mines be modified to improve the microclimate for control of WNS?

Answer: There have been several success stories related to that in Kentucky and Indiana. Jim Kennedy has had
some success with Bat Conservation International (BCl) working with Kentucky state parks, the state fish and
wildlife agency at Salt Peter Cave, reopening sink holes to restore air flow and replacing poorly designed bat gates.
In response, the number of Indiana bats has increased from a few hundred to aimost 10,000 in 5 years time. Missouri
also has agood example of that at their Pilot Knob mine which isthe largest hibernaculafor the Indiana bat in the
State.

Question: (Captive Breeding Programs) Has there been any effort to: (1) separate the species that are threatened
by WNS and (2) set up a captive breeding program to prevent extinctions for possible release latter?

Answer: A model has been developed with Kitric fungus associated with amphibian decline. They have been able
to successfully breed and release amphibians, and this provides the closest model we have seen for this type of
effort. Our experience with being able to house and bred insectivorous bats has not been so successful. The
rehabilitation community is still very optimistic but this is based on experience with avery small number of species,
primarily Big Brown bats. To date there has been no demonstrated success with current Threatened and Endangered
(T & E) species. However, it is quite possible we could be looking in the near future at being down to a small
number of individuals with some of these species. Then wewill need to keep as large anumber alive as possible to
insure a sufficiently large gene pool for the species to survive. Much of the dilemma goes back to competition for
limited funding between, research, treatment, and captive breeding programs. The zoos have stated an interest in
coming up with their own funding to begin such a program that would not compete with funds for research and
treatment. There are alot of unknowns and it will be a difficult process to map out the best course of action.

Question: (Chemical Experimentsin Mines) Since mines do not have the same ecological systems that are found
in caves, would it be possible for some mines to be made available for chemical treatment experiments?

Answer: Mines should be available for experiments that would modify their temperature or humidity to minimize
the ability of WNSto infect the bats. Most coal mines however, even if they are being used by bats, are not safe for
people to enter which may limit what can be done experimentally.

Answer: WV hasfound T & E speciesin coal mines. Most bat surveys have taken place at the mine entrance
because of the health and safety issues related to entering the mine.

Answer: There are significant populations of Indiana bats in limestone mines. The limestone mines become very
similar to limestone caves and in some cases actually contain cave organisms similar to those found in natural caves.
Some of these limestone mines contain sensitive cave fauna where it would be inappropriate to conduct chemical
experimentation.
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Question: (Decontamination of Mist Nets) Does West Virginia have its own guidance for decontamination of Mist
Nets?

Answer: West Virginia uses the decontamination guidance provided by U.S. Fish and Wildlife Service.

Question: (Funding Prioritiesfor WNS) How much of the available funding goes to research and how much to
regulation and control? How much of available funding is spent on WNS causes and how it is transmitted and how
much is spent on efforts to save the species? Isthere any valuein bringing all of the various research monies into
one place where it could be more effectively focused on the issue?

Answer: The U.S. Fish & Wildlife Service (USFWYS) is currently trying to identify the highest priority research and
control areas where funding needs to be applied. The funding is spread between three directions:. basic research on
WNS, conservation issues related to treatment, and then the control of the spread of the disease. The rapidity of the
spread of the disease and the limited amount of funds available reduces the options for pursuing the priorities for
each of these directions.

Question: (Fundsfrom States) How is funding being provided for WNS research and are the states providing any
research funding?

Answer: The USFWSis not set up to fund very much of thisresearch. In addition to its own funds, USFWS has
competed for some preventing extinction grants that have funded both research and additional positionsthat can
focus on the problem. USFWS received $1.9 million in congressional funds for FY 2010 for research of specific
WNS efforts or manpower. Some congressional funds have also been directed to support work by the states on
WNS. Some funding has been provided by USGS, Forest Service, and Department of Defense to do WNS work
within their jurisdiction. There has been a congressional request for an additional $5 million for WNS work to the
Department of Interior. Some states are getting funding through their state wildlife grant process. Private sources
such as BCl, the National Speleological Society, and Indiana State University have been significant sources of non-
governmental funding.

Question: (Fundsfrom PA Conservation Fund) How does the State of Pennsylvania spend its conservation fund
monies?

Answer: The money can be spent by the Pennsylvania Game Commission to buy targeted land, purchased as bat
habitat in perpetuity. Since we know where the bat hibernacula are in the state, we want to make sure that the land
around important hibernaculais available for long term recovery of the species.

Question: (Increasing Indiana Bat Populations) Why did the Indiana bat population increase significantly just
prior to the outbreak of WNS?

Answer: During the almost 10 years that the Indiana bat population increased prior to WNS, the increase to the
Indiana bat population seems to be a product of improved protection of the underground hibernacula. This speciesis
very sensitive to disturbance during midwinter and protection of the hibernacula reduces the midwinter arousal
giving them a better chance to survive and increase.

Question: (Listing of Additional bat speciesas T & E dueto WNS) Where are we in the process of listing more
bat species as endangered due to WNS?

Answer: The USFWS received a petition in January of 2009 for the northern long eared bat and the eastern small
footed bat to be listed. We are now developing a 90 day finding to determine if the petition is substantial and the
petition action iswarranted. This should be completed thisfall. Then we will conduct a status finding that will
conclude one year after we announce the 90 day finding with a decision on whether or not to list the species. There
is currently a petition being prepared to list little brown bats as endangered within the next two months.
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SESSION 2: FEDERAL EFFORTS FOR THE RECOVERY OF THE INDIANA BAT

1 Indiana Bat Recovery Plan Status
Scott Pruitt, U.S. Fish & Wildlife Service, Bloomington, Indiana

2. Indiana Bat Population Status and Trends
Andy King, U.S. Fish & Wildlife Service, Bloomington, Indiana

Question: (Environmental Variable Comparison) Have you been able to compare other variables such as
temperature with your annual population data?

