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7 
8 
9 Q. 

10 A. 

Introduction 

Identify the rebuttal testimony yon are addressing in your surrebuttal testimony. 

My surrebuttal testimony addresses the rebuttal testimony of Missouri Public SeiVice 

Commission ("Commission") witnesses Daniel Beck, Shawn Lange, Michael Stahlman, 

and Sarah Kliethermes. 

Staff Is Incorrect to Rely on Unverified Regional Benefits of MVP 
Portfolio to Find that Mark Twain Line Is in Public Interest 

What is your overall impression of Commission witness testimony? 

Commission staff witnesses Beck, Lange, Stahlman, and Kliethermes largely repeat 

11 claims of economic benefit described in MTEP11 and the MTEP14 Triennial Review 

12 Report for the portfolio of MVP projects as the basis for their collective finding that 

13 approval by the Commission of the Mark Twain Line is in the public interest for Ameren 

14 MO ratepayers. For example, much of Mr. Lange's rebuttal testimony consists of direct 

15 quotes from MlSO documents and ATXI witnesses to justify a finding that the project is 

16 in the public interest, with little critical analysis of the MISO documents or ATXI witness 

17 information cited. The majority of the schedules included with Ms. Kliethermes' rebuttal 

18 testimony are MISO summaries of the economic benefits of the portfolio of MVP 

19 transmission projects. Although there are notable exceptions in staff rebuttal testimony to 

20 the uncritical acceptance by staff of ATXI claims of economic and grid reliability 

21 benefits, ultimately staff accept the Mark Twain Line is in the public interest because 

22 MISO says it is, regardless of whether the line can be shown to provide any unique 

23 benefits to Ameren MO ratepayers that could not be provided more inexpensively by 

24 other means. 
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Q. 

A. 

Q. 

A. 

Q. 

A. 

Do any of the MISO MVP documents assert that the rejection of any one element of 

the MVP portfolio would compromise the economic benefit of the •·est of the MVP 

portfolio? 

No. Nowhere does MISO state that MVP portfolio is subject to a fonn of domino theory, 

whereby if any one of the MVP projects is rejected by a state utilities commission the 

entire MVP portfolio will no longer be economically viable. ATXI has made no showing 

that the denial of the Mark Twain Line will shift the cost-benefit ratio of the remaining 

portfolio of MVP projects from "beneficial" to "not beneficial," or have any material 

impact on whether they are built or not. 

Does staff rebuttal testimony evaluate the Mark Twain application on its own 

merits, or review it as one element of a much larger whole that is located outside of 

Missouri? 

As one element of a much larger whole. Commission staff rebuttal testimony asserts that 

approval of the Mark Twain line is in the public interest because the project is patt of a 

portfolio of projects that was found by MISO to be cost beneficial, and the cost recovety 

mechanism -a MISO transmission tariff- will assure cost recovery from ratepayers. 

Despite this apparent deference to MISO regarding whether the project is in the 

public interest, do Commission staff asset·t that the Commission has the authority to 

evaluate the Mark Twain line on its own merits? 

Yes. Ms. Kliethennes states the Commission retains the ability to reach its own 

conclusions, which may be different than the conclusions reached by MIS0. 1 However, 

Ms. Kliethennes makes this observation after stating that MISO found both the MVP 

portfolio as a whole and the Missouri portion of the MVP portfolio to be cost beneficial, 

1 Kliethennes rebuttal testimony, p. 5, lines 1-2. 
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1 and after providing summaries of the MISO cost-benefit analyses as schedules to her 

2 rebuttal testimony. 

3 III. Neighbors United Concurs with Staff that There Is No RPS 
4 Justification for the Mark Twain Line 
5 
6 Q. Does the testimony of Commission witness Beck support approval of the Mark 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

Twain line to meet the Missoul'i RPS requirement? 

A. No. Witness Beck states that the investor-owned utilities in Missouri can meet the RPS 

using renewable energy credits ("RECs"), and those RECs do not have to be associated 

with energy that is delivered to or generated in Missouri.2 He also states that the current 

value of a REC is less than $1 per REC3 This REC cost compares to the cost of 

production from a wind farm of approximately $50 to $60 per megawatt-hour (MWh) 4 

Q. Given Ameren MO can meet the Missouri RPS with RECs, and RECs are extremely 

low cost, is there any RPS justification for constructing the Mark Twain Line? 

A. No. 

Q. If Missouri investor-owned utilities can buy very low cost RECs to meet their RPS 

obligations, why would these utilities locate wind generation nea1· the Ma•·k Twain 

Line o•· import electricity from othe•· states ove•· this line? 

A They would not do so. 

'Beck rebuttal testimony, p. 6, lines 20-23. 
3 Ibid, p. 8, lines 2-4. 
4 Powers rebuttal testimony, p. 6, lines 21-23. 
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IV. 

Q. 

A. 

Q. 

A. 

Neighbors United Disagrees with Staff that the Missouri Clean 
Power Plan May Be a Justification for the Mark Twain Line 

Mr. Beck offers Missouri compliance with the Missouri Clean Power Plan (CPP) as 

another justification for the Mark Twain Line. Does the CPP call fm· new 

transmission as a necessary element of carbon reduction? 

No. The claim of Mr. Beck is that the Mark Twain Line would limit the effect of the 

unceiiainty of what the Clean Power Plan will require by providing Missouri electric 

utilities opportunities to locate wind generation near the Mark Twain Line, by allowing 

Missouri electric utilities the opportunity to import renewable electricity from other states 

(especially other MISO states), and by allowing Missouri utilities the opportunity to 

export electricity from in-state sources to other states5 

Hasn't the Commission informed EPA that it anticipates that demand-side 

management programs will be a major element of its CPP carbon reduction 

portfolio? 

Yes. The Commission December 23, 2013 comment letter to EPA on CPP compliance 

strategy emphasizes demand~side management programs under the Missouri Energy and 

Efficiency Investment Act (MEEIA), Mo. Rev. Stat. § 393.10756 Yet in its 2014 IRP, 

Ameren MO suspended its demand response program for the 2016-2018 period7 Ameren 

MO identified this demand response program as cost-effective in the 2011 IRP. The 

program would have added 100 MW of demand response by 2021 8 The justifications 

offered by Ameren MO in the 2014 IRP for retrenchment of demand side management 

5 Beck rebuttal testimony, p. 9, lines l-5. 
6 Exhibit PE-40, p. 2, pdf pp. 13-15. 
7 Powers rebuttal testimony, p. 31, lines 2-8. 
8 Ibid. 
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I programs are controversial, as explained in the March 2015 rebuttal testimony of Synapse 

2 Energy Economics in proceeding E0-20 15-0055 before the Commission9 

3 Q. How does 100 MW of demand response compare to the increase in imports available 

4 to Ameren MO if the Mark Twain Line is built? 

5 A. 100 MW of demand response is more than four times the 24 MW of increased import 

6 

7 
8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

v. 

Q. 

A. 

Q. 

A. 

Q. 

A. 

capacity that would be provided, according to ATXI, by the Mark Twain Line. 10 

Neighbors United Disagrees with Staff that the Mark Twain Line 
Is Needed to Address Northeast Missouri Reliability Issues 

Does Mr. Lange imply that the Mark Twain Line is necessary to make wind power 

at the West Adair substation deliverable? 

Yesll 

Is this implication correct? 

No. 

Why not? 

Mr. Lange did not mention that the same MISO interconnect study he cites to support a 

position that wind power is not deliverable at the West Adair Substation also states that a 

$10.9 million upgrade to the Adair-Novelty 161 kV line will make 300 MW of wind 

power fully deliverable, as explained in my rebuttal testimony .12 

9 Exhibit PE-41. 
10 Exhibit PE-42. 
11 Lange rebuttal testimony, p. 9, line 22, p. 10, line 1-8. 
12 Powers rebuttal, p. II, lines 5-9. 
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Q. So should significant amounts wind power be located near the Adair Substation 

there is a viable upgrade to the existing 161 kV transmission system that would 

make this wind power fully deliverable with no cost to Amet·en MO ratepayers? 

A. That is correct. The $10.9 million would be paid by the wind power developer, not by 

Ameren MO ratepayers. 13 

Q. Did Mr. Lange assess the reasonableness of ATXI grid t•eliability modeling 

assumptions? 

A. Yes and no. Mr. Lange states in his rebuttal testimony that there are no wind projects in 

the MISO queue for interconnection at the Adair Substation. 14 Mr. Lange correctly 

acknowledges that much of the Mark Twain Project may not be physically necessary if 

that area of Missouri is not developed with wind. 15 However, Mr. Lange does not opine 

whether it is reasonable for ATXI to assure there is a 300 MV A customer load on the 

Adair Substation when the modeled Categmy C event, the simultaneous loss of two of 

the three existing 161 kV lines connecting at the Adair Substation, takes placei6 ATXI 

states the contingency event occurs under peak load conditions. 17 Almost no wind power 

is generated during peak load conditions, only about 6 percent of rated capacity_~8 ATXI 

assumes that wind power generation does not contribute to the Category C contingency. 19 

The estimated peak load on the Adair Substation is approximately 64 MW at peak 

summer demand, not 300 MV A.20
•
21 This large discrepancy between the peak substation 

13 1bid, p. 12, lines 1-5. 
14 Lange rebuttal testimony, p. 11, lines 10-12. 
15 1bid, p. II, lines 7-8. 
16 Exhibit PE-43. 
17 Ibid. 
18 Powers rebuttal testimony, p. 23, lines 4-6. 
19 Exhibit PE-43. 
20 Ibid, p. 28, lines 11-15. 
21 MW is assumed to be equivalent to MVA in this rebuttal testimony. 
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1 load modeled by ATXI and the actual peak substation load is not addressed by Mr. Lange 

2 in his rebuttal testimony. 

3 Q. Did Mr. Lange evaluate any alternatives to the Mm·k Twain Line to address the 

4 Categm·y B and C contingencies that ATXI asserts will be addressed by the Mark 

5 Twain Line? 

6 A. No. Mr. Lange simply accepts ATXl's assertion that the Mark Twain Line will address 

7 these contingency conditions and does not consider other solutions on the existing 

8 161 kV transmission system that would be less costly to Ameren MO ratepayers. Some of 

9 these solutions are addressed in my rebuttal testimony 22 

10 
11 
12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

VI. 

Q. 

A. 

Q. 

A. 

Neighbors United Concurs with Staff that MISO and ATXI Economic 
Benefit Analyses Are Obsolete and Incomplete 

Do you agree with Mr. Lange that the economic modeling done by MISO uses old 

data? 

Yes. Mr. Lange points-out in his rebuttal testimony that the studies were carried out 

during the mid- to late-2000's.23 

Doesn't Ms. Kliethermes also state that the ATXI witness uses old data to claim 

economic benefits for the Mark Twain Line? 

Yes. Ms. Kliethermes states that the generation source(s) used by ATXI in its modeling 

is based on expectations held in the year 2010, and that this information it is not 

reflective of reality at this time24 

22 Powers rebuttal testimony, pp. 24-33. 
23 Lange rebuttal testimony, p. 9, lines 12-20. 
24 Klicthennes rebuttal testimony, p. 10, lines 10-12. 
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Q. Does Commission witness Stahlman state that staff disagree with ATXI that the 

MTEP14 MVP Triennial Review should be viewed as evidence of the project's 

economic feasibility? 

A. Yes. Mr. Stahlman states that the MTEP14 MVP Triennial Review does not isolate the 

cost-benefit ratio of the Mark Twain transmission project.25 

Q. Does Mr. Stahlman point-out in his rebuttal testimony that the MTEP14 MVP 

Triennial Review economic analysis did not include any offsets due to t•estrictions iu 

land use, for example the loss of agricultural land? 

A. Yes. Mr. Stahlman states that the model, PROMOD IV, focuses on electric markets. 26 

Q. Does Mr. Stahlman recommend the Commission not use the economic development 

benefits analysis contained in the Direct Testimony of ATXI witness Geoffrey 

Hewings, Ph.D. as a basis to approve or reject the Project? 

A. Yes. Mr. Stahlman states that staff understands that job creation can make it easier to 

"sell" a project from a public policy perspective, but fundamentally, job creation is a 

function of the costs of the project rather than its benefits27 

Q. Does Ms. Kliethermes recommend that the Commission not t·ely on any implications 

in the testimony of ATXI witness Dr. Schatzki that (1) the Pmject would reduce 

Missouri retail electric rates, or that (2) the Project would reduce envit-onmental 

emissions in Missouri? 

A. Yes2& 

25 Stahlman rebuttal testimony, p. 7, lines 7-11. 
26 Ibid, p.4, lines 10-12. 
27 Ibid. 6, lines 14-16. 
28 Kliethe1mes rebuttal testimony, p. 3, lines 4-6. 
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Q. 

A. 

Q. 

A. 

Why does Ms. Kliethermes make this recommendation? 

Ms. Kliethermes states that it is not suitable for projecting the impact of the Project on 

Missouri retail rates, or projecting the impact of the Project on the ability of the State of 

Missouri to comply with various emissions requirements29 

Do staff consider the possibility that MTEP14 Tl'iennial Review economic benefits 

modeling conducted for the MVP portfolio as a whole may be wrong because of the 

use of obsolete data and the presumption that wind power will be the predominant 

form of renewable energy developed to meet regional RPS targets for the 

foreseeable futm·e? 

No. Mr. Lange uncritically repeats MlSO's statement that its "Value Proposition" (of the 

MVP portfolio) reflects that its continued efforts in regional planning enables more 

economic placement of wind resources in the regionc30 No staff rebuttal testimony 

questions whether the framework MlSO presumption, that future RPS targets will be met 

with wind power, is still valid in the face of rapid and ongoing declines in the cost of 

solar power31 Staff takes the collective view that, although there is no specific evidence 

to support MISO claims of the economic benefit of the Mark Twain Line, the regional 

economic benefits of the MVP portfolio as a whole justify a finding that the Mark Twain 

Line is in the public interest of Ameren MO ratepayers. 

29 Ibid, p. 5, lines 8-10. 
30 Lange rebuttal testimony, p. 7, lines l-4. 
31 Powers rebuttal testimony, pp. 34-41. 
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I Q. Did staff evaluate the MISO economic benefits modeling conducted for other 

2 specific MVP transmission projects outside of Missouri to determine if the same 

3 analytical deficiencies staff identified relative to the economic benefits assertions 

4 made by ATXI for the Mark Twain Line are also present for othet· specific MVP 

5 transmission projects? 

6 A. No. 

7 Q. Is it reasonable for Commission staff to rely on economic benefit data they know to 

8 be obsolete and incomplete to opine that the Mark Twain Line is in the public 

9 interest? 

10 A. No. 

11 VII. Staff Does Not Address How the Mark Twain Line Route Will Be 
12 Affected by Environmental Compliance Requirements 
13 
14 Q. Are the conditions descl'ibed in staff testimony adequate to account for the 

15 environmental compliance authorizations the Mark Twain Line must obtain? 

16 A. No. Commission witness Dietrich states in her rebuttal testimony that, of about 3,000 

17 written public comments received, less than I 0 comments provide support for the request, 

18 and over 2,900 (are) opposed to the request32 Ms. Dietrich documents that a theme of the 

19 comment letters in opposition is: I) the negative impact of the line on real estate values, 

20 2) the presence of the line impeding farming in the project area, 3) cause deforestation, 4) 

21 resttict future land use options, and 5) tarnish rural landscapes. Despite the public 

22 concern over the project, there is no mention in staff rebuttal testimony regarding the 

23 environmental authorizations that must be obtained before the Commission finalizes its 

32 Dietrich rebuttal testimony, p. 3, lines 13-18. 
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20 

order, if it chooses to approve the project, and how these authorizations may affect the 

location of the project right-of-way. 

Q. Is staff aware that the route preferred by ATXI may cause significant negative 

economic impacts due to impact on agricultural lands? 

A. Yes. However, staff witness Stahlman clarified in his rebuttal testimony that the MISO 

economic cost-benefit analysis did not include any costs associated with the loss of 

agricultural land?3 Additional costs not mentioned in staff rebuttal testimony include 

addressing endangered Indiana bat and proposed endangered northern long-eared bat 

habitat degradation/4 raptor nesting area degradation, fragmentation of woodland habitat, 

and degradation of spawning streams35 These issues may be partially mitigated by right-

of-way route modifications negotiated by the U.S. Fish and Wildlife Service and the 

Missouri Department of Natural Resources with ATXI to limit negative impacts36
•
37 

Q. What action should be taken by the Commission, if it chooses to approve the 

project, to assure the final •·oute of the Mark Twain Line causes minimum economic 

and environmental disruption in the p•·oject area? 

A. The Commission can condition the effective date of the order approving the Mark Twain 

Line, if it chooses to issue such an approval, to occur after receipt by the Commission of 

final project approvals issued by the U.S. Fish and Wildlife Service and the Missouri 

Department of Natural Resources. 

33 Stahlman rebuttal testimony, p.4, lines I 0- I 2. 
34 Exhibits PE-44, PE-45, PE-46, PE-47, PE-48. 
35 Powers rebuttal testimony, p. 43, lines 6-8. 
36 Exhibit PE-38 (Powers rebuttal testimony). 
37 Exhibit PE-49. 
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BEFORE THE PUBLIC SERVICE COMMISSION 
OF THE STATE OF MISSOURI 

In the Matter of the 1\pplication of 1\mcren Transmission ) 
Company of' Illinois for Other Relief or, in the 1\llcrnati ve, ) 
a Ccrtillcate of Public Convenience and Necessity ) 
t\uthorit ing it to Construct, Install , Own, Operate, ) File No. l~A-20 15-0 14(i 
Mnintain and Otherwise Control and Manage a ) 
345,000-volt Electric Tmnsmission Line from Palmyra, ) 
lvlissouri, to the Iowa Border and Associated Substation ) 
ncar Kirksville, Missouri . ) 

AFFIDAVIT OF WJLLlAM E. POWEllS, P.E. 

STATE OF CALIFORNIA 

couNTY oF S,.cl't bliGu 
) 
) ss 
) 

\Villinm 1 ~ . Powers, being first duly sworn on his oath states: 

I. My name is William E. Powers and I am the principCl l of Powers Engineering. 

4452 Park 131vd., Suite 209, San Diego, CCl lifornia, 92116. 

") Attached hereto and made a part hereof for all purpO$CS is my Smcbuttal 

testimony on behalf ol' Neighbors United 1\gainst/\meren's Power Line consisting of' /4-

pages and Schedules PE- 40 --r!IR.u ?£-49 prepa red 

in written form for introduction into evidence in the above-referenced docket. 

3. I hereby swear that my answers to the questions contained in the allaciH.:d 

Surrebuttal testimony arc true and correct to the best of my knowledge, in format ion and belief. 

a~0vz E-&-r>~; a . 
William E. Powers, P. E. 

Subscri bed and sworn to before me this ~~~ day of November, 201 5 

~ 
Notary Pub\ic 
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Administrator 
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JEFFERSON CITY, hUSSOUni 65102 

573-751-3234 
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December 23, 2013 

,. 

U.S. Environmental Protection Agency 
1200 Pennsylvania Avenue, N.W. 
Washington, DC 20460 

JOSHUA HARDEN 
General Counsel 

MORJUS WOODRUF~' 

Socrctary 

WESS A. HENDERSON 
Director of Admfnlstrnlfon 

and Regulatory Polley 

CHERLYN D. VOSS 
Director of Regulatory Rc•icw 

KEVL'< A. THOMPSON 
Chief Starr counsel 

Re: Missouri Public Service Commission's Comments on Section 111 (d) of the Clean Air Act 

Dear Administrator McCarthy: 

The Missouri Public Service Commission (MoPS C), respectfully submits this letter and 
the attached comments to articulate its position that the Environmental Protection Agency's 
(EPA) guidelines, to be developed under Section lll(d) ofthe Clean Air Act (CAA), 42 U.S.C. 
§ 7411, should be crafted in such a way as to allow Missouri maximum flexibility in developing 
pe1formance standards that will take into account its patticular circumstances. 1 The EPA's 
guidelines should be crafted consistent with the CAA's framework of cooperative federalism, 
President Barack Obama's Climate Action Plan and the President's Memorandum for the 
Administrator of the Enviromnental Protection Agency, which contemplates state primacy in 
developing plans to reduce carbon emissions from the power sector. 

1 In submitting these comments, the MoPSC is not offering an opinion regarding the legality of 
the EPA's authority to promulgate rules under Section lll(d). Further, nothing in these 
comments binds the MoPSC in its decisions in any future proceeding. Finally, nothing in these 
comments binds any other state agency. 
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December 23,2013 

The CAA' s framework of cooperative federalism contemplates that the EPA will issue 
guidelines establishing a procedure, while the states will issue state implementation plans (SIPs) 
that define the mechanisms to meet the EPA's guidelines. The states will have the p1imary 
responsibility, through their SIPs, for determining the performance standards for satisfying the 
EPA's guidelines. 42 U.S. C.§ 7411 (d)(1). 

In directing the EPA to promulgate rules to reduce carbon emissions from existing power 
plants under Section 111(d) of the CAA, President Obama emphasized the necessity of involving 
all stakeholders, including state public service and utility commissions in crafting these 
guidelines. The EPA's guidelines should be developed in a way that "allow[s] the use of market 
based instruments, performance standards, and other regulatory flexibilities." Any such 
1,>uidelines must also "ensure ... the continued reliance on a range of energy sources and 
technologies." Finally, the EPA's guidelines must be "developed and implemented in a manner 
consistent with the provision of reliable and affordable electric power for consumers and 
business." See, Memorandum on Power Sector Carbon Pollution Standards, 2013 Daily Comp. 
Pres. Doc. 457 (June 25, 2013) (emphasis added). 

The MoPSC, through regulation of Missouri's investor owned utilities (IOUs), ensures 
safe and adequate service at just and reasonable rates. The MoPSC is the state agency 
responsible for setting rates for the IOUs, for administering the Missouri Renewable Energy 
Standard (RES), Mo. Rev. Stat.§ 393.1020 to 393.1030, and the Missouri Energy and Efficiency 
Investment Act (MEEIA), Mo. Rev. Stat. § 393.1075, as well as ensuring resource adequacy 
through the MoPSC's integrated resource planning process, 4 CSR 240-22.010 to 240-22.080. 
These comments are intended to infonn the EPA regarding the composition of Missouri's IOU 
power generation, and the state programs that will serve to reduce carbon emissions. 

Missouri's lOU's have implemented programs under the MEEIA and are adding 
renewable energy resources to their portfolios, in addition to retrofitting existing coal-fired 
power plants. These efforts have either reduced or are expected to continue to reduce 
greenhouse gas emissions. For instance, two Missomi IOUs' efforts under the MEEIA are 
expected to provide cumulative energy savings of approximately 950,000 MWhs over a three 
year program period, from 2013 to 2016. Since 2005, the IOUs have collectively spent in 
excess of$700 million on projects that reduce greenhouse gas emissions. For 2012 alone, 
Missouri IOUs have reduced carbon emissions by approximately 4.4 percent or 1.6 million 
metric tons. 

The EPA's guidelines should complement and enhance the work already being done in 
each state. The EPA's guidelines should not frustrate or inhibit already-existing state efforts, nor 
inhibit future state efforts that support greenhouse gas emissions reduction. The MoPSC 
encourages the EPA to develop guidelines that will allow all carbon emission reducing measures 
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Comments on the Reduction of Carbon Emissions in Missouri under Section lll(d) of the Clean Air Act 
December 2013 

I. Introduction 

The Missouri Public Service Commission (MoPSC) has long been acutely aware of and 
attuned to myriad environmental regulations facing the electric power sector. To that end, in 
August 2011, the MoPSC opened a working docket 1 to examine the potential financial and 
reliability impacts on the power sector of a host of planned and potential environmental 
regulations. In May 2012 the MoPSC Staff issued a report of its findings . In September 2013, in 
anticipation of the EPA's announced plans to regulate greenhouse gases from new and existing 
power plants, the MoPSC instmcted its staff to update its 2012 report. On December 19, 2013, 
the MoPSC Staff issued its updated report of its findings. All of these documents can be found 
in the MoPSC's Electronic Information Filing System (EFIS), at https:l/www.efis.psc.mo.gov. 

The comments of the MoPSC demonstrate that the EPA's rules should provide Missouri 
maximum flexibility to develop, monitor and credit the resources that will be most effective in 
reducing carbon emissions. These comments contain a description of Missouri's current IOU 
generation mix, the IOUs' efforts that are intended to increase their renewable energy resources,2 

and the energy efficiency programs that the IOUs have implemented that will serve to reduce 
carbon emissions. 

Like other states, many Missouri electric utilities own electric generating units that are 
not located in Missouri and this important geographic element should be acknowledged in the 
mles as it will be a factor in regional carbon emissions. Also, the lack of flexibility in 
developing a state implementation plan (SIP) could unnecessarily punish Missouri's utilities that 
have already invested in and deployed renewable energy resources and demand-side or energy 
efficiency programs. The EPA's proposed guidelines should allow credit for early emission 
reductions efforts. 

II. Missouri's Regulated Electric Utilities 

Missouri's four investor owned electric utilities are vertically integrated, with each utility 
owning and operating generation, transmission and distribution. Missouri's IOUs have 
transferred functional control of their transmission assets to one of two Regional Transmission 
Organizations (RTO): the Southwest Power Pool (SPP) or the Midcontinent Independent System 
Operator (MISO). 

1 See, generally, Docket No. EW-2012..{)065, In the Malter of an Investigation of the Cost to Missouri's Electric 
Utilities Resulting fl'om Compliance with Federal Environmental Regulations, accessible at 
https://www .efi s. psc. mo. gov /mpsc 
2 "Renewable energy resources" is defined as electric energy produced from wind, solar thermal sources, 
photovoltaic cells. and panels, dedicated crops grown for energy production, cellulosic agricultural residues, plant 
residues, methane from landfills, from agricultural operations, or from wastewater treatment, thermal 
depolymerization or pyrolysis for converting waste material to energy, clean and untreated wood such as pallets, 
hydropower (not including pumped storage) that docs not require a new diversion or impoundment of water and that 
has a nameplate rating of ten megawatts or less, fuel cells using hydrogen produced by one of the above-named 
renewable energy sources, and other sources of energy not including nuclear that become available after November 
4. 2008, and are certified as renewable by rule by the department. (Mo. Rev. Stat. § 393.1025) 
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Comments on the Reduction of Carbon Emissions in Missouri under Section lll(d) of the Cle~m Air Act 
December 2013 

A. Electric Utility Generation Mix in Missouri 

Missouri ' s IOU electric generation mix is predominately coal with approximately 81 
percent of production by coal-fired plants. 3 As is demonstrated below, Missouri IOUs are 
exploring ways to diversify their fleets through the use of natural gas, nuclear, wind, solar, 
hydroelectric generation and landfill gas. Additionally, Missouri 1s IOUs are increasing other 
generation substitutes, such as demand response and energy efficiency. Missouri law requires 
each IOU to obtain targeted renewable energy standards, which ultimately will reduce 
dependence on coal fired generation. The MoPSC monitors resource adequacy through an 
integrated resource planning process. But this process does not mandate any specific fuel choice 
in the I0Us1 generation mix. Through its regulations, the MoPSC requires that the IOUs, on a 
predetermined time schedule, present their integrated resource plans to the Commission for 
review and stakeholder input. 

Net Generation (1,000, MWh) 

Nuclear 

• Coal 

• Hydro & pumped storage 

• Natural Gas 

• other Renewa.ble 

Petroleum 

3 See http://www.eia. goy{stateOsid=MO&CFID= 116830 14&CFTOKEN=6dbebadd895da3e6-24CF265A-25B3-
1C83-543A 14991 FD45D82&jsessionid=8430 l Oc8f48cb3de55c835f6b4a60217a62a#tabs-4 
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Comments on the Reduction of Carbon Emissions in Missouri under Section lll(d) of the Clean Air Act 
Decembel' 2013 

1. Investor-owned utilities 
a. Union Electric Company d/b/a Ameren Missouri (Ameren Missourit 

i. 76% Coal 
ii. 14% Nuclear 
iii. 4% Renewables5 

iv. 1% Gas 

b. The Empire District Electric Company, Inc. (Empire)6 

i. 56% Coal 
ii. 27% Gas 
iii. 16% Wind 
iv. 1% Hydropower 

c. Kansas City Power & Light and KCP&L Greater Missouri Operations7
•
8 

i. 83% Coal 
ii. 14% Nuclear 
iii.2% Gas 
iv. I% Wind 

2. Municipal electric utilities9
•
10 

a. Coal 
b. Natural gas combined heat and power 
c. Natural gas combined cycle 
d. Wind 
e. Landfill gas 
f. Solar 

3. Rural electric cooperatives11 

a. 75% Coal 
b. 14% Natural gas 
c. 5% Hydropower 
d. 5% Wind 
e. 1% Purchased power 

4 "Ameren Missouri Company Overview and SMR Plamung". Scott Bond, Director Nuclear Development. 
Feb mary 20 13. http://www.researchcaucus.org/schedule/20 l3/25Feb20 13/Bond-Ameren-MO-Prescntatiottpd.f 
~· 
5 Includes wind and hydropower. 
6 EDE - Enviromnental Update Presentation, page 6, filed October 29, 2013, EFIS Doc. No. 30, Docket No. 
EW-2012-0065 
7 Collectively KCP&L/GMO 
8 Great Plains Energy 2012 Atmual Report, page 7. KCP&L and GMO are wholly owned direct subsidiaries of 
Great Plains Energy, page 6. 
9 See Appendix A 
10 Information on the percentage of generation nux in the municipal electric utility portfolio is not publicly 
available. 
11 Associated Electric Cooperative, Inc., 2012 Ammal Report. ht1p://www.aeci.om/docs/default­
source/documents/20 I 2-rumual-reoort-dot-org.pdf. (Note: Associated Electric Cooperative, Inc. is part of a three­
tiered system with six generation and transmission cooperatives owned by 51 disltibution cooperatives in Missouri, 
southeast Iowa and northeast Oklahoma.) 
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Comments on the Reduction of Carbon Emissions in Missouri under Section lll(d) of the Clean Air Act 
December 2013 

B. Estimate of Missouri IOU Carbon Emissions 

Missouri's IOUs emit approximately 48.5 million metric tons of carbon today. Other 
power generators in Missouri are not included in this emission estimate. 

C. Regional T•·ansmission Organizations 

Missouri's IOUs participate in one of two RTOs-MISO and SPP. MISO delivers electric 
power across all or pa1t of sixteen states and the Canadian province of Manitoba. SPP is 
responsible for ensuring reliable supplies of power and adequate transmission infrastructure in 
nine states. MISO participates in the next day market, while SPP's next day market is scheduled 
to go live in March 2014. Once both markets are operational, the dynamics of bidding power 
into the market will change. 

y 
California 

ISO 
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Comments on the Reduction of Carbon Emissions in Missouri under Section ll l (d) of the Clean Air Act 
December 2013 

MISO's modeling has identified a potential capacity shortfall of 3-7 GW as early as 
2016. 12 Recognizing this potential shortfall, MISO and the Organization of MISO States 
(OMS) 13 jointly developed a survey to assess resource adequacy. The survey requests 
infom1ation on future load expectations, current resources, potential new resources, retirements, 
and energy efficiency/demand response programs. A zonal analysis will be presented in early 
2014. When developing guidelines, the EPA should be cognizant of the fact that power flows 
regionally. Given that fact, states must have flexibility when they establish standards of 
performance for existing sources because regional solutions may be indicated. The MISO/OMS 
system-wide assessment will help to infom1 state plans. 

ill. Missouri Strategies to Add1·ess Carbon Emissions 

Any established guidelines should provide flexibility to states to develop a SIP that 
establishes a perfonnance standard based on the best system of emission reduction for that state. 
Over the past decade Missouri has employed a variety of strategies that either provide the 
framework for reducing, or actually reduce, carbon. These past and current strategies should not 
be ignored or preempted by stringent guidelines. A discussion follows of the strategies currently 
implemented in Missouri, including utility resource planning, demand-side management, 
renewable energy standards, energy efficiency and net metering. 

A. IOU Elecn·ic Utility Resource Planning 

MoPSC Rule 4 CSR 240-22.010 outlines the policy objectives for IOU electric utility 
resource planning. Electric utility resource planning is defined as the process by which an 
electric utility evaluates and chooses the appropriate mix and schedule of supply-side, demand­
side, and distribution and transmission resource additions and retirements to provide the public 
with an adequate level, quality, and variety of end-use energy services. The planning process 
also includes an analysis of"special contemporary issues", or evolving new issues. 

The investor-owned electric utilities are required to file with the MoPSC their resource 
plans every three years on April I. The triennial filing includes, among other things, a summary 
of the preferred resource plan that will meet expected energy service needs for the twenty year 
planning horizon. The preferred resource plan must clearly show the demand-side resources and 
supply-side resources (both renewable and non-renewable resources), including additions and 
retirements for each resource type; identification of critical uncertain factors affecting the 
prefen·ed resource plan; and infmmation related to existing legal mandates and approved cost 
recovery mechanisms. 

12 MISO Conunents, filed November 8, 2013 , EFIS Doc. No. 38, Docket No. EW-2012-0065. 
13 The Organization of MISO States, Inc. is a non-profit, self-goveming organization of 
representatives from each state with regulatory jurisdiction over entities participating in MISO. 
The purpose of the OMS is to coordinate regulatory oversight among the states, including 
recommendations to MISO, the MISO Board of Directors, the Federal Energy Regulatory 
Commission, other relevant government entities, and state commissions, as appropriate. (OMS 
Purpose Statement at http://misoslates.org/) 
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Comments on the Reduction of Carbon Emissions in Missouri under Section lll(d) of t he Clean Air Act 
December 2013 

The IOUs also file with the MoPSC, an annual update report commensurate with 
changing conditions since the last filing. It is the responsibility of each IOU to keep abreast of 
evolving electric resource planning issues and to consider and analyze those issues in a timely 
manner to ensure evolving regulatory, economic, financial , environmental, energy, technical or 
customer issues are adequately addressed in the long-tenn plans. 

These electric resource plans are a tool that should inform any SIP. The MoPSC already 
has a process in place to allow Missouri IOUs and their stakeholders to analyze and employ a 
comprehensive strategy to resource planning, which includes the analysis of strategies to comply 
with environmental mandates. This tool will assist Missouri when it monitors and analyzes those 
measures most advantageous to reducing carbon. 

B. Renewable Energy Standards Applicable to Investor Owned Utilities 

Missouri's Renewable Energy Standard (RES), Mo. Rev. Stat.§§ 393.1020 to 393.1030, 
includes a requirement for all IOUs to generate or purchase electricity generated from renewable 
energy resources. The portfolio requirement provides that electricity from renewable energy 
resources constitutes the following portions of each electric utility's sales: 

(1) No less than two percent for calendar years 2011 through 2013; 
(2) No less than five percent for calendar years 2014 through 2017; 
(3) No less than ten percent for calendar years 2018 through 2020; and 
(4) No less than fifteen percent in each calendar year beginning in 2021. 

At least two percent of each portfolio requirement is required to be derived from solar 
energy, unless exempted from this requirement. 

A regulated utility may comply with the standard in whole or in part by purchasing 
renewable energy credits (RECs). Each kilowatt-hour of eligible enerf.?' generated in Missouri 
counts as 1.25 kilowatt-hours for purposes of compliance with the RES. 

State law mandates that renewable energy facilities shall not cause undue adverse air, 
water, or land use impacts, including impacts associated with the gathering of generation 
feedstocks. 15 If any amount of fossil fuel is used with renewable energy resources, only the 
portion of electrical output attributable to renewable energy resources can be used to fulfill the 
RES. Methane generated from the anaerobic digestion of fann animal waste and thermal 
depolymerization or pyrolysis for convet1ing waste material to energy are renewable energy 
resources for purposes of the statute. 16 

14 See Mo. Rev. Siat § 393.1030.1. 
15 See Mo. Rev. Stat§ 393.1030.4. 
16 See Mo. Rev. Stat§ 393.1030.4-5. 
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Comments on the Reduction of Carbon Emissions in Missouri under Section lll(d) of the Clean Air Act 
December 2013 

MoPSC Rule 4 CSR 240-20 sets the definitions, structure, operation and procedures for 
IOU compliance with the RES. Each IOU is required to file with the MoPSC, a RES compliance 
report on the status ofthe utility's compliance with the law.17 

Public versions of the RES Compliance Rep011s for 2011 and 2012 are available on the 
MoPSC website.18 See Appendix B for a summary of the 2012 Compliance Reports. 

Mo. Rev. Stat § 393.1030 also requires each IOU to make available to its retail 
customers, a solar rebate for new or expanded solar electric systems sited on customers' 
premises, up to a maximum of twenty-five kilowatts per system measured in direct current that is 
confirmed operational by the electric utility. 19 Ameren Missouri, Kansas City Power & Light 
(KCP&L) and KCP&L Greater Missouri Operations (GMO) have solar rebate programs that will 
further contribute to carbon reduction. 

It is crit,ically important that any EPA guidelines not inhibit state renewable energy 
standards. The Missomi IOUs' annual compliance plans and reports demonstrate that efforts are 
being made to introduce renewables into the generation mix. Carbon emissions have been and 
should continue to be reduced by generation diversification through renewable energy. Future 
IOU RES compliance plans will provide Missouri another resource to monitor progress toward 
implementing those measures that it is uniquely positioned to decide will be most advantageous 
for meeting the carbon emission requirements in the State. 

Since 2005, the IOUs have collectively spent in excess of $700 million on projects that 
reduce greenhouse gas emissions. For 2012 alone, Missouri IOUs have reduced carbon 
emissions by approximately 4.4 percent or 1.6 million metric tons. 20 The efforts of the IOUs to 
date demonstrate that Missouri should be provided maximum flexibility to develop, monitor and 
credit those res'ources that will be most effective in meeting goals to reduce carbon while 
considering the capabilities of the generation fleet within the state. Each state regulatory body is 
uniquely situated to monitor, review and advance the policy of carbon emissions and should 
retain the opportunity to manage'resources and establish the state's standard of petformance in a 
way that cari meet the goals of the EPA. · 

C. Missouri Energy Efficiency Investment Act (MEEIA) 

Mo. Rev. Stat.§ 393.1075, provides: 

3. It shall be the policy of the state to value demand-side investments equal to 
traditional investments in supply and delivery infrastructure and allow recovery of 
all reasonable and prudent costs of delivering cost-effective demand-side 
programs. In support of this policy, the commission shall: 

17 See Rule 4 CSR 240-20.80 
18 See http://psc.mo.gov/Eiectric/Renewable Energy Standard Compliance Reports 
19 See Mo. Rev. Stat.§ 393.1030.3. 
20 These numbers are an aggregate of highly confidential, commercially sensitive data provided by the IOUs. 
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Comments on the Reduction of Carbon Emissions in Missouri under Section lll(d) of the Clean Air Act 
December 2013 

(1) Provide timely cost recovery for utilities; 
(2) Ensure that utility financial incentives are aligned with helping customers use 
energy more efficiently and in a manner that sustains or enhances utility 
customers' incentives to use energy more efficiently; and 
(3) Provide timely eamings opp01tunities associated · with cost-effective 
measurable and verifiable efficiency savings. 

The MoPSC is responsible for approving demand-side programs under the MEEIA with 
the goal of achieving all cost-effective demand-side savings. Cost recovery for MEEIA programs 
is not permitted unless the programs result in energy or demand savings and are beneficial to all 
customers in the customer class in which the programs are proposed, regardless of whether the 
programs are utilized by all customers. 

Four MoPSC mles provide the framework to implement MEEIA, which allow IOUs to 
recover their costs while providing financial incentives and timely eaming opportunities 
associated with cost-effective demand-side savings. 21 The mles address demand-side programs 
and set forth the requirements and procedures for filing and processing applications to approve, 
modify or discontinue programs. The IOUs are required to file applications to modify demand­
side programs when there is a twenty percent or more variance in the total program budget or if 
program design changes significantly. · ' 

IOU programs must go through an evaluation, measurement and verification (EM&V) 
process to evaluate the utility's program delivery and oversight. The EM&V process estimates 
and/or verifies the estimated actual energy and demand savings, utility lost revenue, cost 
effectiveness and other effects of demand-side programs. The MoPSC has an independent 
contractor that reviews the work of each IOU EM& V contractor. Stakeholder meetings are held 
to review the progress ofiOU demand-side programs. 

Two IOUs cunently have MEEIA programs that were implemented in early 2013, but it 
is noteworthy that energy efficiency programs existed in Missouri prior to implementation of 
MEEIA. Additional MEEIA filings are expected in the next few months. The utilities that have 
not yet filed under MEEIA offer similar energy efficiency programs. 

Examples of residential MEEIA programs include: incentives paid to retail partners to 
discount the plice on high efficiency lighting products; high efficiency water heater, window air 
conditioner and smart strip rebates and incentives; diagnostics/tune-ups, retrofits and 
replacement upgrades for air conditioners, heat pumps and cooling systems; refrigerator 
recycling; home energy performance assessments, direct installs and cost effective follow-up 
measures; incentives for constmction of Energy Star® homes; and energy savings to low income 
qualifying customers. There are also commercial and industrial programs. The IOUs are also 
evaluating the appropriateness of implementing demand response programs. 

21 See Rules 4 CSR 240-3.163, 4 CSR 240-3.164, 4 CSR 240-20.093 and 4 CSR 240-20.094. 
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Ameren Missouri MEEIA Filing22 

Ameren Missouri's MEEIA plan is a 3-year plan that consists of 11 demand-side 
programs. Most programs were implemented in January 2013, and are estimated to have a 
cumulative annual energy savings of approximately 793,000 MWh during the third program 
year. 

GMO MEEIA Filing23 

GMO's MEEIA plan is a 3-year plan that consists of 15 demand-side programs. Most 
programs were implemented in January 2013, and are estimated to have a cumulative annual 
energy savings of approximately 155,000 MWh and cumulative annual capacity savings of 
approximately 73 MW during the third program year. 

Implementation of MEEIA in Missouri has resulted in over 217.5 MWh cumulative 
energy savings to date. 

Other Efficiency Efforts 
From 2009 through 2012, the Missouri Department of Economic Development, Division 

of Energy24 administered a number of energy efficiency programs in the industrial, agriculture 
and residential sectors using American Recovery and Reinvestment Act (ARRA) funding. The 
industrial and residential programs (other than low-income weatherization) were administered by 
the Division of Energy's implementation contractor, Shaw Environmental & Infrastructure, Inc. 
The programs achieved deemed energy savings of 165,873,458 kWhs, which resulted in a 
138,441 metric ton reduction in carbon emissions equivalent. Verified savings totaled 
155,088,969 kWhs and an annual 129,440 metric ton carbon emission equivalent reduction.25 An 
additional 177,564.48 metric ton equivalent of potential carbon emission reductions were 
identified in energy audits for industrial customers.2 

D. IOU Missoul'i Potential Studies 

The MEEIA rules also provide detailed requirements for conducting cun·ent market 
potential studies 27 including requirements for: 1) use of p1ima1y research, 2) updating the 
potential study no less frequently than every four years, 3) review by stakeholders of required 
documentation, and 4) identification and discussion of the twenty-year baseline energy and 
demand forecasts. Through potential studies, IOUs and stakeholders consider the potential for 
generation diversification. 

22 For information on Ameren Missouri's programs; 
http://www.amercn.com/sites/aue/UEfficiency!Pages{home.aspx 
23 For information on GMO's programs; http://www.kcpl.com/savc-cncrgy-and-money 
24 The Missouri Department of Econonlic Development, Division of Energy "assists, educates and encourages 
Missourians to advance the efficient use of diverse energy resources to provide for a healtllier enviromnent and to 
achieve greater energy security for future generations." The Division of Energy was transferred to tJJC Missouri 
DeparllllCllt ofEcononlic Development from the Missouri Department of Natural Resources in August 2013. 
25 InternaJ Report prepared by Shaw Enviromuental & Infrastructure, Jnc., for the Missouri Depart.IllCnt of Natural 
Resources - tJu·ough their Division of Energy (now under lite Department of Economic Development) for their 
Energize Missouri programs on September 2012. Page I 02. 
26 !d. at page ll. 
27 See Rules 4 CSR 240-3.164(2)(A), 4 CSR 240-22.050(2)·(4). 
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E. IOU Net Metering (to Support Distributed Generation) 

Mo. Rev. Stat. § 386.890 and MoPSC Rule 4 CSR 240-20.065 establish and implement 
the Net Metering and Easy Connection Act by setting forth standards for interconnection of 
qualified net metering units, that have a generating capacity of 100 kW or less, with the 
distribution systems of electric utilities. Retail electric suppliers are required to make net 
metering available to customer-generators on a "first-come, first-served" basis until the total 
rated generating capacity of net metering systems equals five percent of the utility's single-hour 
peak load during the previous year unless the electric suppliers' regulating or governing body 
increases the total rated generating capacity. The most recent IOU repmts indicate generating 
capacity from net metering at approximately 15.4 MW, with a total estimated 3,627 MWhs 
received from customer-generators. 

This information is useful in informing a SIP and state review of progress toward 
achieving carbon reductions since customer-generators provide an alternative, clean energy 
source to traditional electric generation. Solar panels and small wind turbines are popular 
sources of distributed generation through net metering. Distributed generation sources also can 
use natural gas-fired microturbines or reciprocating engines which use hot exhaust for space or 
water heating. 

IV. Recognized and Anticipated Carbon Reductions 

The EPA guidelines should provide the states the flexibility to recognize emission 
reduction efforts to date. There should be flexibility to allow utilities to acknowledge carbon 
reductions across their entire fleet, not just within a state. For instance, some generating 
facilities that serve Missouri customers are located in Kansas, Arkansas, Nebraska and Iowa. 
There must also be consideration and allowance for annual load growth resulting from economic 
development and increases to population. State growth and progress should not be impeded by 
stringent, inflexible guidelines. 

It has been suggested, in the President's Climate Action Plan, that 2005 be considered a 
baseline year, from which carbon reductions would be measured. Since 2005, the IOUs have 
collectively spent in excess of $700 million on projects that reduce carbon emissions. For 2012 
alone, Missouri IOUs have reduced carbon emissions by approximately 4.4 percent or 1.6 million 
metric tons. 28 These reductions should be recognized by allowing flexibility in establishing any 
baseline. 

A. Recognized Efficiencies in Missouri's IOU Gener·ation Fleet 

Ameren Missouri has realized efficiencies through its addition of wind farms located in 
northeast Iowa, the Maryland Heights Renewable Energy Center, MEEIA programs, solar 
projects, its Callaway nuclear plant, hydro-electric generation (including generation at the 
Keokuk Hydro-electric Generation Station in Iowa), and its program to utilize refined coal in 
order to lower costs and reduce emissions. 

28 These numbers are an aggregate of highly confidential, commercially sensitive data provided by tJ1e IOUs. 
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Empire has completed several projects since 2005 that have either directly or indirectly 
reduced carbon emissions. Some examples include installation of gas temperature sensors at a 
coal-fired facility and 20-year wind contracts with windfanns located in Kansas. In addition to 
plant improvements, Empire has multiple demand-side energy efficiency programs not offered 
under MEEIA. According to its resource plan, Riverton units 7 and 8 have been converted from 
operation on coal to full operation on natural gas. The last coal was burned at Riverton in 
September 2012. An analysis of system losses indicated improved percentages in the amount of 
line losses on Empire's transmission and distribution system when compared to 2005. Empire 
estimates it has reduced its total metric tons of carbon by 5.5 percent since 2005. 

KCP&UGMO projects that reduce carbon emissions include the Wolf Creek nuclear 
generating station (located in Kansas), the Iatan Unit 2 generating facility, added wind 
generation through windfarm projects in Kansas, enhanced customer energy efficiency and 
refined coal projects. GMO has currently effective MEEIA programs and KCP&L has energy 
efficiency programs offered outside ofMEEIA. 

Not all IOU activities have been quantified to date as to the anticipated carbon reduction 
or associated cost of compliance, but some of the projects have reduced carbon by over 1.6 
million metric tons at an estimated cost in excess of$700 million. 

B. What Reductions Can Missouri's IOUs Achieve from Plants? 

According to Ameren Missouri, 29 Meramec Units 1-4, which total approximately 833 
MW, could be retired by 2020, but the integrated resource plan also recognizes that 
environmental regulations could speed up or delay the retirement. 

By 2016, Empire plans a turbine retrofit at its Asbury plane0 resulting in a 5.5 percent 
carbon reduction and conversion of Rivetion Unit 12 from a simple cycle combustion turbine to 
a combined cycle unie1 for a 24.5 percent reduction. These improvements will cost an estimated 
$185 to $195 million.32 

KCP&UGMO have planned retirements at Montrose 1 in 2016 and Montrose 2 & 3 in 
2021.33 In 2012, the Montrose Station's carbon production was a~.fsroximately 2 million metric 
tons?4 Sibley Units l and 2 are planned for retirement in 2023: 5 In 2012, the Sibley Units 
produced approximately 254,000 metlic tons of carbon_36 

29 Amercn Missouri 2013 Integrated Resource Plan Aimual Update Report, Non-proprietary Version, Page 12. Case 
No. E0-2013-0424. March 15, 2013. 
30 The Empire District Electric Company Integrated Resource Plan Volume I , Non-proprietary Version. Page 14. 
Case No. E0-2013-0547. July 1, 2013. 
31 Jd. at pages 16-17. 
32 See Appendix C 
33 Kansas City Power & Light Company Integrated Resource Plan 2013 Aimual Update, Non-proprietary Version, 
pages 7-10. Case No. E0-2013-0537. June 20,2013 . 
34 See Appendix D 
35 KCP&L Greater Missouri Operations Company Integrated Resource Plan 2013 Annual Update, Non-proprietary 
version, pages 7-10. Case No. E0 -2013-0538. June 20, 2013. 
36 See Appendix D 
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KCP&LIGMO may convert Lake Road Unit 4/6 from coal to natural gas for an estimated 
carbon per year reduction of 196,000 metric tons?7 

KCP&L/GMO state that since carbon capture and sequestration for coal-based generation 
is not yet commercially viable, the only way for KCP&L/GMO to reduce carbon in any 
significant manner would be to reduce coal generation. For KCP&L/GMO to sufficiently reduce 
generation several coal plants would need to be retired. Others would have to run on reduced 
generation. The estimated net cost to comply through coal reduction would be approximately 
$92 million, absent any increase in wholesale market prices due to regional coal plant 

. 38 retirements. 

V. Conclusion 

When it comes to energy, each state is unique; each with differing energy resources, 
resource planning processes, and energy efficiency programs. Each state is situated differently 
as to what action has been taken to reduce carbon emissions; some stat~s have had programs 
targeted at reducing greenhouse gas emissions in place for several years, other states have 
programs just underway, while others may have none. It is important that the rules are crafted in 
a way that will allow each state, despite its differences, to develop and implement a plan that can 
meet targets. A feasible plan is mindful of cost and resource adequacy and should therefore give 
appropriate credit for actions already taken and underway to reduce greenhouse gas emissions. 

37 ld. 
38 Jd. 
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MPUA 
Missour i Public Utili ty A lliance 

November 20, 2013 

Ms. Natelle Dietrich 

Director of Tariff, Safety, Economic, and Engineering Analysis 

Missouri Public Service Commission 

200 Madison Street, PO Box 360 

Jefferson City, MO 65102-0360 

Via Email to: natelle.dietrich@psc.mo.gov 

Dear Ms. Dietrich: 

Thank you for your email of November 14, 2013 enquiring about the preparation of municipal 
utilities to comply with President's Climate Action Plan. As you aware municipal utilities are locally 
regulated by their elected city councils or boards of aldermen (Relevant Electric Retail Regulatory 
Authorities). These answers are provided in the form of general information and not as a specific 
legal response to the information request you sent. We are pleased to try to be helpful. 

It is the position of Missouri's municipal utilities that section lll(d) authorizes the United States 

Environmental Protection Agency to only develop guidelines for certain classes for pollutants, not 

specific limits. This same position was recently voiced by Rebecca Weber, EPA Region 7 Director of 

the Air and Waste Management Division. Whether carbon dioxide alone or as part of a related 

group of substances generally referred to as greenhouse gases (GHG) meet the definition for 

regulation under section lll(d) is, and will continue to be, the subject of judicial challenges. 

To date, EPA has not published New Source Performance Standards for future fossil fueled power 

plants in the Federal Register and only recently concluded listening sessions conducted around the 

nation, including in Lenexa, KS, to secure public input on proposed standards for existing power 

plants. Without a detailed regulatory matrix of requirements, processes and timelines it is 

difficult to predict impacts and responses. 

Missouri's municipal utilities are closely monitoring the regulatory activity. The Missouri Public 

Utility Alliance (MPUA) along with some larger municipal utilities have been actively engaged in 

discussions with senior management at the Missouri Department of Natural Resources on 

regulatory features that need to be included. EPA Administrator Gina McCarthy, herself a former 

18081-70 Dr. SW 
Columbia, MO 65203 
Phone: 573·415-3279 
Fax: 573-415-0680 
1vww.mpua.org 

Serving Mun icipal Util ities 
Missouri Associat ion of Mullicipal Util i ties 

Missouri Joint Municipal Elect rk Utili ty Commiss ion 
Municipal Gas Commisc; ion of Missour i 

1:1 nnPtvliv 1:1_1 



administrator, has publically said that the agency will be seeking advice on regulatory frameworks 
from state environmental agencies. Additionally MPUA provided verbal and written testimony at 
the November public listening session in Lenexa. 

Missouri's municipal utilities have a proven record of responding to the priorities of their citizen 
owners and are including lower emission electric energy sources where they can be cost justified. 
Since 2005 MPUA and its member utilities have added a windfarm, two natural gas-fired combined 
heat and power facilities, one combined cycle natural gas plant, one landfill gas plant, and one solar 
powered facility with two additional units either under construction or under contract. Additionally 
the coal portion of our portfolio has shifted from older less efficient plants to a fleet of plants that 
are among the lowest emitting plants in the nation both for C02 and all other regulated pollutants. 
All of these steps have been taken without statutory mandates at the federal or state level. 

Additionally our larger utilities have demand response and energy efficiency programs. The City of 
Independence was recently recognized for starting a two year project to replace all of their 
conventional city street lights with LED lights significantly reducing power demands. 

I hope this provides some background on the steps that municipalities are taking to respond to the 
evolving public interest in this field. 

In the meantime, municipal officials and MPUA will carefully monitor development of proposed 
regulations on C02 emission from existing power plants and craft their responses once concrete 
t argets have been established by the State of Missouri. . 

Thank you for the opportunity to share our viewpoints. If there are any questions, please don' t 
hesitate to contact me at fgilzow@mpu.org or by phone at 573-445-3279. 

Vice President of Governmental and Environmental Regulations 
Missouri Public Utility Alliance 
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Summary ofMissouri 2012 RES Compliance Reports 

Ameren Missouri RES Compliance1 

• Keokuk Hydro-electric Generation Station 
o Located on the Mississippi River in Keokuk, Iowa 
o 15 separate generators 
o Nameplate ratings from 7.2 to 8.8 MWs 
o Generation output for CY 2012 was 754,125 MWhs 
o Retired 632,197 RECs to meet the non-solar RES requirements 

• Pioneer Prairie Wind Farm I LLC 
o Located in Northeast Iowa 
o 15 year power purchase agreement 
o 102.3 MWs of nameplate generation from 62 turbines 
o Retired 88,023 RECs to meet the non-solar RES requirements 

• Various PV solar technologies at the Ameren Missouri headquarters building 
o Located in St. Louis, Missouri 
o Approximately 104 kW generational output 
o Full generational output consumed at the headquarters building representing 

approximately 0.4 percent of the total electric consumption at the building. 
• Maryland Heights Renewable Energy Center 

o Methane gas produced by the IESI Landfill in Maryland Heights, Missouri 
o 3 solar 4.9 MW Mercury 50 gas turbines produce electricity 
o Generational output for CY 2012 was 37,450 MWh 

• Retired 14,698 S-RECs acquired from third party brokers2 

The Empire District Electric Company;! 
• Elk River Windfatm, LLC (now owned by Iberdrola Renewables) 

o Located in Butler County, KS 
o 20-year contract 
o 150 MW energy generated 
o Annual generation estimated at approximately 550,000 MWhs 

• Cloud County Windfarm, LLC (now owned by EDP Renewables North America, LLC) 
o Located in Cloud County, KS 
o 105 MW Phase 1 Meridian Way Wind Fann 
o Annual generation estimated at approximately 330,000 MWhs 

• Ozark Beach Hydroelectric Project 
o Located in Taney County, Missouri 
o 4 generators with individual nameplate ratings of 4 MW each 
o Generated 57,806 MWh in 2012 
o Retired 64,381 RECs 

1 See: http://psc.mo.gov/Eieclric/Renewable Energy Standard Compliance Reoorts 
2 Includes S-RECs from Western Renewable Energy Generation Infom1ation System, Ameren customers, generation 
from the headquatters solar installations. 
3 See: http://psc.mo.gov/Eieclric/Renewable Energy Standard Compliance Reports 
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KCP&L Greater Missouri Operations Company1 

• Gray County Wind Energy 
o Located in Montezuma, Kansas 
o Purchased power agreement 
o 157,698 MWh 

• Ensign Wind 
o Located in Gray County, Kansas 
o 26,713MWh 

• St. Joseph Landfill Gas 
o Located in St. Joseph, Missouri 
o 3,000MWh 

• RECs and S-RECs 
o Retired 158,374 RECs retired to meet non-solar RES 
o Acquired 3,600 S-RECs from 3Degrees Group 
o Retired 3,232 S-RECs 

Kansas City Power & Light Companyi 
• Spearville I Wind Farm 

4 Id. 
5 Id. 

o Located in Spearville, Kansas 
o 156,367 MWh 

• Spearville II Wind Farm 
o Located in Spearville, Kansas 
o 81,904MWh 

• Paseo Solar 
o Located in Kansas City, Missouri 
o 95MWh 

• Spearville 3, LLC Wind Farm 
o Located in Spearville, Kansas 
o Purchased power agreement 
o 43,875MWh 

• Cimarron II Renewable Energy Company, LLC 
o Located in Gray County, Kansas 
o Purchased power agreement 
o 130,936 MWh 

• RECs and S-RECs 
o Retired 168,182 RECs from Spearville I and II 
o Acquired 3,900 S-RECs from 3Degrees Group 
o Retired 3,433.5 S-RECs 
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The Empire District Electric Company, Inc. 
Informal Discov!'!ry Response- Section 111(d) of the Clean Air Act 

Informal Discovery- Section 111(d) ofthe Clean Air Act 

Please clearly indicate when informat ion is highly confidential so we treat the information accord ingly. 

Information included in this report may not be all-inclusive, and shou ld be considered a work in 

progress. Specific data can be gathered as requested and verified with additional time. 

1. President Obama's Climate Action Plan identifies 2005 as the baseline year to which America should 

reduce its greenhouse gas emission by 17% by 2020. Does the utility agree that 2005 shou ld be the 

baseline year? If not, what year should be the appropriate baseline year for comparing/measuring C02 

emissions and reductions? Please explain. 

This is a complex question that is difficult to answer. In other regulations (i.e., CSAPR and CAIR) the 

baseline was established using three years of historic emissions data. For PSD permitting the "look 

back" period to determine baseline emissions includes developing an average over multiple years to 

account for variability in operation. The approach for determining the baseline for C02 emissions needs 

to include the highest historic C02 levels possible in order to appropriately calculate true emission 

reductions. Regardless of the approach taken to determine baseline C02 emissions it would be 

prudent for EPA to allow credit for projects that have had an impact on reducing C02 emissions prior to 

the established baseline period as these reductions of C02 are ongoing. 

The baseline period should not be later than 2005. 

2. Please explain the utility's understanding of how the 17% reduction in greenhouse gas emissions by 

2020 is to be measured and the understanding used throughout your answers (i.e., regional, percentage 

by state, percentage by specific generating source, etc.) 

There is a great deal of uncertainty about the best approach to measure reductions. It is a very complex 

issue and becomes even more complex when one considers regional transmission organizations (RTO) 

and next day markets where dispatching for each electric generating unit (EGU) will be done by the 

respective RTO. For Empire, this new market is expected to go-live in 2014. Due to this major change in 

how EGUs will be dispatched the EPA should delay developing its C02 regulation for existing units until 

after the next day market program has been in effect for a period of time. 

In addition, conversations with EPA indicate 17% is the target for the nation, not solely the responsibility 

of the utilities. The reductions will impact other departments such as DOT, USDA and Department of the 

Interior. It is important that the solution for the reductions of one sector, such as electric vehicles for the 

DOT, does not become the responsibility of another sector. 

Although the initial reduction will be a certain percentage for the utility sector, there must be 

concession within the regulation to allow for annual load growth. EPA should not implement a rule that 

could penalize communities for economic growth and progress. 

Some mechanism must be included in the final regulation to allow credit for a company's fleet-wide C02 

reductions that take place across state lines, i.e. reductions at the Asbury plant are in Missouri, and 
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The Empire District Electric Company, Inc. 
Informal Discovery Response -Section 111(d) of the Clean Air Act 

reductions at the Riverton plant are in Kansas. The overall C02 burden reduction for Empire should 

transcend state boundaries. As a result, emission requirements should be set by fleet average or some 

other means versus an individual unit. This would not only transcend state lines but also effectively 

integrate renewable energy and other efficiency gains as GHG solutions. 

3. What specifically has the utility done from 2005 to date to reduce C02 emissions? Please provide the 

costs associated with the measures with any and all supporting documentation, including but not limited 

to workpapers. 

Empire has completed several projects since 2005 that have resulted in either direct or indirect 

reductions of C02 emissions. These projects range from the installation of gas temperature sensors at a 

coal-fired facility to the execution of 20-year contracts for wind energy. In total, the costs associated 

with these projects are in excess of $165M. This number does not include plant improvements at our 

jointly-owned latan Power Station (see KCPL response) that include a complete turbine retrofit. . 

In addition to plant improvements, Empire has multiple demand-side energy efficiency programs 

available to its customers in each state it serves. Also, a summary of Empire's latest "Analysis for System 

Losses" report indicates each year has shown improved percentages in the amount of line losses on 

Empire's transmission and distribution system when compared to 2005. 

4. What amount of C02 reduction has the utility realized from the actions taken in number 3 above? 

How was the amount of reduction determined? Please provide any and all documentation that supports 

the calculation, including by not limited to workpapers. 

Since 2005 Empire has reduced its total tons of C02 by 6%. More accurately, Empire's C02 intensity 

(C021bs/KWh) has decreased by a total of 18%. The amount of C02 reduction gained by Empire's wind 

purchase power agreements and hydro generation are obvious when the C02 intensity is considered. 

5. By plant or generating source, what is the utility's C02 emission today? 

EDE C02 111 Source tons C02 
Asb01y Ri\erton Energy Center /state Une 6011> latan 12'.6 ' 1Pium Point 7.52%lPium Point PPA 

1.447.1822 289.070.5 57t83.9 522265. 12 1465288.4 

Empire's 2012 C02 emission profile is shown above from generation and purchased power. 

6. What actions is the utility planning on taking to further reduce C02 emissions? 

Empire will implement two major efficiency projects by mid-2016 that will greatly reduce C02 emissions 

in the future. These projects include a turbine retrofit at the Asbury facility and the conversion at 

Riverton unit 12 from a simple cycle combustion turbine to a combined cycle unit. These improvements 

will cost an estimated $185 to $195M. 
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The Empire District Electric Company, Inc. 
Informal Discovery Response- Section 111(d) of the Clean Air Act 

7. What is the utility's anticipated C02 reduction from the actions identified in number 6 above? 

Please provide any and all documentation that supports the calculation, including but not limited to 

workpapers. 

Empire estimates the turbine retrofit project at Asbury will reduce C02 emission rate (lbs/Gross MWh) 

by 6% and the conversion to combined cycle at Riverton to reduce C02 emission rate (lbs/Gross MWh) 

by an additional27%. 

8. If available, please provide the incremental costs the utility anticipates will be necessary to spend per 

source for each percentage of C02 emissions reduced up to 17% below the 2005 emission level. Please 

provide any and all documentation that supports the calculation, including but not limited to 

workpapers. If the Company has partial data up to a certain percentage, please provide what is 

available. 

We are unable to develop this number in the time allowed, but will provide as required 

9. If possible, please quantify, by facility, C02 emissions produced by the utility's combustion of 

biomass.-

No information available. EDE does not combust biomass. 

10. Besides Installing emissions controls, using renewable energy sources or increasing demand side 

management, nas the utility considered any other non-traditional programs to achieve credit for 

emission reductions (i.e., planting trees, purchasing equipment for Concentrated Animal Feeding 

Operations (CAFOs) to reduce methane emissions for reduction credits, etc.) 

2005- 2010, Empire participated in the Rio Bravo climate action program reforestation project in Belize. 

2011-current, Empire participated in activities before and after the Joplin tornado which resulted in a 

concentrated tre~-planting reforestation effort in the community. 

Beginning in 2011, Empire partnered with other MO utilities in the Shallow Carbon Sequestration 

Demonstration project. 

Empire has explored multiple biomass fuel options (solid-waste fuel pellets, torrified wood, nut shells, 

treated wood waste, etc.) and several technology options for C02 utilization, but none have proven to 

be economically feasible under current conditions. 
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Kansas City Power & Light and KCP&L Greater Missouri Operations Inf01mal Discovery 
Response- Section 111(d) ofthe Clean Air Act 

Please clearly indicate when information is highly confidential so we treat the information 
accordingly. 

1. President Obama's Climate Action Plan identifies 2005 as the baseline'year to which America 
should reduce its greenhouse gas emission by 17% by 2020. Does the utility agree that 2005 
should be the baseline year? If not, what year should be the appropriate baseline year for 
comparing/measuring C02 emissions and reductions? P}ease explain. 

Re.~pom;e: KCP&L and 'KCP&L GMO continue to review this maller and are not ready to 

provide a baseline recommendation. The Companies believe that slate plans, and the EPA 

guidelines, should allow for the recognition of actions taken prior to implementation of the 

existing source greenhouse gas (GHG) standard. In addition, a longer baseline period (three or 

four year.~) may be sought. 

KCP&L and KCP&L GMO believe that credit should be received.for changes in the composition 

of our generating fleets and other actions taken before the existing source GHG standards are 

finalized that have the effect C?freducing GHG emissions associated with providing electric 

service (e.g. , plant retirements and repowerings, investments in zero-emitting genemtion such as 

nuclear uprates, investments to comply with state renewable energy stc,mdards or to improve heat 

rates, etc.). !n particular, E~ A should ensure that il:s· approach to best system of emission 

reduction allows states to include early emissions reductions activities in compliance plans. 

To further complicate the recommendation, the baseline selection is also impacted by the 

standcwd of compliance. KCP&L and KCP&L GMO believe that EPA should allow states to 

convert a rate-based (lbs C02/MWh) standard to a mass-based (annual tons of C02) standard, 

or vice-versa, but not mandate either one. In addition, stales should be allowed to consider 

alternatives to either amte or mass standard which could include a technology or ej]iciimcy 

standard. ... 
2. Please explain the utility's understanding of how the 17% reduction in greenhouse gas 
emissions by 2020 is to be measured and the understanding used throughout your answers (i .e., 

regional, percentage by state, percentage by specific generating source, etc.) 

Response: A representative from KCP&L and KCP&L GMO has recently mel with officials from 
EPA Region VII on two occasions in Missouri and Kansas and asked that question. The EPA 

officials in attendance were unable to Cllmver the question but requested our input. We provided 

the following initial response. The President 's Climate Action Plan set a U.S. GHG emissions 

reduction goal of 17 percent below 2005 ernissions by 2020. Under the Clean Air Act, this goal 

cannot be the technical basisfor emissions guideli11es. This goal, however, may be informative of 

EPA's thinking with respect to existing source pe1jonnance standards. The Companies believe 
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that the power sector should not have to make more than its equitable share of economy-wide 

reductions. The Companies believe that GIIG reductions achieved to date should be recognized 

in the rule. 

3. What specifically has the utility done from 2005 to date to reduce C02 emissions? Please 

provide the costs associated with the measures with any and all supporting documentation, 

including but not limited to workpapers . 

Response: In addition to continuing to parlictjJale in the operation of WolfCreek Generating 

Station which does 1101 emit C02 from its generation, KCP&L and KCP&L GMO have: 

• Constructed and operate the high efficiency Iatan Unit 2 generating facility 

• Added wind generation 

• Enhanced customer energy efficiency 

The costs associated with these measures are included in Table 1. 

4. What amount of C02 reduction has the utility realized from the actions taken in number 3 
above? How was the amount of reduction detem1ined? Please provide any and all 

documentation that supports the calculation, including by not limited to workpapers. 

Response: Please see allached Table 2. 

5. By plant or generating source, what is the utility's C02 emission today? 
il 

Respon.'ie: Please see allached Table 3. 

6. What actions is the utility planning on taking to further reduce C02 emissions? 

Response: Per the KCP&L and GMO 2013 AnnuaiiRP Updates, over the next several years the 

companies may retire Montrose Station {Units 1, 2 and 3} along with Sibley Units 1 & 2. The IRP Update 

indicates the fo llowing retirement dates: 

M ontrose 1: 2016 

M ontrose 2 and 3: 2021 

Sibley 1 & 2: 2023 

Lake Road Uni t 4/6 may be conver ted f rom coal to natural gas. 
' 

Additional wind energy resources and DSM actions are planned, however this would not significantly 

reduce KCP& L and GMO C02 production as coal generation levels would remain generally unchanged. 

7. What is the utility's anticipated C02 reduction from the actions identified in number 6 above? 

Please provide any and all documentation that supports the calculation, including but not limited to 

workpapers. 
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Respom·e: For 2012, the Montrose Station C02 production was approximately 2.2 million tons. Sibley 

Units 1 & 2 produced approximately 280,000 tons. If the C02 emission rate of Lake Road 4/6 were cut in 

half due to the conversion to natural gas, an additional216,000 tons reduction per year would be 

achieved. 

8. If available, please provide the incremental costs the utility anticipates will be necessary to spend per 

source for each percentage of C02 emissions reduced up to 17% below the 2005 emission level. Please 

provide any and all documentation that supports the calculation, including but not limited to 

workpapers. If the Company has partial data up to a certain percentage, please provide what is 

available. 

Re~pomie: Given that carbon capture and sequestration for coal-based generation is not yet 

commercially viable, the only way to reduce C02 in any significant quantity is to reduce coal generation. 

For KCP&L and GMO to reduce generation in sufficient quantity to meet a 17% reduction target, several 

coal plants would be retired. These include Montrose 1, 2 and 3, Sibley 1 and 2 and Lake Road Unit 4/6. 

In addition LaCygne 1 would only run during three summer months and Sibley 3 would reduce generation 

during the spring and fall season. 

Below Is the approximate annual cost for GPE customers: 

Annual Production Cost Increase: 

Replacement Capacity Cost {579 MW): 

New Capacity Firm Gas Service {579 MW}: 

Total Cost Increase: 

Retired Plant O&M Savings: 

Net Cost Increase: 

$46.7 million (fuel, purchased power, off-system sales) 

$53.1 million (annual carrying costs) 

$28.1 million (annual costs) 

$127.9 million 

$36.0 million 

$91.9 million 

Please note these costs do not include any impact from higher wholesale market prices (and associated 

impact on purchased power costs) due to regional coal plant retirements. 

9. If possible, please quantify, by facility, C02 emissions produced by the utility's combustion 

of biomass. 

Respom.·e: KCP&L and KCP&L GMO do not combust any biomass in their electricity 
generating units. 

10. Besides installing emissions controls, using renewable energy sources or increasing demand side 

management, has the utility considered any other non-traditional programs to achieve credit for 

emission reductions (i.e., planting trees, purchasing equipment for Concentrated Animal Feeding 

Operations (CAFOs) to reduce methane emissions for reduction credits, etc.) 

Re:tpon.\·e: No significant additional emission reductions are currently planned beyond increased 

renewable generation, DSM activities and potential coal plant retirements. 
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1 1. INTRODUCTION AND QUALIFICATIONS 

2 Q. 

3 A. 

Please state your name, title and employer. 

My name is Tim Woolf. I am a Vice-President at Synapse Energy Economics, located at 

4 485 Massachusetts Avenue, Cambridge, MA 02139. 

5 Q. Please describe Synapse Energy Economics. 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

A. 

Q. 

A. 

Synapse Energy Economics is a research and consulting firm specializing in electricity 

and gas industry regulation, planning and analysis. Our work covers a range of issues, 

including economic and technical assessments of demand-side and supply-side energy 

resources; energy efficiency policies and programs; integrated resource planning; 

electricity market modeling and assessment; renewable resource technologies and 

policies; and climate change strategies. Synapse works for a wide range of clients, 

including attorneys general, offices of consumer advocates, public utility commissions, 

environmental advocates, the U.S. Environmental Protection Agency (EPA), U.S. 

Department of Energy (DOE), U.S. Department of Justice, the Federal Trade 

Commission and the National Association of Regulatory Utility Commissioners. Synapse 

has over twenty five professional staff with extensive experience in the electricity 

industry. 

Please summarize yom· professional and educational expel"ience. 

Before joining Synapse Energy Economics, I was a commissioner at the Massachusetts 

Department of Public Utilities (DPU). In that capacity, I was responsible for overseeing a 

substantial expansion of clean energy policies, including significantly increased 
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2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

Q. 

A. 

ratepayer-funded energy efficiency programs; an update of the DPU energy efficiency 

guidelines; the implementation of decoupled rates for electric and gas companies; the 

promulgation of net metering regulations; review and approval of smart grid pilot 

programs; and review and approval of long-term contracts for renewable power. I was 

also responsible for overseeing a variety of other dockets before the commission, 

including several electric and gas utility rate cases. 

Prior to being a commissioner at the Massachusetts DPU, I was employed as the Vice 

President at Synapse Energy Economics; a Manager at Tellus Institute; the Research 

Director at the Association for the Conservation of Energy; a Staff Economist at the 

Massachusetts Department of Public Utilities; and a Policy Analyst at the Massachusetts 

Executive Office of Energy Resources. 

I hold a Masters in Business Administration from Boston University, a Diploma in 

Economics from the London School of Economics, a BS in Mechanical Engineering and 

a BA in English from Tufts University. My resume, attached as ScheduleTW-1, presents 

additional details of my professional and educational experience. 

Please describe your professional experience as it relates to energy efficiency policies 

and programs. 

Energy efficiency policies and programs have been at the core of my professional career. 

While at the Massachusetts DPU, I played a leading role in updating the Department's 

energy efficiency guidelines, in reviewing and approving utility three-year energy 

efficiency plans, in reviewing and approving utility energy efficiency annual reports, in 

convening a working group on rate and bill impacts of utility energy efficiency programs, 
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1 and in advocating for market rules to enable energy efficiency to participate in the New 

2 England wholesale electricity market. 

3 I also served as a co-chair of the Working Group on Utility Motivation as part of the 

4 State Energy Efficiency Action Network, a state- and local-led effort sponsored by DOE 

5 and EPA In that capacity, I worked with commissioners and consumer advocates from 

6 around the country to improve the regulatory policies supporting utility ener&>y efficiency 

7 programs. 

8 As a consultant, I have reviewed and provided recommendations concerning utility 

9 energy efficiency policies and programs throughout the U.S. and Canada, and I have 

10 testified on these issues in British Columbia, Colorado, Delaware, Florida, Kentucky, 

11 Massachusetts, Minnesota, Missouri, Nevada, Nova Scotia, Quebec, and Rhode Island. 

12 My work has encompassed all aspects of energy efficiency program design and 

13 implementation, including cost-benefit analyses, avoided costs, efficiency potential 

14 studies, efficiency measure assessment, program delivery options, program budgeting, 

15 utility performance incentives and other relevant regulatory policies. 

16 Additionally, I have been the lead technical consultant for the National Efficiency 

17 Screening Project, which is comprised of a team of experts and advocates dedicated to 

18 improving the techniques used to screen energy efficiency resources. I have also 

19 represented clients on several energy efficiency collaboratives, where policies and 

20 programs are discussed and negotiated among a variety of stakeholders, including 

21 utilities, commission staff, consumer advocates, and efficiency advocates. 
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I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

I have worked for a variety of clients on energy efficiency issues, including consumer 

advocates, environmental advocates, regulatory commissions and other government 

agenctes. 

Q. On whose behalf are you testifying in this case? 

A. I am testifying on behalf of Sierra Club. 

Q. What is the pm·pose of your testimony? 

A. The purpose of my testimony is to present my review of Union Electric Company d/b/a 

Ameren Missouri's (Ameren or the Company) 2016-2018 Energy Efficiency Plan (2016-

2018 Plan, Efficiency Plan, or Plan), 1 and the Company's underlying analyses, including 

analyses presented in Ameren's 2013 Demand Side Management Market Potential Study 

(Potential Study) and 2014 Integrated Resource Plan (IRP). 2 

Ameren has applied to implement its proposed 2016-2018 Energy Efficiency Plan under 

the Missouri Energy Efficiency Investment Act (MEEIA), which allows for the 

implementation of commission-approved demand-side programs with a goal of achieving 

all cost-effective demand-side savings3 I offer several recommendations for how the Plan 

should be improved to increase the benefits available to Ameren customers and to the 

1 In tllis testimony, t11e Plan refers to Ameren's proposed tluee-year progrnm portfolio. Witl1 the exception of t11e 
proposed variance from armual demand and energy savings targets, Ameren's proposed teclmical resource manual 
(fRM) and demand-side investment mechanism (DSIM) arc beyond t11e scope of my rebuttal testimony. 
2 Ameren's 2013 Potential Study and 2014 IRP arc before the Commission in case no. E0-2015-0084. 
3 Mo. Ann. Stat. § 393.1075. 
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1 Company, including lower system costs and energy bills due to increased, cost-effective 

2 energy savmgs. 

3 Q. Have you previously testified before the Missouri Public Se1·vice Commission? 

4 A. Yes. I provided rebuttal testimony on behalf of the Missouri Office of the Public Counsel 

5 regarding Ameren Missouri's 2011 IRP in case no. E0-2011-0271. 

6 2. SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS 

7 Q. Please summarize yom· primary conclusions. 

8 A. In general, Ameren's 2016-2018 Plan dramatically understates the amount of cost-

9 effective energy efficiency that is realistically achievable, and thus includes energy 

I 0 savings goals and budgets that are way too low. As such, the Plan does not reflect a 

11 reasonable pursuit of achieving all cost-effective demand-side savings. To put the 

12 Company's proposed Plan in perspective, the projected energy savings (0.4 percent of 

13 retail sales per year) are roughly one half of the amount of the savings in Ameren's 2013-

14 2015 Plan (0.5 to 0.9 percent of sales), and are less than half of the repOiied savings for 

15 the last two program years, 2013 (0.9 percent of sales) and 2014 (1.0 percent ofsales) 4 

16 The Company provides three reasons why the savings in its 2016-2018 Plan are so low 

17 relative to the savings in its 2013-2015 Plan: (1) the enactment of federal appliance 

18 efficiency standards (Federal Standards); (2) 2013 evaluation, measurement and 

19 verification (EM&V) measure level savings estimates; and (3) lower avoided costs. (Plan 

·• See Plan at p. 16; 2014 IRP Chapter 3, Appendix A at p. 82; and Ameren's Demand-Side Program Ammal Report 
for 2014 (2014 Ammal Report), Case No. E0-2015-0210. 
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I at p. 12). However, these three factors do not justifY such a dramatic drop in efficiency 

2 savings because: (I) a large number of cost-effective efficiency opportunities remain 

3 despite the Federal Standards; (2) EM&V measure level savings estimates have little 

4 effect on the total amount of available cost-effective efficiency savings; and (3) many of 

5 the Company's programs remain highly cost-effective despite lower avoided costs. 

6 Ameren's Efficiency Plan is based upon the analyses in the Company's Potential Study 

7 and IRP, both of which contain critical flaws that constrain efficiency resources. The 

8 Company's Potential Study significantly understates the amount of achievable efficiency 

9 savings by: 

I 0 • applying customer adoption rates that do not reflect potential program participation 

II under realistic or ideal implementation conditions; 

12 • applying unrealistic and inappropriate program and portfolio cost estimates to 

13 determine program-level efficiency potential; and 

14 • applying unreasonable and unrealistic artificial caps on and downward adjustments 

15 to the energy savings potential. 

16 Ameren's 2014 IRP incorporates the results of the Potential Study and then further limits 

17 the efficiency savings by: 

18 • excluding certain key efficiency programs, such as the Residential Home Energy 

19 Performance and Small Business Direct Install programs; 

20 • dramatically understating the probable costs of complying with future federal 

21 greenhouse gas regulations, and not even considering the potential for energy 

22 efficiency to help offset those costs; 
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Q. 

A. 

• modeling the two main efficiency scenatios (the realistically achievable potential 

(RAP), and the maximum achievable potential (MAP)) that do not represent a 

reasonable range of efficiency opportunities; and 

• choosing the RAP potifolio for the Preferred Resource Plan, despite Ameren's 

finding that a resource plan that included the MAP portfolio would result in a 

significantly lower present value of revenue requirements (PVRR) than would a plan 

that included the RAP portfolio. 

Ameren's Efficiency Plan, which is based upon these flawed analyses, suffers from the 

limitations described above. However, Ameren has many opportunities to address these 

shortcomings and expand its efficiency programs and savings by maintaining some 

programs that it plans to terminate; adding new programs that it analyzed but did not 

include in its Efficiency Plan; modifying existing program designs to increase customer 

adoption; and expanding program budgets to increase customer participation rates. 

Ameren should pursue these opportunities. 

What are the implications of Ameren proposing such low energy savings goals in its 

2016-2018 Plan? 

The implications are significant. Forgoing the opportunity to achieve additional, cost­

effective energy efficiency savings will result in greater reliance on more expensive 

supply-side resources and lead to higher bills for customers on average. 

The proposed Efficiency Plan is expected to reduce electricity costs, revenue 

requirements, and average customer bills by roughly $135 million in cumulative present 

value dollars. (Plan at p. 2). According to the results of the 20141RP, the Company could 

further reduce costs and bills by $215-$271 million in cumulative present value dollars 
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18 

with greater energy savings. (IRP, Chapter 10 at p. 8). As I demonstrate below, higher 

levels of efficiency savings are achievable and would lower electricity costs even further. 

In tenus of capacity, the programs in the proposed 2016-2018 Plan are expected to reduce 

electricity demand by roughly 114 MW, for the measures installed in 2016-2018. (Plan at 

15). According to the results of the Potential Stndy, the Company could save a total of 

156 MW of peak demand with additional efficiency savings. If Ameren were to achieve 

the savings provided in the MEEIA guidelines,5 then it could save roughly 240 MW of 

peak demand through 2018 and roughly 812 MW through 2025. This cumulative amount 

is roughly equivalent to one boiler at Ameren's Sioux coal-fired power plant and a small 

gas plant. 

Q. Please summarize your primary recommendations. 

A. First, I recommend that the Commission approve the Efficiency Plan only on the 

condition that Ameren modifies the Plan to achieve greater efficiency savings during the 

2016-2018 period. Specifically, Ameren should increase the efficiency savings in its Plan 

to reach the MEEIA energy savings guidelines for 2016-2018. I make this 

recommendation because I am confident that the MEEIA savings levels can be achieved 

with cost-effective efficiency, based upon my review of the Company's Plan and the 

opportunities described herein for expanded efficiency savings. 