Answer: Thereisanother group of researchers (the Y ellowstone Ecological Research Center from Bozeman, MT)
who are currently involved with looking at our population data in relation to alarge number of environmental co-
variables using NASA images and funding. Thereis also an effort by USGS using a hibernacula complex approach
to trend. We have alwayslooked at the data on a state by state basis and by USFWS region. We have never done
any analysis that looks at what is happening within the hibernacula. We do know that bats will shift from one cave
to another in response to a disturbance.

Question: (Priority Designation Changes) Underground hibernacula are given a designation related to their
importance for the Indiana bat. Will these designations change based on the impact of declining numbers dueto
WNS and, if so, would that affect management of the hibernacula?

Answer: USFWS does use these designations in its recovery plan in determining the management plans for agiven
hibernacula, especialy in terms of which hibernacula needs to be protected. Currently, we are trying to ensure that
80% of the priority one hibernacula are protected. Since protection looks different at different hibernacula, each
hibernacula would have a specific protection plan. However, the way USFWS defines the priority designation of a
hibernacula determines that, once a site is designated a priority one hibernaculg, it is aways a priority one
hibernacula. We now have some priority one hibernacula where there are no Indiana bats.

3. The Range-wide Indiana Bat Protection and Enhancement Plan: Where We Were, Where We Are, and
Where We Hopeto Be
Carrie Lona, U.S Fish & Wildlife Service, Frankfort, Kentucky

4, Everything you wanted to know about “take” in the Endangered Species Act
Peg Romanik, U.S. DOI Solicitor’s Office, Washington, D.C.

SESSION 2: INTERACTIVE DISCUSSION

Question: (Mining Versus Forestry) In the Kentucky surface mining program, in a good year, we clear 40,000
acres of trees that is considered habitat. During the same year, the Division of Forestry in Kentucky clears 250,000
acres of trees. Where isthe fairnessin this? Why doesn’t USFWS regulate this much larger tree removal process?

Answer: The answer isthat everyone and every ingtitution isliable for “take” of an endangered species. In general,
the criminal aspect of the endangered species act is not applied to other government agencies and is more likely to
be applied to individuals where liability can be more directly proven. Governmentsin the western U.S., including
states and counties, are more likely to develop agreements with USFWS to ensure that their actions do not involve
the “take” of endangered species. Governments in the eastern and midwestern U.S. have been slower to work out
such agreements, although this is currently happening in Indiana where the state is pursuing a Habitat Conservation
Plan (HCP) onitsforest lands. The USFWS would encourage state and local government agencies to develop HCPs
for their forest clearing activities but they do not have the staff to pursue enforcement.

Question: (Tree Clearing Versus Mist Net Surveys) In the Indiana bat guidance document, concerning the
selective tree removal, the guidance document no longer allows selective tree removal. Thisis because of the
potential to miss atree or habitat that could have been created between the time the trees were felled and the time
the bats arrived, even though the rest of the trees would be cleared the very next season. If thisisthe case, how can
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you justify having the mist net survey protocol that has the potential to miss bats and that the surveys be valid for 5
years?

Answer: Selective tree removal is still allowed where it is reasonable such as when the area of removal is5 acresin
size. It isassumed that resident female bats may select another nearby tree if their normal maternity treeis removed.
If this new tree were removed during the spring or summer this could result in problems. The guidelines are
guidelines. If the permittee feels that another alternative would be acceptable they just need to get the agreement of
the local FWS office and the State Mining Regulatory authority to agree to another alternative. When you do a mist
survey, it isto determine absence or presence of the species. When you are doing a Protection and Enhancement
Plan (PEP) it is because you are assuming the speciesis present. That isthe difference. The5 year period of
validity for the mist net survey is based on the permit term and also upon research on the validity of the survey.
However, for non SMCRA permits you only get 2 years on amist net survey in Kentucky.

SESSION 3: STATUS OF STATE PERMITTING/RECOVERY/MITIGATION/ IMPLEMENTATION
STRATEGIES

1 A Comparison of Indiana Bat Population and Coal Mining Trends
Kimery C. Vories, Office of Qurface Mining, Alton, Illinois

Comment: (Coal Mining Data Analysis) | think that just using the geo-political boundariesin your study will
confound this type of analysis because bats that hibernate in Indianamay summer in Michigan or some other state,
so that doing a state by state comparison of coal mining data makes it difficult to make any kind of comparison. |
think it would be better to find alocal mining district and look at nearby hibernacula or summer habitat in order to
understand the effects of mining on bats.

Response: What this study was trying to do was look at the big picture in terms of what role, if any, the coal mining
industry has played in terms of the declining Indiana bat population since 1965. Since the coal mining data exactly
overlaps the Indiana bat population data, | think this data shows that coal mining has played arelatively insignificant
rolein the decline of the Indiana bat population. What this study cannot evaluate isthat of a specific permit. Inthis
case, any given coa mine that clears trees in the summer habitat of an Indiana bat will have the potentia to impact a
local population of Indianabats. Thisillustrates the importance of the Surface Mining Reclamation and Control Act
(SMCRA) programsin ensuring that these mining activities minimize their impact to the Indianabat. Thisiswhy
OSM works with the states to make sure that the mines do their part to protect the species.

2. Industry Perspective on Bat Protection Efforts
Bernard Rottman, Peabody Energy, Evansville, Indiana

Question: (Assuming Presence versus Mist Netting) Y our company assumes presence rather than mist netting to
determine presence or absence. |f you mist net and do not find any Indiana bats then you would not have to worry
about clearing maternity trees during the winter. Why doesn’t your company do more mist netting?

Answer: We have definitely considered just this option. The problem is that these mining operations are dynamic
and the permits may be for thousands of acres so that you cannot survey the entire permit areain ayear. Predicting
exactly where the operation will be ayear or so in advanceis not always possible. The mine operation does not
want to risk not being able to mine during the summer because it may or may not have conducted a mist net survey
in the areato be mined. Assuming presence and planning accordingly involves less uncertainty, and uncertainty and
unpredictability can be avery high cost item.

Question: (Costs for Assuming Presence) What is the worst case scenario for increasing costs due to having to
assume presence and clear the treesin winter ahead of the operation?