5 See 4 CSR 240-20.094 (providing that the commission shall use the greater of realistic 
achievable savings as determined through the utility's market potential study or savings goals provided in the 
regulation itself as a guideline to review progress toward an expectation that the electric utility's demand-side 
progmms can achieve a goal of all cost-effective demand-side savings). My references to the MEElA savings 
guidelines refer to the savings goals provided in this regulation. 
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1 Second, I recommend that the Commission direct Ameren to explore the use of all cost-

2 effective energy efficiency resources as a means of mitigating the costs of complying 

3 with future federal greenhouse gas regulations. 

4 Third, I recommend that the Commission direct Ameren to present and consider the 

5 results of the utility cost test in all future energy efficiency analyses, including potential 

6 studies, IRPs, and energy efficiency plans. These results should at least be considered 

7 when determining which efficiency programs are cost-effective. 

8 Finally, I recommend against Ameren's request for a variance from the annual demand 

9 and energy savings target requirements in 4 CSR 240-20.094(1)(A), 20.094(3)(A) and 

10 20.094(4)(A). 

11 3. OVERVIEW OF AMEREN'S 2016-2018 ENERGY EFFICIENCY PLAN. 

12 Q. 

13 A. 

14 

15 

16 

17 

18 

19 

20 

21 

Please summarize the process used by Amm·en in preparing its 2016-2018 Plan. 

The proposed Plan is the end product of many studies Ameren conducted, particularly the 

Potential Study and the 2014 IRP. 

• The Potential Study developed several portfolios of efficiency savings, including a 

technical potential portfolio; a MAP portfolio (at the measure and program level); 

and a RAP portfolio (at the measure and program level). 

• The 2014 IRP analysis began with the program-level MAP and RAP portfolios from 

the Potential Study. Ameren made several updates and adjustments and then 

modeled the modified MAP and RAP portfolios alongside supply-side options to 

determine a Preferred Resource Plan. 
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• The 2016-2018 Plan derives from the IRP RAP portfolio, which served as the 

2 foundation for the proposed energy efficiency programs, budgets, and savings 

3 estimates in the Plan. 

4 Q. How much energy is the Company's proposed Plan expected to save? 

5 A Figure 3.1 below presents the 2016-2018 planned energy savings for the residential 

6 sector, business sector, and total portfolio. For comparison purposes, the figure also 

7 shows the same information presented in the Company's 2013-2015 Energy Efficiency 

8 Plan and the actual savings that Ameren reported for 2013 and 2014. As indicated, the 

9 anticipated savings from the 2016-2018 Efficiency Plan are significantly lower than those 

10 from the previous plan, and residential savings make up a smaller portion of the total 

11 relative to the business savings. 

12 Figure 3.1 Energy Savings in Proposed Plan, 2013-2015 Plan, and Reported Savings 
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14 (Source: 2016-2018 Plan, Table 2.3 at p. 16; 2014 Annual Report). 
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I Figure 3.2 presents the energy savings for the total portfolio, as a percent of total retail 

2 sales. In 2013 and 2014, Ameren achieved efficiency savings equal to roughly 1.0% of 

3 sales, but for 2016-2018, the Company plans to save roughly half of that amount. 

4 Figure 3.2 Energy Savings, Planned and Reported, as a Percent of Retail Sales 
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"' ~ 0.4% "" c 
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()! 

0.2% 

0.0% 
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5 

6 (Source: 2016-2018 Plan, Table 2.3 at p. 16; 2014 Annual Report; 2014 IRP Chapter 3 

7 Appendix A at p. 82). 

8 Q. How do the savings in Ameren's proposed Energy Efficiency Plan compare with the 

9 MEEIA guidelines? 

10 A. Figure 3.3 presents the energy savings from the 2016-2018 Plan and the MEEIA savings 

11 guidelines. Whereas Ameren's planned savings in its 2013-2015 Plan and its 2013 and 

12 2014 reported results met or exceeded the MEEIA guidelines, the 2016-2018 proposed 

13 savings levels are well below the MEEIA guidelines. 
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Figure 3.3 also presents the energy efficiency savings levels assumed in EPA's Clean 

Power Plan (CPP).6 The Clean Power Plan anticipates that energy efficiency is one of the 

key building blocks that states can use to comply with greenhouse gas emission reduction 

requirements. The EPA estimated the amount of cost-effective efficiency savings that 

each state should be capable of achieving, based upon national experience and the 

historical experience of each state. The savings presented in Figure 3.3 are EPA's 

estimates for Missouri. 

Figure 3.3 Energy Savings, Planned and Repoa·ted v. MEEIA Guidelines and CPP 
Taa·gets, as a Percent of Retail Sales 
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0.0% 
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(Source: 2016-2018 Plan, Table 2.3 at p. 16; 2014 Annual Report; IRP Chapter 3, 

Appendix A at p. 82; 4 CSR 240-20.094; EPA 2014, CPP Data File: GHG Abatement 

'I 

Measures Appendix 5-4). 

I 

6 Carbon Pollution Emission Guidelines for Existing Stationary Sources: Electric Utility Generating Units, 79 Fed. 
Reg. 34,830 (June 18, 2014). 
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1 Q. 

2 A. 

3 

4 

5 

6 

7 

8 

Please provide a summa•)' of the energy savings and budgets for each program. 

Figures 3.4 and 3.5 present a summary of projected energy savings and budgets, 

respectively, for each program, cumulative for 2016-2018. 

Figure 3.4 Projected Energy Savings by Program, Cumulative for 2016-2018 

I~~ 
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(Source: 2016-2018 Plan at p. 22-23). 

~ 

160,000 

Figure 3.5 Projected Budgets by Program, Cumulative fm· 2016-2018 
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1 (Source: 2016-2018 Plan at p. 16). 

2 Q. Are Ameren's proposed programs cost-effective? 

3 A. Yes. Figure 3.6 presents the benefit-cost ratios for the total resource cost (TRC) test and 

4 the utility cost test (UCT) for each program, each sector, and the total portfolio. As 

5 indicated, each of the programs passes both the TRC and the UCT, except for the Low-

6 Income program. 

7 Figure 3.6 Benefit-Cost Ratios in the Energy Efficiency Plan 
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9 (Source: 2016-2018 Plan, Table 2.5 at p. 20). 
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Q. 

A. 

Q. 

A. 

AMEREN'S PLAN SIGNIFICANTLY UNDERSTATES COST-EFFECTIVE 

EFFICIENCY OPPORTUNITIES 

How does the Company explain the significant reduction in energy savings in its 

proposed 2016-2018 Plan as compared to its 2013-2015 Plan? 

Ameren provides three reasons for the difference between the two plans: (I) 2013 EM&V 

results indicated that measure savings were lower than anticipated in the Potential Study; 

(2) avoided costs are significantly lower than before; and (3) new Federal Standards 

reduce the potential for energy efficiency savings. (2016-2018 Plan at pp. 23-27). 

Do you agree that these t•easons explain why Ameren's proposed savings for 2016-

2018 are so much lower than the 2013-2015 savings? 

No. I disagree with all three of the reasons Ameren provided. First, the 2013 EM&V 

results caused a very small adjustment to the savings estimated in the Potential Study. 

Figure 4.1 presents the estimated efficiency savings from the Potential Study (for RAP 

measure-level savings) and the estimated efficiency savings in the IRP after adjusting for 

the results of the 2013 EM&V studies. As indicated, the reduction in energy savings is 

relatively small and is not a major contributor to Ameren's dramatic reduction in planned 

efficiency savings. 
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I Figure 4.1 Reduced Energy Savings in the IRP as a Result of2013 EM&V Results 
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3 (Sources: 2014 IRP, Chapter 8, Tbls. 8.2 and 8.3 at pp. 9, 11). 

4 Second, the efficiency measures and programs in the 2016-2018 Plan are all cost-

5 effective, despite the reduction in avoided costs. While it may be true that the proposed 

6 efficiency programs are less cost-effective than those in the 2013-2015 Plan, this does not 

7 mean that they are not cost-effective. In addition, the Potential Study found that only six 

8 percent of the measures that were cost-effective in the 2013-2015 Plan were not cost-

9 elfective in the 2016-2018 Plan as a result of the reduced avoided costs. (NRDC's 

10 Comments on Ameren's 2014 IRP at p. 9). Therefore, reduced avoided costs are also not 

11 a large contributor to the disparity in efficiency savings between the two plans. 

12 Third, recent Federal Standards do not explain the significant drop in proposed efficiency 

13 savings. Many cost-effective efficiency opportunities remain, even in the lighting sector, 

14 despite the Federal Standards.7 In fact, Ameren achieved relatively high savings--

7 See generally, Northeast Regional Lighting Strategy: 2013-2014 Update, Northeast Energy Efficiency 
Partnerships (October 20 13). Attached as Schedule TW-2. 
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Q. 

A. 

higher than the savings included in the 2013-2015 Plan- in 2014, when many of the new 

Federal Standards were in effect, as indicated in Figure 3.1. Additionally, the Potential 

Study accounts for Federal Standards in its estimates of the technical and economic 

potential levels. 

What then accounts fm· the low efficiency savings in the 2016-2018 Plan? 

There are many reasons why the efficiency savings proposed in the 2016-2018 Plan are 

so low. In each of its efficiency analyses, especially the Potential Study and the 2014 

IRP, Ameren makes several assumptions, modifications and adjustments that chip away 

at the efficiency potential until the remaining savings that are deemed to be realistic and 

cost-effective are a small fraction of the original estimates. 

This effect is illustrated generally in Figure 4.2 below, which presents several key 

efficiency savings estimates in the Potential Study, 2014 IRP, and 2016-2018 Plan. The 

figure indicates the following: 

• There is a significant reduction in estimated efficiency savings between the measure­

level estimates and the program-level estimates in the Potential Study. I address this 

issue further in Section 5 of my testimony. 

• There is a significant reduction in efficiency savings between the MAP and RAP 

portfolios in both the Potential Study and the 2014 IRP. I address this issue in 

Sections 5 and 6 of my testimony. 

• There is a significant reduction in estimated efficiency savings between the Potential 

Study and the Plan and the 2014 IRP. I address this issue in Section 6 of my 

testimony. 
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Figure 4.2 Pa·ogram Level v. Measure Level Savings (2016-2018) 
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(Source: Potential Study, Vol. 3 at pp. 5-4, 5-8, 5-13, 6-9, 6-10; 2014 ffi.P, Chapter 8 at p. 

22, [extracted from Figure 8-7]). 

Are there actions that Ameren can take to increase the efficiency savings in its Plan? 

Yes. There are many things that Ameren can and should do to increase the amount of 

efficiency savings in its 2016-2018 Plan. For example, Ameren can: 

• Maintain some programs that are proposed to be terminated; for example, the 

Residential New Construction and HEP programs. 

• Add programs that have not been implemented and are not yet a part of the proposed 

Efficiency Plan; for example, a Small Business Direct Install, and a Street Lighting 

program. 
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A 

Q. 

A. 

• Modify existing program designs to increase customer adoption; for example, 

through increased use of upstream buydown practices for lighting products, HVAC 

measures, and certain efficient appliances. 

• Expand program budgets to increase participation rates for programs serving key 

customer segments. 

What would be the outcome of Ameren undertaking these actions to increase the 

efficiency savings from the 2016-2018 Plan? 

These actions could dramatically increase the efficiency savings over the next three years 

for residential, low-income, and business customers. I believe that sufficient management 

attention and resources dedicated to achieving all cost-effective energy efficiency could 

result in efficiency savings levels that meet the MEEIA guidelines for the years 2016-

2018. 

How much of an impact will the efficiency programs have on the need for new 

power plants? 

Figure 4.3 presents the amount of peak demand that could be avoided under different 

efficiency scenarios. The programs in Ameren's Energy Efficiency Plan are expected to 

save 114 MW of customer peak demand over the three-year period 2016-2018. If the 

Company were to implement efficiency programs consistent with the MAP portfolio in 

the Potential Study it could save roughly 156 MW of peak demand, and if it were to 

achieve the capacity savings in the MEEIA regulation guidelines then it could save 

roughly 240 MW of peak demand during this period and roughly 812 MW by 2025. Tins 
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is very roughly equivalent to one boiler at Ameren's Sioux coal-fired power plant and a 

small gas plant.8 
.' 

I 

Figure 4.3 Demand Savings from the Potential Study, the Efficiency Plan and 
MEEIA Guidelines 
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7 (Source: Potential Study, Vol. 3, p. 6-10; 2016-2018 Plan, p. 6; 4 CSR 240-20.'094(2)(A); 

8 2014 IRP, Chapter 3, Appendix A at p. 83). 

9 5. AMEREN'S 2013 DSM MARKET POTENTIAL STUDY 

10 

11 

12 

Q. Please provide a summary of the findings of the Potential Study 
I ' 

A. Figure 5.1 provides a summary of some of the key findings of the Potential Study. It 

shows the study's estimate of potential energy savings (by sector and by· portfolio. The 

8 Note that the amount of generation capacity that can be avoided by energy efficiency is higher titan tlte amount 
of reduced peak demand (by roughly 15 to 20 percent), because oftlte reserve margin used for generation 
planning. Consequently, to indicate the ammmt of generation capacity avoided by the 2016-2018 Plan, all of the 
numbers presented here should be increased by Ameren's planning reserve margin. 
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potential energy savings are presented in terms oftechnical, economic, RAP, and MAP 

portfolio levels. 

Figure 5.1 Potential Study: Savings Under Differ·ent Portfolios, Cumulative (2016-
2018) 
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(Source: Potential Study, Vol. 3 at pp. 5-4, 5-8, 5-13, 6-9 and 6-10). 

As indicated, and as is typically the case with potential studies, there is a significant 

difference between the technical potential and the economic potential. Note that the 

economic potential for all of the scenarios is based on results of the TRC test. Also, there 

is a dramatic reduction in savings from the economic potential to the MAP and RAP 

portfolios. 
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A. 

Q. 

A. 

Please summa•·ize your view of the Potential Study, particularly as the study affects 

the 2016-2018 Plan. 

I have three main concerns with the study's assumptions and methodologies. First, the 

economic potential results are somewhat limited. Second, the methodology used to define 

and detennine the MAP and RAP portfolios significantly understate the "maximum" and 

"realistic" achievable potentials. Third, the assumptions used to detennine program-level 

savings are overly conservative and dramatically reduce the level of achievable program 

savmgs. 

Please explain why the economic potential•·esults are limited. 

The Potential Study used the results of the TRC test to define the economic potential and 

also the MAP and RAP portfolios. This methodology excludes measures and programs 

that pass the UCT but not the TRC test, which understates the efficiency opportunities 

from the economic portfolio and from all the MAP and RAP portfolios. (I discuss the cost 

effectiveness tests in more detail in Section 7). 

In addition, in calculating the TRC benefits, the study authors do not include the benefits 

associated with fossil fuel savings or other resource savings such as water. These benefits 

can be significant and can make a material difference in the results of the TRC test. The 

costs required to achieve the fossil fuel and other resource savings are included in the 

TRC costs, so excluding the benefits of these savings results in a test that is skewed 

against energy efficiency by design. Consequently, defining the economic potential using 

these assumptions reduces the estimates of the economic potential. This is particularly 

true for certain programs that result in fossil fuel or other resource savings, such as a 
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Q. 

A. 

Residential New Construction program or a Residential Home Energy Perfonnance 

program. In these cases, the Company and the Commission should give considerable 

weight to the results of the UCT, for the reasons stated above and because it is not 

inherently skewed. 

Generally, how should estimates of achievable potential be viewed? 

Estimating the amount of efficiency savings that is "achievable" is one of the more 

challenging aspects of any efficiency potential study: This is partly because the amount of 

efficiency savings that is achievable depends upon many factors (for example, customer 

incentives, customer education, technical assistance provided, program designs, 

marketing and delivery) that are difficult to model systematically. Many of these factors 

are not even developed yet at the time of the potential study, and therefore cannot be 

factored in to the achievable potential results. In addition, many of those factors are 

within the control of the utility implementing the efficiency programs. 

Thus, the amount of achievable potential is actually a very dynamic value, which can be 

modified considerably depending upon a utility's energy efficiency initiatives. The ability 

of a utility to influence the amount of achievable potential is rarely (if ever) captured in 

efficiency potential studies. 

As a result, estimates of achievable efficiency potential should be viewed as rough 

guidelines as to what might be achievable. Unfortunately, the results of efficiency 

potential studies are often construed as fixed upper limits of what is achievable, which 

typically understates what is really achievable. 
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A. 

How do Ameren's MAP and RAP portfolios understate achievable efficiency 

savings? 

The Potential Study's assumptions about participation rates are the primary reason why 

the MAP and RAP portfolios understate achievable efficiency savings. That study uses 

market adoption rates for each measure to estimate the extent to which customers are 

likely to adopt each measure. The adoption rates are based on Ameren customer surveys 

that were conducted by the study authors. For the RAP portfolio, the study authors 

assumed that customers would be offered financial incentives that reduced the payback of 

the efficiency measure to three years. For the MAP portfolio, the authors assumed that 

customers would be offered incentives resulting in one-year payback periods. (Potential 

Study, Vol. 3 at p. 2-12). 

There are several limitations to this methodology. First, this approach does not account 

for the many factors beyond customer incentives that might cause customers to 

participate, including customer education, technical assistance, program design, 

marketing and delivery features. 

• For example, many utilities deliver efficiency measures through upstream buydown 

programs, where a financial incentive is offered to manufacturers and distributors of 

efficiency products before they arrive at retail stores. These types of programs have 

proven to dramatically increase customer participation, yet they are not accounted 

for when estimating measure adoption rates, significantly understating the RAP and 

the MAP potential. 
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I • Another example is customer behavioral programs, in which customers are not 

2 offered any incentive but are provided with information about consumption patterns 

3 and opportunities to reduce consumption. These behavior programs can result in a 

4 significant program participation, sometimes greater participation than all other 

5 programs, without offering any financial incentive at all. Again, this type of program 

6 design is not considered in developing market adoption rates. 

7 • Yet another example is statewide marketing and outreach programs that can 

8 significantly increase customer awareness and adoption of efficiency measures, or 

9 statewide programs to train contractors, technicians and other trade allies to promote, 

10 deliver, install and maintain efficiency equipment. 

II The second limitation to this methodology is that Ameren could, and in some cases 

12 should, offer financial incentives equal to payback periods shorter than three years, but 

13 these are not included in the "realistic" portfolio. Ameren's three-year assumption could 

14 potentially eliminate a large portion of efficiency measures and savings from the RAP 

15 p01tfolio, even though incentives leading to payback periods of less than three years are 

16 realistic, reasonable and appropriate in many instances. 

17 Finally, there are many ways that customers might adopt additional measures beyond 

18 those identified in tl1e RAP and MAP portfolios, once the measures are offered as 

19 bundled programs. It is common for customers participating in a program to adopt several 

20 measures once they learn of all the opportunities available, and it is also common for 

21 customers to participate in additional efficiency programs as a result of being referred to 

22 them by other programs. This type of interactive effect between measures is not captured 

23 in the market adoption rates, again understating tile amount of achievable potential. 
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Q. 

A 

Do you have other concerns about customet· participation assumptions in the 

Potential Study's MAP and RAP portfolios? 

Yes. Ameren applied two downward adjustments on the market adoption rates for each 

measure in the Potential Study. First, it applied "take rate" downward adjustment factors 

to the potential efficiency savings, ranging from 56 to 62 percent for residential 

customers, and 72 to 83 percent for business customers. (Potential Study, Vol. 2, pp. 3-2 

to 3-3 and tbls. 3-1,3-2,7-1 and 7-2). This eliminates a significant portion of savings 

from what is considered realistic. 

Second, Ameren applied an additional downward adjustment based on responses to 

psychographic segmentation questions. Under these adjustments, a survey respondent 

would have to indicate that he or she is very satisfied with service from Ameren (with a 

score of "1 0" on a scale of 1-1 0), and that he or she believes that the threat from climate 

change is real and significant (agree or disagree). (Potential Study, Vol. 2, pp. 3-4 to 3-

5). 

These downward adjustments are completely unreasonable and are not an indication of 

whether a customer is likely to adopt any particular efficiency measure. Many customers 

adopt efficiency measures even if they do not have an excellent (10 out of 10) opinion of 

their electric utility, and many customers adopt efficiency measures for reasons other 

than environmental and climate change benefits. For example, many customers adopt 

efficiency measures because they will save money on their electric bills. These 

adjustments, in and of themselves, indicate that the Company's MAP and RAP portfolios 

are inconsistent with what customers actually do in practice, and do not indicate the full 

amount of achievable efficiency savings. 
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Q. 

A. 

How does Ameren use and describe the results of its RAP portfolio? 

Ameren misstates what its RAP portfolio actually represents. A RAP portfolio should 

represent what can be achieved from "expected program participation and realistic 

implementation conditions." (4 CSR 240-22.020(49)). Ameren describes its RAP 

portfolio as representing "all cost-effective energy efficiency" (Plan at p. 17). However, 

Ameren' s RAP portfolio represents neither. 

Ameren's RAP portfolio dramatically understates the amount of efficiency savings 

available, primarily as a result of its methodology and assumptions regarding customer 

adoption rates, and does not represent what is realistically achievable. 

With respect to Ameren's claim that its RAP portfolio represents all cost-effective 

efficiency, the Potential Study states that RAP reflects "expected program participation 

given barriers to customer acceptance, non-ideal implementation conditions, and limited 

program budgets. This represents a lower bound on achievable potential." (Potential 

Study at p. 1-4). This suggests that the RAP portfolio from the Potential Study does not 

represent all cost-effective demand-side savings, as the Company asserts. 

In addition, a RAP portfolio, even one that presumably meets the theoretical definition of 

realistically achievable, is not necessarily equivalent to all cost-effective demand-side 

savings. The MEEIA regulations state that: 

The commission shall use the greater of the annual realistic achievable energy 
savings and demand savings as determined through the utility's market 
potential study or the following incremental annual demand-side savings goals 
as a guideline to review progress toward an expectation that the electric 
utility's demand-side programs can achieve a goal of all cost-effective 
demand-side savings ... 

(4 CSR 240-20.094(2)(A)) (emphasis added). 
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Q. 

A. 

Q. 

A. 

In my view, the fact that the regulations require the Commission to use the greater of 

realistic achievable energy savings and the annual savings goals suggests that a RAP 

portfolio is not necessarily equal to all cost-effective efficiency savings, and that higher 

levels of savings might be deemed to be cost-effective. 

How does Ameren use and desct·ibe the results of its MAP portfolio? 

Similarly, Ameren describes its MAP portfolio as "the upper limit" of energy efficiency 

potential. (20 14 IRP, Chapter 8 at p. 54). However, this is a misleading representation of 

its MAP portfolio. A MAP portfolio should represent an upper limit on the amount of 

energy efficiency that can be achieved based on "expected program participation and 

ideal implementation conditions" ( 4 CSR 240-22.020( 40)). Ameren' s "MAP" portfolio 

does not represent the maximum amount that is achievable, again because it understates 

what program participation rates could be and it does not apply idealistic implementation 

conditions. 

Turning to your third concern with the Potential Study, please explain why the 

assumptions Ameren used to determine program-level savings are overly 

conservative and dramatically reduce the level of achievable program savings. 

The Potential Study eliminates a large amount of cost-effective efficiency savings as a 

result of its assumptions regarding program-level savings. This is illustrated in Figure 4.2 

above, which shows the difference in efficiency potential between the measure-level 

savings and the program-level savings. 

The Potential Study notes that "the most significant difference between the measure-level 

potential and the program potential is the assignment of program costs." The study adds 
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1 base program costs and portfolio administration costs to the measure costs. (Potential 

2 
1 

Study at p. 6-2). The Potential Study also notes that these additional costs caused several 
1 

i 3 measures to be uneconomic, and they were therefore removed from the programs. 
1 
l 

Q. I 4 
I 

Do you agree with these assumptions and methodologies used to create program-

I 
5 I level savings estimates? 

' 

i 6 A. No. I have not been able to assess the magnitude of the base program costs and the 
I 

I 7 portfolio administration costs, as these were not presented in the Potential Study. 

8 However, it appears that these costs are very large, given the impact that their addition 

9 had on the efficiency savings estimates. I question whether those assumptions are 

10 reasonable, especially given that a lot of program costs and portfolio administration costs 

II are fixed, and will not vary significantly by the addition of certain efficiency measures. 

12 In addition, the methodology used to screen efficiency measures, by adding indirect costs 

13 and screening measure-by-measure, is not best practice. This measure-level screening 

14 approach has been rejected by many states. Most of the costs of efficiency programs are a 

15 result of getting customers to participate in a program, and providing them with an audit 

16 of their home or business. Once a customer has gotten to this point, the program and 

17 portfolio costs have already been incurred. They are not only fixed costs, they are also 

18 sunk costs. Thus, once a customer participates, the most economic and appropriate action 

19 is to install all of the measures that are cost-effective based on the measure costs alone. 

20 Otherwise, there will be a significant amount oflost opportunities, where cost-effective 

21 measures are not adopted and are very unlikely to be adopted at a later time. Many states 

22 do not screen efficiency programs on a measure basis at all, and just screen on a program 

23 basis, with reasonable estimates of program costs included, to avoid this effect. 
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Q. Turning to Ameren's 2014 IRP, please summal"ize how Ameren modeled efficiency 

programs in the IRP. 

A. Ameren used the measure-level MAP and RAP portfolios from its Potential Study to 

develop similar MAP and RAP portfolios in its 2014 IRP. Ameren made several 

adjustments to the Potential Study results in developing inputs for the 2014 IRP. One of 

the key adjustments was to update the measure savings to reflect the data from the 2013 

EM&V studies. (2014 IRP, Chapter 8 at pp. 9, II). Another adjustment was to consider 

and remove, if not cost-effective, programs that were proposed in the 2014 IRP (2014 

IRP, Chapter 8 at p. 12). 

These inputs and assumptions resulted in two energy efficiency scenarios: a MAP 

p01tfolio and a RAP portfolio.9 Ameren developed a set of altemative resource plans that 

included variations of either the MAP or RAP portfolios (2014 IRP, Chapter 10, pp. 6-7). 

Finally, Ameren selected the RAP portfolio for its Preferred Resource Plan. The 2014 

IRP notes that both the MAP and RAP portfolios result in reduced total cost to customers. 

In fact, the MAP portfolio resulted in the lowest PVRR, but the Company decided to 

include the RAP portfolio in its Preferred Resource Plan. (2014 IRP, Chapter 10 at p. 8, 

tbl. I 0.3) The Company justifies choosing the RAP portfolio on the basis of risk and 

9 The 2014 IRP also included a third efficiency scenario (MID) that assumed costs and savings half-way between 
these two cases. 
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1 

2 

reward considerations from the perspective of both customers and Ameren (2014 IRP, 

Chapter 10 at pp. 11-12). 

3 Q. 

4 

5 A. 

Please provide a summary of the results of the 2014 IRP as they apply to the 

development of the 2016-2018 Efficiency Plan. 

Figure 4.2 above presents a summary of some of the key results of the efficiency 

6 portfolios in the 2014 IRP. It shows that the IRP MAP and RAP portfolio savings are less 

7 than the savings from comparable portfolios from the Potential Study, and the IRP RAP 

8 portfolio savings are close to the savings in the 2016-2018 Plan. 

9 Table 6.1 presents a summary of the cost-effectiveness analysis of both the MAP and the 

10 RAP portfolios, for both the UCT and the TRC tests. (The table includes the RAP results 

11 for programs implemented over 2016-2018 only, and for programs implemented over 

12 2016-2034, the entire study period.). As indicated, all of the programs are cost-effective 

13 under both tests, except for the Residential Low-Income program. 
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1 Table 6.1 Benefit-Cost Ratios for the MAP and RAP Portfolios in the 2014 IRP 

IRP IRP IRP 

2016-2018 2016-2034 2016-2034 

RAP RAP MAP 

TRC UCT TRC UCT TRC UCT 

Ughting 1.05 1.06 0.96 0.96 0.96 0.96 

Efficient Products 1.29 1.98 1.71 3.17 1.44 2.07 

Residential 
HVAC 1.34 1.99 1.72 2.70 1.29 1.73 

Appliance Recycling 1.08. 1.08 1.27 1.27 1.02 1.02 

MFIQ /low Income 0.79 0.81 1.00 1.01 0.93 0.95 

EE Kits 1.53 1.53 1.57 1.57 1.10 1.11 

Standard/Prescriptive 1.49 1.93 2.75 3.32 2.32 2.20 

Business 
CUstom 1.67 2.43 2.13 2.84 1.83 1.90 

Retro-commissioning 1.59 1.59 2.36 3.21 1.97 2.02 

New Construction 1.46 2.40 2.42 3.82 2.10 2.47 

Residential Total 1.22 1.50 1.54 2.19 1.27 1.63 

Business Total 1.61 2.22 2.37 3.11 2.02. 2.05 1 

2 
Portfolio Total 1.45 1.91 2.01 2.72 1.69 1.891 

3 (Source: 2014 IRP, Chapter 8 at tbls. 8-7, 8-9, and 8-10). 

4 Q. Please summarize your findings on the 2014 IRP, particularly as it applies to the 

5 development of the 2016-2018 Plan. 

6 A. The 20141RP significantly understates the amount of cost-effective efficiency savings 

7 that are achievable on the Ameren system. In sum, the IRP: 

8 • focuses on the MAP and RAP scenarios from the Potential Study, which understate 

9 cost-effective efficiency potential; 

10 • chooses the RAP portfolio for its Preferred Resource Plan, despite the fact that the 

11 MAP portfolio is expected to reduce costs by more than the RAP portfolio; 

12 • improperly accounts for probable environmental costs, particularly the cost of 

13 complying with the EPA's Clean Power Plan; and 
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I • reduces the amount of savings indicated by the MAP and RAP portfolios by 

2 excluding several key efficiency programs. 

3 I address each of these points below. 
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Q. 

A. 

Analysis of MAP and RAP Portfolios 

Why does focusing on the MAP and RAP scenal'ios undel'state the amount of cost­

effective efficiency savings? 

As discussed in Section 5, the MAP and RAP scenarios in the Potential Study do not 

account for all of the potentially achievable cost-effective efficiency savings. The MAP 

and RAP portfolios in the IRP are based directly on those from the Potential Study, with 

the exception of the few updates and modification listed above. Therefore, all of the 

limitations of the RAP and MAP studies described in Section 5 apply to the 2014 IRP as 

well. 

Furthennore, IRPs should not define energy efficiency so narrowly, with only two 

possible future efficiency portfolios. One of the key purposes of any IRP is to assess a 

variety of different levels of energy efficiency programs, in order to determine which 

level is most cost-effective and meets the selection criteria of the IRP. By limiting the 

IRP analysis to the narrowly-defined MAP and RAP scenarios from the Potential Study, 

the Company has not fully identified or investigated the amount of cost-effective energy 

efficiency savings that are available on its system. 

In particular, the Company should at least investigate a portfolio of efficiency programs 

that is consistent with the energy efficiency building block assumptions used by the EPA 
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in the proposed CPP and a portfolio of efficiency programs that is consistent with the 

2 energy savings guidelines in the MEEIA regulations. Even if the Company does not 

3 eventually include such portfolios in its Preferred Resource Plan, it would be very 

4 informative to at least study the potential costs and benefits of them. 

5 Q. Do you have any concerns about how the Company chose the RAP portfolio for its 

6 Preferred Resource Plan? 

7 A. Yes. The MAP pot1folio would reduce electricity costs and average bills by significantly 

8 more than the RAP portfolio. Figure 6.1 presents a summary of the estimated reductions 

9 in PVRR from the RAP portfolio relative the MAP portfolio. 

I 0 Figure 6.1 Reductions in PVRR from MAP v. RAP Portfolios in the 2014 IRP 

11 
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12 (Source: 2014 IRP, Chapter 10 at p. 8). 

13 The Company justifies its choice ofthe RAP portfolio by referring to its analysis ofthe 

14 year-by-year cost differences between the two portfolios, and its understanding of the 
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Q. 

A. 

increased level of risk in achieving MAP relative to RAP (20 141RP, Chapter 10 at pp. 

11-12). 

Do you agree with the Company's rationale for choosing the RAP portfolio for its 

Preferred Resource Plan? 

No. First, I do not agree with the Company's conclusion regarding the year-by-year cost 

differences between the two portfolios. Ameren assumes a significant increase in the cost 

of saved energy for the MAP portfolio relative to the RAP portfolio, where the MAP 

portfolio budget is roughly twice that of the RAP portfolio budget but the MAP savings 

are only 35 percent greater than the RAP savings. (lRP, Chapter 10 at p. 9). This increase 

in the cost of saved energy is in direct contrast to the experience of many energy 

efficiency program administrators, who find that increased efficiency savings levels can 

be achieved for similar, or even reduced, cost of saved energy. This unreasonable 

assumption puts the MAP portfolio at a significant undue economic disadvantage relative 

to the RAP portfolio, and undercuts the Company's year-by-year cost analysis. 

Second, I do not agree with the Company's conclusion regarding the risk associated with 

achieving MAP relative to RAP. Ameren disadvantages the MAP portfolio by applying a 

negative risk scalar of 18 percent, whereas the RAP portfolio has a symmetrical risk 

scalar of plus or minus only 8 percent. (20 14 lRP, Chapter 8 at pp. 86-87). This scalar is 

too high for the MAP scenario, and should be symmetrical. In addition, the IRP does not 

take into account the ways that increased energy efficiency savings can help reduce risk. 

Nonetheless, despite this unreasonable scalar for higher risk, the MAP pmifolio resulted 

in lower PVRR relative to the RAP portfolio. Apparently, the Company applied some 

additional quantitative risk considerations for rejecting the MAP portfolio. In my view, 
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1 the Company's arguments do not justify its decision to reject an energy efficiency 

2 portfolio that will clearly lead to reduced costs and reduced average customer bills as 

3 compared to the RAP portfolio. 

4 Accounting for Environmental Compliance Costs 

' 
5 Q. Please describe how Ameren accounted for the cost of complying with federal C02 

6 regulations in the 2014 IRP. 

7 A. Ameren applied a forecast of C02 allowance costs to represent the costs of complying 

8 

9 

10 

11 

12 

13 

14 

15 

16 

with the CPP. It developed a forecast based upon a study prepared by my colleagues at 

Synapse Energy Economics. 10 Ameren used this report to make its own forecast, where 

the C02 allowance prices are assumed to be zero through 2024, and are then equal to the 

Synapse forecast thereafter. 
I' j I I ' 

Moreover, Ameren did not assume that these ptices will exist in all of its planning 

scenarios. It assumed that only five out of fifteen future scenarios will jnclude any future 

cost of complying with federal C02 regulations through 2035. Ameren then assigned 

probability weightings to each of its future scenarios, which result in a probability of only 

15 percent that any one of the scenarios with C02 costs will occur. 

10 Patrick Luckow et al. , 2013 Carbon Dioxide Price Forecast, Synapse Energy Economics, (November 1, 2013, 
minor corrections made on Februacy 2014), available at http://www.synapse­
energy.com/sites/defau1Vfiles/SynapseReport20 13-ll ,0.20 13-Carbon-Forecast. 13-098.pdf. 
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Q. Do you agree with Ameren's methodology for modeling the cost of compliance with 

the CPP? 

A. No. Ameren's assumptions about the timing and magnitude of costs of complying with 

the CPP (or any federal C02 requirements) are unreasonable, untenable, and inconsistent 

with other statements and assumptions in the 2014 IRP. While there is some unce11ainty 

regarding the implementation if the CPP, Ameren's assumptions about the probability of 

CPP are clearly too low. 

A recent update to the Synapse C02 price forecast, which accounts for the implications 

ofEPA's proposed CPP regulations, provides a much more reasonable range of future 

C02 prices. The study concludes that federal action to address climate change is 

"extremely likely," and that costs to comply with federal action will be required by 

2020. 11 

Q. Is Ameren's modeling approach consistent with related statements in the 20141RP? 

No. Immediately after describing the C02 price forecast used in the 2014 IRP, the 

Company stated that "the actual cost of complying with greenhouse gas regulations can 

be higher depending upon the specifics of the regulation. As discussed later, we do in fact 

expect [sic] costs to comply with EPA's proposed Clean Power Plan to be higher than 

$53/ton." (2014 IRP, Chapter 1 at p. 11). 

11 Patrick Luckow et at., 2015 Carbon Dioxide Price Forecast, Synapse Energy Economics (March 3, 2015), 
available at http://www.synapse-
energy .co m/sites/def aultlfiles/20 15%20Carbon%20Dioxjde%20Price%20Report .pdf. 
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A. 

Q. 

A. 

The Company does not explain why its modeling assumptions differ so dramatically from 

its position that compliance costs are likely to be higher than the costs assumed in the 

High C02 case, or why even this high case is assumed to have a probability of 

occurrence of only three percent. 

What are the implications of Ameren's decision to model the cost of complying with 

federal greenhouse gas regulations this way? 

The implications are dramatic. A large portion of the Company's generation fleet is made 

up of older coal plants, which tend to have high GHG emission rates. Costs of complying 

with federal greenhouse gas regulations, combined with the costs of complying with 

other EPA emission regulations, will increase the costs of those plants, improve the 

economics of retiring those plants, and improve the economics of all the electricity 

resources that emit little, or no, C02. 

M01·e specifically, what are the implications of this decision with regard to the 

evaluation of energy efficiency resources in the 2014 IRP and the proposed 

Efficiency Plan? 

Energy efficiency resources are widely regarded as the lowest-cost means of complying 

with the proposed CPP. Yet, the 2014 lRP does not even analyze or investigate the 

potential to mitigate the costs of complying with federal greenhouse gas regulations using 

increased energy efficiency savings. 

First, by assuming very low probabilities that there will be any federal greenhouse gas 

emission requirements, and by assuming relatively low estimates for C02 allowance 

prices, the Company significantly understates the additional costs that could be avoided 
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Q. 

A. 

by efficiency programs. Second, and very importantly, by modeling only two future 

efficiency scenarios (the MAP and RAP portfolios), the Company does not investigate 

the opportunity for increased levels of efficiency to be used to mitigate greenhouse gas 

compliance costs. 

Does the Company seriously consider energy efficiency as an option for complying 

with the CPP? 

Apparently not. In the 2014 IRP, Ameren makes it clear that it does not intend to use 

energy efficiency resources to mitigate the cost of complying with the CPP. The 

Company presents a description of how it might modify its Preferred Resource Plan if the 

EPA CPP regulations were to be implemented. It lists four changes that it would make: 

(1) advancing the retirement ofMeramec by three years; (2) constructing a 1,200MW 

combined cycle power plant by 2020; (3) altering the dispatch of new and existing coal 

and gas resources so that gas would run more frequently; and ( 4) constructing additional 

wind (or possibly nuclear) resources in the 2022-2030 timeframe (2014 IRP, Chapter 1 at 

p. 17). There is no mention of using efficiency to respond to the CPP regulations. 

This is a remarkable omission. It is especially remarkable given that the Company is 

concerned about the high cost of complying with the CPP regulations, with an estimate of 

compliance costs as high as $4 billion over fifteen years starting in 2020 (2014 IRP, 

Chapter 1 at p. 17). 

It is also remarkable given that the EPA has estimated tl1at energy efficiency offers the 

greatest opportnnity for Missouri to comply with the proposed CPP regulations. 

Specifically, EPA estimates that energy efficiency could account for 38 percent of needed 
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emission reductions, while 27 percent could come from lower average coal emission 

rates, 25 percent could come from redispatch of natural gas units, 7 percent from 

incremental renewable resources, and 3 percent from at-risk nuclear plants (Synapse 

estimates based on Clean Power Plan Proposed Rule Data File: GHG Abatement 

Measures Appendix 5-4). 12 

Exclusion of Efficiency Programs 

7 Q. Did the 2014 IRP include all of the efficiency pl'ogl'ams that wet·e included in the 

8 Potential Study? 

9 A. No. Ameren excluded several programs from the IRP MAP and RAP scenarios that were 

10 

ll 

12 

13 

14 

15 

16 

17 

18 

included in the Potential Study, including: Residential New Construction, Residential 

Home Energy Performance, Residential Electronics, Residential Multi-Family, Small 

Business Direct Install, and Multi-family Common Area. 

The Potential Study made the following findings with regard to these programs: 13 

• The Residential New Construction program could be cost-effective, and could save 

as much as 9,421 MWh. 

• The Home Energy Perfohnance (HEP) program could be cost-effective, and could 

save as much as 27,473 MWh. (Note that Ameren has replaced the HEP program 

with the Energy Efficiency Kits program, which is expected to save 18,636 MWh. 

12 The workbook used to make this calcuJation is available at http://www.synapse-energy.com/tools/llld-cost­
estimate-tool-states. (Refer to "State Data" tab). 

13 The energy savings presented below are all cumulative for three years 2016-2018, from the RAP portfolio. The 
energy savings are provided in Table 6-3, a11d the benefit-cost results are provided i11 Table 6-5 of Vohune 3 of 
the Potential Sh1dy. 
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Q. 

A. 

Therefore the net effect of switching from the HEP program to the Energy Efficiency 

Kits program is a reduction in savings of8,837 MWh.) 

• The Residential Electronics program could be marginally cost-effective, and could 

save as much as 16,777 MWh. 

• The Small Business Direct Install could be cost-effective, and could save as much as 

30,536MWh. 

• The Multi-Family Direct Install and the Multi-Family Common Area programs could 

be cost-effective, and could save as much as 9,384 MWh combined. 

The potential savings from these programs combined could be as high as 74,995 MWh, 

which would represent a roughly 18-percent increase in the total energy savings of the 

RAP portfolio of the 2014 IRP and the Efficiency Plan. Note that the savings presented 

above are from the RAP portfolio of the Potential Study. The combined potential savings 

from these programs under the MAP portfolio of the Potential Study would be 

approximately 111,108 MWh, which is 26 percent of the RAP savings assumed in the 

2014 IRP and the Efficiency Plan. 

Why were these p1·ograms not included in the 2014 IRP? 