Answer: | am not sure about total costs but whenever you have to clear trees you could be talking over $1000 per
acre. If you werein abottomland setting, it would be much higher than that.

Question: (Guidance Changes) Are there any of the provisions of the Indiana bat guidance document that if
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changed would maintain the appropriate levels of protection for the species but also be more protective of other
aspects of the environment?

Answer: Allow the coal operators to take out the potential maternity trees that have significant potential as maternity
habitat, without clear cutting of all of the trees. We do not need to be clearing forests wholesale during the winter.
We need to minimize our disturbance on the landscape.

Question: (Increasing Disturbance) How many more acres do you need to disturb now prior to mining that you
didn’t have to disturb before implementation of the new Indiana bat guidance document?

Answer: In the past, clearing in front of the mine pit was minimal for atypical Midwestern truck shovel operation.
The actual disturbance is shovel by shovel just in front of the pit. After the guidance document, we are clearing
hundreds of acresin front of each pit in order to get us through to the next winter.

3. State Survey of Indiana Bat Protection and Enhancement Measures and Interactive Panel Discussion on
State Specific Bat Protection Strategies at Coal Mines
Gregory Conrad, Interstate Mining Compact Commission, Herndon, Virginia

SESSION 3: INTERACTIVE PANEL DISCUSSION: State Specific Bat Protection Strategies at Coal Mines

Question: (ANABAT Survey Requirements) What is the future of mist netting? When are the guidance
documents going to require an ANABAT survey?

Answer: Mist netting will not be going away. It is anticipated that there will be more use of the ANABAT survey in
the future. We have been looking at the protocol for determining presence or absence because our directors have
been asked this same question. Kentucky has been incorporating the use of ANABAT surveysinto its
presence/absence surveys for the last three summers. There seems to be concurrence that when you use the
combination of mist netting and acoustics, you increase your detect ability. There isno survey method technology
that gives you 100% detection, so there will always be some level of error. With WNS decreasing our numbers of
Indiana bats, we are going to want the best survey methods available so that we can detect those populations that are
surviving on the landscape. It is our interpretation of resultsthat is difficult. If you do not capture Indiana batsin
the mist nets, do we have enough confidence in the ANABAT identification of the species? We will probably not
come up with a protocol that specifies what acoustic equipment you need to use.

Comment: (Benefits of Increased Bat Requirements) The talk on the industry perspective brings out the additional
costs associated with the additional protection measures necessary to protect the species. Thisincludes not mining
part of the coal reserve in addition to operation costs. What | have not seen demonstrated is that the additional costs
incurred by the mining industry actually results in an offsetting benefit to the species.

Response: From a state regulatory perspective, we have to make findings that a coa operation will not negatively
impact T & E species. The Fish and Wildlife Service needsto make similar findings. We can all argue the science
but it still comes down to the regulatory responsibility to make these findings.

Question: (Coal Mining Trend Analysisl) In thetalk on the analysis of coal mining and bat population trends, you
are using bat population numbersin hibernaculain states and coal numbersin states. Are you making the
assumption that the potential impacts of coal mining are on hibernating bat populations?

Answer: The analysis used the data that exists and was available for the analysis. Thisisthe very same data that
USFWS uses to determine population trends for the species and the coal data exactly and completely overlaps the
population data. It makes no assumptions asto what proportion of the threat to the speciesis due to underground
versus surface habitat.

Comment: (Coal Mining Trend Analysis?) In some of the other talks we see the evidence of extensive migratory
movements of bats. These studies show that bats many times summer in different states than the state where they
hibernate in the winter. Since thisisthe case, it would seem that state bat hibernacula counts would not necessarily
be correlated with state coal production data.
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Response: The bat population numbers are determined in hibernacula and reported by state and are the numbers that
USFWS uses to represent the total bat population and trends-population for both their summer and winter habitat.
The coal production numbers reported by state represent the total coal production for exactly the same geographic
area (both summer and winter habitat) as that represented by the bat population data. To be sure, amore accurate
comparison could be made if specific data could be provided that measured total bat populationsin their summer
habitat by state for comparison with state coal production data. The point of the analysis, however, was to use the
best data that existed to seeif there was any evidence that coal mining played any significant role in the recent
historic decline in the Indiana bat population. The conclusion of this analysis was that there is no evidence that coal
mining has played any significant role in the population decline. This conclusion is supported by the data from the
U.S. Forest Service which specifically looks at summer habitat and compares that with coal mining acreage to see
that, in aworst case scenario, the coa industry only has the maximum potential to impact less that 1% of the forest
cover (i.e. summer habitat) utilized by the Indiana bat for summer habitat. Thisis also supported by the
requirements of the SMCRA program which is one of this country’s most comprehensive programs for protection of
the public and the environment. The evidence that exists indicates that whatever the causes are for the declinein the
Indiana bat population, it is not SMCRA regulated coal mining.

Comment: (Conservation M easur es ver sus Conser vation Benefits) | am concerned that people believe that there
are USFW'S conservation measures that do not have a conservation benefit to the species. It is the burden of the
USFWS to adequately explain how each conservation measure does provide a conservation benefit to the species.
Does USFWS need to provide a better explanation or do we need more research that would demonstrate the benefits
more clearly?

Question: (PA More Stringent Requirements) Why did Pennsylvania decide to devel op state Indiana bat
protection requirements that are more stringent than the guidance provided by the combined USFWS/IMCC/OSM
guidance?

Answer: The Pennsylvania guidance is for more than the coal industry. It includesall industriesincluding al
mining, wind energy, and pipelines. Pennsylvania expands its protection around hibernaculato aten mile radius
around hibernacula. Thisis based on telemetry studies conducted by the Pennsylvania Game Commission. The
Commission decided to expand this protection based on these studies. Pennsylvania has a small percentage of the
Indiana bat population and felt it was very important to protect their Indiana bat hibernacula. The Commission also
felt that they wanted a high percentage of reforestation of their reclaimed mine land.

Question: (PA Forest Cover Requirement) In Pennsylvania, was there any science to back up the requirement for
90% forest cover on reclaimed mine land?

Answer: | have not seen any science behind this requirement. This seemsto be a decision on the part of the
Commission to err on the side of protecting bat summer habitat.

Comment: (Reasonable M easures Ver sus Extreme Measur es) In Pennsylvania, the State College office of the
USFWS was suggesting that they should be considering trees with a three inch or greater diameter as potential
maternity trees. They were told to take that off the table because it wasridiculous. The industry aready thinks five
inch diameter trees are ridiculous. | think that the goal should be to come up with a game plan that is reasonable
where you can get company buy in. The more extreme the conservation measures the more ridiculous they are
going to appear and the more people are going to try to find away around the requirements. We have aready seen
this where aland owner begins discussions with a mine operator and it is suggested that the land would be more
attractive for mining if the trees were clear cut. No trees, no bats, no problems. Conservation measures that are
viewed by the public as extreme will prevent the type of cooperative effort that would result in more on the ground
protection for the species.

Comment: (Serious Consequences of Timber Clear Cutting) If you clear cut aroost tree, that is still a“taking” of
the species even if it does not “kill” abat. It is removing an active maternity habitat and based on the definition of
“harm and harass’ cutting that maternity treeisa“take” not of just one bat but of the whole maternity colony that
used that tree. Even if the maternity treeis cut in the winter it is still a“take” under the endangered species act
because the bats still intend to come back and roost in that tree. Even if it were a secondary roost tree that could
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potentially be a“take.” In this case, we could not presume presence because when a maternity treeis removed the
bats may move out of the area during the next spring.

Question: (Uniformity Results) The new Indiana bat guidance document is for greater uniformity of requirements
both within a state and between states. |Isthis greater uniformity actually happening on the ground?

Answer: Yes. Prior to the new guidance document, in a state that was serviced by two different USFWS offices,
there were different requirements within the same state based on different directions from different USFWS offices.

Answer: The industry would agree that the new guidance document has brought greater uniformity of requirements
across the range of the Indiana bat which the industry views as a positive change. What shocked the industry were
the totally new requirements that were added when the new guidance document was published. The definition of a
potential maternity tree as being atree with a5 inch or greater diameter, rather than the previous 12 inch diameter
requirement, significantly changed the amount of work necessary to prepare an areafor mining. Thiswould be a
negative aspect of the new guidance from the industry perspective.

Comment: (Unique Tennessee Guidance) The USFWS in Tennesseeis in a dynamic situation. We are evaluating
the guidance document and on the one hand trying to be more consistent with other states but on the other hand we
have our own specific requirements. We currently have arequirement to assess potential impact for amining
operation that iswithin 10 miles of ahibernacula. Recently, we have data from one cave where there seems to be
maternity habitat within 25 miles of this cave. So we may start using a 25 mile radius for assessing impact in the
near future. Tennessee may also want to adopt something similar to the 40 acre forest cover requirement currently
used by Pennsylvania. We have been allowing winter timber harvest in the past but since thereis the potential for
the removal of maternity trees that bats may not find when they come out of hibernation, we may require mist
netting rather than allowing the operator to assume presence.

SESSION 4: STATUS OF ON THE GROUND RECOVERY EFFORTS

1. Creating Summer bat habitat on surface minesin Appal achia using the Forestry Reclamation Approach
(FRA)
Scott Eggerud, Office of Surface Mining, Pittsburgh, Pennsylvania

2. Blasting and Endangered Bat Portals: Not Disturbing Bats While Mining
Jim Ratcliff, West Virginia DEP, Office of Explosives and Blasting West Virginia

3. Active Mining Recovery Opportunities: Boone North No. 3 Surface Mine
J.D. Wilhide, Compliance Monitoring Laboratories, Chapmanville, West Virginia

4. Preservation Efforts of Potential Bat Habitat
Robert Rice, West Virginia DEP, Office of Abandoned Mine Lands, West Virginia

Question: (Bat Gate Potential for WV) If you gated all of the abandoned mine openings with potential for bat
habitat in the State of West Virginia, how many would that be?

Answer: | cannot say for certain, but it would probably be in the hundreds. We will be installing bat gates until the
program is done.

Question: (Life Span of Culverts) Since you are using culverts with your bat gates and these are usually exposed to
mine water, do you have any information of the type of culvert that is most resistant to AMD and what isthe
expected lifespan of that culvert?

Answer: Every situation is unique. In the situation where there is mine drainage, then we install a drain beneath the
culvert used for the bat gate. We tend to use a HDPE culvert because they last longer. There are instances where
we will have to use ameta culvert because you can get the metal culvert in an eliptical shape which better suitsthe
mine opening because the rubber culverts only come in round.
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Comment: (On Line Web Based Bat Gate Decision Tool) Thereis abig need to monitor these gating effortsin
terms of their long term effectiveness and value as a reclamation tool. BCI isworking with the BLM to start an
online interactive web based decision making tool for mine bat gating efforts. Theideaisto build upon the
knowledge and experience of al of those who are involved in gating mine openings both in the west and in the east.
The importance of an onlinetool isthat it can be updated as new knowledge is gained rather than producing a state
of the art publication but then having it quickly outdated.

Question: (Toxic Mine Gas) Some of these mines may produce toxic gases. Are you doing anything to ensure that
you are not creating a future problem by identifying abandoned mine openings with the potential to produce toxic
gases that could harm the bats? |sthere any monitoring at the site to determine if the mine opening is producing
toxic gas?

Answer: In most cases we have to leave some type of opening to allow for drainage from the mine. The AML
program is trying to eliminate problems rather than create them and to date we are not aware of any situation where
we have created such a problem. Thereis no monitoring for toxic gas at the opening once construction is complete.

Question: (Up-Dip Versus Down-Dip Mine Openings) Does the program close or gate up-dip mine openings as
well as down-dip openings?

Answer: Yes. We either close or gate any abandoned mine opening. If an opening has collapsed prior to
investigation we do not attempt to reopen it. If the mine opening is still open when we investigate then we are now
putting culverts and bat gatesin all of the openings whether they are up-dip or down-dip.

Question: (Water Quality Issues) Isthere apotentia for improving water quality?