Ameren provides several reasons why these programs were not included in the 2014 IRP. 

In particular: 

• The Residential New Construction and Home Energy Pe1formance programs were 

deemed to be not cost-effective by the Company. This finding was based upon 
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A. 

EM&Vresults, which show very low participation and savings levels. (2016-2018 

Plan at p. 7). 

• The Residential Electronics program has not been offered by Ameren to date. The 

Company notes that this program was not included in the 2014 IRP because the 

Potential Study relied upon secondary data sources. (2014 IRP, Chapter 8 at p. 12). 

• The Small Business Direct Install program has not been offered by Ameren to date. 

The Company notes that this program can be challenging with regard to cost­

effectiveness; specifically that direct install programs are more costly to administer, 

and opportunities are limited by more efficiency lighting baselines. Ameren also 

notes that it "will continue to gather data and analyze alternative program designs." 

(2014 IRP, Chapter 8 at pp. 98-99). 

• The Multi-Family Direct Install and Common Area programs are covered as part of 

the Energy Efficiency Kits and Low-Income Program as well as the Business 

Standard program in the 2014 IRP. (Ameren's Response to Sierra Club Data Request 

No. SC 1-14). 

Do you agree with the Company's decision to exclude all of these programs f1·om the 

2014 IRP? 

No, for several reasons. First, most of these programs are standard programs that are 

offered by many utilities and serve imp01tant customer sectors. The authors of the 

Potential Study specifically chose a set of programs that would offer "an effective and 

balanced portfolio of energy savings opportunities across all customer segments" 

(Potential Study at p. 6-1). Some of the programs that were not included in the 2014 IRP 
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1 address important customer sectors that will not be adequately addressed by other 

2 programs. 

3 • The Residential New Constmction program is particularly important because no 

4 other program addresses the distinct needs of that market sector, and not continuing 

5 with this program will result in significant lost opportunities. 

6 • The Small Business Direct Install program is important because it can serve a large 

7 portion of the Company's customers, and this customer sector faces unique and 

8 significant market barriers. 

9 • The Company asserts that the Multi-Family Direct Install and Common Area 

10 programs will be covered as part of the Energy Efficiency Kits and Low-Income 

11 program as well as the Business Standard program. While multi-family buildings 

12 may be eligible for these programs, the owners and dwellers in the buildings are not 

13 as likely to participate in those programs, due to the unique market barriers 

14 associated with multi-family housing. 

15 Second, these programs were found to be cost-effective in the Potential Study. Figure 6.2 

16 presents the cost-effectiveness results from the Potential Study, for both the UCT and 

17 TRC test. As indicated, the programs are cost-effective, but the Residential New 

18 Construction and REP programs are only marginally cost-effective under the TRC test, 

19 based on the assumptions used in the Potential Study. 14 

14 Note that the Potential Study does not include U1e benefits of avoided fossil fuels or water consumption in the 
TRC test, and U1erefore underestimates the benefits in U1e TRC test, as described in SectionS. 
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2 

Figure 6.2 Cost-Effectiveness Results for Prog•·ams Excluded from IRP 

Vl 

Multi-fam common Ill 
Q) 
c 
~ 
:::> Small Bus Dl co 

Multi-family 

.~ 
Electronics .., 

c 
Q) 

"0 
·~ New Homes 
0::: 

HEP 

0.0 

• UC test 

TRC test 

1.0 2.Q 3.0 I 

Benefit-Cost Ratios 

3 (Source: Potential Study, Vol. 3 at p. 6-11 ). 

4 While it is true that Ameren's EM&V reports have found the Residential New 

5 Construction and HEP programs to be uneconomic, this finding requires further 

6 investigation before such important programs are eliminated. Why are these programs so 

7 uneconomic when other utilities are able to implement them cost-effectively? Has the 

8 Company properly accounted for the benefits of the programs, including fossil fuel 

9 benefits? Are there marketing and delivery techniques that can be used to increase 

10 participation and reduce costs? These questions should be addressed. 

11 Third, the purpose of the IRP is to identify the universe of programs that might be cost-

I ' 

12 effective under a variety of scenalios. To exclude several important programs at the 

13 outset of the IRP process prevents this key inquiry. 

14 Fomth, many utilities consider some of these programs (residential new construction, 

15 residential retrofit, small business) to be core programs that must be included in an 

16 efficiency pmtfolio to ensure that all customer sectors are being adequately served. These 
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20 

utilities continue to offer these programs, despite facing some of the same conditions as 

Ameren with regard to Federal Standards and reduced avoided costs. A recent study from 

the American Council for an Energy-Efficient Economy provides several examples of 

utility best practice programs that could serve as models for the programs that Ameren 

did not include in the 2014 IRP. 15 

Finally, these programs are important for many reasons that are not captured in the 

screening tests. They help to avoid lost opportunities by capturing efficiency savings 

when it is least cost to do so. They help to promote customer equity by serving customer 

sectors and types that would otherwise be under-served. Continuing certain key programs 

over time, such as the Residential New Construction and HEP programs, is necessa1y to 

maintain continuity, which is important for promoting market transfom1ation, 

maintaining customer satisfaction, and supporting the state and regional energy efficiency 

infrastructure and trade allies. For these important policy reasons, Ameren should seek 

opportunities to make these programs cost-effective. 

Q. A•·e you suggesting that Ameren should implement all of these programs that were 

in the Potential Study but not in the 2014 IRP? 

A. Not necessarily. I do think that all ratepayer-funded energy efficiency portfolios should 

include a set of core programs that help to overcome key market barriers to all customer 

types and all market segments, and that in general new construction, home energy retrofit 

and small business direct install programs should be included among this set of core 

15 Seth Nowak et al.. Leaders of the Pack: A CEliE's 11tird National Review ofExemplmy Hnergy EjJiciency 
Programs, American Council for an Energy-Efficient Economy (June 2013). Attached as Schedule TW-3. 
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I programs. However, if there is clear evidence of distinct reasons why some of these core 

2 programs should not be implemented, then maybe alternative program approaches should 

3 be used to help address those customer types and market segments. 

4 My main point is this: By excluding these programs from the 2014 IRP analysis, Ameren 

5 does not investigate certain key opportunities for achieving cost-effective savings. 

6 Consequently, the Ameren's MAP pmtfolio in the IRP and 2016-2018 Plan should not be 

7 viewed as the maximum amount of cost-effective energy efficiency achievable, and the 

8 RAP portfolio should not be seen as an upper limit on the amount of cost-effective 

9 energy efficiency that is realistically achievable. 

10 7. MEEIA AND COST-EFFECTIVENESS 

II 

12 

Q. 

13 A. 

14 

15 

16 

17 

18 

19 

20 

21 

Please summarize your concerns about how Ameren assesses the cost-effectiveness 

of energy efficiency programs. 

At the outset, it is important to remember that MEEIA aims to encourage utilities to 

implement demand side programs proposed "with a goal of achieving all cost-effective 

demand-side savings." Mo. Ann. Stat.§ 393.1075.4. Thus, defining cost-effectiveness 

properly is critical to achieving the key goal of MEEIA. 

I believe that the Company takes an overly narrow view of what is cost-effective and, as 

a result, dramatically reduces the amount of energy efficiency measures and programs 

that it proposes to pursue. Ameren relies too heavily on the results of the TRC test to 

justifY the cost-effectiveness of its portfolio of programs, without considering the results 

oftheUCT. 
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3 A. 
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20 Q. 

21 A. 

Why do you asset·t that Ameren should consider the results of the UCT when 

analyzing the cost-effectiveness of energy efficiency meastwes and progt·ams? 

Let me begin by noting that I'm not suggesting that the TRC test result should be 

ignored. I understand that MEEIA and its implementing regulations state that the TRC is 

the primary test. However, this does not mean that UCT should be disregarded. In fact, I 

think MEEIA provides for the opposite. Specifically, the statute states that: 

The commission shall permit electric corporations to implement commission­
approved demand-side programs proposed pursuant to this section with a goal 
of achieving all cost-effective demand-side savings ... The commission shall 
consider the total resource cost test as a preferred cost-effectiveness test. 
Programs targeted to low-income customers or general education campaigns 
do not need to meet a cost-effectiveness test, so long as the commission 
determines that the program or campaign is in the public interest. Nothing 
herein shall preclude the approval of demand-side programs that do not meet 
the test if the costs of the program above the level determined to be cost­
effective are funded by the customers participating in the program or through 
tax or other governmental credits or incentives specifically designed for that 
purpose. 

Mo. Rev. Stat.§ 393.1075.4 (emphasis added). 

How does this relate to the utility cost test? 

While I am not a lawyer and am not offering a legal opinion, I note that the primary 

22 difference between the TRC test and UCT is that participant costs are included in former 

23 test but not the latter. Thus, programs that do not meet the TRC test but pass the UCT 

24 generally are programs with costs that are "above the level detem1ined to be cost-

25 effective [that] are funded by the customers patiicipating in the program." Mo. Rev. Stat. 

26 § 393.1075.4. 
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Q. How do the TRC test and UCT differ·? 

2 A. Figure 7.1 provides an example to demonstrate the difference between the tests. While 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

the benefits of the two tests are the same for the purpose of this example, 16 the costs 

differ in that the TRC test considers participant costs and the UCT does not. Given the 

program benefits of $10 million, the program would be considered cost-effective if the 

costs are less than that amount. In the absence of the participant c·ost (in other words, 

under the UCT), the program is cost-effective. Under the TRC test, however, the 

program ~s not cost effective because the total costs exceed $10 million. Thus, this 

hypothetical efficiency program would not pass the TRC test but would pass the UCT 

because " the costs of the program above the level determined to be cost-effective are 

funded by the customers participating in the program." 

Figure 7.1 UCT and TRC Costs and Benefits 
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16 In practice, the lRC test should also include the benefits associated with fossil fuel savings, as well as the 
participant non-energy benefits. However, tJ10se benefits are not used by Ameren and are not relevant to tJtis 
example. 
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A. 

Q. 

A. 

Q. 

A. 

This is an important distinction between the two tests and an important clarification of the 

definition of cost-effectiveness because the benefit-cost ratios of the TRC test are often 

significantly lower than those of the UCT. This is true for most of the programs in 

Ameren's 2016-2018 Plan, as indicated in Figure 3.6 above. 

How do the MEEIA regulations address the UCT in terms of analyzing the cost­

effectiveness of energy efficiency measures and programs? 

The MEEIA regulations essentially mirror the requirements of the MEEIA statute on this 

point (4 CSR 240-20.094(3)(C)). In addition, the MEEIA regulations also require electric 

utilities to report the results of the "utility cost test, the participant test, the non­

participant test, and the societal cost test," in addition to the results of the TRC test. ( 4 

CSR 240-3.164(2)(B).2). 

Why it is important to account for the results of the UCT when analyzing the cost­

effectiveness of energy efficiency measures and programs? 

The UCT provides very valuable information to determine the cost implications of energy 

efficiency measures and programs. The UCT includes only those costs and benefits that 

affect a utility's revenue requirement. Customers pay for this revenue requirement 

through their electricity bills. Tllis is why the UCT provides the best indication of the 

extent to which energy efficiency programs and measures can reduce electricity costs and 

therefore reduce customer bills on average. 

What do the results of the UCT indicate for the efficiency pt·ograms in the Plan? 

Figure 3.6 above presents the benefit-cost ratios for each program in the Company's Plan, 

for both the UCT and the TRC. As indicated, in most cases the programs are significantly 
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Q. 

A. 

more cost-effective according to the UCT relative to the TRC test. (For several programs 

the results of the two tests are essentially the same because there is no participant cost.) 

Under the TRC test, the portfolio of programs is expected to result in roughly $91 million 

in cumulative present value benefits, while under the UCT the portfolio is expected to 

result in roughly $135 million in cumulative present value benefits (2016-2018 Plan, 

Table 2.6 at p. 20). In other words, the Plan is expected to reduce electricity system costs, 

revenue requirements, and average customer bills by $135 million, 48 percent higher than 

the $91 million indicated by the TRC test. 

Similarly, under the TRC test, the portfolio of programs is expected to have a benefit-cost 

ratio of 1.5, while the under the UCT the programs will have a benefit-cost ratio of2.1 

(2016-2018 Plan, Table 2.5 at p. 20). This means that for every ratepayer dollar spent by 

the Company on energy efficiency, it will be able to reduce ratepayer costs by 2.1 dollars. 

It also means that for every ratepayer dollar that the Company chooses not to spend on 

energy efficiency, it will forego the opportunity to reduce ratepayer costs by 2.1 dollars. 

Does this issue have a more significant effect than just making the proposed 

programs look more cost-effective? 

Yes. The most significant problem with using the results of the TRC test to screen 

resources, without considering the results of the UCT, arises in a way that is much less 

apparent than what is indicated in Figure 3.6 and the results discussed immediately 

above. There are many places in the Potential Study, the IRP and the Plan in which 

Ameren claims that its measures, programs or savings are limited by cost-effectiveness. 

(See, e.g., 2016-2018 Plan at pp. 7, 26-27; 2014 IRP, Chapter 8 at p. 98; Potential Study 
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at p. 6-2). In many of these cases, the cost-effectiveness screen is based on the results of 

the TRC test, and the Company does not even report the results of the UCT. One of the 

clearest cases where this arises is in the Potential Study. As described above in Section 5, 

the Potential Study notes that the most significant difference between the measure-level 

savings and the programs level savings is the assignment of program and portfolio costs 

which makes certain measures uneconomic. As indicated in Figure 4.2, this dramatically 

reduces the estimates of program level savings. In cases such as this, the Company may 

be eliminating large amounts of measures and programs that could be considered cost­

effective under the UCT, without even considering or reporting those results. 

Does Ameren consider the results of the UCT in othei' contexts? 

Yes. Ameren uses minimization of the PVRR as its primary selection criterion in its IRP 

process (2014 IRP at p. 10-3). This is consistent with Missouri rules on electric utility 

resource planning (4 CSR 240-22.010(2)(B)), as well as standard industry practice. 

As I mentioned above, the benefits and costs included in the UCT include only those 

impacts related to revenue requirements. Therefore, the goal of minimizing PVRR is 

essentially the same as the goal of implementing all cost-effective efficiency programs as 

defined by the UCT. 

Thus, considering the results of the UCT in defining cost-effectiveness is consistent with 

the IRP portfolio selection process. However, there are two problems with the 

Company's methodology in this regard. First, the Potential Study uses a much narrower 

screen of the TRC test, thereby preventing many efficiency measures and programs from 

even reaching the IRP. Second, the Company did not even adhere to the practice of 
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I selecting the efficiency portfolio on the basis of the UCT when it chose the RAP portfolio 

2 over the MAP portfolio for the Preferred Resource Plan. 

3 8. RECOMMENDATIONS 
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7 

8 

9 

10 

II 

12 
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19 

Q. 

A. 

Given your extensive I'eview of the Ameren's 2016-2018 Plan and Ameren's 

underlying analyses, what do you recommend with regard to proposed Plan? 

I recommend that the Commission approve the Efficiency Plan on the condition that 

Ameren commit to modify its Plan to achieve greater efficiency savings during the 2016-

2018 period. These increased savings can be achieved through a combination of the 

following: 

• Maintaining some programs that are proposed to be terminated; for example, the 

Residential New Construction and HEP programs; 

• Adding programs that have not been implemented and are not yet a part of the 

proposed Efficiency Plan; for example, a Small Business Direct Install, and a Street 

Lighting program; 

• Modifying existing program designs to increase customer adoption; for example, 

through increased use of upstream buydown practices for lighting products, HV AC 

measures, and certain efficient appliances; and 

• Expanding program budgets to increase participation rates for programs serving key 

customer segments. 
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1 In particular, Ameren should increase the efficiency savings in its Plan to reach the 

2 MEEIA energy savings guidelines for 2016 (1.1 percent), 2017 (1.3 percent) and 2018 

3 ( 1. 5 percent). 

4 There are several reasons that I recommend these savings as a reasonable and realistic 

5 target for Ameren: (a) the Company has already achieved efficiency savings roughly 

6 equal to one percent in 2014; (b) the efficiency savings in the 2013-2015 Efficiency Plan 

7 are slightly above the MEEIA energy savings guidelines, and the reported savings for 

8 2013 and 2014 are higher than what was planned; (c) Ameren should be considering at 

9 least these levels of efficiency savings for the purpose of complying with federal 

10 greenhouse gas requirements in the lowest-cost way; and (d) many states have already 

11 achieved these levels of efficiency savings, even in recent years with federal appliance 

12 standards in place and lower avoided costs. I am confident that the MEEIA savings 

13 guidelines can be achieved with cost-effective efficiency savings, based upon my review 

14 of the Company's Plan and the opportunities described above for expanded efficiency 

15 savings. 

16 In addition, I recommend that the Commission direct Ameren to explore the use of all 

17 cost-effective energy efficiency resources as a means of mitigating the costs of 

18 complying with future federal greenhouse gas regulations. Specifically, in future IRPs 

19 and Energy Efficiency Plans, the Company should (a) make more realistic assumptions 

20 about the likelihood of such regulations over the long-term, and (b) investigate a wide 

21 range of increased energy efficiency programs as alternatives to other options to comply 

22 with those regulations. 
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What do you recommend with regard to the efficiency tests used to determine 

energy efficiency cost-effectiveness? 

I recommend that the Commission direct Ameren to present and consider the results of 

the utility cost test in all future energy efficiency analyses, including potential studies, 

IRPs, and energy efficiency plans. These results should at least be considered as part of 

the decision as to which efficiency programs are cost-effective. 

Do you have any recommendations regarding Ameren's request for variances from 

the MEEIA regulations? 

I have a recommendation regarding one of Ameren's requests for a valiance. 17 The 

Company has asked for a variance from 4 CSR 240-20.094(1)(A), 4 CSR 240-

20.094(3)(A) and 20.094( 4)(A), which refer to annual demand and energy savings 

targets. Ameren seeks the flexibility to modifY the demand and energy savings targets 

during the course of the 2016-2018 Plan. Specifically, Ameren seeks the flexibility to 

modifY the energy savings targets used to determine the pe1formance incentive included 

in the DSIM as efficiency programs are added or removed, and to adjust the targets based 

on updated values in the TRM. 

I do not support this variance from the MEEIA regulations. This variance would provide 

Ameren with too much flexibility to modify energy savings targets without sufficient 

oversight by the Commission or input from stakeholders. It also creates too much 

17 My silence on the other requests for variances should not be interpreted as support for, or opposition to, them. 
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2 

3 Q. 

4 A. 

uncertainty with regard to the level of efficiency savings to be achieved over time and the 

magnitude of the performance incentive. 

Does this conclude your direct testimony? 

Yes, it does. 
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Ameren Transmission Company ofillinois's 
Response to MPSC Data Request 

In the Matter of the Application of Ameren Transmission Company of lllinois for Other 
Relief or, in the Alternative, a Ceiiificate of Public Convenience and Necessity 

Authorizing it to Construct, Install, Own, Operate, Maintain and Otherwise Control and 
Manage a 345,000-volt Electric Transmission Line from Palmyra, Missouri, to the Iowa 

Border and an Associated Substation Near Kirksville, Missouri. 
Data Request 

Data Request No.: MPSC 0025- Shawn Lange 

If the Mark Twain Project is completed and operational: 1. How will 
Ameren Missouri's import capability change? 2. How will Ameren 
Missouri's export capability change? 3. How will ATXI' s import 
capability change? 4. How will ATXI's export capability change? DR 
Shawn Lange (Shawn.Lange@psc.mo.gov). 

RESPONSE 

Pret>ared By: Dennis D. KI'amer 

Title: Sr. Director, Transmission Policy, Planning and Stakeholder Relations 

Date: July 22, 2015 

I. Assuming the rest of the MISO MVP portfolio is in service, implementing the Mark 
Twain Project will increase Ameren Missouri's import capability by approximately 24 
MW from the MISO region and by approximately 131 MW from energy sources to the 
west of Ameren Missouri. This increase is compared to the conditions expected with the 
rest of the MISO MVP portfolio being in service but Mark Twain Project not in service. 

2. Assuming the rest of the MISO MVP pmifolio is in service, implementing the Mark 
Twain project will increase Ameren Missouri's export capability by approximately 24 
MW to MISO. This increase is compared to the conditions expected with the rest of the 
MISO MVP portfolio being in service but Mark Twain Project not in service. 

3. ATXI is only a transmission owner and does not own generation nor serve load. 
Therefore ATXI does not have an import or export capability calculation. 

4. See response to 3. 
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Ameren Transmission Company of lllinois's 
Response to Neighbors United Data Request 

In the Matter of the Application of Ameren Transmission Company of Illinois for Other 
Relief or, in the Alternative, a Certificate of Public Convenience and Necessity 

Authorizing it to Construct, Install, Own, Operate, Maintain and Otherwise Control and 
Manage a 345,000-volt Electric Transmission Line from Palmyra, Missouri, to the Iowa 

Border and an Associated Substation Near Kirksville, Missouri. 
Data Request 

Data Request No.: NU-A9- Jennifer Hernandez 

Fm· the three 161 kV line segments with projected voltage violations under NERC 
Category C contingency conditions, answer the following questions: 

Describe the nature (transmission and substation elements affected) and magnitude (in 
MVA) of the NERC violations under the Category C contingencies on each of the three 
161 kV line segments. 

RESPONSE 

Prepared By: Dennis Kramer 

Title: Sr. Director- Transmission Policy, P1annin~ and Stakeholder Relations 

Date: October 10, 2015 

The low voltage conditions that could result in the loss of both Ameren Missouri and 
Cooperative customer load in the northeastern Missouri area occur when two of the three 
existing 161 kV lines that supply that area are out of service during peak load conditions. 
This event could result in loss of customer load and would be a NERC Category C 
contingency condition. 

During the development of the MVP portfolio, MISO (at that time named the Midwest 
ISO) performed a system analysis to identify facility overloads and resultant NERC 
contingency conditions that would be created by connecting additional wind generation 
resources to the existing 161 kV system in northeastern Missouri. MISO's analysis 
indicated that the Mark Twain Project was the best solution to address the overload 
conditions. 

Describe the nature (transmission and substation elements affected) and magnitude 
(in MV A) of the NERC violations under the Category C contingencies on each of the 
thr·ee 161 kV line segments. 
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A NERC Category C contingency condition occurs when two of the existing 161 kV lines 
that supply the northeastern Missouri area are out of service during peak load conditions. 
This causes low voltage conditions that could result in the loss of up to approximately 
300 MV A of customer load. The low voltage conditions are not caused by overloads on 
the 161 kV line segments and are not expressed as MVA. 

The MISO analysis of the impact of connecting additional wind generation resources to 
the existing 161 kV system in northeastern Missouri identified facility overloads and the 
results of this analysis are contained in publically available MISO materials. 
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GRAY AND INDIANA BAT POPULATION 
THENDS IN .MISSOURI 

William R. Elliott 
Cave Biologist/Resource Scientist 

Missouri Department of Conservation 
Resource Science Division 

jeffimon City, Missouri 65102-0180 
billelliott@mdc.mo.gov 
573-751-4115 ext 3194 

Abstract 

Since 1975 the Missouri Department of Conservation (MDC) has system­
atically censused the endangered bats, Myotis soda/is (Indiana bat) and M grise­
seem (Gray bat). A recent statewide reestimate of about 15,812 indicates that 
Indiana bats declined by 95% since 1979. Pilot Knob Mine, a National Wildlife 
Refuge, had 80,000-100,000 Indiana bats in 1958, but only 1,678 were found 
there in February 2008, a 98% decline. At orher sites they declined or abandoned 
one cave for another, seeking protection and more optimal temperatures. TI1eir 
decline probably was caused by multiple factors, including human disturbance, 
the partial collapse of Pilot Knob Mine in 1979, warming of hibernacula, and 
possibly by pesticides and loss of summer habitat in northern Missouri. \Vhite 
Nose Syndrome has not been fuund in Missouri. 

Missouri's Gray bat population declined, but it is now stable or increasing in 
some protected caves. Many other caves remain abandoned for various reasons. 
At bottom, Gray bats lost at least 67% of their maximum past population, as 
measured in 56 important caves, and 53% of the caves were abandoned. TI1e ma­
ternity population of Gray bats is currently estimated at approximately 635,000, 
but it may have been> 1,700,000 in the past. The three largest Gray bat hiber­
nacula were censused in 2006 and totalled 773,850. The Gray bat is a key species 
in Missouri ecosystems, providing nutrient input to cave animal comnumities 
and significant control of night-flying insects, some of whicil are agricultural or 
health pests. Although there has been a general increase, many maternity colo­
nies are still threatened by intruders and vandals, so further conservation work 
is needed. 

Key words: 1\1jotis soda/is, Indiana bat, lY!yotis grisescens, Gray bat, population trends, dismrbance 
of bats, cave temperatures, mine collapse, pesticides, cave gates, \Vhite Nose Syndrome, Missouri, Onyx 
Cave/Crawford County, Bear Cave/Franklin, Copper Hollow Sinklwle, Brooks Cave, Great Spirit Cave, 
Ryden Cave, Bat Cave/Shannon, Martin Cave, Great Scott Cave, Scotia Hollow Cave, Pilot Knob Mine, 
Devils Icebox Cave/Boone, Rocheport Cave, Coffin Cave, Mary Lawson Cave, Slaven Cave, Cookstove 
Cave, Hamilton Cave, Powder Mill Creek Cave, McDowell Cave, Mary Lawson Cave, Toby Cave, Moles 
Cave, Smittle Cave, Marvel Cave, Mose Prater Cave, Coffin Cave, Bat Cave# !/Franklin, Blackwell Cave, 
Grandpa Chippley Cave, Lower Burnt Mill Cave, Tumbling Creek Cave 

Introduction and Literature Review 

In this paper I focus on the status of the en­
dangered bats, Myotis soda/is (Indiana bat) and M 

glisescens (Gray bat) in "Missouri;' by which I mean 
the Missouri region, insofar as we must be census­
ing some bats migrating to and from neighboring 
states. \Ve know from previous work that these 
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species migrate fairly long distances seasonally, and 
among different hibernacula, transient, bachelor, 
and maternity sites. 

Caves provide important habitat to ten Mis­
souri bat species and three other species have been 
found in caves. Colonies of Grays and Indianas 
hibernate in "cold air trap" caves, which have de­
scending floors, deep pits, or large entrances that 
accept large amounts of winter air. Maternity colo­
nies of Grays prefer warm caves with high ceilings 
to raise their young in spring/summer. Gray bats 
roost exclusively in various caves in difterent seasons 
for maternity, hibernation, bachelor, and transient 
colonies. Indiana bats primarily hibernate in caves 
and mines, are transient via other caves, then fe­
males leave caves for riparian forests, particularly 
snags, to raise their young during the summer. 

To census these interesting animals is to track 
a moving target, literally and figuratively. The colo­
nies are dynamic, even fluctuating significantly 
night to night at some -~'""' 
Gray bat caves in late 
summer. 

Richard F. Myers 
(1964) pioneered the 
study of myotine bats in 
Missouri. On February 
22, 1958, Myers visited 
Pilot Knob Mine, Iron 
County, with three local 
men to photograph the 
hibernating Indianas 
(Figure 1). He visited 
the abandoned iron 
mine again on April 
11 and December 27, 
1958. In December the 
"Devils Icebox:· as the 
lower mine was called, 
contained about 80,000 
lvL soda/is by Myers' 
conservative estimate, 
based on a density of 
2,367 bats/m2 (220 
bars/ ft?). Another 
photograph appeared 
to have about 3,229 
bats/m2 (300 bats/ft.'), 
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bats inside a frame drawn by Elliott and Kennedy 
(2008). Myers also estimated at least 35,000 M 
lucifitgus in the mine. Elliott and Kennedy (2008) 
concurred with the U.S. Fish and Wildlife Service 
(USFWS) that 100,000 may be a reasonable reesti­
mate for 1958, especially since the upper mine was 
not visited during Myers' trips, but it is now known 
to harbor bats. In February, 1958, the interior of 
the mine appeared to be stable, with old wooden 
roof supports mostly in place. By December My­
ers noticed that boulders had shifted, and there had 
been some rock falls in tile entrance area and on 
the route to the hibernaculum. Myers last visited 
the mine in March 1960. 

In 1975 Richard and Margaret LaV.1l from the 
Missouri Department of Conservation (MDC) 
began harp-trapping estimates of M soda/is, lvf. 
lucifitgus and lvL septenttionalis at the lower mine 
entrance, but they did not enter the mine, owing 
to its "dangerous" reputation. Richard Clawson 

estimated from the size Figure I 
of a man's hand near the 

Hibernating Indiana bats in the lower part of Pilot Knob 
Mine, Feb mary 22, 1958. Photo by Richard F. Meym. 

bats and by counting 
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soon joined their project, and they continued the 
eftort until1978 (Clawson and Titus 1988). Trap­
ping usually was done in late September or early 
October during the £-ill mating swarm. 1he great 
majority of bats captured and released, usually over 
a two-hour period in two rounds or "bags;' were 
AI. soda/is, with some M lucifitgtts (Little brown 
bat) and M septentrionalis (Northern bat). 1l1ey 
were identified to species, most were sexed, and 
some were weighed and examined in detail. 

MDC continued to census cave bats afi:er 1975 
(Clawson and Titus 1988, Clawson et a!. 1992, 
McGimsey and Johnson 1994, Clawson 2002, 
Clawson, Elliott and Burns 2006, Elliott 2005, El­
liott 2007, Sasse et al. 2007). LaVal et a!. (1977) 
completed an evaluation of bat caves in the pro­
posed Meramec Park Lake and Union Lake project 
areas. Many important caves would have been in­
undated by the Meramec Lake, but it was not built 
(Elliott 2007). 

On May 25, 1979, at Pilot Knob Mine, LaVal 
reported that "a colossal collapse has occurred, 
blocking the two entrances used by bats. Cold air 
is blowing out of the rocks above the old main exit 
site, it appears a person could still get in by climb­
ing among newly £-tllen giant boulders. 1l1e higher 
main entrance that was being used by nearly half 
the bats earlier this spring appears to be completely 
blocked. The entire south wall of the 'Devils Ice­
box' has collapsed, partially filling the icebox ... \Ve 
suspect foul play, but saw no evidence of same." 
A federal agent was sent to investigate, bur he re­
ported no evidence of violations. Afi:er the collapse 
there were no harp-trapping trips until 1992. In­
truders may have aftected the bats, but much of the 
subsequent decline probably was the result of this 
partial collapse of the lower mine, which may have 
killed many bats. Furthermore, it probably caused 
changes in airflow and the availability of habitat 
(Elliott and Kennedy 2008). 

In 1986, a local boy was trapped and injured 
in the lower mine while exploring with a friend. 
He was rescued afi:er a two-day ordeal, in which he 
barely survived and nearly lost his legs. Some called 
for permanent closure of the mine, but its value 
as a bat refuge also was publicized. \Vithin a year 
the U.S. Fish and \Vildlife Service received a dona­
tion of the mine and 90 acres from the Pilot Knob 
Ore Co., and the area was fenced (Elliott and Ken­
nedy 2008). In 1992, Clawson and others resumed 
harp-trapping studies at Pilot Knob Mine, but they 

did not enter the mine. These studies continued 
through September 2007. 

From 1978 to 1984, Gardner (1986) collect­
ed numerous invertebrate specimens from 436 
caves and 10 springs, providing important base­
line information on subterranean biodiversity. No 
comprehensive list of Missouri's cave vertebrates 
has been published, but a 1984 computer print­
out with a large number of bat observations was 
contributed by Gardner to the author's Cave Life 
Database (CLD). The author joined MDC as cave 
biologist in 1998, and he worked with other re­
searchers to study Missouri's cave life. Bat census 
and cave protection were important duties of the 
cave biologist, shared with Clawson. Since 1978 
Clawson contributed voluminous census data on 
bats from 103 caves and three mines in 38 coun­
ties, primarily of Grays and Indianas (Elliott 2007). 
A year-longstudyof40 caves was led by MDC and 
the Missouri Caves and Karst Conservancy, in 
which common species were recensused 20 years 
afi:er Gardner recorded them. A possible decline in 
Eptesicus fiums, Big brown bat, was noted at some 
caves (Elliott and Ireland 2002). 

For spot temperature readings and data logger 
checks, Clawson and Elliott used digital thermom­
eters, with accuracy ±0.1 CO, calibrated in freezing 
water to measure air and rock temperatures dur­
ing hibernaculum surveys. In 1998, the author 
and others installed Hobo• H8 Pro temperature 
data loggers in seven caves and Pilot Knob Mine 
for a joint study by Bat Conservation International 
(BCI) and MDC. The study sites were Great Scott 
Cave and Scotia Hollow Cave, \V.1shington Coun­
ty, Bat Cave, Shannon County. Pilot Knob Mine, 
Iron County, Onyx Cave, Crawford County, and 
Brooks Cave, Great Spirit Cave, and Ryden Cave, 
Pulaski County (Elliott and Clawson 2001 ). They 
obtained weather data from 1975 through 1998 
for several Missouri cities from the Department of 
Soil and Atmospheric Sciences, University of Mis­
souri-Columbia. The data set from \V.1ynesville, 
Pulaski County, is geographically close to most of 
the study sites. They examined the secular trend of 
annual means, extreme lows, and extreme highs. 

On February?, 1999,Jim Kennedy and Sheryl 
Ducummon of Bat Conservation International 
(BCI) visited the lower part of Pilot Knob Mine, 
but found only 303M. soda/is. MDCs harp-trap­
pingresults were used to estimate as many as 50,545 
Indiana bats in the mine until 2007. 1l1is method 
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was not calibrated against a count in the mine, but 
against catdl rates at Great Scott Cave in the 1970s. 
Concern about the true number of bats in the mine 
continued, especially as the harp-trapping results 
decreased. Elliott and Kennedy (2008) found only 
1,678 Jvf. Jodalis there in February 2008. 

Missourians have built at least 67 cave gates, 55 
of which were for Grays, Indianas or both. MDC 
built 22 cave gates on Conservation lands, and they 
assisted ten other landowners with cave gates. For­
ty-six caves were gated for Grays, 38 for hibernating 
Indiana bats, significantly helping endangered and 
otl1er bats. Two gates were destroyed by Rash Roods 
and two were removed because they were not help ­
ing bats. In tl1e last 30 years the downward trend 
in Gray bats was reversed at many caves where the 
landowner was involved or where MDC helped 
with signs and appropriate cave gates. However, 
Indiana bats continue to decrease at most sites, de­
spite good protection of tl1e larger colonies since 
the 1970s and 1980s. 

Materials and Methods 

General bat activity can be gauged with mist 
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netting and Anabar detectors, but those methods 
are not used for censusing. In Missouri various 
methods have been used to census bats, listed be­
low in generally increasing order of accuracy: 

• Harp trap with catch rate calibrated against in­
cave comn, 

• Measurements of guano or ceiling stains, with 
area times density (Figure 2), 

• Roost counts: direct counts, measured area times 
density, counting vinual rows and columns, or 
counting from photographs (Figure 3 ), 

• Stopwatch visual exit counts with spreadsheet 
estimate (Elliott et al. 2006), 

• Near-infrared (NIR) videography with sta­
tistical counts or thermal infrared (TIR) 
videography witl1 computer count (Sabol and 
Hudson 1995, Melton et al. 2005, Elliott et al. 
2006). 

MDC has used most of the above methods, 
but most of tl1e data on Gray maternity colonies 
have been from guano estimates until we began 
using NIR in 2004. Both methods were used un­
til we were satisfied that they were comparable. 

Figm·e 2 ~MDC biologists measure Gray bat guano in Smittle Cave) H0ight County> Missouri. 
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, 310 sodalls 
-2.5 ft2 
-124 bats/ft2 

-0.23 m2 
-1,336 bats/m2 

1 ft2 

0.09 m2 

Figure 3 Pilot Knob Mine, Febmmy 25, 2008, view of about 310 Indiana bats. Visual counts were 
later corrected by adding digital dots on the photos. The two laser dots fiwn a laser caliper 
are 30.48 em (I .ft.) apmt, yielding about 1,336 bats/m2 (124 bats/ft. 2). 

TIR became available experimentally in 2006, and 
we used it extensively in the summer of 2008. \Ve 
may discontinue guano measurements after 2008. 
\Vinter visits used roost counts, to which we added 
high-resolution digital photographs in 2007. 

Census data from many sources were entered 
into the Missouri Natural Heritage Database and 
the CLD, a Microsoft Access• database. Special 
queries were made to view and edit the data, export 
it to Excel" and graph it. 

From 1975 to 1977 Indiana bat surveys were 
done yearly at some sites, but starting in 1979 most 
were biennial. To examine long-term trends, data 
from a few dates were moved to the nearest year in 
the same winter to put all on the same basis, and 
the 1978 Pilot Knob Mine harp-trap estimate was 
placed in I979 for graphing. Five data for Great 
Spirit in 1981, Scotia Hollow in 1983, Brooks 
and Ryden in I989, and Onyx Cave in 2003 were 
absent, so they were calculated as a mean of the 
previous two years to fill the cells for graphing. 
Most of the data for Pilot Knob mine are based on 
one harp-trap estimate from 1978 and two itt-mine 

counts in 1999 and 2008, the rest were interpolat­
ed linearly between these anchor points. However, 
these estimates do not aff-ect the overall estimate of 
declitte since "I979." Although some hibernacu­
hun surveys began in 1975, I focused on trends 
since 1979, when more data were available for the 
11 major and 8 minor hibernacula. This did not ig­
nore any significant 1975-1979 trends that I could 
see. I examined the trends for the major and minor 
sites separately. 

Results 

Overall results are provided in T."lble 1, and de­
tails are provided in Tables 2-6 and Figures 1-16. 

Indiana bats. M sot!alis is known from 75 
caves and 2 mines, about 1% of the 6,200 known 
caves in Missouri. Of these, 53 sites are hibernacula 
and 24 others are used by transients itt spring or 
f."lll on their way to or from forest habitat, mostly 
in northern Missouri. 1he 1979 population was 
315,045 as measured at 11 major sites, but it de­
clined to 8,632 at the same 11 sites in 2007, a 
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Table 1 Status of Gray bats and Indiana bats in lvfissouri. 111PP is 'rnaxinumt past popula~ 
tion." 1he 1·ecent data are ft·om 2006-2008. The ·recent hibernating populations were 
an aggregate of31 caves. 

Grays Indianas 

Past population 1,700,000 (MPP) 315,045 (1979) 
Maternity caves 49 0 
Hibernacula 13 53 
Other sites 157 24 
Total sites 219 77 
Recent maternity colonies 635,000 ~-~ 

Recent hibernating colonies 784,000 15,812 
Percent of past population 37-46% 5% 

drop of97%. Two ( 18%) of the sites were essential­
ly abandoned. Many additional, minor sites were 
found in 30 years, so in 2006-2008 there was a total 
of 15,812 Indianas counted in 31 important sites, 
but still only 5% of the past, known population. 

The overall trend for 11 major Indiana bat hi­
bernacula is shown in T.'lble 2 and Figure 4. All of 
the major sites lost a large number, whether or not 
they also had large numbers of Gray bats hibernat­
ing nearby. The decline in Pilot Knob Mine, which 
contained 36-44% of the state population in 1979, 
was 98% depending on which estimate used. 
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Indiana Bats, 11 Major Missouri Hibornacula 
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Figure4 

Years 

Population trends at 11 major 
Indiana bat hibernacula, 1979-
2007. The Pilot Knob data are 
stacked on the data for I 0 caves. 

The trends for eight minor M ~wldlis hiber­
nacula are more difficult to assess numerically 
bec."\use all have not been followed completely 
for many years. Table 3 shows that four have been 

Indiana Bals, 8 
Minor Hibcrnacula 

2 ,$00 

2,000 

1,600 

1,000 

$00 

Figure 5 

Y••~ 

Population trends at eight minor 
Indiana bat hibernamla, 1976-
2007. 

censused since the 1970s, and most of the others 
since 1990-1991. Four of the colonies were up by 
2006-2007, two were stable, and two were down 
(Figure 5). The largest increase was at Powder Mill 
Creek Cave, which was gated in 1995, afi:er which 
the colony increased to >2,000 despite tempera­
tures >I ooc in the late 1990s. These bats may have 
moved from Bat Cave, Shannon County, about 28 
km away, which essentially was abandoned, perhaps 
because of extremely variable temperatures, ofi:en 
below freezing (Elliott and Clawson 2001), and 
an increase in Gray bats there, but the true cause is 
uncertain (Figure 6). At Bat Cave the Grays usually 
moved up to the 1 0-meter-high ceiling where it is 
warmer, but the Indianas stayed under ledges and 
domes close to the floor where it was colder. 

Gray bats are present at some of the sites that 
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Table2 

Onyx 
CaYe, 

Year 
Cuw. 
ford 

1975 10,800 

1976 21,625 

1977 12,700 

1979 11,100 

1981 5,325 

1983 3,267 

1985 2,250 

1987 2,050 

1989 1,575 

1991 1,275 

1993 700 

1995 325 

1997 260 

1999 155 

2001 265 

2003 210 

2005 180 

2007 180 

Table 3 

Year 

1976-78 
1984-85 
1987-88 
1990-91 
1992-93 
1995-96 
1997-98 
1999-00 
2001-02 
2003-04 
2005-06 
2007 

""' 

Indiana bats in II major lv!issouri bibemacula, I975-2007. Thmds were examined and 
grapbedjiwni979-2007.1v!issing data (bold) were imertedjiwnmeans oftbe previous 
two years {caves), 01ji-om a lineat:fimction between ancborpoints at Pilot Knob Mine. Tbe 
I979 estimate for Pilot Knob lv!ine was actually ji'Oln October I978, and tbe 2007 cotmt 
was jiwn Febmary 2008. Since I979 tbere was a 97% decline in tbe bats at tbe major bi­
bemamla, and all lost a large numbet; tvbetber tbey also bad large numbm of Gray bats 
bibetnating nearby or not. 