Answer: The AML program addresses all environmental issues related to previous mining, and water quality isabig
part of that. We have done passive treatment systems and we are moving into installing active treatment systems.
We fund drinking water lines into areas where people' s water supply has been degraded by AMD.

Question: (Winter Construction) Isthere any preference for doing this in the winter as the construction activity
could potentially disturb the bats?

Answer: The thought isthat two weeks of construction to secure the mine opening and keep people out is better than
people having access to the opening and going into the mine to party or ride their ATV's, and end up with
disturbance all winter long.

5. Pennsylvania Bat Gating Efforts
Calvin Butchkoski, Pennsylvania Game Commission, Harrisburg, Pennsylvania

6. Microclimate Research to Support Endangered Species of Bats in Hellhole and Schoolhouse Cave and
Technological Advancementsin Monitoring Systems
Mike Masterman, Anvesh Singireddy, Shana Frey, Extreme Endeavors, Philippi, West Virginia

SESSION 4 INTERACTIVE DISCUSSION

Comment: (AMD in West Virginia) West Virginia has a significant problem with acid mine drainage from
abandoned underground mine openings. There are approximately 521 streams in West Virginia affected by AMD
which equates to about 3,000 stream miles. Historically, West Virginia has used passive treatment to mitigate AMD
that has proved inadequate to the task. More recently we have been using OSM set aside funds to use in stream
dosing systems to actively treat the large scale AMD treatment problems. We will then allow the watershed groups
to go upstream of the in stream dosers and install additional passive treatment systems.

Question: (Bat Surveysprior to Gating) Does West Virginia AML do bat surveys on abandoned mine openings
prior to making a decision to install a bat gate?
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Answer: Five years ago West Virginia made the decision to provide culverted bat gates during the reclamation of all
abandoned mine openings. Prior to that time we did bat surveys on three mine openings and, based on the bat use
encountered, we made the decision to do culverted bat gates at all mine openings.

Comment: (Mine Investigationsto | mprove Design) In Pennsylvania, our underground mines may have multiple
openings and extensive connectivity underground at different elevations. When evaluating how best to develop the
mine for bat habitat, we try to obtain copies of the mine maps to determine where all of the openings are and how
the closure or gating of those openingswill help or hurt the bat habitat. By closing the lower openings, we can
reduce the loss of cool air and better keep the cold air inside the mine.

Comment: (Post Gating Monitoring) Our experience at Pilot Knob mine in Missouri revealed that after the bat gate
was ingtalled the angle of the iron work on the gate was such that it was resulting in bat mortality when the bats flew
into the gate rather than through it. This may have had something to do with air currents at the mine opening. At
mine openings, where there may be large numbers of bats using the mine, it is very important to do some post
construction observations to make sure that the gate is not injuring the bats trying to fly through it.

SESSION 5: RESEARCH EFFORTSAND RESEARCH NEEDS

1 Connections between Landscape-level Bat Research and Mining
Dr. David Waldien, Bat Conservation International, Austin, Texas

2. Big Picture Mining and Bat Permitting | ssues
Christy Johnson-Hughes, U.S. Fish & Wildlife Service, Arlington, Virginia

Question: (Indiana bats Killed at Wind Farms) Have there been any known takes of Indiana bats at Wind farms
and what were the consequences?

Answer: Yes, at the Faller Ridge Wind Farm in Northern Indianain September of last year. Many of the investors of
wind energy will now not invest unless the HCP appropriate permit is obtained. Law enforcement discussions are
common in discussions with wind energy but we cannot cover all of the wind farms being built or operated.

3. Acoustic Monitoring and Sampling Technology
Dr. Lynn W. Robbins, Department of Biology, Missouri State University, Soringfield, Missouri
4, Current and Future Research Directions on White-Nose Syndrome
Dr. Thomas H. Kunz, Boston University, Center for Ecology and Conservation Biology Boston,
Massachusetts
5. Converting Abandoned Mines to Suitable Hibernacula for Endangered Indiana Bats

Dr. Timothy C. Carter, Ball Sate University, Muncie, Indiana
SESSION 5: INTERACTIVE DISCUSSION

Question: (Bat Boxes as Mitigation) USFWS has been discouraging at coal mines the replacement of summer
habitat with bat boxes as mitigation. Now that maternity colonies may be disrupted by WNS, could building more
summer habitat with bat boxes be beneficial?

Answer: Providing bat boxes or other summer bat habitat should provide the opportunity for small maternity
colonies to survive and thrive. One person in Canada has built bat habitat in a cave that has taken one cave from 7
thousand bats to over 100,000 bats. | think that bat boxes will last much longer than the bat habitat on atree.

Question: (Prioritization of AML Bat Gating) Out west, the BLM has a program that evaluates mine openingsin a

large area and determines which are the best mines for bat habitat. They then build bat gates for those and seals the
other mines. Do some of the states do anything similar?
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Answer: In southern Illinois, we just inventoried about 50-60 mine openings and did the same type of evaluation.
Although I do not know of any mine opening that do not have any bats, we have sealed about 15-20 of the least used
openings and are only going to gate the openings with the most bats that are best for bat habitat.

241






APPENDIX 2: MANAGING FOREST HABITAT FOR BATS

John O. Whitaker, Jr. and Joy O’ Keefe
Indiana State University Center for Research and Conservation of North American Bats
Department of Biology, Indiana State University,
Terre Haute, Indiana

Introduction

This paper will focus on eastern species of bats, though many of the ideas should be applicable elsewhere. What is aforest
bat? Different species of bats use forest or forest remnants in different ways. We think of forest bats as those that can live
most of their life in forests and make relatively little use of other habitats other than for foraging.

Twenty species of bats (Table 1, listed in order of decreasing tendency to use forests) occur in the eastern United States

(Whitaker and Hamilton, 1998); al arein the family Vespertilionidae except one fruit bat (Phyllostomidae) and three species
of free-tailed bats (Molossidae). Bats need a place to form summer and winter roosts, areas to forage, and a means to migrate
between summer roosting areas and winter hibernacula. The extent to which bats use forests for these purposes varies grestly
between species of bats. For most bat species, more is known about the summer and winter roosts than about foraging habits.