Bear 
Cop· n" Scotia Great Mar· Grc-.1.t Pilot 

CaYc, P" Brooks Ryden Cave, Hoi· 
Holow Spirit tin Scott ]Qca\'CS Knob Totals 

Frank· CaH:' CaYe Shan· low 

lin 
Sink· CaYC C:we Caw CaYc Mine 
holo 

non 

3,000 15.550 38,860 5,480 73,690 59,695 

2,100 12,600 46,000 46,600 93 129,018 100,357 

1,800 9,050 20,670 59,500 3.450 107,170 85,361 

3,250 8,850 19,375 549 10,550 42,821 8,100 68,700 2,750 176,045 139,000 315,045 

1,750 5,200 11,850 1,792 5,800 32,800 2.425 72,350 3,100 142,392 125,130 267,522 

1,100 3,150 11,150 1,171 4,950 30,750 5,350 85,700 4,550 151,138 111,261 262,398 

650 1,050 5,500 500 2,000 30,450 3,550 77,950 3;100 127,300 97,391 224.691 

525 600 4,900 40 700 4,150 4,900 60,650 5,300 83,815 83,521 167,336 

400 250 5,200 35 1,350 4,275 2,600 38,875 5,150 59,710 69,652 129,162 

300 160 2,700 8 160 4,275 2,975 32,125 6,225 50,203 55,782 105,985 

225 125 1,550 625 80 6,175 2,250 22,7SO 4,550 39,030 41,912 80,942 

190 140 750 450 40 941 2,125 14,850 3,600 23,411 28,0-12 51,4S3 

95 175 600 195 14 450 I,SOO 11,875 !,61S 16,779 14,173 30,9S2 

80 ISS 400 175 14 6,175 1,000 9,100 2,37S 19,629 303 19,932 

IDS 18S 23S 285 10 89 2,460 8,250 4SO 12,334 647 12,981 

90 2SO 130 !60 13 1,020 2,100 8,875 290 13,138 991 J.1,129 

100 250 70 40 10 0 1,300 6.4SO 150 8,550 1,334 9,884 

110 380 65 60 3 16 950 5.100 90 6,954 1,678 8,632 

Indiana bats in eigbt minor J,fissouri bibemacula, 1975-2007. 

Devils Roche- Mary Cook-
Powder 

Coffin Slaven Hamil- Mill 
Icebox port 

Cave 
Lawson Cave stove 

ton Cave Creek 
Totals 

Cave Cave Cave Cave ... , 
714 60 ll9 60 893 

0 405 405 
700 975 50 1.675 

350 900 1,250 
250 625 750 1,000 6 2,631 
80 400 775 1.255 

220 570 950 44 975 1.784 
215 500 450 500 I 1.660 3.326 

1,100 170 5 425 1,800 1,700 
420 180 280 440 430 530 2,175 2,280 
520 180 240 400 1,062 1,000 2,150 3,402 i 

1,140 259 17 275 290 1,300 1,900 2,050 5,181 i 
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had declines, but not aU. Grays are absent at Pilot 
Knob Mine, which had d1e worst decline, so if 
crowding from Gray bats is a factor in the decline 
of Indianas, it is not the most important f..lctor. 
New, minor hibernacula of Indiana bats have been 
found, most notably at Devils Icebox Cave, Boone 
County, in 2002, but they do not make up the large 
decline in the major hibernacula. Small colonies of 
transients are found in additional caves from time 
to time, they are not represented here, but their 
conservation also is important. 

80.000 ...-------------- ---, 

ll 

1o.ooo 1 \ 
\ 
\ 

60,000 

Gray vs. Indiana Bats, 
Bat Cavo, Shannon Co., Mo 

.:l 50,000 

"o .8 40,000 

\ rndlanot 

"\ 

~ 30,000 z 
\... 

\ ·--
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Figure 6 Gray bats increased in Bat Cave, 
Shannon County, while Indiana 
bats declined since 1978. The trends 
are inversely correlatetl but the 
true cause is uncertain. 

Gray bats. M. grisescens has been recorded 
from at least 219 caves, about 3.5% of Missouri 
caves (Table 1). Of d1ese 49 are maternity caves, 
13 are hibernacula (three with > 30,000), 125 are 
transient and/or bachelor sites and 32 (15%) are 
abandoned. Additional sites likely exist, especially 
transient and minoL' maternity caves. 

T.'lble 4 and Figure 7 depict the trends at nine, 
priority 1, Gray bat maternity caves with a long cen­
sus record: Devils Icebox, Great Spirit, McDowell, 
Mary Lawson, Toby (formerly confused with Mauss 
Cave), Moles, Rocheport, and Smittle caves. Data 
were placed in five-year bins for analysis. Overall, 
these colonies increased by 21% from about 1980 
to 2005, and were at roughly 37% of their MPP 
(maximum past populations). Gray bats bottomed 
our between 1970 and 1985, but increased at many 
protected caves since then. 

T.'lble 5 and Figure 8 illustrate the trends at 
four, major, Gray bat hibernacula: Marvel, Mose 
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Prater, Coffin, and Bat/Shannon caves. Marvel 
Cave, a show cave, lost most of its hibernating 
Grays because of warming trends in the cave caused 
by man-made alterations at the entrance, which 
decreased the influx of winter air. TI1e od1er three 
hibernacula, which are protected without artificial 
alterations of airflow, have had increases in Gray 
bats. 

700,000 .-----------------~ 

600,000 

500,000 

.8 400,000 

E 
::J 
z 300,000 

200,000 

100,000 

9 Major Gray Bat Caves 

0 ~----------------------------~ 

Figure 7 
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5 Year lntorvols 

Trends at nine, priority 1, Gmy bat 
maternity caves with a long census 
record. See Table 4. Ovemll these 
colonies increased by 21% about 
1980 to 2005, and were at 1·oughly 
37% oftheir MPP (maximum past 
populations). 

- 1-.._ _ M~r Gray Bat fllbernacuta 

' ---
- ----- 600 000 ....... ~ - .. l . 

- 500,000 

400,000 ~ 

300,000 g. 
200,000 ~ 

100,000 

Cave 

Figure 8 Trentls at fom· major, Gmy. bat 
hibernawla, 1977~2006. Some 
data have been shifted a yearfor 
graphing. 
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Table4 

MPP 
1980 
1985 
1990 
1995 
2000 
2005 

Table 5 

Trends at nine, priority I, Gmy bat maternity caves witb a long census 1·ecord. Data were 
placed in jive-year bins, bold numbet~ bad no data so numbers were inserted jiwn atijacent 
cells ji·om tbe same cave. Overall tbese colonies inCI'eased by 21% about 1980 to 2005, and 
were at 1'0ugbly 37% oftbeir MPP (maximum past populations). Toby was up to 97,000 
and Smittle was cmnntly down to 12,800 in tbe 2008 TIR census. 

Devils Great Me- Mary 
Toby, Moles, 

Roche-
Smittle, 

Icebox, Spirit, Dowell, Lawson, port, Totals 
Boone Pulaski Miller Laclede 

C,,mden Camden 
Boone 

Wright 

5,000 250,000 11,000 97,000 54,000 100,000 100,000 50,000 667,000 
5,000 10,000 12,000 21,500 42,800 40,000 25,000 46,000 202,300 
2,300 11,600 12,000 19,000 54,500 49,000 385 22,200 170,985 
9,350 10,200 10,200 36,700 71,400 67,320 16,320 105,500 326,990 
9,200 24,000 10,200 36,550 73,450 73,450 26,000 33,650 290,188 

13,050 22,000 7,800 34,300 76,700 93,840 41,000 33,650 320,815 
12,1 so 10,900 13,898 71,000 17,000 43,500 50,000 24,500 243,848 

Trends at .four major Gmy bat bibernamla, 1977-2006. Some ddt a bave been shifted by 
one year.forgrapbing. See Figure 8. 

Marvel Bat, Shannon Mose Prater Coffin 

1977 86 27,299 250,000 

1979 3,380 11,000 

1981 34,200 23,850 316,300 

1983 8,850 24,400 349,500 

1985 17,150 355,450 

1987 2,425 26,050 

1989 1,286 28,725 

1991 1,300 46,300 

1993 900 17,030 

1995 37,945 

1997 36,400 

1999 22,400 

2001 14,100 

2003 41,100 52,000 

2005 57,850 155,000 561,000 

Discussion and Conclusions Mill Creek Cave, seeking protection and more op­
timal temperatures. Pilot Knob Mine, a National 
Wildlife Refuge since 1987, had 80,000-100,000 
Indiana bars in 1958, bur only 1,678 were found 
there in February 2008, a 98% decline. 

Indiana bats. Indiana bars have declined dras­
tically in the Missouri region. The recent, statewide 
reestimate of about 15,812 indicates that Indiana 
bars declined by 95% since 1979. Some probably 
abandoned one cave for another, such as Powder 

Turtle and Kennedy (1999) analyzed 15 cave 
systems and found a strong correlation between 
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increasing cave temperatures and declining popu­
lations of j\1. soda/is. Elliott and Clawson (2001) 
analyzed temperature data from Missouri caves 
and surf.1.ce weather. From 1975 to 1999 the mean 
annual temperature (calculated from daily highs 
and lows) at \Xf.1.ynesville, Missouri, was 12.9°C 
(SS.3°F). TI1e standard deviation was 1.4°C and the 
range was 11.7 to 14.4°C (53 to 58°F). There ap­
peared to be no significant change in mean annual 
temperature between 1975 and 1999. However, in 
examining extreme lows in January, they found a 
possible warming trend since 1975 from about -21 
to -18oC (-7 to ooF). The author believes that ex­
tremely low temperatures from severe cold fronts 
could influence hibernaculum temperatures all 
year, probably more than mean annual tempera­
tures. Severe cold fronts are usually associated with 
strong winds and barometric pressure drops, which 
cause more cold air invasion into caves than weaker 
fronts. It is possible that cl1e loss of extreme winter 
lows magnifies the warming at some cold-air traps 
in Missouri. 

\Ve have no continuous temperature records in 
the hibernacula for 30 years, but we do have spot 
readings taken with a digital thermometer on ev­
ery winter trip. Figures 9- 13 are selected graphs 
depicting trends in Indiana bat populations with 
the simultaneous air and rock spot temperatures. 
TI1e data were not controlled for exact date, so 
there may be some hidden variance related to 
January vs. February visits, generally, and a few 
December and March dates. However, the rock 
temperature changes slowly. TI1ese graphs illustrate 
that temperatures were generally above the opti­
mal soc for hibernation of M. soda/is, found by 
Dzurick (2007). However, the populations began 
plummeting generally without much change in hi­
bernaculum temperature. Brooks Cave (Figure 9) 
is interesting in that it is located on Fort Leonard 
\Vood with only a little disturbance, lacks Gray 
bats, was never gated, had little temperature change, 
and yet the bats declined. Ryden Cave (Figure 10) 
was gated, lacks Gray bats, had little warming and 
a recent cooling, and the Indianas declined. Great 
Scott Cave (Figure 11) warmed up mostly because 
its second entrance was blocked ofE but it cooled 
again after a second cave gate was installed in 1999. 
Indianas increased there until 1983, cl1en they de­
clined despite tl1e later cooling. Bat Cave, Shannon 
County (Figure 12), is extremely variable in tem­
perature, and it has had a cooling trend since 1995. 

Elliott 

Yet Grays increased there while Indianas essentially 
abandoned the cave (Figure 6). Indianas may have 
moved from the latter cave to Powder Mill Creek 
Cave (Figure 13). In the author's opinion, these 
five examples indicate tl1at the decline in Missouri's 
Indiana bats has not been caused by temperature 
changes alone. 

Disturbance during hibernation was one of the 
important, early f.1.ctors in the decline of Indiana 
bats, and it still is a threat at unprotected sites. Im­
properly designed cave gates have been implicated 
in some population declines, but all such gates have 
been removed or replaced at Missouri Indiana bat 
caves. Loss or reduction of roosting or foraging 
habitat during the warm season also has been sus­
pected. 

Pesticide residues were detected in Indianas, 
Grays, and other bats in Missouri (Clark et al. 1978, 
1980, 1983, Clawson et al. 1983, 1989, 1991, Mc­
Farland 1998, O'Shea and Clark 2002, Sclunidt 
and Glueck 2002). O'Shea and Clark (2002) pro-
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Indiana bat population tt·end in 
Bt·ook.s Cave, Pulaski County, com­
bined with concomitant airanrl 
rock tempemture readings. A poly~ 
nomial trend line {dot~dasb line) 
bas been jitter/ to the rock tempera­
tures in this anrl FigMes 10-13. 

vided a review and examined temporal and spatial 
patterns of agricultural pesticide use in Missomi 
and Indiana. Some Grays and Indianas died from 
organochlorine (OC) insecticides prior to cl1eir 
discontinuance in the 1980s. Dieldrin in carcasses 
ofindiana bats from Missouri in the 1970s was one 
to two orders of magnitude higher than the norm 
and reached lethal concentrations in brains of 
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Figure IO Indiana bat population trend in Figure 12 
Ryden Cave) Pulaski County) com~ 

Indiana bat population trend in 
Bat Cave) Shannon County) com~ 
bined with concomitant air and 
t·ock tempemtm·e readings. This 
cave has extremely vm'iable winter 
tempemtures. 
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Figure 11 Indiana bat population tt·end in 
Gre11t Scott Cave) H1tshington 
County) combined with con~ 
comitant air and rock tempenttm·e 
readings. A blocked) secondary 
mve entrance was regated in 1999) 
which cooled the cave to somewhat 
normal tempemtures. 

some individuals. Cluonic mortality was suggested 
in these two endangered species even in the 1980s. 
McFarland (1998) found persistent OC residues 
in Little brown bats and Nortl1ern bats, long after 
OCs were discontinued. 

Some studies found organophosphates (OP) 
and carbamates in Missouri bats. 1l1ese insecticides 
are not as persistent as OCs, but tl1ey may cause 
acute toxicity, death, or sublethal intoxic.1.tion 
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Year 

Indiana bat population trend in 
Powder Mill O ·eek Cave) Shannon 
County) combined with con~ 
comitant air and rock tempemttm: 
t·eadings. Although tempemtures 
were >I ooc in the late 1990s) 
the population increased) possibly 
because they abandoned Bat Cave) 
Shannon. 

leading to inability to fly, which is certain death in 
flying mammals. Otl1er sublethal effects on thermo~ 
regulation, food consumption, and reproduction 
could lead to population declines. Pyretluoid use 
increased later in M issouri, and would also be toxic 
to bats. 

No systematic surveys are currently being done 
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in Missouri that would find pesticides in Indiana 
and Gray bats, or other suitable surrogate species. 
O'Shea and Clark's (2002) suggestion that Indi­
anas may forage over cotton fields in soucl1eastern 
Missouri, heavily treated with insecticides, is an 
unlikely scenario because cotton is> 100 km from 
the nearest, known hibernaculum. A more real­
istic hypothesis of a cause of Indiana bat decline 
would be pesticide contamination of prey insects 
in northern Missouri, where there is much more 
pesticide use in row-crop agriculture than with­
in the range of foraging Indiana bats in most of 
southern Missouri. Circumstantial evidence in fa­
vor of this hypocl1esis is the continued increase of 
Gray bats, which range more in the southern part 
of the state, in forest, pasture, and hay areas with 
little pesticide use. TI1e Missouri Natural Heri­
tage Database has no current records of Indiana 
or Gray bats in the row-crop areas of southeastern 
Missouri, such as Perry County, which has many 

r 

> 

~ 
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caves, but is also farmed for corn and soybeans. 
No caves occur in the cotton-growing areas of the 
Missouri Bootl1eel, comprising Dunklin, Pemis­
cot, New Madrid, Stoaddard, and Scott counties 
(Elliott 2007). 

Another hypothesis would be crowding by in­
creasing Gray bats, bur I do not believe that to be 
an important factor based on two observations 

(1) Indiana bats declined at most sites, even 
without Gray bats present, and (2) I have not 
observed agonistic behavior between Grays and 
Indianas, altl10ugh I have photographed Grays 
crawling on the edges of Indiana bat clusters sev­
eral times, and even on top oflndiana bats (Figure 
14). Grays do this in their own clusters, but I have 
not observed Indiana bats leaving as a result of such 
behavior, although our visits are brief. 

Disease is anotl1er hypothesis of decline that 
has not been eliminated. White Nose Syndrome, 
which had a recent outbreak in bats in the north-

\ ._._ 

Figure 14 A cluster of 43 Myotis sodalis with jive M. grisescens on the edge> indicated by white dots. 
Onyx Cave> Cmwford County> Missouri>]anumy 19> 2007. 
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eastern U.S., has not been found in Missouri to 
date, and it probably was not involved in de­
clines 30 years ago. Several Missouri bat caves 
were checked in the winter of 2007-2008 and, 
although some bats were seen with mold on their 
skin, they did not fly outside during the day or 
appear to be starving, which are characteristic of 
this syndrome. 

I suggest that Indiana bats in Missouri have 
been adversely aflected by several factors: distur­
bance by humans (especially 30 years ago, but at 
some sites even today), the partial collapse of Pilot 
Knob Mine in 1979, some effect from global warm­
ing at some hibernacula, (especially from the loss of 
extreme winter lows), and possibly pesticides and 
loss of summer habitat in northern Missouri. 

Gray bats. Missouri's Gray bat population 
declined, but is now stable or increasing in some 
protected caves. Many other caves remain aban­
doned for various reasons. At bottom, Gray bats 
had lost at least 67% of their maximum past popu­
lation, as measured in 56 important caves, and 53% 
of the caves were abandoned.1he maternity popula­
tion of Gray bats in Missouri is currently estimated 
at approximately 635,000. This is compared to evi­
dence (guano and ceiling stains) suggesting that 
historic populations in the same set of caves once 
numbered over 1,700,000 (Table 1). 

1hirty-one Gray bat hibernacula totaled 
784,000 in recent years. 1l1e three major hiber­
nacula were censused in 2006 and totaled 773,8 SO. 
\Vhile Marvel Cave declined, Bat Cave, Shannon, 
was at 337% in 20 years, and Coffin Cave was at 
157% n:~bles 1 and 5). 

Although there has been a general increase in 
Gray bats, many maternity colonies are still threat­
ened by intruders and vandals. Table 6 summarizes 
events and population trends at 13 selected caves. 
These examples illustrate the typical problems that 
MDC has seen in managing these caves, and there 
are a few extreme examples as well. Figures 15 and 
16 illustrate the vagaries of management at Black­
well and McDowell caves, whose bat populations 
have fluctuated with archaeological looting and 
breaches of the otherwise eflective gates built in 
2001. 

The conclusion that I draw from ten years of 
bat cave management in Missouri, is that it requires 
a major eflort by many people to keep Gray bat 
colonies stable or increasing, and to keep the few re­
maining Indiana bat colonies from being disturbed 

by intruders. One cannot gate a cave and consider 
it safe for long. Each cave gate must be checked and 
maintained periodically. It is common to find a 
breach in even the strongest cave gate within a few 
years. 1l1e more cave gates that are built, whether 
on state or private land, the more long-term com­
mitment we have to maintain the gates. 1l1e gates 
may have an expected lifetime of 30 to 50 years in 
a relatively dry entrance, but at caves that are prone 
to flash flooding the gate may only last two to four 
years. Many lessons have been learned by wildlife 
agencies who build cave gates. Having lost three 
cave gates to floods in the last II years persuades 
the author to be cautious about building any more, 
unless they are built to higher engineering stan­
dards at greater cost. 

Obtaining accurate census data also is a large 
task, now involving several experienced biologists, 
weeks of field time every year, high-quality digital 
cameras, flash units, infrared video gear, specialized 
software, and many hours for analysis. As pointed 
out by Martin (2007) and Sasse eta!. (2007), more 
accurate and standardized census data are needed 
across tl1e range of Gray bats before one could 
downlist or delist them from the U.S. Endangered 
Species List. 

The Gray bat is a key species in Missouri cave 
ecosystems, providing nutrient input to animal 
communities. Conservation work has returned 
Gray bats in Missouri to about 46% (784,000) of 
the state population decades ago. I have calculated 
that the average colony of 10,000 Gray bats con­
sumes about 45 kg (100 pounds) of insects each 
night between March and October, based on eating 
half their weight each night, or up to their weight 
each night for pregnant or nursing mothers. That 
translates to about 10 metric tons per year, about 
4.3 billion insects. They eat a variety of species, 
such as aquatic insects-especially mayflies, cadd­
isflies, and stoneflies-bur also beetles and moths, 
some of which are agricultural pests. Statewide, 
Gray bats are eating 490 metric tons ( 223 billion) 
of insects per year. This is a major economic and 
environmental benefit to humans. \Ve should also 
consider how much insect control we have lost by 
losing 300,000 Indiana bats in 30 years. 

\Ve have found that Grays and Indianas are un­
likely to return to long-abandoned roosts, but this 
does not mean that restoration of caves and cave 
gating should not be tried where the potential pay­
of!' may be great. For Grays and Indianas, cave gates 
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Table 6 

Cave, County 

Bat Cave #I, 
Franklin 

Blackwell, 
Hickory 

Devils Icebox, 
Boone 

Grandpa Chip-
pley. Camden 

Great Spirit, 
Pulaski 

Lower Burnt 
Mill, Camden 

Mary Lawson, 
Laclede 

McDowell, 
Miller 

Moles, Camden 

Rocheport, 

1 

Boone 

! 

Smittle, Wright 

Toby (Mauss), 
Camden 

Tumbling Creek, 
Taney 

E-.:amples o(management problems and population trends at selected Gmy bat matemi~)' 
caves. 

History Population Trend 

Upper entrance bulldozed 1970s, lower entrance full gate1989, air-
MPP 91,800 in 1976. Aban-

flow reduced, cave cooled, pigeons infested lower entrance .. MDC doned before 1990. Colony 

opened upper entrance and gated 2005, temperatures more natural. 
in nearby suboptimal cave 

Upper gate breached and repaired 2007. 
might recolonize.lYIDC 
monitors for bats yearly. 

Difficult to monitor. Full rebar gate in 1979 hindered bats, modi~ 
lied to Rym•er in 1980. Break-ins by looters and abandonment 2000. 

Varies with intrusions. New flyover gate 2001. Intrusions and break-in in 2004-2005, bats 
dropped to 700 in 2005. 

No gate, intruders are infrequent because of strict park management, 
Stable since 1995. scheduled caving trips and long, cold water passage. 

MDC aquired 1997. Some intrusions, flyover gate 2004. Gate fell Probably stable. Guano 
washes out, difficult to cenp 

down April2008 because of flooding and too few pins to walls. 
sus tuail NIR and TIR. 

Show cave 1950s, MDC acquired 1981 and installed inadequate 
Nearly abandoned. Strug-chaildink fence. Intense looting and bat disnubance. Large Ayover 

gate 2002 for multiple resources. gling maternity colony. 

Frequent intruders from rh'er recrcators until April2008 when Struggling maternity colony 
MDC built chute gate and acquired land. Bats absent smnmer 2008. varied 0-30,600since 1978 
may be at Toby 5 km away. with intrusions. 

Good private protection for many years, MDC acquired and gated 
Up since gating with flyover, 2004. 

Isolated area of park. frequent looting and visitors disturbed bats de~ Varies with intrusions. Cen~ 
spite signs, chute gate 2001, breached 2003 or 2004, breached 2006 sused most summers since 
or 2007. More maintenance needed. 2001. 

In remote area, fitll constricted gate 1978, removed 1979 when it 
Stable for long time, down in 

hindered bats. 
2005, colony exchanges with 
Toby Cave. 

Show cave 1965, owner tried to smoke out bats. MDC acquired 
1995, flyover gate 1996, washed out 1997. New, very large flyover 

Varies with A ash floods, in~ 
gate 2002, washed out 2004-2007. Second gate too heavy for 

trnsions. 
stmcture, inadequately anchored, flood debris clean out a problem. 
Perimeter fence instaUed 2008. 

Show cave 1950s. Acquired by MDC and fenced 1988. Flyover gate 
Peaked at 105,500 in 1985 1997. Some intmsions and two breaches. Open to permit caving in 
(guano). Down to 12,800 in 

May and September. Key may have been copied by some permittees. 
2008 (TIR). 

Guano difficult to measure in cave stream. 

Large cave in remote area, protected well by private owner. Some cav~ 17,000-81,600 in 1977-
ing allowed during appropriate times. 2003, 97,000 in 2008. 

Intrusions led to constricted internal barrel gates 1966. Gates re~ 
Declined 36,450-12,400 
from 1976-2004. Up to 

moved and large chute gate built 2004. 
----- ---- ----- ------ ' 

36,000 since regating. 

are still important, and they must be checked and 
maintained periodically (Elliott 2006). 
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Research Article 

Effect of Forest Structure and Fragmentation on Site 
Occupancy of Bat Species in Missouri Ozark Forests 

M.D. YATES,1 Department of Forestry, University of Missouri, Columbia, MO 65211, USA 

R. M. MUZIKA, Department of Forestry, UnivetSity of Missouri, Columbia, MO 65211, USA 

Abstract 
Changes in structure and ammgement of forests may influence the distribution of bat communities by affecting roosting and 
foraging habitat. Using Anabat bat detectors, we determined presence of bat species at 316 sample pk:Jts in southeastern Missouri, 

USA, through qua/ffafive identification of echolocation caJ/s coUected. We used maximum~likel/hood estimation techniques 
incorporat;ng detection probabilities into estimation of site occupancy by species of bats. We compared a priori mrxlels at 2 
geographic scales using information thaoretic methods. At the Jocai·sife scale, eastern plpistrelle {Pipistrellus subflavus) and red 
bat (lasiurus borealis) occupancy was most Influenced by structural characteristics of forested areas, whereas Indiana bats (My otis 
sodafis) were lnffuenced most by density of large·dlameter snags that could provide roosting habitat. At the landscape scale, 
occupancy of Indiana bats was directly related to amount of nonforested land cover. Northern /ong·e81ed bat (M. septentrionalis) 
occupancy was inversely related to edge. These data describe implications of forest ftagmentation and provide infotmation that 
can be used when integrating forest·management practices into bat conservation. (JOURNAL OF WILDLIFE MANAGEMENT 

70{5):1238-1248; 2006) 

Key words 
acoustic detection, forest fragmentation, Lasiurus borealis, Missouri Ozarks, Myotis septentrionalis, Myotis sodalis, 
occupancy, Pipistrellus subflavus. ' 

The continued decline of several bat species associated with 
forests underscores the need for increased understanding of 
habitat relationships for North American bats (Fenton 
1997, O'Shea eta!. 2003, Menzel eta!. 2005a). Miller eta!. 
(2003) noted the paucity of research on forest-dwelling bats, 
with particular gaps in studies conducted in the midwestern 
United States. As with many other species, habitat 
suitability for bats may be influenced by various factors at 
multiple spatial scales (Balcom and Yahner 1996, Grindal 
and Brigham 1999, Hagan and Meehan 2002). These 
factors and scales may be particularly important for bats 
because of differences between roosting and foraging 
requirements (Mager and Nelson 2001, Menzel et a!. 
2005a). At smaller stand scales, basal area and size 
distribution of trees and snags (Crampton and Barclay 
1998, Waldien et a!. 2000, Aguirre et a!. 2003), solar 
exposure (Callahan et a!. 1997, Lacki and Schwierjohann 
2001), and stand openness (Thomas 1988, Ford eta!. 2005) 
have been found to influence bat presence. Supporting this, 
Aldridge and Rautenbauch (1987) and Norberg and Rayner 
(1987) described morphological differences in echolocation 
call structure and wing form that may influence species 
response to forest structure characteristics. In addition, the 
presence of water has been cited as being of great 
importance as a habitat resource for bat species, particularly 
for gray (Myotis grimcens) and Indiana bats (M soda/is; 
Menzel et al. 2001, Johnson 2002, Ford eta!. 2005, Menzel 
et a!. 2005b). 

Fewer studies have investigated habitat characteristics of 
bats at larger landscape scales. Krusic eta!. (1996) discussed 
the importance of a matrix of different land cover types to 
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fulfill all of the habitat requirements of bats. Gorresen and 
Willig (2004) found that bat diversity in a tropical forest was 
greatest in a landscape of diverse cover types. Example 
landscape characteristics that iqfluence bat species distribu­
tion include extent of fragmentation, patch size, and 
presence of edge habitat (Grindal and Brigham 1999, Law 
et a!. 1999, Estrada and Coates-Estrada 2002). 

Current shifts in land use and land ownership patterns 
influence forest structure and composition characteristics at 
both the local site and landscape scale (Sampson and 
DeCoster 2000). Shifts in ownership patterns of the 
Midwest may indicate increased fragmentation due to 
development and greater number of forest-management 
units (Gobster et a!. 2000), and parcelization affects age 
structure and arrangement of forest landscapes (Ko 2005). 
In Southeastern Missouri 82% of the forested area is held by 
nonindustrial private landowners (Moser eta!. 2003). With 
increased pressure on forest ecosystems for a variety of 
resources, a critical c01nponent of forest-management 
planning should include an understanding of how changes 
across a forested landscape affect bat distribution. Accord­
ingly, our goal was to determine the influence of forest 
composition, structure, and arrangement at multiple scales 
on the occupancy of bat species across 2 forested watersheds 
in the Ozark Highlands of Missouri, USA. 

Study Area 
We conducted our study within the upper portions of the St. 
Francis and Black River watersheds of southeastern 
Missouri (Fig. 1) during summers of 2002, 2003, and 
2004. These 2 adjacent watersheds encompassed 708,000 ha 
(1.75 million acres) of the central hardwood forest region 
(Braun 1950) within the Ozark Highlands section, which 
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Figure 1. Study area ~nset) in southeastern Missouri, USA, encompassing the watersheds of the St. Francis and Black Rivers. Eco!ogk;al 
subsections of the study area are identffied by shading and designated as OZ9, Current River Hills; OZ 10, St. Francis Knobs and Basins; OZ 13, 
Inner Ozark Border; and OZ 14, Black Rr;er Ozark Border. Squares represert locations of individual23.3·km2 study cells used for bat and habitat 
sampling "' 2002-2004. 

contained 4 different ecological subsections as described by 
Nigh and Schroeder (2002): 1) Current River Hills (OZ 9), 
2) St. Francis Knobs and Basins (OZ 10), 3) Inner O<ark 
Border (OZ 13), and 4) Black River Ozark Border (OZ 14). 
Tltis area was highly topograpltically dissected and geo­
logically heterogeneous with a considerable number of karst 
features. Land cover classification derived &om 30-m X 30-
m-resolution Landsat imagery (1992) as determined by 
Missouri Resource Assessment Partnership (MoRAP) 
revealed a dominance of forested cover (90%), mostly in 
upland deciduous oak (Quercus spp.) forests with a lesser 
proportion in shortleaf pine (Pimtr echinata}-mixed-hard­
wood forests. 

Methods 
Acoustic Detection 
We collected hat echolocation calls using Anabat II bat 
detectors coupled with Zero-Crossing Analysis Interface 
Modules with CF memory card storage (CF ZCAIM; 
Titley Electronics, Ballina, New South Wales, Australia), 
passively sampling each location. To protect detectors &om 
inclement weather, we housed the equipment in plastic 
containers with the microphone aligned with an opening 
leading to a 45° polyvinyl chloride (PVC) elbow directed 
upwards. We placed 2 detector units at each location for om~ 
evening during the 2002 and 2003 field season and 2 
consecutive evenings during the 2004 field season. During 
the 2002 field season, we conducted acoustic sampling from 
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July to tllC first week of September. During the 2003 and 
2004 field seasons, we conducted acoustic sampling &om 
ntid-May to the first week of September. We suspended 
detectors 1 m above the ground and oriented detectors at a 
sample point. to maximize the probability of recording bat 
ca11s and minimize overlap of detection zones between 
detectors (Larson and Hayes 2000, Weller and Zabel2002, 
Duchamp et al. 2006). We calibrated detectors to minimize 
variation in zone of reception among detectors as described 
by Livengood (2003), as this variation can result in unequal 
sampling areas among detector sites and lead to biased 
occupancy rates associated with certain detectors (Hayes 
2000, Larson and Hayes 2000). We rccalibrated detectors 
from one field season to the next to minimize detector 
biases. 

We downloaded the bat echolocation calls that were 
collected, and we analyzed them using Analook software 
(http://users.lmi.net/corben/anabat.htm). We identified 
species based on qualitative and quantitative parameters 
&om known call libraries (C. Corben and M. O'Farrell, 
O'Farrell Biological Consulting, unpublished data) and 
published accounts (Fenton and Bell 1981, O'Farrell et al. 
1999, Livengood 2003, Menzel et al. 2003). We made 
specie..'> determination by using call characteristics such as 
slope, and minimum frequency as calculated by Analook, as 
well as general shape and consistency of minimum frequency 
throughout the call sequence. To minimize error rates, we 
used a strict illter (Britzke 2003) to eliminate call sequences 
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Table 1. Model name, habitat covariate..:;, and range of data values of 
each covariate included in a priori models used to explain bat 
occupancy at the local site scale during 2002-2004 in the St. Francis 
and Black River watersheds, Missouri, USA 

Model name Covariates 

Topography model 1 Aspect 
Topography model 2 Aspect, 

% s.'ope 
Topography model 3 Aspect, 

Relative slope position 
Roosting model 1 BA of live trees 

>30 cmdbh 
Roosting model 2 BA of snags >30 em 

Roosting model 3 

Roosting model 4 
Roosting model 5 

Clutter model1 

Clutter model 2 

Clutter model 3 

. Water Model 1 

dbh 
BA of Jive trees 

>30cm dbh, 
BA of snags >30 em 

dbh, 
Overst01y height 
BA of all s.nags 
BA of shortfeaf pine 

>30cmdbh 
BA of all live trees, 
Canopy cfosure 
SA of aU live trees, 
Underst01y density 

from 1-2m, 
Underst01y density 

from 2-3m 
Understory density 

from 1-2m, 
Understory density 

from 2-3m, 
Overstory height 
Distance to nearest 

water 

Covariate 
value 
range 

o-300' 
D-300" 
()-60)6 

0.160" 
Ho" 
D-23m%a 

0-3m%a 

D-23m%a 

0--3 m21ha 

6-30m 

I<" 
-

2 
3 

3 

2 

2 

4 

D-7m2/ha 2 
D-14m%a 2 

8-45 m2/ha 3 
1-10° 
8-45 m2/ha 3 
D-28" 

D-30" 

D-28" 3 

o-30" 

6-30m 
0.000-5.7 km 2 

a k represents the number of variables incorporated in the model 
with the addition of 1 for the intercept. 

b Relative slope measured as a categorical variable where 1 
represents bottom of the slope and 10 the top of the slope. 

° Canopy closure measured as categorical variable where 1 = ::::;:5% 
canopy closure, 2 = 5-25% canopy closure, 3 = 25-50% canopy 
closure, 4 = 50-75% canopy closure, and 5 = 75-100% canopy 
closure. 

d Understory density consists of 2 measurements each represent· 
ing the number of 10-cm squares obscured more than 50% from a 
total of 30 squares. 

with <5 call pulses as well as call sequences of poor quality, 
and we identified each call sequence twice. If the 2 
identifications of the call sequence differed, we accessed it 
a third time. 

Bats are known to switch frequently among roost trees 
within a defined area (Lewis 1995, Vonhof and Barclay 
1996, Brigham et a!. 1997b, Hutchinson and Lacki 2000, 
Menzel eta!. 2000, Mager and Nelson 2001). Therefore, to 
meet the requirement of a closed population, we divided a 
single evening into 4 equal time periods (2000-2230, 2230-
0100, 0100-0330, and 0330-0600 hours) with each time 
period treated as a sampling visit. If a call was recorded 
during that time period, we considered that species present 
and occupying the site. We defined occupancy as having a 
species present during the time sampled. If no identifiable 
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Table 2. Model name, landscape covariatf'..s, and range of data values 
of each covariate included in a priori models used to explain bat 
occt~pancy at the landscape scale during 2002-2004 in the St. Francis 
and Black River watersheds, Missouri, USA. Landscape metrics were 
derived using Fragstats and all values other than proportional land 
caver are unitless. 

Covariate 
value 

Model name Covariates range I<" 

landtype model 1 Ecological subsection 4 
Land indeX model 1 Patch richness density 827-1861 2 
Land index model 2 Area·weighted shape index 1.18-1.47 2 
Land index model 3 Cootaglco 70-89 2 
Land index model 4 Area-weighted shape Index, 1.18-1.47 3 

Contagion 70-89 
land ro;er model 1 Upland deciduous forest 31-90l6 3 

cover, 
Area-weighted mean 3.4-7.8 

patch area 
land w;er model 2 Non-forested cover, 6-64% 3 

Area-weighted mean 3.4-7.8 
patch area 

land cover model 3 Urban Cover, D-1% 3 
Area-weighted mean 3.4-7.8 

patch area 

a k represents the number of variables incorporated in the model 
with addition of 1 for the intercept. 

call was recorded during a time period, we considered that 
species as not detected. We analyzed the resulting detection 
history with methods discussed in MacKenzie et a!. (2002) 
using the software package PRESENCE to estimate 
proportion of sites occupied (http:/ /www.mbr-pwrc.usgs. 
gov/software.html#surviv). 

Study Area and Sample Point Selection 
Using Global Information System, we superimposed the 2 
watersheds with a grid of cells each 23.3 km2 (9 mile2

) in 
si7.e. We randomly selected 12 cells distributed across the 2 
watersheds as study cells in which to focus our acoustic 
sampling effort. Our study was a portion of a larger project 
accessing the sustainability of central hardwood forests 
incorporating social, economic, and biological dimensions of 
natural resource management (Swihart and Slade 2004). We 
selected these 2 watersheds as representative in both 
landownership patterns and land cover found in the Ozark 
Highlands of Missouri. Therefore, we delineated si7.e of the 
study cell to encompass the needs of multiple research 
projects. To determine placement of sample points within 
each study cell, we used a random point generator in 
Arc View 3.2 under the constraint of being within either 
upland deciduous forest or shortleaf pine-mixed-hardwood 
forest. We categorized forest patches in either of these cover 
types into 1 of 3 size classes: small (0.5-25 ha), medium 
(25-100 ha), and large (>100 ha), for a total of 6 sample­
unit categories. We apportioned sample effort according to 
relative area in each si1..e class-forest cover type combination. 

Model Selection 
We developed a priori models to examine the relationship 
behveen bat specie.' occupancy and site (Table 1) and 
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landscape (Table 2) characteristics based on the literature 
and field observations. We used information theoretic 
methods to determine which of the models within the 
selected set provided the best fit with the fewest parameters 
(i.e., most parsimonious model [Anderson eta!. 2000]). Due 
to the relatively low number of sample points in relation to 
the number of covariatcs used in the models, we used 
Akaike's Information Criteria adjusted for small sample size 
(AIC,) in the model selection process. We considered the 
model with the smallest AIC, value to best fit the data in 
relation to others in the given model set. We tested data for 
each species at each spatial scale to determine if the 
sampling variance exceeded theoretical sampling variance 
using methods described by MacKenzie and Bailey (2004). 
We developed these models for both local site and landscape 
scale from our field observations and from results in related 
literature (Decher and Choate 1995, Vonhof and Barclay 
1996, Carteret a!. 1999, Foster and Kurta 1999, Mager and 
Nelson 2001). 

To incorporate detection probability properly into esti­
mation of occupancy, we compared models influencing 
ability to detect a bat species using AIC, (Hayes 2000, 
Shenvin eta!. 2000, Weller and Zabcl2002, Patriquin eta!. 
2003, Broders et a!. 2004). Covariates for detectability 
included year, time of season a site was sampled as divided 
into 7 2-week time periods (25 May--31 Aug), Julian date, 
understory density, minimum temperature (range 6-25.C), 
maximum temperature (range 17-38°C), and total precip­
itation during the day sampling took place (range 0-3.8 em). 
We obtained weather data from 4 weather stations within 
the bounds of the 2 watersheds from National Climate Data 
Center on the National Oceanic and Atmospheric Admin­
istration website. We used existing literature to develop a 
list of covariates that could be used to explain detectability of 
bat echolocation calls. We did not, however, conclude that 
existing knowledge on the topic was sufficiently compre­
hensive to allow for the creation of a priori models. Using 
the program PRESENCE, we compared the AIC, values of 
each of the detection covariates alone, and we then 
combined the 2 covariates with the highest values to see if 
the combination yielded a model that better fit the data than 
the highest single covariate alone. Once we determined the 
most parsimonious combination of covariates for each 
species, we included this detection probability model as 
part of all occupancy model comparisons for both the local 
site and landscape scales of that species. 

We used AIC, weights (w;) for model selection among a 
priori habitat occupancy models at both spatial scales. We 
used the global model containing all habitat covariates for a 
given scale to test whether a significant difference existed 
between the covariate.-; of the detectability model alone and 
occupancy model with the lowest 'Wj, using likelihood ratio 
test (P < 0.1; Anderson et a!. 2000). Due to high levels of 
model uncertainty, we used model averaging as described by 
Anderson et al. (2000) to increase precision and minimize 
bias of parameter estimates. For model averaging we 
included the model with the highest w;, adding additional 
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models of the next-highest 1.v; until their sum was ;:::::0.95. 
We considered covariates included in models within 2 AIC, 
units of the best model important in describing probability 
of occupancy of a bat species at that spatial scale. 