Asis often the case with wildlife, greater habitat diversity often provides the best situation for bats. A mixture of habitats
providing woods with large trees for roosting (Crampton and Barclay 1998), adequate open areas for foraging, and streams
and other openings in woods for foraging and commuting probably provide the best general habitat for forest bats.

Forest Management Techniques

Thefirst and best strategy, when possible, isto leave the habitat alone, assuming that the bats have adequate roosting and
foraging areas, aready water supply so that they can drink without flying too far, and also adequate means by which to move
from areato area. In particular, forest managers should strive to maintain old stands with tall decaying trees suitable for
roosting (Crampton and Barclay 1998, Kalcounis-Rueppell et al. 2005). For example, maternity colonies of Indiana bats
selectively roost in large trees (usually > 20 in dbh) with sloughing bark receiving sunshine most of the day (Whitaker and
Mumford, 2009). Such trees can occur in hedgerows, swamps (Kurta et al. 2002), along edges, or in canopy gaps in forests
(Britzke et al. 2003) where sufficient solar exposure is present. Indiana bats often use broken habitat, as much of their
foraging is along the edges of open areasin fields. Adequate water is also necessary, as they generaly fly off and get adrink
before they begin foraging. Other habitat situations apply to other species asindicated (Table 1) on the needs of individual
species.

Table 1. General Habitat (forests, cavesor buildings) of Batsin the Eastern United States.
Forest Bats

Myotis septentrionalis. Northern myotis. This species often has its roosts in cracks and crevices of trees within forests.
Apparently the roost site does not need to be in the sun. It seldom uses buildings for its summer roost. It hibernatesin
cracks and crevices in caves and mines which iswhy usually very few are seen in routine cave winter counts. It feeds
on dipterans, small hemopterans, and |epidopterans.

Nycticeius humeralis. Evening bat. Fifty or so years ago, the evening bat often roosted in buildings, but at least in
Indianait now appears to be pretty much restricted to cavitiesin trees in woods, most often bottomland woods,
probably its ancestral habitat. In the southern parts of itsrange it probably hibernatesin hollow trees. It spends much
time foraging in open woods. Itsfood isvery similar to that of the big brown bat except that it includes lepidopterans.

Perimyotis subflavus. Eastern pipistrelle (often now called tricolor bat). This specieswill roost in buildings, but most
individuals live in woods where they roost in clusters of dead leaves. Eastern pipistrelles often forage along wooded
streams. They hibernate in caves and mines where they are solitary. They feed heavily on small homopterans,
dipterans, and lepidopterans.
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Myotis sodalis. Indianabat. This speciestypically has its maternity colonies under sloughing bark in larger trees, with
the sloughing bar exposed to the sun for much of the day. It hibernatesin huge clustersin caves. It feeds on small
beetles, moths, flies, and “hoppers.”

Myotis leibii. Eastern small-footed bat. This speciesis usually in wooded areas where it often roosts in cracks and
crevicesin rocks and even under rocks or in the ground. It usually hibernates singly in caves. Thereislittle
information on the food habits of this bat.

Myotis austroriparius. Southeastern myotis. This species often roostsin buildings, but it is basically aforest bat in its
roosting habits. It roostsin hollow trees, most often in bottomlands, sometimes using an entrance hole near the base of
the trees. It feeds mostly on dipterans, small beetles, and |epidopterans.

Lasionycteris noctivagans. Silver-haired bat. Thisisa northern species and hasits young in hollow branches. It
migrates south and hibernates usually in caves and mines. It feeds heavily on lepidopterans, trichopterans, and
dipterans.

Corynorhinus rafinesquii. Rafinesque’ s big eared bat. Unlike C. townsendii, this species usually forms coloniesin
hollow trees or buildings. It feeds mainly on lepidopterans.

Lasiuruscinereus. Hoary bat. The hoary bat is solitary and in summer roosts and has its young while hanging among
the leaves of trees. It migrates far south for the winter although afew individuals may remain in the north. Itis
possible that such individuals roost among leaf litter in winter and that it may feed in winter like thered bat. 1t feeds
heavily on lepidopterans.

Lasiurus borealis. Eastern Red bat. Thered bat is solitary and in summer roosts and has its young while hanging
among the leaves of trees. It generally migrates south for the winter although a few individuals may remain in the
north. Red bats remaining in the north in winter roost among leef litter. They warm passively from the sun on warm
winter days and, unlike other species, forage when they awaken. The red bat feeds primarily on lepidopterans,
coleopterans, and dipterans.

Lasiurusintermedius. Northern Yellow Bat. Thisbat is solitary and roostsin summer and has its young while hanging
among the leaves of trees. It is closely associated with Spanish moss and its range closely approximates that of Spanish
moss. Their food is not well known, but homopterans, beetles, and ants have been recorded.

Lasiurus seminolus. Seminole bat. This species also often roosts in Spanish moss. Food is little known, but
homopterans, coleopterans, and dipterans have been reported.

House Bats

We class three species as house bats, as they usually use human structures to raise their young. These species probably
used trees for their summer roosts before human structures became common. The Indiana bat may be in the beginning
stages of becoming a house bat.

Myotislucifugus. Little brown bat. This speciesin the east most often roosts and has its young in buildingsin
summer. It hibernatesin caves and mines. It feeds heavily on dipterans, coleopterans, and lepidopterans.

Eptesicus fuscus. Big brown bat. Most individuals of this species now roost and raise their young in human structures.
It isthe only species that most often hibernates in human structures as well, although some individuals do hibernate in
caves, mines, and tunnels. The big brown bat feeds heavily on beetles and true bugs.

Tadarida brasiliensis. Brazilian freetail bat (Molossidae). Occursin Florida and the southern part of the other coastal
states; Louisianato North Carolina. Inthewest it isa cave bat, but in the east it lives in buildings, sometimesin huge
colonies. It feedson avariety of kinds of insects and often flies great distancesto forage. The range of this speciesis
moving northward and it is now found across much of North Carolina, even in the mountains (Webster, W.D., pers.
communication).
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Cave Bats

Cave bats roost in caves during both winter and summer. We have only two true “cave bats’ i.e., bats which roost
winter and summer in caves.