Forest Structure and Composition 
We determined basal area (BA) of each sample site using a 
10-factor prism and 5 variable-radius plots arrayed around 
the sample site (Avery and Burkhart 2002). At point center, 
we took a single variable-radius plot measurement and at 60 
m in each cardinal direction from the center. We used these 
measures to estimate size and species composition of tree 
species at forest plots. We estimated overstory and under­
story density at each sample point by taking measurements 5 
m from center in each cardinal direction. By observing the 
number of 10 X 10-cm squares obscured on a 3-m X 0.3-m­
tall density cover board from plot center in each cardinal 
direction, we estimated the density of the understory 
(Nudds 1977) from 1-2m and from 2-3 m. We measured 
overstory canopy closure using a 12.5-cm section of S-cm­
diameter PVC pipe and estimating amount of canopy 
closure as viewed through the tube and assigned measure­
ment values into one of 5 categorical classifications. We 
measured distance to water in km from a particular sample 
plot center to the nearest water source designated in land 
cover image. 

Landscape Metrics 
To assess landscape-level habitat metrics, and to avoid the 
abrupt delineation associated with the cell, we digitally 
circumscribed each 23.3-km2 study cell with a 1.6-km (1-
mile) buffer. The buffer incorporated additional area 
surrounding each study cell to ensure that landscape 
cluiracteristics influencing sample locations near the edge 
of the 23.3-km2 cell would be included in the calculation of 
metrics at this scale. We calculated landscape metrics from 
the resulting 64.8-km2 (25-mile2

) area of each study cell, 
using FRAGSTATS 3.3 (MacGarigal eta!. 2002). We used 
area-weighted mean shape index as a measure of the patch 
shape complexity, with increasing values indicating greater 
complexity and amount of edge present in the landscape. 
We used contagion as index of land cover interspersion, 
where a low value indicated high levels of interspersion and, 
thus, indicated higher levels of fragmentation. Patch 
richness density reflected the diversity of patch types within 
a study cell. Area-weighted mean patch size represented a 
measure of the average patch size within a study cell. We 
calculated the proportion of the landscape found in upland 
deciduous forest, nonforested and urban cover types within 
the GIS of each of the study cells. TI1e nonforested coverage 
class incorporated agricultural lands, glades, and grasslands, 
whereas urban and upland-deciduous forest cover types 
remained as defined by MoRAP classification. 

Results 
We detected bat presence at 48% of 316 sites. From bat 
calls, we identified 9 species; 5 of these were present at 
2:10% of the sample points, and we used them for further 
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Table 3. Covariates incorporated into models for detection probability 
of each bat species as determined by lowest value of Aikaike's 
Information Criterion adjusted for small sample size. Th~ indicated 
covariates were used as the nu11 model during model selection process 
for occupancy rates during 2002-2004 in the St. Francis and Black 
River watersheds, Missouri, USA. 

Species 

Eastem plpls~elle 

Red bat 
Northern long-eared bat 
Indiana bat 
Gray bat 

Covariates 

Minimum temperature, 
withln-S<lason time period 

Precipltatio'n , , 
Ye<lr, pr9cipltat00 
Year 
Year 

k" 

8 

2 
4 
3 
3 

a k represents the number of variables incorporated in the model 
with addition of 1 for the Intercept. 

analysis: 1) eastern pipistrelle (Pipistrellus subjlavw; 25% of 
sites), 2) red bat (Lasiurw borealis; 20% of sites), 3) northern 
long-eared bat (Myotis septentrionalis; 19% of sites), 4) gray 
bat (10% of sites), and 5) Indiana bat (11% of sites). 

Detection Probability 
The most parsimonious model for detectability varied 
among species (Table 3). Year during which sampling 
occurred was the most-frequently .included covariate in the 
detectability model with the lowest AIC, weight. Year alone 
was the model with the most support for both the gray bat 
(AIC, = 399.2) and the Indiana hat (AIC, = 469.6). For 
both of these species, detectability was lowest during the 
2002 field season and highest during the 2003 field season. 
Year and precipitation (range = 0-3.75 em) were the 
covariates in the detectability model with the most support 
for northern long-eared bat (AIC, = 684.:3). Detectability 
for the northern long-eared bat was lowest during 2002 and 
highest in 2003, while an inverse relationship existed 
between detectability and precipitation duririg sampling. 
Precipitation alone was the detectability model with lowest 
AIC, value for red bat (AIC, = 795.8) with an inverse 

relationship between delectability and precipitation. The 
detectability model with the most support for eastern 
pipistrelle included minimum temperature (range = 6-
250C) and 2-week period of field season during which 
sampling occurred (AIC, = 894.3). Minimum temperature 
was inversely related to detectability. Detectability varied 
across field season with the sixth 2-week time period having 
the highest and the seventh 2-week period having the lowest 
detectability. 

Local-Site Scale 
None of the a priori models were significantly better than 
tl1e null model at explaining the occupancy of gray bat or 
northern long-eared bat across the 2 watersheds (P > 0.1). 
Among the remaining 3 species, the global model including 
all of the site covariates in addition to the most 
parsimonious sampling covariate model was significantly 
greater than the null model consisting of sampling covariates 
(P < 0.1). 

At the local-site scale, the model with the highest AIC, 
weight for eastern pipist:relle consisted of variables describ­
ing structural complexity of tl1e forest (Table 4). Live BA 
was inversely related to occurrence (odds ratio= 0.95, SE = 
0.05), whereas overstory canopy density was directly related 
to occurrence (odds ratio= 1.08, SE = 0.14) of eastern 
pipistrelle. The second-most-important model included live 
BA and understory density. Understory density from 1-2m 
was directly related (odds ratio= 1.01, SE = 0.02), whereas 
understory density from 2-3 m was inversely related to 
probability of site occupancy (odds ratio= 0.99, SE = 0.01). 
The averaged model output for eastern pipistrelle estimated 
the proportion of sites occupied as 0.31 (SE = 0.032), an 
increase of 0.06. over observed occupancy. 

Red bat occurrence at a site was best explained by the same 
covariate model as eastern pipistrelle (Table 4), with an 
inverse relationship witl1 live BA (odds ratio= 0.97, SE = 

0.03) and a direct relationship with overstory canopy density 

Table 4. All a priori local-site habitat characteristic models for 3 species of forest-dwelling bats in the Ozark Highlands of Missouri, USA Covariate 
componentsa of each model listed with the number of parameters (k), Aikaike's Information Criterion adjusted for sma11 sample size {AICc), d~<>tance 
from the most parsimonious model {MICe) and AICc weight {w;). Lower AICc and AAICc and greater W; represent models with more substantial 
support. 

Eastern pij>is1rell9 Red bat Indiana bat 

Model k AIC0 MICe w, k Ale. AAIC0 Wt k AIC0 AAIC0 · w, 

Null 9 912.9 5.08 0.03 3 795.8 4.43 0.04 4 469.6 5.71 0.03 
Topography model1 10 911:8 3.95 0.06 4 796.2 4.80 0.03 5 471.7 7.77 0.01 
Topography model 2 11 913.9 6.10 0.02 5 792.2 0.81 0.24 6 473.4 9.53 0.005 
Topography model3 11 913.8 6.02 0.02 5 798.2 6.86 O.D1 6 471.6 7.68 0.01 
Roosting rnodel1 10 914.7 6.93 0.01 4 796.0 4.64 0.04 5 470.0 6.05 0.03 
Roosting model 2 10 910.5 2.68 0.11 4 795.0 3.65 0.06 5 463.9 0 0.54 
Roosting model 3 12 914.4 6.58 0.02 6 797.0 5.60 0.02 7 468.1 . 2.14 0.18 
Roosting model 4 10 913.1 5.35 0.03 4 797.9 6.45 O.D1 5 458.7 4.80 0.05. 
Roosting model 5 10 910.1 2.28 0.13 4 797.0 5.63 0.02 5 471.8 7.76 0.01 
Clutter model 1 11 907.8 0 0.41 5 791.4 0 0.35 6 469.4 5.50 0.03 
Clutter model 2 12 909.7 1.88 0.16 6 796.6 5.26 0.03 7 468.9 4.99 0.04 
Clutter model 3 12 917.6 9.75 0.003 6 797.2 5.81 0.02 7 469.7 5.79 0.03 
Water Model 10 914.53 6.73 0.01 4 797.8 6.42 O.D1 5 470.0. 6.1 0.03 
Global 21 920.3 12.45 0.001 15 793.6 2.20 0.12 16 475.6 11.68 0.002 

a Specffic covariates for each model are described in Table 1. 
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Table 5. AJl a priori landscape habitat characteristic models for 3 species of forest·dwel!ing bats in the Ozark Highlands of Missouri, USA. Covariate 
componentsa of each model listed with the number of parameters (k), Aikaike's Information Criterion adjusted for small sampl.e size (AICc), distance 
from the most parsimonious model (AA!Cc) and AICc weight (W;). Lower AICc and AAICc and greater wi represent models with more substantial 
support. 

Red bat Northern long-eared bat Indiana bat 

Model k A ICe MICe w, k 

Null 3 795.8 4.71 0.03 5 
Land index model 1 4 793.7 2.64. 0.10 6 
Land index model 2 4 796.4 5.35 0.03 6 
Land index model 3 4 797.7 6.57 0,01 6 
Land index model 4 5 798.5 7.37 0,01 7 
Land type model1 6 791.9 0.93 0.24 8 
Land cover model 1 5 792.4 1.31 0.19 7 
Land cover model 2 5 798.5 7.42 0,01 7 
Land cover model 3 5 797.2 6.08 0.02 7 
Global 13 791.1 0 0.36 16 

a Specific covariates for each model are described In Table 2. 

(odds ratio= 1.32, SE =0.32). The model with next-highest 
AlC, weight included aspect (odds ratio= 0.91, SE = 0.16) 
and percent slope (odds ratio= 0.99, SE = 0.02). Probability 
of red bats occurring at a site decreased as the aspect 
deviated from south and decreased with steeper slopes. 
Estimated proportion of sites occupied from averaged model 
was 0.24 (SE = 0.028), an increase of 0.04 over observed 
occupancy. 

The greatest weighted model for Indiana bat occurrence at 
the local-site scale involved BA of snags > 30-cm diameter 
at breast height (dbh; Table 4). There was a direct 
relationship between the number of large-diameter snags 
(odds ratio = 2.06, SE = 0.51) and occurrence of Indiana 
bats. No other model was within 2 AIC, units of this model. 
Using model averaging, the proportion of sites occupied was 
estimated to be 0.18 (SE = 0.032), an increase of 0.07 over 
observed occupancy. 

Landscape Scale 
None of the a priori models were significandy better than the 
null model at explaining the occupancy of gray bats and 
eastern pipistrelle across the 2 watersheds (P > 0.1). There 
was a significant difference between the global model and the 
null model for the red bat, northern long-eared bat, and 
Indiana bat (P < 0.1). 

At the landscape scale the model with the greatest support 
for red bat was the global model containing all landscape 
covariates (Table 5). The model with the second-highest 
AlC, weight incorporated ecological subsection. The red bat 
was most likely to be found in St. Francis Knobs and Basins 
ecological subsection (odds ratio= 6.8, SE = 2.52) and least 
likely to be found in the Black River 07.ark Border 
subsection (odds ratio = 0.93, SE = 0.79). A model 
consisting of proportion of the landscape in upland­
deciduous forest cover type (odds ratio= 2.85, SE = 4.20) 
and average patch size (odds ratio= 1.50, SE = 0.58) was 
also within 2 AIC, units. Estimated proportion of sites 
occupied from model averaging was 0.24 (SE = 0.029), an 
increase of 0.04 over the observed occupancy. 

Northern long-cared bat occupancy was best explained by 

v .... ,...., ""..l LJ, ,_:!,,.. .. C.-.~""+ C'+~ m+• ''"' Cy,.,,.....,..,.,~f.-.1-l.-.. ... ,.,,...~ 0.-.l r..-..~ ........... ~, 

AICe MICe w, k AICe .AAICe w, 

684.3. 7.09 0.02 4 469.6 8.90 0,01 
693.4 6.23 0.03 5 470.6 9.84 0,01 
677.2 0 0.57 5 468.1 7.38 0.02 
682.8 5.62 0.03 5 468.4 7.65 0.02 
679.0 1.82 0.23 6 469.1 8.42 0,01 
682.1 4.89 0.05 7 468.4 7.64 0.02 
687.6 10.38. 0.003 6 469.1 8.37 0,01 
693.3 6.13 0.03 6 460.7 0 0.82 
686.8 9.65 . 0.004 6 470.2 9.46 0.01 
682.6 5.46 O.Ql 14 465.7 4.98 0,07 

area-weighted shape index (odds ratio = 0. 91, SE = 0.07) 
where probability of northern long-eared bat occupancy 
decreased as average patch shape increased in complexity 
(Table 5). The second-most supported model included area­
weighted shape index and contagion (odds ratio=0.97, SE= 
0.08). Although decreasing with shape complexity, northern 
long-eared bat occupancy increased with greater intersper­
sion of patch types. Estimated proportion of sites occupied 
using model averaging was 0.31 (SE =0.043), an increase of 
0.12 over the observed occupancy rate. 

The best model for the Indiana bat included area­
weighted mean patch size and the proportion of landscape 
in nonforested cover types (Table 5). There was a direct 
relationship between both area-weighted mean patch size 
(odds ratio= 1.64, SE = 0.27) and proportion of landscape 
in nonforested cover type (odds ratio= 217.75, SE = 2.50) 
and the probability of Indiana bat occupancy at a sample 
point. There was no other model within 2 AIC, units of this 
model. The average proportion of sites occupied by Indiana 
bat as estimated through model averaging was 0.16 (SE = 
0.002), an increase of 0.05 over the observed occupancy rate. 

Discussion 
Species occupancy rates were influenced by characteristics at 
both the local site and landscape scales in the St. Francis and 
Black River watersheds during this study. Significant trends 
were found for red bats and Indiana bats at both the local 
site and landscape scales. Only models including variables 
measured at the local-site scale influenced the occupancy 
rates of eastern pipistrelle, while landscape mctrics more 
appropriately explained the occupancy of northern long­
eared bats. None of the variables measured at either scale 
adequately explained the occupancy of gray bats. 

Detection Probability 
While not directly influencing occupancy, the ability to 
detect species may drastically influence perceived occupancy 
as data from this study indicate. It is important, therefore, to 
highlight the environmental factors influencing the acoustic 
detection of species in forested areas. The probability of 
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detecting a given species is generally <1 (MacKenzie et a!. 
2002, Gu and Swihart 2004), and this is particularly true of 
bats (Hayes 2000, Sherwin et al. 2000, Patriquin et al. 2003, 
Duchamp et al. 2006). We used methods described by 
MacKenzie et al. (2002) to incorporate estimates of 
detection probability into occupancy estimates. Gu and 
Swihart (2004) suggested that some variables are interpreted 
as affecting occupancy when they may actually be influenc­
ing detection, leading to .inappropriate conclusions. With 
this in mind, we included year as a dctectability covariate 
rather than a covariate estimating occupancy. 

Detection probabilities for the gray bat, the Indiana bat, 
and the northern long-eared bat were lowest in 2002. While 
annual shifts in population size may alter site occupancy 
among species with high reproductive potential, bats are 
long-lived and have low reproductive rates with noncyclic 
population patterns (Kunz and Racey 1998, Kunz and 
Fenton 2003). Small changes in population density may 
affect detectability of a species in a landscape, while not 
influencing occupancy (Royle and Nichols 2003). Shifts in 
general weather conditions among years may also influence 
levels of bat activity. Erickson and West (2002) found that 
bat detections in the Pacific Northwest were highest in areas 
with low precipitation and high temperatures. Shifts in 
overall weather patterns among years may have had a similar 
impact on the activity levels of bats during our study. 
Additionally, experience in placement of detectors gained 
during the 2002 field season may have led to increased 
detectability during 2003 and 2004. Weller and Zabel 
(2002) highlighted the impact of positioning of detectors on 
detectability of bats during acoustic surveys. Our use of 2 
detectors at each sample location on each evening may 
compensate in part for inadequate placement for presence 
data; however, having 2 detectors did not eliminate the 
problems with detection from inappropriate placement. 

Precipitation influenced the probability of detection for 
both the northern long-eared bat and the red bat. 
Precipitation can influence both activity levels of bat species 
and the attenuation of echolocation calls (Hayes 2000, 
Erickson and West 2002). Increased humidity following 
rainfall may negatively affect echolocation call detection 
distance, resulting in a decrease in the probability that a hat 
would fly through the zone of reception (Griffin 1971, 
Livengood 2003). 

Eastern pipistrellc detection was most influenced by 
minimum air temperature and 2-week time period during 
the field season. Changes in detectability across field season 
could represent shifts in foraging activity caused by changing 
energy requirements during birth and rearing of pups (Racey 
and Swift 1985, Barclay 1989). Increases in foraging activity 
and more frequent returns to roosting location increase the 
probability of detection for lactating bats (Clark eta!. 2002). 
The lowest probability of detection occurred during the 
fourth 2-week time period (7-20 Jul) and coincided with the 
onset of juvenile volancy (Whitaker 1998). Immediately 
after 20 July, an increase in detection probability occurred 
for 4 weeks until a decrease in the final 2-week time period. 
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Increases in act:tvtty likely correspond with increasing 
temperature, a trend noted by Erickson and West (2002). 

There were no significant models at either scale describing 
gray bat occupancy, even though calls were identified at 10% 
of the study sites. While variables included in models at 
both scales are appropriate for describing habitat for forest­
dwelling bats, the gray bat is a cave-obligate species, using 
caves as both winter and summer roost sites (Decher and 
Choate 1995). A dependence on cave habitat may supersede 
other forest habitat characteristics in determining its 
distribution across the landscape. Although including cave 
locations could provide improved modeling information 
these data were not available. Open water or large rivers 
represent dominant foraging areas for gray bats (LaVa! et al. 
1977, Johnson 2002); hence, the time this species spends in 
the forest would be minimized, thereby explaining the lack 
of correlation between species presence and measured 
habitat characteristics we observed. 

Local-Site Scale 
The most parsimonious occupancy models at tills scale for 
eastern pipistrelle and red bat included total BA as a 
covariate. Increases in live BA corresponded with decreases 
in the occupancy rate of these 2 bat species. Tile red bat is a 
foliage-roosting species, preferring clumps of leaves at the 
end of branches of deciduous trees as day roosts (Shump and 
Shump 1982, Hutchinson and Lacki 2000, Schwartz and 
Schwartz 2001). Eastern pipistrelles are known to roost in 
anthropogenic structures (Fujita and Kunz 1984, Whitaker 
1998, Schwartz and Schwartz 2001); however, Veilleux et al. 
(2003) found eastern pipistrelles roosting in foliage of 
deciduous trees in Indiana, and others have reported eastern 
pipistrelles roosting in cavities (Carteret al. 1999, Kurta et 
a!. 1999). Carter and Menzel (2006) further discuss the 
importance of foliage roost sites for eastern pipistrelle bats. 
Upland deciduous tree species (e.g., oak and hickory [ Carya 
spp.]) dominated the 2 watersheds in our study, providing 
abundant roost sites across the landscape for foliage­
roosting species (Lewis 1995). 

Elmore et a!. (2004) found that stand-level characteristics 
were more important tl1an individual tree characteristics in 
explaining roost location for the red bat. Contrary to our 
findings, Hutchinson and Lacki (2000) found significantly 
lower BA surrounding red bat roost sites. The covariate of 
live BA includes all siu classes and therefore could represent 
an increase in structural complexity within the stand a 
potential impediment for navigation (Crome and Richards 
1988, Erikson and West 1996, Brigham eta!. 1997a). 

Although red bats are known to forage along forest edges, 
above canopies, and in forest openings, Mager and Nelson 
(2001) found that selected roosts were larger in diameter 
than randomly selected trees and suggested tl>at tl1e thicker 
canopies of such trees provided greater concealment from 
predators or protection from wind (Menzel et a!. 2003, 
Elmore et al. 2004). Similarly, Menzel et al. (2000) found 
red bats roosting in areas with relatively dense overstory 
canopies. 

The model with the second-highest AIC, weight for 
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eastern pipistrelle included live BA and measures of 
understory density. Probability of occupancy for eastern 
pipistrelle was directly related to density at 1-2 m and 
inversely related to density at 2-3 m. Increased density of 
vegetation from 2-3 m represented a greater amount of 
shrubs and midstory vegetation in the forest, creating 
additional obstacles during commutes from roosting sites to 
foraging areas. Meanwhile, increases in vegetation density 
from 1-2 m represented greater density of lower shrubs, 
which may indicate a less dense midstory and greater light 
levels reaching the forest floor. 'I'his pattern represents 
additional evidence that changes in structural complexity 
beneath the forest canopy impact the occupancy of a site by 
eastern pipistrellc. 

Aspect and slope were components of the model with the 
second-highest AIC, weight for the red bat and the 
probability of occupancy decreased with deviance from 
south. This trend may be linked to thermoregulation needs 
during diurnal roosting periods since less solar exposure 
might compromise the increased energy requirements of 
lactating females and developing young (Crampton and 
Barclay 1998). Hutchinson and Lacki (2000) noted that red 
bats prefer upland habitats rather than bottomland habitats 
an4 attributed this habitat preference to increased solar 
radiation. Probability of red bat occupancy decreased as 
percent slope increased. 

The most parsimonious model for the Indiana bat 
indicated a direct relation between the probability of 
occupancy and BA oflarge-diametcr snags. Previous studies 
have indicated the use of large-diameter trees and snags by 
Indiana bats as roosting sites for maternity colonies 
(Callahan et al. 1997, Foster and Kurta 1999, Britzke et 
al. 2003, Carter and Feldhamer 2005). Larger snags can 
contain larger cavities and areas of loose bark, providing 
greater-capacity roosts for sheltering numerous hats. This 
increase in numbers ofindividuals in a roost provides greater 
thermoregulatory benefits for pup-rearing females in 
maternity colonies through concentrating of body heat. 
Other benefits may include possible information transfer 
among individuals within the same roost about quality 
foraging areas (Wilkinson 1992). 

Surprisingly, the local-site model consisting of distance to 
water was ranked low for all species. Water is a dominant 
foraging habitat for several bat species (Krusic et al. 1996, 
Men7.el et al. 2001, 2003, 2005b, Johnson 2002). This 
model was not included in any of the averaged models at the 
local-site scale, possibly attributed to the coarse scale at 
which we measured water. Owing to the ephemeral nature 
of many stream systems in the Ozark Highlands region 
(Nigh and Schroeder 2002), the land cover classification of 
water we used included only permanent water sources in the 
landscape easily visible from satellite imagery, and represents 
an under-representation of aquatic or riparian habitat. 

Landscape Level 
The global model including all covariates included in 
landscape models had the greatest amount of support for 
red bat, indicating that no one model was able to adequately 
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predict occupancy of this species. Similarly, Elmore et aL 
(2004) failed to find distinguishing landscape characteristics 
influencing red bat roost selection, attributing this to the 
ubiquitous nature of foliage roost sites. Ecological sub­
section had the next-largest support for prediction of red hat 
occupancy. Additional investigation is necessary to further 
determine differences among these 4 subsections of the 
Ozark highlands. A third relevant model included a direct 
relationship with proportion of upland deciduous forest and 
an inverse relationship with mean patch size. Increase in 
upland deciduous forest type in the landscape would 
represent an increase in roosting habitat (Hutchinson and 
Lacki 2000). 

The most parsimonious model for the northern long-eared 
bat indicated an inverse relation between occupancy and 
shape index. Higher values of shape index indicate a greater 
amount of edge in the landscape and can result in less core 
area of forest. Northern long-eared bats are associated with 
forested areas, roosting in snags and trees (Sasse and Pekins 
1996, Waldien et al. 2000, Menzel et al. 2002), and foraging 
beneath the forest canopy (LaVal et al. 1977, Schwartz and 
Schwartz 2001, Owen et al. 2003, Ford et al. 2005). Our 
findings agree with studies that suggest this species requires 
contiguous tracts of forest cover (Lacki and Schwierjohann 
2001, Owen et al. 2003). The model with the next-highest 
AIC, weight for describing northern long-eared hat 
occupancy again inferred an inverse relationship with shape 
index, but it additionally suggests an inverse relationship 
with levels of contagion in the landscape. As cover type 
interspersion became greater, the probability of occupancy 
increased; therefore, it appears that fragmentation has no 
obvious negative influence on northefn long-eared bats at 
levels found in these 2 watersheds. It should be noted that in 
the landscapes studied, the interspersion represents parcel­
ization of different forest types rather than fragmentation by 
nonforested cover type. 

Indiana hat occupancy at the landscape scale was directly 
related with the proportion of landscape in nonforested land 
cover type. Many studies have shown that Indiana bats roost 
and forage in forested and forest riparian areas (La Val et al. 
1977, Callal>an et al. 1997, Ford et al. 2005, Menzel et al. 
2005a), suggesting that increased proportion of nonforested 
area in the landscape should decrease the habitat occupancy 
of an area. Menzel et al. (2005a) tracked foraging Indiana 
bats and found that they avoided open areas, preferring 
bottomland forests and linear landscapes; however, the 
landscape in that study consisted of only 33% forested land 
cover, compared to 90% in our study. Miller (1996) found 
no significant difference in Indiana bat presence between 
forest- and nonforest-dominated landscapes in northern 
Missouri; however, Sparks et al. (2005) found that while 
Indiana bats foraged in forested areas more than expected by 
availability, they did spend nearly 50% of the time foraging 
over agricultural land cover types. Our results suggest that in 
a southern Missouri landscape dominated by forest cover, 
nonforest areas may provide landscape heterogeneity ful-
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filling some habitat requirement not provided in a fully 
forested landscape. 

Caveats 
Although acoustic data may provide insight into trends in 
bat activity, caution should be taken when using result<; to 
develop management plans. Inability to distinguish among 
individuals and sexes within species as well as variability in 
detectability can lead to limited interpretation of species 
data collected acoustically. Difficulty in separating certain 
groups, such as Myotis, must be acknowledged and efforts 
made to avoid errors in classification of recorded calls. One 
method of minimizing errors drawn from misidentified call 
sequences is to combine similar species into groups or clades. 
We chose not to combine since it may result in the 
homogenization of habitat characteristics among and 
between bat species. While acoustic detection methods 
indicate the presence of bats, these methods provide little 
insight into how bats arc using the site, a primary concern 
when developing management plans. Using recent metl10ds 
incorporating detection probability addresses some of the 
limitations associated with acoustic sampling. Results from 
this study demonstrate the need to further investigate 
habitat relationships for bats in the Missouri Ozark region. 

Management Implications 
Several species of bats are endangered or of special concern, 
making it important to include hat habitat considerations 
when developing management plans. The St. Francis and 
Black River watersheds are dominated by contiguous forest 
cover, yet even within a landscape with little fragmentation, 
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Abstract 
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Introduction 
The estimated population of the small, insectivorous 
Indiana bat (Myotis soda/is) totaled approximately 
350,000 following a census conducted in 1995-97. This 
represents a decrease in population of nearly 400,000 
since the 1960's (USDI Fish and Wild!. Serv. 1996). 
Officially listed as an endangered species in 1967, M. 
soda/is has seen its population continue to decline 
despite efforts to protect its winter habitat. As a result, 
scientists are studying how forest management 
techniques affect the summer habitat and foraging areas 
of the Indiana bat. 

The Indiana bat closely resembles other Myotis species, 
all of which have brown pelage and a nondescript 
appearance. M. soda/is commonly are mistaken for the 
little brown myotis (Myotis luci}itgus), but is differentiated 
from other myotid bats within its range by the presence 
of short toe hairs (not extending beyond knuckle), a 
small foot (9 mm ), and a keeled calcar. The pelage is 
generally dull and pinkish-brown dorsally. Length 
measurements of the Indiana bat throughout its area of 
distribution produced the following ranges (in mm): 
total length, 70.8 to 90.6, tail, 27 to 43.8, hind foot, 7.2 
to 8.6, forearm, 36 to 40.4. Measurements of weight 
ranged from 5 to 11 g (Whitaker and Hamilton 1998). 

The distribution of this species is generally associated 
with limestone caves in the Eastem United States. The 
northern extent of the range extends southward from 
New England to the panhandle of Florida (excluding the 
Atlantic Coast). The western margins of the range 
in dude the Ozark Plateau of Missouri, Arkansas, and 
Oklahoma. M. soda/is roost in tree• during the summer 
and hibernates in caves and mine• during the winter. 
Most of the Indiana bat population occupies only nine 
winter hibernacula located in Indiana, Kentucky, and 
Missouri (USDI Fish and Wild!. Serv. 1996). 

We conducted an extensive review of the literature on 
the natural history of the Indiana bat, particularly those 
aspects that might be influenced by forest management. 
We particularly sought infonnation on hibernacula 
selection, tree roosts in spring, summer, and fall, and 
use of foraging habitat in summer and during fall 
swarm. Infonnation on hibernacula, roosting, and 
foraging is summari7.ed in Tables 1-3 in the Appendix. 

Indiana Bat Hibernacula 

Distribution of Caves 

Since 1960, most (85+ percent) Indiana bats have used 
nine Priority I hibemacula caves/mines in Indiana 
(n~3), Kentucky (tz~3), and Missouri (n~3) (Hall1962; 
Humphrey 1978; Richter et al. 1978; USDI Fish and 
Wild!. Serv. 1996). Priority I hibernacula contain at least 
30,000 bats (USDI Fish and Wild!. Serv. 1996). The 

remaining IS percent of Indiana bats have been or 
currently are distributed among 50+ Priority II and III 
hibernacula in the aforementioned states and Alabama, 
Arkansas, Connecticut, Georgia, Illinois, Iowa, 
Massachusetts, Michigan, New Jersey, New York, Ohio, 
Oklahoma, Pennsylvania, Tennessee. Virginia, West 
Virginia, and Wiscmisin (Humphrey 1978; Dunn and 
Hall1989; USDI Fish and Wild!. Serv. 1996). Priority II 
and III caves contain 500 to 30,000 and fewer than 500 
hibemating bats, respectively. The small number of 
Priority I hibernacula means that fewer, peripheral 
hibemacula have significant importance in the 
protection of Indiana bats (Gates et al. 1984; Hobson 
and Holland 1995). Most hibemacula are found west of 
the Appalachian Mountains (though some are found in 
the Ridge and Valley and the southern Blue Ridge 
provinces) and are centered on the lower Ohio River 
Valley area of sou them Indiana, eastern and central 
Kentucky, and the eastem Ozark Plateau region in 
Missouri. Hall ( 1962) hypothesized that this 
distribution is related to both cave suitabilityfavailability 
and proximity to major river courses that are used for 
annual migration. Most Indiana bats return to the same 
cave or localized cave duster each fall (Griffin 1940; 
Hall1962; LaVal and LaVal1980). 

Cave Characteristics 

Because the number of Indiana bat hibernacula is 
limited relative to other species (Raesly and Gates 
1986), the physical and microclimatic characteristics of 
the !mown hibemacula are well documented (Hall 
1962; Myers 1964; Henshaw 1965; Henshaw and Folk 
1966; Barbour and Davis 1969; LaVal et al. 1976; LaVal 
and I.aVal 1980; Clawson 1984; Harvey and McDaniel 
1986; Bracket al. 1984; Raesly and Gates 1986; Saugey 
et al. 1990; USDI Fish and Wild!. Serv. 1999; Tuttle and 
Kennedy 1999). Variables that influence the suitability 
of caves for hibernacula include size of cave entrance. 
size and configuration of cavem room and passageway, 
ceiling structure. airflow, temperature. fluctuation in 
seasonal temperatures, humidity, previous occupancy by 
Indiana bats, and occupancy by other species (Hall 
1962; Raesly and Gates 1986). 

Occupied hibernacula have noticeable airflow (Henshaw 
1965). Tuttle and Kennedy (1999) hypothesized that 
Indiana bats prefer hibernacula with the lowest 
nonfreezing temperatures possible. Core range (Indiana, 
Kentucky, and Missouri), midwinter cave temperature• 
of 2 o to 5o C have been reported for Indiana bat duster 
sites (Hall 1962; Henshaw 1965; Henshaw and f-olk 
1966; Thomson 1982). However, Barbour and Davis 
(1969) and Humphrey (1978) found hibemacula 
temperatures ranging from -1.6° to IrCaaoss the 
entire wintering season and hibemating range Using 
continually recording data loggers, Tuttle and Kennedy 
(1999) recorded an overwinter range of -8.3° to 13.1 oc 
from IS important hibernacula in Kentucky (4), Illinois 



(1), Indiana (5), Missouri (3), Tennessee (1), and 
Virginia (1 ). A retrospective analysis of temperature and 
population trend for some of these caves revealed 
population increases in four of six caves where 
ovenvinter temperatures ranged from 3 o to 7.2 oc and 
population declines in all four cavesfmines where 
ovenvinter temperatures exceeded 8.1 oc or were less 
than ooc (Tuttle and Kennedy 1999). Hibernacula 
temperatures in Arkansas and Oklahoma and in 
Maryland, Virginia, and West Virginia typically are 
wanner (7° to 10°C) than caves in other portions of the 
range (Harvey and McDaniel1986; Raesly and Gates 
1987; Saugey et al. 1990). Wanner temperatures may 
increase metabolic rates in Indiana bats and cause 
premature fat depletion during the hibernation period 
(Richter et al. 1993). Stable mid,vinter temperatures of 
1 o to 10°C may represent a thermal threshold for 
hibernacula occupancy by M. soda/is (Clawson 1984). 

Relative humidity ranged from 70 to nearly 100 percent 
in most hibernacula surveyed (Hall1962; LaVal et al. 
1976; Humphrey 1978; Thttle and Kennedy 1999). 
Large caves, such as those in the Mammoth Cave and 
nearby systems in Kentucky, generally are too dry for the 
Indiana bat (Hall1962). Raesly and Gates (1986) 
quantitatively compared hibernacula microhabitat and 
microclimate variables for Indiana bats, eastern 
pipistrelles (Pipistrel/us subflavus), little brown myotis, 
northem long·eared myotis (M. septentrionalis), and big 
brown bats (Eptesicus fusws). Relative to cave conditions 
chosen by other bat species, Indiana bats occupied open 
cave ceiling areas where the ambient air temperature and 
cave wall temperature were lowest, relative humidity was 
highest, and airflow was greatest Because Indiana bats 
cluster in large groups in most hibernacula, intraspecific 
spacing was lowest among all species surveyed. M. 
soda lis clusters can reach densities of 3,000 perm' 
(Barbour and Davis 1969). Raesly and Gates (1986) also 
compared microhabitat and microclimate variables 
between occupied (11 = 8) and unoccupied (11 = 42) caves 
and mines. They found that Indiana bat hibernacula 
tended to have larger openings (9.7 vs. 2.8 m') and cave 
passages (858.8 vs. 131.6 m), and higher ceilings (13.2 
vs. 6.3 m) than wwccupied sites. 

Hibernation Chronology and Ecology 

Indiana bats arrive at hibernacula or hibernacula areas 
( < 5 lm1 radius of hibernacula) from mid-August to 
October (Kiser and Elliot 1996) and November (Hall 
1962; Humphrey 1978). Copulation occurs during this 
time (LaVal and LaVal1980), though ovulation, 
fertilization, and implantation do not occur until 
females have left hibernacula in the spring (Thomson 
1982). Intense foraging and subsequent fat deposition 
critical for the wintering period occur after arrival at 
hibernacula and prior to cessation of aboveground 
activity in October for females and November for males 
(Humphrey 1978; Kiser and Elliot 1996). 

0 

In late summer and fall, Indiana bats swarm or gather in 
large numbers near cave entrances. The reason for this 
swarming behavior is not completely understood, but is 
possibly related to mating behavior. Early researchers 
mistakenly believed that sex ratios were skewed toward 
males because their netting efforts occurred in the late 
swarm after most females had entered hibernacula for 
the winter season (Hall1962). lntercave movements 
may occur from the latter portion of the swarm to the 
early portion of the hibernation period. Consequently, 
population estimation using banding and mark­
recapture techniques is unreliable if focused solely on 
single caves 'vi thin this period (Clawson and Sheriff 
1982). 

Arrival weights of bats at the hibemacula range from 6 
to 10 g (Hall1962; Kiser and Elliot 1996). During the 
early swarm, M. soda/is roost in the warmer portions of 
the hibernacula and forage nightly to build fat reserves 
(Hassel 1967; Kiser and Elliot 1996). Prior to 
hibernation, females reach a maximum mass of 8.9 g vs. 
8.0 g for males (LaVal and LaVal 1980). Fecal analysis of 
netted Indiana bats revealed that prehibernation diets 
were dominated by Lepidoptera (28.5 to 34 percent), 
Coleoptera (15.9 to 40.2 percent), Homoptera ( 4.5 to 
15.3 percent), and Diptera (14.8 to 28.2 percent). 

Exposure to and accumulation of environmental 
contaminants could occur during the prehibernation 
period of intense foraging and rapid fat deposition 
(Reidinger 1972). Contaminants were directly 
implicated in some local extirpations and are suspected 
as a factor in the decline of insectivorous bat species in 
North America (Clark 1981 ). Body burdens of 
organochlorine insecticides (now banned for 
agricultural use in the United States) in insectivorous 
bats were higher in modified agricultural landscapes 
than in 'vild or seminaturallandscapes (Reidinger 
1976). Clark and Prouty (1976) found lower pesticide 
burdens in eastem pipistrelles, northern long-eared 
myotis, and big brown bats near known M. soda/is 
hibernacula sites in forested areas of West Virginia where 
industrial facilities and agricultural land were largely 
absent. McFarland (1998) reported that Indiana bats in 
northern Missouri were routinely exposed to agricultural 
pesticides. Little brown myotis and northem long-eared 
myotis collected in northern Missouri in 1996 contained 
residues of eight historically applied organochlorine 
insecticides and two synthetic pyrethroids. Further, 
depressed brain acetylcholinesterase levels in these bats 
showed evidence of exposure to organophosphate and/ 
or carbamate insecticides (McFarland 1998). Little is 
known about Indiana bat-pesticide relationships (USDI 
Fish and Wild!. Serv. 1996). 

During the prehibernation swarming period in the 
mountainous and heavily forested Cumberland 
Escarpment and Cliff section of easten1 Kentucky, Kiser 
and Elliot (1996) used radiotelemetry to determine that 



Indiana bats foraged more on upper slopes and xeric 
ridgelines with second-growth chesmut oak (Quercus 
prinus)-pine (Pinus spp.) and oak-hickory (Cmya spp.) 
forests than in riparian areas or moist slope-cove forests. 
LaVal et al. (1977) and Brad< (1983) reported that 
chemiluminescent light-tagged Indiana bats foraged 
over oak-hickory forested hillsides and ridgetops in 
Missouri and upland habitats in Indiana, respectively, 
during the early swarm, prehibernation period. Kiser 
and Elliot (1996) hypothesized that cooler autumn 
temperatures (and subsequent cold-air drainage in 
locations with hilly or mountainous relief) limit insect 
abundance and activity in riparian areas and sheltered 
cove forests, whereas upper slopes and ridgelines have 
more favorable "warm" exposures. The maximum size of 
Indiana bat foraging areas during October, including the 
cave site, was 318 ha in 1994 and 194 ha in 1995; travel 
distances from the cave site were ,; 2.5 Jan (Kiser and 
Elliot 1996). 

Indiana bats periodically use tree roosts during the fall 
swarm. In eastern Kentucky, these roosts were located 
predominately in medium-size hardwood snags (mean 
diameter breast height [ d.b.h] of 27.0 an) within small 
forest openings or canopy gaps (Kiser and Elliot 1996). 
On the Fern ow Experimental f'Orest in West Virginia, 
Indiana bats chose similar-size tree roosts (mean d.b.h. 
of 33.1 an) in the early swann period. However, 80 
percent of the roosts were in live trees rather than snags 
(Thomas Schuler, Northeastern Research Station, 
unpubl. data). Neither study quantitatively measured 
use versus availability of tree roosts. 

The relationship between hibemacula of M. soda/is and 
landscape features is poorly understood (USD l Fish and 
Wild!. Serv. 1996). Raesly and Gates (1986) found that 
hibernacula occupied by Indiana bats in Maryland, 
Virginia, and West Virginia (n = 8) tended to have more 
surrounding forest cover and less area in cultivated fields 
within a radius of I km than unoccupied caves and 
mines (n = 42). However, the authors cautioned that 
more meaningful habitat analyses during the swarm 
period must include measures of insect abundance and 
availability. 

Kiser and Elliot (I996) suggested that all snags within 
2.5 Jan of hibernacula be retained and encouraged snag 
creation through girdling and reforestation of 
abandoned pastures and reclaimed surface mines with 
native hardwood tree spedes. Clawson (I984) reported 
that deforestation around hibernacula has decreased 
available foraging habitat throughout the Indiana bat's 
range during prehibemation. 

Wintering 

The inactive hibernation period for Indiana bats is 
approximately I90 days (October to April for females, 
November to May for males) depending on the 
hibernacula (Hall I962). Indiana bats form large 

dusters in cooler hibernacula or cooler portions within 
hibernacula and smaller, more transient dusters in 
warmer hibernacula (Hall 1962; Thomson 1982). 
Indiana bats are trne hibernators (Guthrie I933; 
Thomson 1982); though, they arouse every 8 to IO days 
(Hardin and Hassell I970). M. soda/is that use low 
roosts in Great Scott Cave in Missouri moved 
throughout winter to areas within the cave with more 
optimal temperatures (Tuttle and Kennedy I999). 