Myotis grisescens. Gray bat. Thisbat roosts and has its young in cavesin summer and also hibernates in different
cavesinwinter. Gray batsfeed on midges and other dipterans especially in spring and fall and feed on beetles and
other insects in summer.

Corynorhinus townsendii. Townsend'sbig eared bat. In the eastern United States, thisis a cave species;, summer and
winter. Like most big eared bats, it feeds primarily on lepidopterans.

Other Bats of the Eastern United States

There are three other eastern species of bats not mentioned above, but are included here for completeness. They are the
one fruit bat (Phyllostomidae), Artibeusjamaicensis, the Jamaican fruit eating bat, and two free-tailed bats
(Molossidag), Molossus molossus, the little mastiff bat, and Eumops glaucinus, Wagners Mastiff Bat. In the tropics,
the Jamaican fruit eating bat roostsin buildings, caves, or hollow trees. It isactive year round and feeds heavily on
figs. Inthe United States it occursrarely and only in Florida. The little mastiff bat also occursin the US only in the
FloridaKeys. The three colonies known in the Florida Keys all are in the roof spaces of flat roofed buildings. Inthe
Florida Keys this species feeds mostly on beetles (unpublished data) . The mastiff bat is also found only in southern
Florida, especialy in the Miami and Coral Gables areas. The few bats found roosting have been under Cuban tiles used
for roofing.

However, in greatly disturbed areas such as occur after mining, in homogeneous forest, and in other situations in which there
are not adequate roost sites, water, or food, we can often improve the habitat for bats. 1n the Appalachian Mountains, where
mining often resultsin forest removal, bats often occur in large forest tracts. Strategies for managing forests range from a
hands-off approach to very specific alterations to increase the suitability of forests for bats (e.g., creating potential roosts).

1) Setasideland. Set aside as much natural habitat as possible especially that which includes roosting, feeding,
drinking, and connections for commuting to important foraging areas. Of course, preservation of land benefits other
species than bats and is one of the most important steps we can take in wildlife conservation.

2) Work with foresters. Work with foresters to determine and implement the best forest management techniques to
benefit both forests and bats. Below isareview of different timber harvest practices and how harvested areas might
be used by different types of bats (varying ecomorphology) in different seral stages.

a

Clearcuts. Clearcuts are not generally the preferred mode of timber removal, as the land is completely changed
and no trees are left. However, clearcuts can serve as foraging areas for bats and regrowth forest may be
particularly attractive for larger, less maneuverable bats (Norberg and Rayner 1987). In addition, clearcutting
opens forests and may therefore expose some decaying treesto sunlight. 1f such trees had sloughing bark
exposed to the sun, clearcutting could have provided Indiana bats additional roosting areas. Further, the edge of
arecent clearcut may be attractive to bats that roost in live trees (e.g., eastern red bats, Perry et a. 2008,
O'Keefe et a. 2009). The size of clearcuts isimportant, as vast areas of clearcutting in the western United
States have proven exceedingly detrimental to many species and of courseto the forest itself. However, small
clearcuts can provide foraging habitat for bats (e.g., Grindal and Brigham 1998). Forest edges formed with
clearcuts may also provide foraging habitat for bats. Forming edges between habitats (edge effect) has been a
longtime tool of habitat managers. Forest edges may also increase bats' access to different habitat types.

Shelterwood/2-age cuts— In traditional shelterwoods, trees are left singly throughout the stand. Some trees | eft
during shelterwood cuts may be damaged during harvest operations, thereby supplying additional potential
roosts with high solar exposure. Further, trees left in shelterwoods will develop into larger trees, ensuring a
more continuous supply of large treesinto the future. An alternative type of shelterwood cut would leave
reserves of treesin strips or clumps, which may be more beneficial to bats and other wildlife. Reserve of live
trees in shelterwoods should result in more edge habitat than in traditional shelterwoods and may also yield a
greater number of suitable roosts for awider variety of bat species.
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Group selection cuts. With group selection cuts we would expect that there might be potential roosts
(damaged or large trees) left in uncut areas immediately after harvest, while cut areas (skid trails and small
nonlinear clearings) should serve as desirable foraging habitat for most bats. As the cut areas begin to succeed
to amid-successional state, higher stem densities will likely inhibit bats° movements within the cut areas but
will result in hard horizontal edges above the tree tops where bats could forage under the shelter of the
surrounding mature trees (and there will be many horizontal and vertical edges for foraging). As mature treesin
uncut areas undergo senescence, more trees will become suitable for roosting and small canopy gaps will form
in places where over mature trees have died.

Prescribed fire. Prescribed fire is an important management tool for the restoration of oak and pine forests
(Waldrop and Brose 1999). Cyclical prescribed burnsyield very low clutter in the under- and mid-stories of
mature stands and also enable the maturation of fire-dependent tree species like pines and oaks (Guldin et al.
2007). Opening up acluttered forest with prescribed fire should make it more suitable for foraging and roosting
by bats. Further, suppressed trees “released” by prescribed fire may eventually develop into suitable roost sites.
The relationship between prescribed fire and bats is not well understood (Dickinson et a. 2009). When fire has
been excluded from an area, prescribed fire may result in a net loss of dead trees (Horton and Manann 1988,
Bagne et al. 2008) which could decrease the number of available roosts for bats. However, in West Virginia,
male Indiana bats did not seem adversely impacted by prescribed fire; almost a third of roosts found werein
stands burned 1-3 years prior (Johnson et al. 2010). Prescribed burning programs should pay attention to timing
and ignition methods to minimize the threat of fire to newly formed maternity colonies of bats (Dickinson et al.
2010).

Roads. Logging roads or other open linear areas through woods may be particularly beneficial by forming
commuting corridors among roosts and foraging grounds. Logging roads are frequently maintained in early
successional grasses and forbs, so they likely also serve as optimal foraging habitat for bat species.