Arousal following disturbance (e.g., by spelunkers, 
scientists, predators) can be detrimental, and may be 
one of the greatest threats toM. soda/is (Hall I962; 
Myers I964; LaVal et al. I976; Humphrey 1978; LaVal 
and LaVal1980; Bracket al. 1984; Clawson 1984). Mild 
sound and light stimuli can initiate arousal (Humphrey 
I978), as can a drop in cave humidity below 85 percent 
(Tuttle and Kennedy 1999). Sudden arousal is 
accompanied by excessive agitation, movement and in­
cave flight that can expend 20 to 30 days of stored 
energy reserves (Daan I973). Sudden arousal events can 
accelerated fat depletion, result in premature emergence 
from hibernacula, and lower body condition and 
survival in spring (Clawson 1984; Tuttle and Kennedy 
1999). Even in the absence of disturbance, weight loss 
in early winter is rapid. Bats lose 0.016 gfday, slowing to 
0.008 gfday by mid- to late winter (Hall 1962). 

Indiana bats are particularly vulnerable to vandalism 
during hibemation (Dunn and Hall1989) as many 
instances of wanton destruction of bat colonies have 
been documented (Hall 1962; Myers 1964; LaVal et al. 
1976; Humphrey 1978; LaVal and LaVal I980; Bracket 
al. 1984; Clawson 1984). Potential or historic 
hibernacula that regularly are disturbed will not support 
wintering M. soda/is. In most instances, recolonization 
following cave protection has not occurred (Harvey and 
McDaniel I 986). Entry by humans into Indiana bat 
hibernacula should be prohibited from September 
through May (Humphrey 1978; LaVal and LaVal1980; 
Clawson I984; USDI Fish and Wild!. Serv. I996). 

Improperly designed cave gates that alter cave airflow 
regimes (particularly trapping warm air) reduce and in 
some instances make hibemacula m1suitable (Tuttle 
1977; Humphrey 1978; Rirnter et al. I993; Tuttle and 
Kennedy I999). Tuttle and Kennedy (I999) suggested 
restoring airflow or improving temperature regimes in 
1.5 Indiana bat hibemacula by removing entrance 
obstructions, building cold-air dams, or installing 
ventilation shafts. Cave-spedfic recommendations are 
dependent on cave characteristics and the extent of 
anthropogenic alteration. 

Numerous instances of intra- and inter-hibernacula 
movements by Indiana bats have been documented 
(Myers 1964; Hardin and Hassell 1970; Fenton and 
Morris 1976). Although most movement were attributed 
to cave disturbance by humans (Myers 1964; LaVal and 
LaVal1980), M. soda/is will move within caves during 
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hibernation to roost sites where microdimatic 
conditions are better (Tuttle and Kennedy 1999). 
Generally, midwinter movements are limited to intra­
hibernacula sallies in colonies that are minimally 
disturbed; colonies subjected to frequent or intense 
human disturbance will shift hibernacula (Myers 1964). 
Hall (1962) believed that Indiana bats wintering in 
Coach Cave, Kentucky, engaged in midwinter feeding 
during warm weather based on the presence of fresh 
fecal discharge of chitin. 

Indiana bats in hibernacula also are vulnerable to 
natural disturbances. Local catastrophes can have 
tremendous conservation implications because of the 
limited number ofhibemacula (Hall1962). Midwinter 
flooding of caves can cause significant mortality by 
drowning trapped bats or inducing energy-expensive 
arousal (Cope and Ward 1965). Hibernating M. soda/is 
can freeze to death in caves that trap and hold cold air 
during periods of unseasonably frigid temperatures 
(Humphrey 1978; Richter et al. 1993). Ceiling collapses, 
which have killed Indiana bats and blocked passageways 
in mine sites (Hall1962; Humphrey 1978), can occur in 
caves and mines (USDI Fish and Wild!. Serv. 1996). 

Emergence 

Indiana bats emerge from hibernacula from mid-April 
through May (Hobson and Holland 1995). Females 
typically leave caves before males (Humphrey 1978; 
LaVal and LaVal1980); they are not visibly pregnant at 
emergence (LaVal and LaVal1980). The chronology and 
patterns of female movements to maternity areas are 
unknown. Smaller caves in the hibernacula area may 
serve as "spring movement" roosts for Indiana bats 
following initial emergence (Myers 1964). Hobson and 
Holland (1995) tracked a single radio-marked male 
Indiana bat for 2 weel<S following mid-May hibemacula 
emergence in westem Virginia. The bat traveled 16 ion 
from the hibernaculum to forage over a 625-ha patch of 
mature, second-growth, oak-hickory forest with a 
hemlock (7Suga canadensis) riparian component. Diurnal 
roosting during this period occurred in a mature 
shagbark hickory (C. ovata) with other male Indiana 
bats. Additional identification of postemergence 
foraging and roosting habitat may be required for 
meaningful efforts designed to protect Indiana bats 
(Hobson and Holland 1995). 

Research Questions and Needs 

There are several important research questions related to 
Indiana bat hibemacula that remain to be addressed: 

,, 

1. What landscape-scale characteristics and 
biological factors are ecologically important to 
Indiana bats with respect to hibernacula? Since all 
Priority I and II, and most Priority III, hibernacula 

sites probably are known, an attempt should be 
made to distinguish landscape and land-use 
features for hibemacula where M. soda/is is 
increasing, stable, or declining. The effects of forest 
management directly around hibernacula on the 
microclimate and suitability of the minesjcaves 
should be identified. Researchers should use 
remote-sensing and GIS technologies with data 
from Indiana, Kentucky, and Missouri to examine 
the relationship of forest cover, type, and structure/ 
age to population trends of hibemacula. Because 
only three radiotelemetry studies have addressed 
pre- and posthibemation habitat and roost 
selection, a geographically expanded program using 
radiotelemetry should be undertaken for a more 
complete understanding of Indiana bat foraging 
and roost selection. If bats rely on this period to 
accumulate overwinter energy stores, this aspect of 
the biology of M. soda/is may prove the most crucial 
to conservation efforts. Concomitant efforts are 
needed to more dearly identity Indiana bat food 
habits during prehibemation and postemergence 
across its entire range. The relation between insect 
abundance and availability and M. soda/is 
population densities and trends among hibemacula 
also should be explored. 

2. What is the continued vulnerability of Indiana 
bats to pesticide exposure during the 
prehibernation swann and postemergence? 
Considering the proximity of large agricultural 
landscapes to most Priority I hibernacula, is there a 
continued and measurable bioaccumulation of 
organochlorines? What other unknown 
environmental contaminant burdens do Indiana 
bats currently face, e.g., organophosphate 
insecticides and heavy metals? Could 
environmental contaminants that singularly occur 
at hannless tissue concentrations act in synergistic 
fashion to cause Indiana bat mortality or to lower 
overall fitneSs and survival? What role does 
insecticide use play in decreasing insect abundance 
and M. soda/is foraging efficiency during the 
prehibernation swarm or postemergence? 

3. Should wintering colonies of Indiana bats be 
considered in the context of genetically or 
evolutionarily significant management unit• 
because of the extreme philopatry they show 
toward an individual hibernaculum, and because 
breeding occurs upon hibernacula arrival during 
the swarm? Accordingly, natural recolonization al1d 
use of historical but abandm1ed hibernacnla 
following restoration and protection may not ocatr 
or at a rate too slow to overcome population 
declines. How can recolonil'.ation of historical 
hibernacula by Indiana bats be encouraged or 
enhanced via active management? 



Spring, Summer, 
and Fall Roosting Habitat 

General Roosting Ecology 

Female Indiana bats form small matemity colonies 
(usually <100) under exfoliating bark during the 
summer months (Whitaker and Hamilton 1998). A 
single young is born in early summer (Mumford and 
Calvert 1960). Maternity colonies usually are composed 
only of females and young (Humphrey et al1977) with 
the males roosting separately (Hall 1962). Young 
usually are volant by early to mid-July (Humphrey et al. 
1977). Maternity roosts most commonly are located in 
bottomland or riparian areas (Gardner et al. 1991b; 
Callahan et al. 1997). However, matemity roosts 
occasionally have been found in other areas, e.g., 
pastures and upland hardwoods (Kurta et al. 1993a; 
Whital<er and Hamilton 1998). Male summer roosts can 
be found in a variety oflocations. In Illinois, bachelor 
colonies of 1,000 to 1,500 were located in an 
abandoned mine. Other roosts of males have been 
found under exfoliating bark (Gardner et al. 1991 b). 

Indiana bat roosts used during spring, summer, and 
autumn can be placed into one of two categories: 
primary or alternate (Callahan et al. 1997). Primary 
roosts are trees that are used by more than 30 bats on 
more than one occasion. Alternate roosts are used by 
fewer individuals. Both roost types are essential to meet 
the maternity requirements of M. soda/is. Although a 30-
bat threshold may not be applicable to all colonies 
( espedally to those 'vith fewer than 30 bat~), the 
concept of primary and alternate roosts is used 
throughout this section. 

Tree Species Used/Preferred 

One of the earliest reported maternity roosts of the 
Indiana bat was a primary roost in a bitternut hickory 
(C. cordifonnis) snag and an alternate roost in a live 
shagbark hickory (C. ovata; Humphrey et al. 1977). 
Roosts in living trees are most commonly fom1d in 
shagbark hickory (Gardner et al. 1991 b; Callallan et al. 
1997). Indiana bats roost in snags of many tree spedes, 
including red (Acer ntbmm ), silver (A, saccharir,um ), and 
sugar (A. sacclrantm) maple, bitternut, shagbark, and 
pignut (C. glabra) hickory, cottonwood (Populus 
deltoides), white (Fraximts americana), black (F. nigra), 
and green (F. pennsylvanica) ash, American sycamore 
(Piatmws occidentalis), white (Q. alba), scarlet (Q. 
coccinea ), shingle ( Q. imbricaria ), north em red ( Q. 
mbra ), and post ( Q. stellata) oak, eastern hemlock (1Suga 
canadensis), sassafras (Sassafras albidum), and American 
(U. americana) and slippery (Ulmus ntbra) elm (Brack 
1983; Gardner et al. 1991 b; King 1992; Kurta et al. 
1993a; Caryl and Kurta 1996; Kurta et al. 1996; Salyers 
et al. 1996; Callahan et al. 1997). In Kentucky, Indiana 
bats may roost in Virginia pine (P. virginiana) and 
shortleafpine (P. echinata) and females also may use 

sourwood (Oxydendum arborewn) in autumn and early 
spring (Kiser and Elliott 1996; MacGregor et al. 1999). 

Some biologists consider the previously mentioned tree 
species as 'acceptable" (Gardner et al. 1991 b; Rom meet 
al. 1995). However, new tree species frequently are 
added to this list (MacGregor et al. 1999), so it may be 
premature to consider the list as definitive. Except for 
Kurta et al. ( 1996), all reports of roost-tree preference 
are observational. Statistical designs were not used to 
test preference, though Kurta et al. demonstrated that 
Indiana bats prefer green ash to silver maple. Silver 
maple also was documented as a roost tree in other 
studies (Gardner et al. 1991b; Callahan et al. 1997). 

The use of snags by Indiana bats may be influenced by 
bark characteristics. Because virtually all maternity 
roosts are found under exfoliating bark, the 
characteristics of a spedes as a snag may be more 
important than the tree spedes on which the bark is 
present (Romme et al. 1995). 

Indiana bats also use artificial roost structures. In central 
Indiana, Salyers et al. (1996) found two male M. soda/is 
roosting in a bat box. Using radiotelemetry, they tracked 
one bat to other bat boxes and a cedar shake garland. 
Butchkoski and Hassinger (2001) found a maternity 
colony roosting in the attic of a church in Pennsylvania. 
Wilhide et al. (1999) found a male Indiana bat roosting 
under the metal brackets of a utility pole top in the 
Ozark National Forest in Arkansas, and Mumford and 
Cope (1958) made two references toM. soda/is maleS 
roosting under bridges in Indiana. 

Tree Condition 

Although, some altemate roosts occur in living trees 
(primarily shagbark hickory), most Indiana bat~ roost in 
dead or dying trees. One of the two roost trees reported 
by Humphrey et al. (1977) was a live shagbark hickory. 
About 10 percent of the roost trees from lllinois 
reported by Gardneret al. (1991b) and 28 percent of the 
trees reported by Callahan et al. (1997) were classified 
as live. Uve and dead trees may differ in protection from 
rain and solar radiation provided by their canopy as 
rates of heat loss (Humphrey et al. 1977; Gamer et al. 
1991b; Callahan et al. 1997). 

Structural Characteristics of Roost Trees 

Few maternity colonies have been located in tree 
cavities. Most primary maternity roosts are situated 
under exfoliating bark. The ability of a tree species to 
produce exfoliating bark probably influences Indiana 
bat use (Callahan et al. 1997; Homme et al. 1995). Both 
Kurta et al. (1996) and Callahan et al. (1997) found 
that the quantitative amount of loose, peeling bark did 
not differ between roost trees used and random snag 
samples not used. These studies did not address the 
qualitative features of exfoliating bark. 
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Most maternity roosts are found in large trees. The 
average diameter for all roosts described by Gardner et 
a!. (1991b) was 36.7 (range: 8 to 83 em); thefour roosts 
with the largest numbers of bats averaged 40 em d.b.h. 
Primary roost trees described by Callahan eta!. {1997) 
averaged 58.4 ± 4.5 em d.b.h. Alternate roosts averaged 
53.0 ± 4.1 em d.b.h. Kurta eta!. {1996) found that the 
average diameter of Indiana bat tree roosts (0 = 40.9 ± 
1.2 an; range: 30 to 52 em) were significantly less 
variable than the average diameter. of random trees (0 = 
33.4 ± 1.4 an; range: 11 to 70 em). 

The results of studies examining roost tree size effect on 
selectivity are conflicting (Kurta eta!. 1996; Callahan et 
a!. 1997). Gardner eta!. (1991b) arbitrarily concluded 
from 48 roost trees that dead trees at least 22 em d.b.h 
provided essential M. soda lis roosting habitat, but their 
desi1,mation of appropriate spedes was limited to tree 
spedes that they documented. Additionally, Indiana bats 
sometimes roost in snags smaller than 22 em d.b.h and 
in spedes not found in Gardner et al:s (1991b) list. The 
spring and autumn roosts of male Indiana bats do not 
differ greatly in size from those used during summer. 
Autumn and spring roosts reported from westem 
Virginia and Kentucky ranged from 8.4 to 86.6 em d.b.h, 
with a mean of 31 an (Hobson and Holland 1995; Kiser 
and Elliott 1996; MacGregor eta!. 1999). 

Solar Exposure and Spatial Relation 
to Neighboring Trees 

Most primary roosts are well exposed to extensive solar 
radiation. However, some alternate roosts are 
completely shaded while others are totally exposed. 
Indiana bats may pick matemity roosts with high solar 
exposure to increase the roost temperature, which might 
decrease the time of fetal development and juvenile 
growth (Callahan et al. 1997). However, because males 
are not associated with matemity colonies and the need 
for high roosting temperatures (Callahan et al. 1997), 
they may seek cooler roosts to conserve energy. 

Gardner eta!. {199Ib) reported that most Indiana bat 
roosts in Illinois were beneath the forest canopy. 
However, canopy closure was estimated using multiple 
readings with a spherical densiometer taken near tree 
bases. These readings would most accurately reflect 
canopy closure of the forest where the roost was located 
rather than solar exposure of the roost. Callahan et a!. 
{1997) considered roosts as open (exposed to solar 
radiation) or interior (less than 50 percent canopy 
cover) and found all primary roosts in open snags. Live 
interior roost trees averaged 70 percent canopy closure 
and were more open on the western aspect than random 
live trees. Interior snags used as roost~ averaged 60 
percent canopy closure and were more open on all 
aspects than random interior snags. MacGregor et al. 
{1999) reported that canopy closure ranged from 20 to 
93 percent for male Indiana bat roosts (0 = 80 percent). 
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However, MacGregor eta!. (1999) noted that there is no 
effective method for measuring the canopy closure 
(solar exposure) at the actual roost. And tools such as 
the spherical densiometer, fish eye photography, and 
competition indexes used to assess canopy closure can 
yield different results (Cook eta!. 1995; Comeau eta!. 
1998). 

Different methodologies might explain discrepancies 
among studies of primary roosts and solar exposure. 
Reports of solar exposure for alternate roosts range from 
complete shade to total exposure. Altemate roosts are 
used when conditions in the primary roost are 
suboptimal (Callahan eta!. 1997). Because conditions 
that make roost sites temporarily uninhabitable can vary 
(e.g., extreme high or low temperatures, precipitation), 
the structural characteristics of alternate roosts also vary. 

In addition to canopy cover, roost height also affects the 
degree of solar exposure. The average height of closed­
canopy roost trees used as primary maternity roosts in 
Illinois was 7.8 m (Gardner eta!. 1991b ). The average 
height of alternate roosts used by females was 6.4 m in 
areas under a forest canopy, 5.2 min areas with a 
"patchy' forest canopy, and 2. 7 m in trees in the open. 
Although not compared statistically, this trend shows 
that females tended to roost higher in the canopy in 
dosed-canopy forests. 

Roost heights may vary with canopy cover so that bats 
can to maintain a relatively constant level of solar 
exposure. Callahan et al. {1997) reported that 45 
percent of maternity roosts in Missouri were in open 
areas and that more Indiana bats used open-area than 
dosed-canopy roosts. The maternity colony in Midtigan 
roosted in snags in the middle of a flooded pasture 
turned wetland (Kurta eta!. 1996). All snags were 
unshaded and the mean roost height was 9.9 m (± 0.9; 
range: 1.4 to I 8 m ). 

Male Indiana bats exhibit different habit~ with regard to 
roosting height and solar exposure. Gardner eta!. 
{1991b) found that the average roost height used by 
males was 4.2 m (4.9 min dosed canopy and 3m in 
"patchy" canopy). They also reported only one male 
roost from an open canopy at a height of 4 m. A male 
Indiana bat tracked in western Virginia by Hobson and 
Holland (1995) roosted at a height exceeding 8 m each 
night for 19 consecutive nights. 

Canopy Cover of Stands 

The canopy cover in stands used by Indiana bats is 
described inadequately, though stand characteristics can 
be inferred from Gardner eta!. {199Ib), Kurta eta!. 
{1996), and Callahan eta!. {1997). Methods used by 
Gardner eta!. to measure canopy closure best describe 
closure at the stand level. Of 48 roosts that they found 
in forested habitats, 32 were in dosed-canopy forests, 12 



were in intermediate forests, and 4 were in open-canopy 
forests. All roosts reported by Kurta et al. (1996) were 
from a 5-ha flooded wetland where all trees were dead 
or dying. This wetland had an open canopy. The 
American sycamore roost reported by Kurta et al. 
(1993a) was unshaded indicating reduced canopy 
closure. In Missouri, Callahan et al. (1997) calculated 
the canopy closure of random trees located within the 
stand as an indication of stand canopy closure. Forest 
canopy closure averaged nearly 70 percent for all non­
used trees. 

Spatial Relationship of Roost 
to Water Sources and Foraging Areas 

The proximity of Indiana bat roosts to water sources and 
foraging areas has not been well studied. 'I\vo roost trees 
reported by Humphrey et al. (I 997) in Indiana were 
located less than 200 m from the creek that M. soda lis 
used for foraging. A roost tree described by Brack (1983) 
was on the bank of the Blue River in Indiana. Also in 
Indiana, Kurta et al. (1993a) reported a hollow 
sycamore roost that was 28m from a dry intennittent 
stream and 2 km from the nearest perennial stream. 
Roost trees described by Kurta et al. (1996) were located 
within a 5-ha Michigan wetland inundated with as 
much as 1 m of water. The bats left this area each night 
to feed in the surrounding landscape that was composed 
of agricultural lands (pasture and com), woodlots, and 
an extensive riparian strip of woods. All colonies 
reported by Callahan et al. (1997) were located near a 
streatn or river. 

Gardner et al. (1991 b) reported distances from roosts to 
foraging areas in Illinois as great as 3,200 m (post­
lactating female), with approximately equal distances 
for pregnant and lactating bats (1,000 m). juveniles and 
adult males traveled about half the distance of females 
as their roosts were closer to streams thar1 any other 
habitat feature measured. The mean distance between all 
Indiana bat roost trees tracked to the nearest 
intermittent stream was 124m. In western Virginia, a 
single adult male Indiana bat repeatedly traveled 1 km 
from its roost site to foraging areas that included a 
stream and a road (Hobson and Holland 1995). 

Spatial Relationship to Other Roost Trees 

There is considerable variation in the distances that 
Indiana bats travel between roost trees within a colony. 
In Indiana, Humphrey et al. (1977) reported that two 
roost trees they observed were approximately 30 m 
apart. In Illinois, Gardner et al. (1991b) collected one of 
the largest data sets to date of M. soda lis roost trees, but 
did not associate roosts with particular colonies or 
report distances among roost trees that were used by 
each Indiana bat. In Michigan, Kurta et al. (1996) found 
that the average distance between roosts used by a single 
Indiana bat colony was 38.7 ± 7.1 m (range 1 to 147 

m). In Missouri, Callahan et al. ( 1997) did not report 
the distance between roosts but provided the diameter 
of a circle that would encompass all roosts used by a 
single maternity colony. The smallest and largest "colony 
areas• had diameters of 1.6 and 3 km, respectively. In 
Kentucky, MacGregor eta!. (1999) reported that 
distances between autumn roosts of males ranged from 
48 m to 2,688 m encompassing areas from 0.4 to 568 ha. 

Density of Potential Roost Trees 

There is little infonnation on densities of potential tree 
roosts for Indiana bat maternity colonies primarily 
because there is no universally accepted definition of a 
potential roost. Gardner et al. (1991b) listed the optimal 
number of roost trees as 64 per ha for upland habitat 
and 41 per ha for floodplains. Rather than describing a 
quantitative method for obtaining these data, their 
numbers were derived from a snag density survey ( d.b.h. 
> 22 an) of acceptable species within the study area. 
Bark characteristics and decay classes were not reported. 
As part of a mitigation project, Salyers et al. (1996) 
reported a potential roost density of 15 treesfha, which 
was raised to 30.4 roost sitesfha after instillation of 
artificial roost structures. 

In Missouri, Callahan et al. (1997) reported the largest 
distances between roosts of a single maternity colony. 
Although all roosts were not discovered, the highest 
density was 0.25 roost treefha. In a 5-ha Michigar1 
wetland, Kurta et al. (1996) found that Indiana bat~ 
roosted in 23 different trees at a density of 4.6 ha. They 
reported that there were 66 available roost trees in the 
wetland (13.2 potential roost treesfha), an unusually 
high snag density. 

Due to feature~ such as species, size, and bark 
characteristics, not all snags mal<e acceptable Indiana bat 
roosts (Gardner et al. 1991b; Kurta eta!. 1996; Callahan 
et al. 1997). These features vary from area to area with 
no predictable pattern (Kurta et al. 1996; Callahan et al. 
1997). As a result, a variety of snag types must be 
maintained to maximi7£ the chance that snags with 
suitable structural characteristics for Indiana bats will be 
present. Additional information is needed to define 
what constitutes suitable Indiana bat roost. 

The number of roost trees needed by an Indiana bat 
colony is unknown and probably varies by colony size 
and roost availability. Roost use also can change in 
response to unpredictable climatic conditions. Roost 
attrition precludes managers from being able to set aside 
a minimum number of potential roosts. Also, the 
unpredictable nature of natural roost destruction 
hinders managers in predicting the longevity of current 
roost trees, and the time needed for a tree to become 
"suitable• for Indiana bats is unknown and probably 
varies by tree species and location. 

'7 



Stand Composition 

'lbere are no quantitative descriptions of stand 
composition for forests surrounding Indiana bat roosts. 
However, all studies provide descriptions of the study 
areas. Based on most descriptions, the stands 
surrounding roosts do not differ substantially in 
composition from the list of species used as roosts (see 
Tree Species Used/Preferred). Kuna et al. {1996) 
commented that, although there were 99 green ash, 34 
silver maple, and 9 American elm trees in their study 
area, only green ash trees were used as roosts. However, 
Indiana bat roosts have been found in both silver maple 
and American elm in other studies (Gardner et al. 
199lb). Tree species reponed in study areas that have 
not been used as roosts by Indiana bats include box 
elder (A. negundo), black walnut UuglaiiS nigra), and 
willow (Salix sp.). Funher study is needed to elucidate 
how tree species composition at the landscape scale 
affects roost site selection by Indiana bats. 

Stand Struc!Ure 

The stand structure surrounding Indiana bat maternity 
colonies have not been described quantitatively, though 
there have been comparisons with roost trees to 
randomly located potential roost• within a stand. In 
Michigan, Kuna et al. (1996) found that roost trees 
within in the stand were larger ( d.b.h.) and less variable 
in diameter than randomly located potential roost 
snags. However, Callahan et al. (1997) found that roost­
tree characteristics such as d. b. h. or bark cover did not 
differ statistically from potential roosts within a stand in 
Missouri. 

Roost trees occur in many habitat types with different 
stand structures. Gardner et al. {1991 b) found roosts in 
grazed uplands (n = 26), nongrazed uplands (11 = 9), 
nongrazed floodplains (11 = 8), a dearcut (11 = 1 ), a 
hoglot (n = 1), and a pasture (11 = 1). Kuna et al. 
( 1993a) also reponed a roost tree from the middle of a 
heavily grazed pasture. Recent research has documented 
matemity colony use in a green-tree reseiVoir and along 
swamp edges in southern Illinois where tree mortality 
was substantial due to from flooding of the Mississippi 
River during 1993 and 1995 (f. C. Caner, unpubl. data). 

MacGregor et al. {1999) reponed that two-age 
shelterwood haiVests on the Daniel Boone National 
Forest in Kentucky can produce different amounts of 
autumn roosting habitat for Indiana bats depending on 
the haiVests' snag retention. Their guidelines called for 
retention of all snags, hollow trees, live trees with large 
dead limbs, and shagbark hickories. These guidelines 
produced stands with IS times the roost trees retained 
with conventionally managed two-age shelterwoods (5 
snagsfha). Roost sites were also found in burned areas 
managed for the red-cockaded woodpecker (Picoides 
borealis). 
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Although this information is anecdotal, it suggests that 
Indiana bats may be more tolerant of limited 
disturbance of the roosting area. Practices such as even­
age and uneven-age management can be used provided 
they include provisions for snag retention and favor 
oaks and shagbark hickories (Callahan et al. 1997). Still, 
there is little quantitative information on the effect of 
timber management practices on roost selection by 
Indiana bats. 

Forest Type and Topography 

Indiana bat roosts have been commonly found among 
mixed mesophytic hardwood and mixed hardwood-pine 
habitat types. Humphrey at al. {1977) and Brack 
(1983), located roosts in riparian habitats in Indiana. In 
Illinois, Gardner et al. (199Ib) found 37 roost in 
uplands and 11 roosts in bottomlands. All roosts located 
by Kuna et al. {1996) were in a Michigan wetland 
habitat. In Missouri, Callahan et al. {1997) located 
roosts in riparian and upland habitats. In eastern 
Kentucky, MacGregor et al. {1999) reponed that male 
Indiana bats roosted in pine-dominated forests during 
the autumn. 

Size of Area Surrounding Roosts 

The area used by Indiana bats surrounding their roosts 
varies among colonies. However, it is not always known 
where colony members forage and whether or not all 
colony roosts were discovered. Indiana bats tracked by 
Kuna et al. (1996) traveled outside their immediate 
roosting area to forage, but the exact location or .extent 
was not known (Allen Kuna, Eastern Michigan 
University, pers. commun.). Humphrey et al. {1977) 
observed that bats traveled from their roosts to a nearby 
stream where they foraged along a 0.81-km section. 
Indiana bats have been obseiVed foraging among and 
adjacent to roosts, and in areas disjunct from roosts. 

Landscape Structure 

Gardner et al. {199Ib) made the only attempt to 
document composition oflandscape habitat. Within the 
study area, 65 percent was cropland or old fields, 2 
percent other agriculture, 33 percent forested (30 
percent upland and 2.2 percent floodplain), and 0.1 
percent impounded water habitat. At a larger scale, 
Illinois was 63 percent agricultural, 1.6 percent urban, 
33 percent forested, 6.4 percent forested wetlands, and 
1.3 percent impounded water. '!be impact afforest 
fragmentation on roost availability of Indiana bats at the 
landscape scale is unknown. 

We are not aware of studies that have examined the 
effect oflandscape-Ievel disturbance regimes (e.g., fire, 
timber haiVest) on availability of Indiana bat roosts. As 
suggested by the Indiana Bat Recovery Plan (USDI Fish 
and Wild!. SeiV. 1996), the effect of availability of stands 
with "suitable" roosting habitat must be examined. 



Romme eta!. (1995) used previously published data to 
develop a Habitat Suitability Index model for Indiana 
bats that asses habitat quality across the landscape. We 
are not aware of studies that have applied or validated 
the HSimodel. 

Research Questions and Needs 

1. Further study of the Indiana bat's summer 
roosting habitat is needed as the mechanisms 
influencing roost selection remain unknown. We 
know that Indiana bat colonies use multiple trees 
to meet maternity requirements, but we do not 
!mow what resources each of these roosts provides 
or how resources change under different 
conditions. Also needed are studies of the factors 
that affect Indiana bat roosting behavior. 

2. Research is needed on the effects of forest 
management on Indiana bat roosting ecology. It is 
not known how different management practices 
affect the quantity and quality of roosting structure 
and roosting habitat. 

3. No studies have examined the reproductive 
output of an Indiana bat colony. This information 
is crucial to understand the species' capacity to 
recover from its current decline. Bats have relatively 
low reproductive outputs (Findley 1993). Without 
an understanding of Indiana bat reproduction, the 
period needed for this species to rebound from 
past disturbances cannot be assessed accurately. 
Claims of short-term declines or increases in 
populations (local or species wide) require an 
understanding of recruitment. 

4. The relationships between stand structure and 
Indiana bat reproduction should be evaluated. 
Little or no work has investigated the impacts of 
timber harvests on maternity colonies. However, 
anecdotal evidence suggests that M. soda/is may 
benefit from limited disturbance around potential 
roosting areas. Limited disturbance can create 
potential roost trees and open the canopy around 
potential roost trees (Gardner eta!. 1991 b; Kurta et 
a!. 1993a). It is important that such research 
evaluates how these practices affect both colony 
behavior and individual fitness. Disturbances from 
forest management that change behavior but do 
not adversely affect fitness may be benign. 

Foraging Habitat 

Species Composition/Vegetational 
Community Type 

Indiana bats often forage in riparian areas (Humphrey et 
a!. 1977; LaVal and LaVal 1980; Kessler et a!. 1981; Brack 
1983), woodlots (Mumford and Cope 1958), and 
upland forests (Easterla and Watkins 1969; I.aVal eta!. 

1977; LaVal and LaVal1980; Brack 1983).1n 
summarizing past captures of Indiana bats, Mumford 
and Whital<er (1982) noted that some individuals had 
been collected (shot) when foraging around the crowns 
of oak and hickory trees. Brady (1983) observed in east­
central Indiana that in riparian areas where four M. 
soda/is maternity colonie.• were located, 90 percent of the 
tree species were (in frequency of occurence) boxelder, 
silver maple, ash, sycamore, snags, sugarberry (Celtis 
occidenta/is ), American elm, willow, cottonwood, black 
walnut, honey locust (Gieditsia triacanthos), Ohio 
buckeye (Aesculus glabra), and slippery elm. Brack 
(1983) noted that at net sites where Indiana bats were 
captured, oaks or hickories (or both) dominated. 

In Missouri, LaVal eta!. (1977) observed 69 Indiana 
bats to which Cylalume Chemical Lightsticks 
(chemoluminescent tags) had been attached. The bats 
foraged under the forest canopy in dense wooded areas 
along ridges and hilltops. Their observations supported 
previous reports that Indiana bats primarily forage 2 to 
30m above the ground (Humphrey eta!. 1977). Their 
results also indicated that Indiana bats forage in a 
greater diversity of habitat types, including uplands, 
than reported by Humphrey eta!. (1977). LaVal eta!. 
(1977) rarely observed Indiana bats foraging directly 
over water and suggested that low capture rates over 
streams experienced by Humphrey eta!. supported these 
observations. However, the latter noted that low capture 
rates over water probably were related to the ability of 
Indiana bats to avoid nets rather than to the absence of 
bats along stream corridors. A study by Gardner eta!. 
(1989) supported this hypothe.•is. 

Brack (1983) observed chemoluminescent-tagged 
Indiana bats foraging in riparian areas, upland forests, 
and over a pond, a pasture, and an old field in Indiana. 
Most foraging occurred along habitat edges. Foraging 
occurred above, below, and around tree canopies in 
forested habitats, along the forest/stream edge in 
riparian areas, and along the edge of pastures and old 
fields. 

Clark eta!. (1987) captured Indiana bats in mist nets 
along narrow, disturbed riparian srrips, wooded 
floodplaiils, and upland forests. Nearly 43 percent of 
Indiana bats (11 = 12) were netted during nine nights of 
sampling at a highly disturbed, fragmented riparian 
strip. Cooling degree- days in May, heating degree-days 
in June, June maximwn temperature, and Tune 
minimum temperature best predicted the presence of 
Indiana bats. These and other climatic factors may serve 
as environmental covariates when testing the 
significance of vegetation structure and vegetational 
community type on the presence of M. soda/is. 

Bowles (1981) used mist-net surveys to document 
Indiana bat occurrence at four sites in Iowa. He captured 
reproductively active females at sites that varied greatly 
in structure and vegetational composition. These 
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included highly disturbed, narrow ( < 15 m) riparian 
habitats containing young trees ( < 15 m tall and < 40 
an d.b.h.), mature riparian areas, and mature upland 
forests. Bowles suggested that Indiana bats are at least 
somewhat opportunistic in selecting summer foraging 
habitat. 

Hobson and Holland {1995) used triangulation 
techniques, direct observation, and the receiver's 
attenuator to delineate foraging areas of radio-tagged 
bats. The 625-ha foraging area used by one male Indiana 
bat was an 80-year-old oak-hickory, mixed dedduous 
forest with a conifer component. The bat foraged in an 
elliptical pattern at canopy height. The authors did not 
indicate how many foraging locations were used to 
delineate the foraging area, how many points were 
obtained using triangulation or direct observation, or 
the degree of error associated with the radiotelemetry. 

LaVal and LaVal {1980) captured Indiana bats along 
narrow riparian strips and in forest patches adjacent to 
streams in eastern Missouri. If riparian forests were the 
preferred foraging habitat for Indiana bats, then their 
summer foraging habitat was reduced greatly. However, 
if one uses the metric "one colony/km suitable riparian 
habitat and 12 colonies/county, • the available habitat 
was not fully utilized. 

Examination of fecal pellet also can provide insight into 
the foraging habitats of M. soda/is. Most myotids are 
opportw1istic foragers and the differences observed 
between bat diets and available insects are a result of 
bats foraging in specific habitats and randomly feeding 
on insects rather than randomly foraging across habitats 
and selecting specific types of insects (Belwood and 
Fenton 1976; Fenton and Morris 1976; Whitaker 1995). 
If this is true for Indiana bats, foraging habitat can be 
assessed by examining the insects consumed. 

Analyses of Indiana bat diets suggest that foraging 
habitats differ between their southern and northern 
distributions (Kurta and Whitaker 1998). Studies by 
Belwood {1979) and Bracl< {1983) in Missouri indicate 
that M. soda/is commonly forages in upland habitats in 
the southern portion of its range. Conversely, in 
Michigan, Kurta and Whitaker (1998) found that 
Indiana bats forage primarily in wetland habitats. 
Additional information is needed on the Indiana bat's 
diet and foraging habitat selection throughout its range. 

Selection and Avoidance at Stand Scale 

Humphrey et al. {1977) used Indiana bats tagged with 
fluorescent bands to determine relative levels of foraging 
activity among different vegetation communities. The 
bats foraged exclusively in riparian habitats despite the 
availability of upland forests, pastures, cornfields, 
upland hedge rows, and treeless creek banks. Although 
no statistical comparison of use versus available habitat 
was conducted to test for foraging habitat selection, the 
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study indicated that M. soda/is forages primarily in 
wooded riparian areas and did not use other habitats. A 
criticism of fluorescent bands is that researchers must 
make visual contact \vith the marked bats. Another 
source of bias is the implicit assumption that foraging 
Indiana bats were equally visible among all habitat types 
examined. Humphrey et al. (1977) also assumed (albeit 
unstated) that if no marked Indiana bats were observed 
foraging in the individual forest stand, pasture, 
cornfield, upland hedge row, or treeless creek bank they 
surveyed, then these habitat types were not used 
elsewhere. It is unclear whether these assumptions were 
valid. Their results show that Indiana bats foraged in 
wooded riparian areas, but do not confirm that wooded 
riparian areas were preferred over the other habitat types 
they observed. 

Following LaVal et al. {1977), Brack {1983) used 
chemoluminescent tags to compare the proportion of 
sightings in riparian habitat to that expected based on 
the availability of riparian habitats in the study area. 
Brack observed that foraging occurred mostly in upland 
woods, though his statistical analyses comparing habitat 
availability and use indicated that M soda/is did not 
preferentially forage in, or avoid, riparian habitats 
(Brack 1983, 1991). Brack {1983) also compared the 
proportion of foraging activity that occurred in forested 
habitats to that expected based on forested habitat 
abundance in the study area. Forested areas were 
selected over open areas (e.g., pastures, old fields) by 
foraging Indiana bats. The.~e results provide one of the 
most quantitative examinations of foraging habitat 
selection by M. soda/is. However, the authors relied on 
the assumption that the probability of observing light 
tagged Indiana bats did not differ among riparian and 
nonriparian habitats, and among forested or 
nonforested habitats. 

In Illinois, Gardner et al. ( 1989, 1991 b) used 
radiotelemetry to analyze the foraging habits of the 
Indiana bat and to determine the size of the foraging 
ranges of 17M. soda/is (2 pregnant, 6 lactating, 1 
postlactating, 2 juvenile females, 3 juvenile males, 3 
adult males). The study area in each foraging range was 
divided into 11 cover types: cropland, hayfield or 
pasture, old field, other agricultural land, upland forest 
with closed, intermediate, or open canopy, and 
floodplain forest with closed, intennediate, or open 
canopy, and pond. Foraging areas consisted primarily of 
cropland ( 49 percent), closed canopy floodplain forest 
{14.8 percent), and closed canopy upland forest {11.6 
percent). Hayfield and pastures accowl!ed for 7.1 
percent, as did old fields. 

Gardner et al. quantitatively tested for differences 
between proportions of habitat used and available using 
the program PREFER. Foraging Indiana bat~ selected 
closed-canopy {80 to 100 percent closure) floodplain 
forest. However, Gardner et al. used the minimum 
convex polygon method to define foraging range.~. Large 



areas unused by M. soda/is may have been included in 
the home range analysis (see White and Garrott 1990). 
f"()r example, on average, 49 percent of minimum convex 
polygon foraging areas was composed of row crops. 
However, this does not necessarily mean that the bats 
spent 49 percent of their time foraging in row crops. 
'!bus, the results presented by Gardner et al. (1991b) 
may not have reflected the amount of use for each 
habitat type. Determining the proportion of actual 
foraging locations in each habitat type would have been 
a more useful analysis of habitat use. 

Another potential limitation of the analyses by Gardner 
et al. (1991b) is their definition of available habitat. 
Thomas and Taylor (1990) suggested that habitat use 
and availability be compared at multiple spatial scales. 
'!be size of the available foraging area (3,672 ha) 
defined by Gardner et al. (1991b) seems reasonable 
based on distances that Indiana bats traveled between 
roost and foraging areas. However, they reported use 
versus availability for only one spatial scale, and 
comparison among studies will be difficult unless the 
same spatial scale is used in future studies. 

Gardner et al. (1991b) characterized habitats in340-, 
1,809-, and 5,278-ha concentric drcles around sampling 
sites where Indiana bat~ had been captured. There was 
great variability in habitat use, e.g., dedduous forest (5 
to 98 percent), evergreen forest (5 to 26.7 percent), total 
forest (5 to 98 percent), forested wetlands (0.07 to 59.6 
percent), and cropland (zero to 95 percent). Although. 
these results support Bowles' (1981) observation that M. 
soda/is are somewhat opportunistic in selecting summer 
foraging habitats, they should be interpreted with 
caution. This type of analysis assumes that Indiana bats 
are captured near the center rather than at the edge of 
their home range, and gives equal importance to 
abundance of habitats 1 to 4 km from capture locations 
and habitats immediately surrounding the point of 
capture. 

Foraging Height 

Using ultrasonic detectors, Humphrey et al. (1977) 
found that Indiana bat foraging height was 2 to 30 m. 
Because of atmospheric sound attenuation, the ability to 
detect foraging bats with ultrasonic detectors decreases 
with increasing distance. Therefore, most myotid calls 
are difficult to detect with ultrasonic detectors at 
distances beyond 30m. It is unclear how Htunphrey et 
al. considered the relationship between distance and 
observability, both visually and with ultrasonic 
detectors. Thus, Indiana bat foraging activity at heights 
greater than 30 m may not have been observed due to 
limitations associated \vith methods used rather than a 
lack of foraging activity above this height. 

On the basis of mist-netting captures, Brack (1983) 
found that Indiana bat capture rates were significantly 
greater at height~ of7.6 to 10.6m than at 0.6 to 7.5 m. 

No bats were captured at heights less than 0.60 m. 
When interpreting data on capture per unit effort from 
mist nets, one must assume equal observability (in this 
case observability = capturability) among all treatments. 
If capture probability is unequal among treatments, 
differences in capture rates may result from differences 
in capture probability rather than from actual 
differences among treatments. Brack (1983) did not 
address potential differences in capture probability 
among vertical sampling strata, and it is unclear whether 
the assumption of equal capture probability was valid. 
Although Brack's results support Humphrey's 
observations, neither study provides conclusive evidence 
that Indiana bats selectively forage in spedfic strata 
within the forest canopy. Results of Brack's light-tagging 
experiment supported his mist-netting data \vith respect 
to preferred foraging heights used by M soda/is in the 
upper canopy. 