Roads for vehicular traffic of course pose athreat to bats from collisions with vehicles and the larger the roads,
the more difficult they are for bats passing over them. However, roads for vehicular traffic can also provide
some benefitsto bats, astravel corridors (especially when roads are small and vehicular traffic islight),
sometimes as roosting areas, and open grassy or marshy areas along the edges of roads can supply additional
roosting and foraging areas (e.g., Zimmerman and Glanz 2000).

Wildlife openings. Edge habitat for roosting and foraging: Construction of openingsin the forest for wildlife
isnot used as much as earlier because it tends to open the habitats to cowbirds which can be detrimental to bird
speciesthat nest in forest. However, there are many such openingsin some areas and they can benefit bats as
they provide additional foraging area, and also along their edges increasing the possibility of trees with
sloughing bark hollows which can serve as roosting areas for bats. If the wildlife openings are maintained in
early seral stage (grasses and forbs) they can serve as foraging areas and possible roosting areas can occur both
in the woods (northern bats, eastern pipistrelles, species of Lasiurus) and along the edges (Indiana bats, northern
bats, Lasiurus).

Riparian management: Bats use streams as flight paths from one place to another, particularly from roosts to
foraging areas and back, and they often forage as they move aong these pathways.

Significance of streams asforaging habitat: Some species of bats feed heavily over streams (Little brown
bats, Gray bats are good examples) where they feed on midges and other flies associated with water, mayflies,
and sometimes odonates (citations).

Streamside management zones (SMZs): Some streams have essentially no wooded area along their edges,
and some have agricultural areas nearly to their shores. Other streams have asingle line or few trees along their
edges, whereas still others have a strip of bottomland woods along their edges. On public and industrial forests,
SMZs are left in which harvesting is limited or absent (Wigley and Melchiors 1994). Particularly if they have
large trees, SMZs provide excellent habitat for bats, as the streams themselves provide water and foraging areas
for bats, the woods provide roosting habitat, much of it along edges, and the open areas beyond the forested
strip provides foraging areas, especialy if the open areas are of mixed types of open field. A good way to
enhance bat habitat under some circumstances would be to plant native trees along waterways if they are not
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already present. Additional research is needed to determine the significance of SMZsto bats (e.g., Lloyd et al.
2006, O’ Keefe 2009) and how wide SMZs should be to be most effective for bats (e.g., LIoyd et al. 2006).

Riparian forest is more productive than upland forest because it forms a natural flyway. Also, it generally has
larger trees which favors better roosting habitat. The water and larger trees may support greater insect diversity
and abundance (Gibbs et al. 2007), thus a so benefitting bats.

Ponds. Ponds prabably function similar to canopy gaps in that they are an opening where bats can fly with
ease. |n addition, ponds within forests may supply good foraging areas for bats. Ponds that occur in open aresas,
especialy near forests supply a source of water and additional foraging habitat.

Management activities that specifically target snags.

Keeping snagsin harvested areas: It isaways good wildlife management practice to retain snagsin forests.
We suggest keeping them in clumps with buffers of live trees surrounding them. For safety and forest health,
foresters often want to remove snags during harvest operations. However, large snags through woods, including
snags near the edges, provide habitat for many forest species such as squirrels and raccoons, aswell as bats.
We know of one forest in which no Indiana bats were present. However, many of the larger trees were girdled
and four years later Indiana bats had colonized the area. We would normally not recommend that trees be
girdled for this purpose. If large trees and especialy snags are left in forests, they will eventually fall (and add
to the nutrients in the soil) and other larger trees will die and replace the snags that have fallen. Thusthere
should be an endless supply of such trees, which, if there are enough of them, will continue to provide roosting
areas for bats. Uneven aged management strategies (shelterwood and group selection cuts) can result in this
type of forest.

Creating snags (girdling or injecting): Aswe said above, we would not generally want to kill treesin order to
produce bat habitat. In old forests, snags will continue to occur as trees die off and are replaced by new snags.
Also, quite abit of habitat has been created when previously low forest has been flooded. Thetreesdiein that
case, often providing dead trees with sloughing bark, and also hollow trees and trees with hollow limbs.

Providing bat housesto serve asroosts. Bat houses and other artificial roosts attached to tress are being used
to enhance habitat for bats. Bat houses work best (at least in the east) for house batsi.e., big and little brown
bats but also for northern bats. A large number of bat houses and other bat structures were established for
Indiana bats as an experiment at the Indianapolis International Airport. It took about 10 years for any of them
to be inhabited by Indiana bats, and then only about 5 were. However, many of these houses were often used by
northern bats. Bat houses can be used in areas where adequate roosts are lacking, but then, will only work for
certain species, and often it is some time before they are inhabited. However, the little brown bat is a species
that can benefit from bat houses. It isdeclining in the east, radically so, in the northeast, due to White-nose
syndrome. Artificial bat roosts attached to Ponderosa pines in the southwest were occupied by bats within one
year, but they did not contain many bats (Mering and Chambers — no citation available yet). Speciesin the east
that might most likely benefit from bat boxes are the Little brown bat, the big brown bat, the northern bat, and
the Brazilian freetail bat. Other bats that have not been documented using bat houses but possibly could use
them are the southeastern bat, Rafinesque’ s Big eared bat, and the little mastiff bat.

Education. Education might seem out of place in a paper on forest management of woodlands for bats.
However, educating the public about bats and their benefitsis one of the best ways to get people to think about
helping to save bats and to provide permanent habitat for them.

Summary

Bats need summer and winter roosting areas, foraging areas including adequate food, water, and adequate means to migrate
between summer and winter roosts. Managing forests for bats means providing for the above, this can be achieved through
hands-off practices or via management strategies like timber harvesting, prescribed fire, creating ponds and other openings,
and snag creation. Roads for vehicular traffic and logging roads can be beneficial to bats, serving as flyways. Bat houses or
other artificial roost structures can be useful in areas where natural roosts are few or none. Finally, education of the public
about the value of bats and how to preserve them can be a powerful tool to promote sustainable forest management strategies.
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