Stand Structure/Canopy Cover 

Brack (1983) noted that net sites where Indiana bats 
were captured had openings (gaps) in the forest canopy. 
Callahan (1993) located Indiana bat maternity roosts in 
north em Missouri in a stand that had been heavily 
logged within the past 20 years and in a hoglot where 
many overstory trees had been killed. He noted that 
these habitat modifications may have benefited M. 
soda/is by removing most of the canopy cover and 
leaving many standing dead trees. It is unclear how 
structural change.~ caused by logging or the girdling of 
overstory trees in the hoglot affected the use of these 
areas by foraging bats. 

In Illinois, Indiana bats forage in areas that had been 
selectively harvested (Gardner et al. 1991 b; ). MacGregor 
pers. observ.). These observations suggest that Indiana 
bats forage in areas where some timber harvesting has 
occurred, but they are not useful in determining 
preference or avoidence of harvested areas. Research is 
needed on the effect of timber harvest (e.g., 
shelterwood, deferment, and clearcuts) on the suitability 
of Indiana bat foraging habitat. 

Relationship Between Habitat Selection 
and Stand Structure 

Humphrey et al. ( 1977) suggested that Indiana bats 
forage only in riparian areas with some vertical structure, 
i.e., M. soda/is were not observed foraging along riparian 
areas denuded of woody vegetation. In addition, 
although there were other habitats with little or no 
vertical structure (e.g., pastures, cornfields) near the 
maternity roosts monitored, Humphrey et al. did not 
observe Indiana bats foraging in them. 

Brack (1983) found that forest stand structural 
components that significantly influenced Indiana bat 
captures included (in order of importance): ( 1) whether 
the habitat was riparian or nonriparian, (2) amount of 
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vegetation in the understory, (3) overstory species 
richness, and ( 4) understory species richness. The 
probability of capturing an Indiana bat in a mist net 
increased if habitat was riparian, understory density was 
low, overstory species richness was high, and understory 
species richness was low. However, these results depend 
on the assumption that the probability of bat capture 
did not differ among the 35 netting sites and that none 
of the factors listed affected capture probability. If 
Indiana bats are easier to net in riparian than in 
nonriparian areas, the observed differences in capture 
rates may be a reflection of differences in capture 
probability rather than actual differences in habitat use. 

Assumptions associated with capture probability must 
be considered when indices are used. Brack (1983) 
recognized problems associated with using mist nets to 
detennine bat spatial activity patterns. Many researchers 
have a feel for where a species can be captured, and 
when to try and capture it, but there is little quantitative 
evidence available for most specie.~ as to where, how 
high, and when they are active. There are problems 
associated with any capture method that is intended to 
show true abundance of an organism at a given place or 
time. The same is true for mist netting. 

Forest 'fYpe and Topography 

1he relationship between stream corridors and Indiana 
bat foraging activity is llllclear. Humphrey et al. (1977) 
suggested that Indiana bats forage preferentially in areas 
near streams (i.e., riparian corridors). However, most 
foraging activity observed by LaVal et al. (1977) 
occurred in upland forests. Sampling both riparian and 
nonriparian areas, Brack (1983) found that capture per 
unit effort of M. soda/is was higher in riparian areas, 
though the effect of stream proximity on Indiana bat 
foraging activity remains unknown. 

Size of Home Range or Colony Foraging Area 

Humphrey eta!. (1977) found that foraging area used 
by one Indiana bat maternity colony in Indiana ranged 
from 1.5 to 4.5 ha. However, it is possible that maternity 
colony foraging areas were much larger than observed. 
As bats disperse from a central location such as roost 
trees, density decreases and observability declines. This 
also is true for radiotelemetry studies, and it becomes 
more severe as detection distance decreases. The extent 
to which decreased observability with distance from 
roost affected results of Humphrey et al. is unknown. 

Humphrey eta!. (1977) also suggested that foraging 
area is influenced by the time of summer and the level 
of development of young bats in the colony. Because 
they studied the foraging range of a single colony during 
two periods of a single summer, the si!,'Ilificance of the 
observed change in size of foraging area is difficult to 
detennine. All light-tagged Indiana bats observed by 
LaVal et al. (1977) were within 2 km of their release 
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point, supporting tile assertion by Humphrey et al. that 
Indiana bats use smaller foraging areas than other 
myotids (LaVal et al. 1977; Menzel et al. 2000). 

Spatial Relations Between Roost 
and Foraging Areas 

Foraging areas may be unimodal (one area \vith no 
patches of activity elsewhere) in and near summer roosts 
(usually,;; 1,000 m; see Gardner et al. 1991b ). LaVal and 
LaVal (1980) used a helicopter to observe two light­
tagged male Indiana hats foraging (in July) 5 km from 
their roost in Great Scott Cave in Missouri. Using 
radiotelemetry, Hobson and Holland (1995) 
documented a male Indiana bat foraging withln 1 km of 
the roost tree. 

Foraging Site Philopatry 

Indiana bats migrate yearly between hihernacula and 
summer maternity areas. Cope et al. (1973), Humphrey 
et al. (1977), and Gardner et al. (1991h, 1996) 
suggested that some individuals retum to the same 
summer breeding areas each year. Data provided by 
Gardner et al. (1991 h, 1996) are quantitative and 
therefore reliable. One individual tracked by 
radiotelemetry in 1986 and 1988 in the same summer 
breeding area exhibited a high degree of foraging area 
overlap. Gardner et al. ( 1991 h) also found a high degree 
of overlap used by a Indiana hat colony in Illinois in 
1987 and 1988. 

Proportion of Landscape in Foraging Habitat 

At the landscape scale, Miller et al. (1996) compared 
abundances of several habitat types, forest perimeter, 
tree species present, d.h.h., and percent canopy cover 
between sites in Missouri where Indiana bats had and 
had not been captured. They found 11.0 difference in 
percent coverage of forest, row crop, grassland, or water 
cover between capture and noncapture sites. However, 
sites where Indiana bats were present contained a 
significantly greater number of large-diameter trees than 
sites where M. soda lis were absent. Miller et al. used mist 
netting to verify the presence or absence of Indiana hat 
maternity colonies. It is relatively easy to verify Indiana 
bat presence via mist nets, but failure to capture an 
Indiana bat does not verify absence. 

Callahan (1993) characterized roost types selected by M. 
soda lis maternity colonies. He also attempted to 
elucidate 'habitat characteristics of areas used by 
maternal Indiana bat colonies." He defined the use 
areas in two ways: (I) the smallest circle that 
encompassed allmatemal roost tees located in a colony 
(defined as the minimum roost range), and (2) a 3-km 
circle centered around tl1e minimum roost range. 
Callahan classified the habitat types in these two areas 
surrounding four Indiana bat maternity colonies as 
forest, row crop, or field/pasture. The average minimum 



roost range and 3-km circle surrounding the four 
colonies was 39 percent forest, 12 percent row crop, and 
49 percent field/pasture, and 24 percent forest, 8 percent 
row crop, and 65 percent field/pasture, respectively. No 
information about actual use of foraging habitats was 
provided. 

Research Questions and Needs 

I. Quantitative studies of Indiana bat foraging 
habitat selection are needed. Methods previously 
used to determine foraging areas used by M. soda/is 
include unaided visual obseiVations, visual 
obseiVations of light-tagged individuals and 
reflectively banded individuals, comparison of 
netting sites where Indiana bats have and have not 
been captured, examination of diet, and 
radiotelemetry. Indiana bat calls can be 
differentiated from the calls of other myotids. If 
tedmology continues to improve, future studies 
may rely more on the use of bat detectors. 
However, radiotelemetry currently is most reliable 
method for gathering data related to foraging 
habitat selection. Obviously, it will be important 
to sample throughout the night and to minimize 
error polygons. 

2. Foraging point distribution (i.e., the vegetational 
community types and habitat structure where they 
fall) should be statistically compared to a random 
distribution oflocations from the available 
foraging area (or the proportion of each vegetative 
community type in the study area). How available 
foraging areas are defined should be better 
described and should be spatially related to roosts. 
Error associated with radiotelemetry should be 
quantified and described. Differences between the 
distribution of foraging locations and randomly 
located points also should be examined in relation 
to abiotic factors (e.g., streams, roads, buildings). 
Efforts should be made to conduct these studies on 
colonies inhabiting areas near forests that have 
recently been subjected to disturbance, e.g., timber 
harvests and road construction. 

3. Large portions of the Indiana bat's home range 
can occur over agricultural fields. Additional data 
on point foraging are needed to detenuine the 
extent to which M. soda/is forage over agricultural 
fields. If agricultural fields are used appreciably, the 
direct or indirect (by affecting preferred insects) 
effect of pesticides on Indiana bats should be 
quantified. 

Conclusion 
Indiana bat hibernacula and hibernacula characteristics 
have been well documented by numerous obseiVational 

studies reported in the literature. However, reported 
research on foraging and roosting habitat use during the 
prehibernation swarm and posthibemation emergence 
is limited. We are aware of only three studies, one in 
eastern Kentucky and one each in north-central West 
Vhginia and western Virginia, on the perhiphery of this 
species' range. Similarly, food habits during these critical 
periods are poorly doannented. The implications of 
exposure to environmental contaminants such as 
agricultural pesticides during prehibernation and 
posthibernation emergence are not understood. Issues 
such as \vinter hibernacula protection to minimize or 
prevent Indiana bat disturbance and manage cave 
airflow are well understood and must be addressed on a 
cave-by-cave basis. 

Outside the hiben1ation period, Indiana bats use both 
live trees and snags for roosts. Although roosts have 
been documented in a wide array of hardwood and pine 
species, trees and snags that have exfoliating bark, such 
as shagbark hickory, may be important. Indiana bat 
roost trees have been reported \vi thin forests above and 
below the canopy and among isolated trees or single 
trees in open areas such as wetlands, fields, and pastures 
\vith correspondingly \vide ranges in solar exposure. 
Distances from known roosts to water, foraging areas, 
and alternative roost trees also are variable, ranging up 
to 3 kn1, depending on landscape and topography. 
Roost-tree density necessary to support Indiana bats is 
not understood and negative or positive biological 
thresholds linked to roost abundance are unknown. 
Similarly, there are no quantitative studies that 
adequately describe species composition of forest stands 
or stand structure surrounding occupied roosts. Forest 
cover around Indiana bat roosts ranges from less than 
33 percent in the agricultural Midwest to virtually 100 
percent in the Appalachians. In the Midwest, Indiana 
bats have been observed roosting in or near both 
bottomland/wetland forest habitats and upland forest 
habitats; in the eastern and southeasten1 peripheries of 
their distribution in the Appalachians, M. soda/is have 
been obseiVed roosting in upland forests. 

Indiana bats use many habitats for foraging. including 
riparian areas, upland forests, ponds, and fields. M. 
soda lis may forage in specific vertical strata in these 
habitats, though the preferred heights are unknown. The 
effects of timber harvesting on Indiana bat foraging 
pattenlS also is unknown. Research is needed to 
understand the effects fore.~! management on the 
foraging habitats of M. soda/is during the spring and fall 
swarm and during summer. Size of foraging habitat 
seems to be dependent on the sex and age of the bat and 
location of the foraging area. Indiana bats have smaller 
foraging ranges than other myotids, and the foraging 
ranges of individual bats commonly overlap. There also 
is evidence that Indiana bats return to the same summer 
foraging areas each year. 
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Appendix 

Table 1.-Issues and tedmiques in studies of Indiana bat hibernacula 

Study Issue Technique Comment 

Barbour and Davis (1969) General biology Review paper 
Brad< (1983) Swann foraging Light tags Foraged over oak-hid<Ory uplands 
Brad< et al. (1984) Hibernacula characteristics Observation 
Clark (1981) Contaminants Review paper Includes many spedes of bats 
Clark and Prouty (1976) C>11ntaminants Bioassay Examined otber bats near Indiana 

bat hibernacula in mid-Atlantic 
Clawson (1984) General biology Review paper Identifies management issues 
Clawson and Sheriff (1982) Population estimation at Observation 

hibernacula 
Cope and Ward (1965) Natural mortality Observation Identifies cave flooding as mortality 

agent 
Dunn and Hall (1989) Population status Observation 
Gates et al. (1984) Cave habitat analysis Observation Only study that addresses landscape 

characteristics as environmental 
variables influendng cave use and 
Indiana bat populations 

Griffin (1940) General biology Observation 
Kiser and Elliot (1996) Swarm foraging Radiotelemetry Identified habitat use, roost tree use 

and food habits in prehibemation 
swann 

Hall (1962) General biology Observation Comprehensive review of Indiana 
bat biology up to 1962 

Hardin and Hassell (1970) Hibemation activity Observation 
Harvey and McDaniel (1986) Population status Observation Population decline in Arkansas 
Hassell (1967) Hibemation activity Observation 
Henshaw (1965) Hibernation physiology Observation 
Henshaw and Folk (1966) Hibernation physiology Observation 
Hobson and Holland (199.5) Posthibemation emergence Radiotelemetry Notes movement of single male in 

westem Virginia 
Humphrey (1978) Hibemacula characteristics Review paper Comprehensive discussion of 

hibemacula conservation 
LaVal et al. (1976) Habitat analysis Observation 
LaVal et al. (1977) Foraging activity Light tags 
LaVal and LaVal (1980) Hibernacula characteristics Observation 
McFarland (1998) Contaminants Bioassays and Used surrogate myotids 

LD
50 

trials 
Myers (1964) Hibernacula characteristics Observation 
Rasely and Gates (1986) Hibernacula characteristics Observation 
Reidinger (1976) Contaminants Bioassays Does not include Indiana bats 
Richter et al. (1993) Cave airflow Observation Changed airflow from modified cave 

entrances is responsible for some 
declining Indiana bat populations 

Richter et al. (1978) Population status Observation Documents discovery of unknown 
hibernacula 

Saugey et al. (1990) Population status Observation 
Thomson (1982) General biology Review paper Mammalian spedes account 
Tuttle (1977) Cave gating Review paper 
Tuttle and Kennedy (1999) Hibernacula characteristics Observation Detailed microdimatic conditions in 

major Indiana bat hibernacula 
U.S. Fish and Wild!. Serv. General biology Review paper Recovery plan 
(1996) 
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Table 2.-Issues and teclmiques In studies of Indiana bat roosting habitat 

Study Issue Technique Comment 

Brad< (1983) Maternity roost-tree Observation Single roost tree 
selection 

Brady (1983) Summer ecology Review paper Discusses cause of endangerment, 
summer habitat, and threats; makes 
recommendations 

Callahan et al. ( 1997) Maternity roost-tree Telemetry Data collected in early 1990s; four 
selection different colonies 

Carly and Kurta (1996) Maternity roost Observation Abstract only; preliminary work 
Gardner et al. (1996) Roost-tree selection Telemetry, Same data set as in publications from 

(male and female) observation 1990, 1991a 
Harvey and McDaniel Population dedine Review paper 

(1986) 
Hobson and Holland Spring roost-tree Telemetry, Single roost tree 

(1995) selection observation 
Humphrey et al. (1977). Maternity roost-tree Roost destruction, First report of roost trees 

selection observation 
King (1992) Michigan Telemetry, Initial discovery oflocation for Kurta et al. 

observation 1993a, 1996 
Kiser and Elliott (1996) Autumn roost-tree Telemetry, Habitat and roost-tree use and food habits 

selection observation in prehibernation swarm 
Kurta et al. (1993a) Maternity roost-tree Telemetry, 

selection observation 
Kurta eta!. (1993b) Maternity roost-tree Telemetry, Pilot study ofKurta et al. 1996 

selection observation 
Kurta et al. (1996) Maternity roost-tree Telemetry Northern edge of M. soda/is range; small 

selection flooded wetland 
MacGregor et al. (1999) Autumn roost-tree Telemetry, 22 males tracked to 102 trees 

selection observation 
Mumford and Cope Indiana Observation One roost tree and one bridge 

(1958) 
Salyer et al. (1996) Artifidal roosts Observation 1\vo trees and first use of bat box 
Tingle and Mitchell Habitat delineation HSI Model No data based on Gardner eta!. (1991) 

(1985) 
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Table 3.-Issues and tedmiques in studies of Indiana bat foraging habitat 

Study Issue Technique Comment 

Belwood (1979) Feeding ecology f-ecal analysis Morphology, prey selection 
Belwood and Fenton (1976) Diet ObseiVation Includes Myotis lucifugus 
Bowles (1981) Summer status ObseiVation 
Brack (1983) Swann foraging Light tags Foraged over oak-hickory uplands 
Brady ( 1981) Recovery plan Review paper Abstract 
Callahan (1993) Summer habitat Radio·telemetry Includes roost trees 
Clark et al. (1987) Summer distribution Mistnetting 
Cope et al. (1973) Maternity colony Mistnetting Elm tree maternity roost 
Esterla and Watldns (1969) Maternity colony ObseiVation 
Fenton and Morris (1976) Foraging ObseiVation Opportunistic feeders 
Gardner eta!. (1991b) Foraging behavior Radiotelemetry Includes roosting sites 
Gardner et al. (1996) Summer distribution Banding Cave suiVeys in Illinois 
Gardner et al. (1989) Capture technique Mistnetting Emphasis on M. soda/is 
Hobson and Holland (1995) Posthibernation Radiotelemetry Notes movement of single male 

emergence in western Virginia 
Humphrey (1977) Summer habitat Banding Foraging habitat 
Kessler et a!. (1981) Summer suiVey Mistnetting Maternity colony indentified 
Kurta and Whitaker (1998) Diet Fecal pellets Opportunistic feeders 
LaVal and LaVal (1980) Hibernacula ObseiVation 

characteristics 
Mumford and Cope (1958) Summer records ObseiVation 
Miller et al. (1996) Habitat use MisU>etting Summer habitat patterns 
Remme et al. (1995) Habitat suitability model Review paper Foraging habitat 
Whitaker (1995) Food habits Fecal pellet~ Includes Eptesicus fuscrJS 
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Menzel, Michael A.; Menzel, Jennifer M.; Carter, Timothy C.; Ford, W. Mark; 
Edwards, John W. 2001. Review of the forest habitat relationships of the 
Indiana bat (Myotis soda/iS). Gen. Tech. Rep. NE-284. Newtown Square, PA: 
U.S. Department of Agriculture, Forest Service, Northeastern Research Station. 
21 p. 

Reviews the available literature on the ecology of the endangered Indiana bat 
(Myotis soda/is), including its selection and use of hibernacula, roost trees, and 
foraging habitat. An extensive list of published references related to the Indiana bat 
isinduded. 

Keywords: foraging habitat, hibernacula, tree roosts, silviculture 

~ ,ell, Printed on Recycled Paper 



OH 

F\ 
.5~~// 

~1M 

\ U,II!IE0;$.1 

aWQ11<; Unit Location 

,.. Headquarters 

Headquarters of the Northeastern Research Station is in Newtown Square, 
Pennsylvania. Field laboratories are maintained at: 

Amherst, Massachusetts, in cooperation with the University of Massachusetts 

Burlington, Vermont, in cooperation with the University of Vermont 

Delaware, Ohio 

Durham, New Hampshire, in cooperation with the University of New Hampshire 

Hamden, Connecticut, in cooperation with Yale University 

Morgantown, West Virginia, in cooperation with West Virginia University 

Parsons, West Virginia 

Princeton, West Virginia 

Syracuse, New York, in cooperation with the State University of New York, 
College of Environmental Sciences and Forestry at Syracuse University 

Warren, Pennsylvania 
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Center at (202)720-2600 (voice and TDD). 

To file a complaint of discrimination, write USDA, Director, Office of Civil Rights, Room 326-W, 
Whitten Building, 14th and Independence Avenue SW, Washington, DC 20250-9410, or call 
(202)720-5964 (voice and TDD). USDA is an equal opportunity provider and employer. 
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Review 

Investigating and Managing the Rapid Emergence of 
White-Nose Syndrome, a Novel, Fatal, Infectious 
Disease of Hibernating Bats 
JANET FOLEY,* DEANA CliFFORD, tt KEVIN CASTLE,§ PAUL CRYAN,** 
AND RICHARDS. OSTFELDtt 
tDepartment of Medicine and Epidemiology, School ofVeterinaryMedicine, University of California, Davis, CA 95616, U.S.A:, 
einail jefoley@ucdavis.edu 
tCalifornia Department of Fish and Game, 'Vildlife Investigations Lab, 1701 Nimbus Road, Rancho Cordova, CA 95670, U.S.A. 
*Wildlife Health Center, University of California, Davis, CA 95616, U.S.A. 
§National Park SeiVice, Biological Resource Management Division, 1201 Oakridge Drive Suite 200, Fort Collins, CO 80525, U.S.A. 
"*U.S. Geological Survey, Fort Collins Science Center, 2150 Centre Avenue, Building C, Fort Collins, CO 80526, U.S.A. 
ttCary Institute of Ecosystems Studies, BoxAB, 2801 Sharon Turnpike, Millbrook, NY 12545, U.S.A. 

Abstract: Whlte-tzose syndrome (WNS) Is a fatal diseilse of bats that hibernate. '/1;e etiologic agent ofWNS 
Is the fungus Geomyces destructans, which Infects the skin mul wing membrafws. Over 1 million bats in sL\' 
species lti eastern North 'America have died from WNS since 200fi and as a t-esult several species of bats may 
become 'endangered or e.\·iinct. Information Is lacking on the pathogeneSis of G. destructans and \VNS~ WNS 
tt·ansmisslotz and maintenance, Individual and site factors that cotllribute to the probability of an outbtYJak 
of WNS, tmd spatial dynamics of WNS spread in Norlh America. We considered how descriptive and ana­
lytical epidemiology could be used to fill these itiformation gaps, including a four-step (modified) outbreak 
investigation, applicatiotJ of a set of ct'iteria (Hill's) for assessing amsation, compartnumt models of disease 
dynamics, tmd spatial modeling. We cataloged and critiqued adaptive-management options that have been 
either previously proposed for \VNS or were helpful in addtYJssing other emerging diseases of ~vild animals. 
71Jese Include an ongolug program of prospective surveillance of bats and hlbentacula for n:ws, treatment 
o/indivldua/ ba,ts, iucrensiug population rcsfsttmce to \VNS (through vaccines, immtmomodulators~. or other 
methods), improving probabl/ily of survival from 'starvation and dehydration associated with WNS, modi­
fying bibernacula cmvlromnetzts to eliinlnate G. destructans, culling 'individuals or populations, controlliug 
atllbtvpogenic spread oflVNS, cOnset·ving genetic diverslly of bats, and educating the public about bats and 
bat corzservatiotl issues asSociated with WNS: 

Keywords: emerging infectious disease, extinction, fungal disease 

Investigat;tdo y Manejando Ia RapidaEmergencia del Sindrome de Nariz Blanca, una Enfermedad lnfecciosa, Nueva, 
Fatal, en MurciClagos. Invernantes 

Resumen; El sfndrome de ttariz bla11at (SNB) es zma enfermedad fatal en murctelagos que invernan. El 
agente etiol6gico del SNB es el bongo Geomyces destmct<lns, que itifecta Ia pie/ y Ins membrmzns alares. Desde 
2006 mlis de 1 mi/1611 de mm'Cielagos de 6 especies htm muerto de SNB,ycomo consecuetzcla varins especies de 
murciC/agos pueden estar etz pellgro o e.Ylflllns. Se carece de itiforma~6n de Ia patogCnesls de G. destn1ctans 
y SNB, Ia transmisl6n y mantenlmiento de SNB, los factores indlvlduales y de sitio que contribuyen a Ia 
probabllldad de tma epldemla de SNB y de Ia dinlimica espacial de Ia dispersi6tz de SNB en Norte America. 

Papersubmft(ed]uly 29, 2010; revised manuscript accepted November I, 20/a 
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2 lVbite-No..~ Syndrome fnB«ts 

Consideramos c6mo fa- epidemiologfa desO·Jpliuil y 'analftlca podrfan i:onlribuir a 1/cmflr eSos vacfos de 
ln[ormacl6t1, lncluyendo mw itwestigacl6n de Ia epldemia, aplicaci6n de utl cotl}unto de criterios (de Hill) 
para evaluarlas causas, modelos de comptwlimlento de Ia tllnt1mlca de Ia en[ermedad y mode/ado espacial. 
Clasificamos y crlticamos las opciones de manejo adaptativo que se /Jan propuesto anterlormente para SNB 
o que fuenm tUiles para a tender olt·as. enfenll<!dades emergcmtes en an/males silvestt·es. Estns incluyen tm 
programa de vlglfancia prosjiecilva 'de lliui"cidlilgos y suS sltlos de JJ/berymci6n para detectarSNB, tratamhmto 
de JJUtrcldlagos indlvidtwles, incremento de Ia resistencla a SNB (mediante vactmns, immmomoduladores 11 

otros mdlodos), illcremento de fa probabilidnd d!! supervivetzcin a fa inanici6tz o Ia deshldrataci6n asociadas 
con SNB, modiflca~i6n de los mi1bientes de hlbenwci611 p'ara ellmillm· G. destntctans, sacrificio de indlvidrtos 
o poblaciones, co11trol de Ia dispers/611 mzlropogdnlca de SNB, ~nservac/6n de Ia divers/dad get1dtiro de 
murcNlagos y campalias para educar al pUblico sabre murcNiagos y. temfls de conseroaci6n asociadas cOil 
SNB. 

Palabras Clave: enfermedad fiingica, enfermedad lnfecciosa emergente, extinci6n 

Introduction 

White-nose syndrome (\VNS) is a futal disease of insec­
tivorous bats that hibernate (hereafter hibernating bats), 
and it is presumed to be caused by a newly discovered 
psychrophilic (cold adapted) fungus, Geomyces destmo­
ft111S (Blehert et al. 2009). The genus Geomyces contains 
other psychrophilic saprophytic fungi that can colonize 
skin (lllarshall 1998; Gianni et al. 2003), but G. des/me­
tans is the only species that invades and destroys the skin 
of hibernating bats (Cryan et al. 2010). WNS is the first 
epizootic documented in bats, and the disease has caused 
1mprecedented reductions in the abundance of hibernat­
ing species in eastern North America, with up to 95% 
mortality in some hibernacula (Frick et al. 2010a). As a 
result, over 1 million bats are estimated to have died due 
to \VNS (Frick et al. 201 Oa), and species may become en­
dangered or extinct if the disease maintains its vindence 
and continues to spread across North America. 

\VNS was first documented in photographs taken in 
winter2005-2006 in Howes Cave, and subsequently dead 
and dying bats were found with WNS in four nearby caves 
30 km west of Albany, New York, in winter 2006-2007. 
By ]1dy 2010, DNA of G. destmctans or \VNS charac­
teristic lesions were detected in hibernating bats in New 
York, Vermont, Massachusetts, New Jersey, Connecticut, 
Pennsylvania, New Hampshire, Delaware, Virginia, West 
Virginia, Tennessee, Missouri, and Oklahonia, and On· 
tario and Quebec (Fig. 1). Species in which WNS lesions 
or G. destmctans DNA have been detected are: the en­
d1ngered gray and Indiana bats (Myotls grtsescens and 
M. sodafls), little brown bat (Myotls luc!{ugus), northern 
long·eared bat (M. septe11ft·iotlafls), eastern small-footed 
bat (M.leibl{), southeastern bat (M. atiStt·orlpm'ltiS), cave 
bat (M. tJel!fer), tricolored bat (Perlmyotls subflavus), 
and big brown bat (Epteslcus[uscus). In Europe infection 
with G. destmctans has been confirmed in at least five 
species: greater mouse-eared bat (iJJ. myotls), Dauben· 
ton's bat (M. daubentonlf), pond bat (M. dtlS)'cneme), 
Brandt's bat (M. bmndtl{), and l\lonticelli's myotis (/If. 
o.\·ygnat!Jus) (lllartinkova et al. 2010; Puechmaille et al. 

cmw:rmllo, Biology 

2010; Wibbelt et al. 2010). Nevertheless, monitoring has 
not documented major mortality events associated with 
G. destmcta11s on bats in Europe. 

G. destructans Biology and WNS Pathogenesis 

G. destmctans is detected consistently in skin of bats 
with characteristic lesions of \VNS (Blehert et al. 2009; 
Met eyer et al. 2009; I.orch et al. 201 0). TI1is fungus grows 
at temperatures 3-15 oc and >90% relative humidity, 
conditions similar to bat hibernac1da and bodies of hi· 
bernating bats (Cryan et al. 2010). Transmission occurs 
through direct bat-to·bat contact (D. Blehert et al., per­
sonal communication), but other routes (e.g., exposure 
to environments in which the fungus is present, human 
or animal vectors) are also possible (Lindner et al. 201 0). 
illness occurs mostly in winter, and WNS lesions and 
aberrant behaviors are most detectable after Janmuy. In 
autumn hibernating bats build up fat reserves and then 
at the onset of winter hibernate in sites that are cold and 
damp where food is scarce (Davis 1970; Ransome 1990). 
TI1e metabolic rate of a hibernating bat is low and its body 
temperature is within a few degrees of the ambient tem· 
perature for extended periods (Geiser 2004; Speakman & 
Thomas 2003). Every few weeks bats must arouse from 
hibernation to restore homeostatic balance (e.g., drink, 
urinate, relocate, and probably induce inunune function· 
ing) (Thomas &Geiser 1997; Speakman &Thomas 2003). 
Over the winter this periodic arousal consumes, most 
of the stored body fut (Thomas et al. 1990). Bats with 
\VNS may arouse from hibernation more frequently or 
for longer periods than average and thereby prematurely 
expend fat reserves (Boyles & Willis 201 0). Direct mortal­
ity from infection of the wings with G. destmctans may 
also occur (Cryan et al. 2010). Aberrant behaviors associ­
ated with \VNS observed in large numbers of bats include 
movement to roosting areas near cave entrances or other 
exposed sites and flying during the day from hibernae~da 
in mid winter; futalities often occur inside the hibernac­
ula and/or near the entrance. In spring, a few affected 
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Figure 1. Areas In Nortb America 
wiJere wblte·1lose syndronze or 
Geomyces destructans bas been 
detected In bats (black) 
superimposed on tbe overlapping 
disft'lbutlons of bat species known 
to be Injected witb G. destructans 
(dm·ker grays; n = 9 species) and of 
blbematlng species of bats tbat are 
1101 yet known to be affected by tbe 
G. destructans (1/gbter grays; 

L....__L"·---·~L- ~. L-.... L., ___ L __ ,. _ _J 

n = 13 species). I•imgus dlsMbut/on 
Is based on maps created by C. 
Butcbkowskl, PemlS)'Ivanla Game 
Commission (bttp://tmvw. 
ftvs.gov/wbltenosesyndi'Ome/). Bat 
distributions are based 011 data 
ji'Om U.S. Geological Survey and 
Bat Cotzset·vallon Intematlona/ and 
available t!JI'Ougb a tUitional atlas 
(biiP://www.natlotwlatlas.gotJ/ 
mld/batOOOm.!Jtml). 

animals may recover but with wing damage (Reichard & 
Kunz 2009). 

More than half of the 45 species of bats that oc­
cur in the continental United States hibernate in caves, 
mines, and/or deep rock crevices, including four species 
and subspecies listed as endangered under the U.S. En­
dangered Species Act (Indiana, gray, Virginia big-eared 
[Cotj•norbtnus townsend// tJ/rglnlanus], and Ozark big­
eared bats [C. t. lngens]). In North America all species of 
bats that hibernate could be susceptible to WNS, and it 
is unknown whether WNS will be a major source of mor­
tality in bats that rarely occur in caves, such as migratory 
tree-dwelling species (e.g., silver-haired bats [Laslonyc­
terls twctlvagans], hoary bats U.asltm1s c/nereus], and 
eastern and western red bats [Laslums borealis and J. 
blossevl/111]). 

Certain characteristics of hibernating bats may affect 
the dynamics of WNS. Sociality and group formation in 
vespertilionid bats differ among seasons and between 
sexes. In general, both sexes occur in winter hibernation 
sites, but in spring females move to maternity colonies, 
where synchronized births of young occur. Males tend to 
spend spring and summer away from females and roost 
alone or in smaller groups at cooler sites (Weller et a!. 
2009). The sexes reunite during autumn swarming, when 
mating begins and multiple species of bats often congre­
gate and interact at cave entrances before hibernation 
(Barbour & Davis 1969). Bats generally have lower sur­
vival in their first year, after which adult stuvival is high 
relative to similarly sized mammals (Frick et al. 2010b). 
High annual adult survival and low fectmdity result in 
modest population growth rates and abundances that do 
not fluctuate widely over tinte (O'Shea et al. 2010). Al-

though most adult females breed, they typically have only 
one offspring per year (Tuttle & Stevenson 1982). In ad­
dition to survival effects, reproduction may be adversely 
affected by WNS (Frick et al. 2010b). Volant mammals 
have a high capacity to spread and transmit infectious 
disease. Many of the species affected by WNS migrate 
tens to hundreds of kilometers between winter and sum­
mer habitats and can travel tens of kilometers per night 
(Barbour & Davis 1969; Griffin 1970). The seasonal sex 
differences in behaviors of hibernating bats, life-history 
characteristics that fuvor longevity and low fecundity, 
and the extreme vagility of bats may strongly influence 
WNS disease dynamics. 

Knowledge Gaps 

Although knowledge of WNS disease ecology is accu­
mulating, it is unknown whether G. destmctans is the 
only pathogen involved and, if so, how it causes mor­
tality. Means of transmission and spread are unknown, 
and there is no information on management actions that 
migllt reduce mortality and be specific to hibernating 
bats. 

Ecology of Bats and G. destrttcfalls 

Locations of most roost sites and details of the movement 
of individuals are largely unknown for many species of 
bats. Other gaps in knowledge include in-depth infor­
mation on feeding and roosting behaviors; niglltly, sea­
sonal, and annual flight distances; population carrying 
capacities; age-specific survival and reproductive mtes, 
and potential thresholds for Allee effects. There are few 
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long-term data on abundance, and even fewer data col­
lected with mark-recapture methods or that account for 
age classes and recruitment (sensu O'Shea et al. 2004). 

Little is known about G. destmctans, but it is the only 
species of the genus known to· infect the living skin tis­
sues of bats (Cryan et al. 2010). Congeners, such as G. 
pmmomm (which infects fur and feathers of various 
species), G. sulpbureus, and G. asjJentlatus are sapro­
phytic. It is not known whether G. destmctans coe­
volved virulence with bats and requires an animal host 
or whether it originated as a saprophyte in cold environ­
ments but had virulence factors facilitating host infec­
tion ("accidental virulence") (sensu Casaclevall & Pirofski 
2007). The residence time of the fungus in North America 
is unknown. Nevertheless, recent sampling of sediments 
from caves and mines within and beyond the area affected 
by WNS revealed DNA of G. destmctallS only in regions 
where WNS had been observed (Lindner eta!. 2010). The 
breadth of its host tropism, whether it has vectors, how 
long it survives without a host, how it interacts with soil 
or host microbiota, and many other details of its ecology 
are unknown. 

Investigation of Outbreaks 

An outbreak investigation framework (Gordis 2000) 
helps prioritize information needs specific to disease. 
The first step in such an investigation is to synthesize ex­
isting information and address logistical considerations, 
including hiosecurity for field workers. The second step 
is to verify the diagnosis. Histopathologic examination is 
used to diagnose WNS (Meteyer et al. 2009). Blehert et al. 
(2009) used histopathologic methods to conlirm the pres­
ence of the fungus in 105 of 117 bats with clinical signs 
ofWNS (89. 7%). Histopathologic examination, however, 
is time consuming, expensive, and most useful for diag­
nosing disease in dead bats. Biopsy lacks sensitivity (the 
ability to detect characteristic lesions if present) because 
relatively large samples are required for diagnosis. Cul­
ture and polymerase chain reaction (PCR) are less useful 
as diagnostic tests because the presence of viable fun­
gus or fungal DNA does not equate to disease caused by 
G. destmctans. Nevertheless, Lorch et al. (2010) report 
that PCR detected 96% histopathology-positive samples, 
whereas culture detected 33%. In their study, specificity 
was 100% for both methods. The low success rate of cul­
turing is clue in part to the clifftculty of excluding other 
fungi from cultures. Published PCR primers for G. de­
stmctans react with other species of Geomyces found in 
cave sediments (Lindner et a!. 201 0). Nevertheless, PCR 
as a diagnostic test is 100% specific for G. destmctans 
when bat tissues are tested. Until more-specific primers 
are found, PCR samples that are positive for G. destmo­
tans should be genetically sequenced to confirm that 
G. desfmctans is involved. F.stablishing guidelines to en-
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sure consistency across laboratories in protocols and in­
terpretation of results is criticaL 

The third step of an outbreak investigation is to 
establish what constitutes a suspect or conlirmed case 
(i.e., case definitions). Draft case definitions for sus­
pect and confmned cases of WNS have been developed 
(http://www.nwhc.usgs.gov/disease_information/white­
nose_syndrome/wns_deflnitions.jsp). During hiberna­
tion, WNS is suspect if consistent clinical signs are 
observed or an individual bat is found emaciated or 
dead in the vicinity of bats with conftrmed WNS. Cases 
are presumptive if there are consistent clinical signs 
with positive G. destmctans fungal culture or PCR, 
and cases are conftrmecl on the basis of histopathologic 
examination. Whether WNS is present in a hibernation 
site or other location can also be analyzed as a "case." 
Suspected case hibemactda have animals with apparent 
WNS clinical signs. Confirmed hibernacula have at least 
one dead, histopathology-positive bat. 

On the basis of case definitions, an outbreak can be 
confmned by determining whether suspected cases of a 
disease are real, that there is an actual increase in cases 
above previous baseline mortality, and that cases are re· 
lated to each other or some causal factor. It is possible 
that unidentified WNS cases existed prior to 2007. WNS 
qualifies as an outbreak because mass mortality from this 
disease did not occur until recently and strong evidence 
indicates most cases are real (i.e., a diagnosis has been 
made) and that they are related in time and space. 

Descriptive and analytical epidemiological statistics 
have not yet been compiled for individual bats and for 
bat poptdationsand hibemacula. We suggest that data be 
collected from individual cases on sex, species, site, age 
class, clinical signs, ectoparasite load, season, and other 
possible fuctors that increase the probability of differ­
ences in susceptibility and transmission. Hibemacula can 
be classified by such characteristics as WNS prevalence, 
bat density, species richness of bats, location, and mi­
croclimate (e.g., humidity, temperature). A case-control 
epidemiologic study could be performed at the hiber­
naculum level if randomly chosen uninfected sites were 
evaluated. In contrast, bats and hibernacula evaluated to 
date have been ad hoc and have not been compared rigor­
ously with controls. Final steps in the outbreak investiga­
tion are to implement control and prevention measures 
and communicate fmdings. 

Establishing Causation ofWNS 

The evidence that \VNS is associated with G. destmctans 
implies but does not prove that this fungus is causal, and 
other fuctors likely contribute to disease. In addition to 
establishing causation of\VNS by G. destmcfans, we rec­
ommend assessing the causation of the common clinical 
findings, such as emaciation and dehydration. Hill's nine 
criteria for causation are applicable in this situation, and 
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Table 1. Application of epidemiologic framework and Hill's ( 1965) criteria to assess CeO Ill) 'res deJtructans as the cause of "illte-nose syndrome 
in bats. 

Criterion 

Strength of association 

Consistency 

Plausibility 

Coherence 

Experimental evidence 

Analogy 

Specificity 

Temporality 

Biological gradient 

Definition 

Stronger association implies agent under study 
is more likely to be causal for disease. 

Repeated observations of causal fuctors by 
"different persons, in different places, 
circumstances, and times." 

Association under study is consistent with 
currently accepted understanding of 
pathological processes. 

Association under study is compatible with 
existing theory and knowledge. 

Disease can be prevented or ameliorated by an 
experimental regimen. 

For analogous disease agents and diseases, 
similar outcomes have occurred. 

Factor or disease agent specifies a particular 
outcome or condition. 

Exposure to disease agent precedes disease. 

Disease occurs after a threshold pathogen level 
is exceeded or disease is more severe if 
there is a higher dose of pathogen. 

Evidence whetber criteriou is met 

Titere is ample evidence for a strong association of G. 
tlestructatlS with \VNS in North America. Tills may 
not be the case in Europe. 

A-, report"> of \VNS accwnulate and affected bats are 
evaluated histopathologically and through PCR and 
culture, the relation between G. tlestructaus and 
disease appears increasingly consistent. 

Skin infection by G. tlestrucums is a plausible 
primary cause of mortality associated with WNS. 
Fungal infection of bat wings may disn1pt the 
energy balance or cause life-threatening disruption 
of homeostasis. 

The postulated relation of G. tlestructans and \VNS 
fits well with "known facts of the natural history 
and biology of the disease" (Hilll965). 

Very early experimental attempts to prevent or 
ameliorate effects of\VNS were not 
successful. 

Several diseases similar to WNS have emerged 
rapidly, been attributed to a ftmgus or oomycete, 
and resulted in sUbstantial declines in abundance 
of their host species. These include the amphibian 
disease chytridiomycosis, attributed to the fungus 
Batt·achocbytrium tlendrobatidi~ sudden oak 
death, caused by Phytophtbm·a ramorum, 
chestnut blight, caused by Ct')'jJhonectria 
parasltica, and crayfish plague, Gmsed by 
Aphtittomyces astacl. 

G. destructans has been implicated in essentially all 
cases ofWNS evaluated to date. 

The tempoml relation between G. tleslruclans and 
\VNS is not well established. 

Tllis has not been established for \VNS. 

we suggest theywou.ld be useful because they are general 
and flexible. Hill's criteria are strength of association, con­
sistency, plausibility, coherence, experimental evidence, 
analogy, specificity, temporality, and biological gradient 
(Table 1). No single critedon is defmitive, but evidence in 
support of each increases the probability that a factor is 
caus.1l (Hill1965; Plowright et al. 2008). In Iigllt of Hill's 
cdteria, existing knowledge ofWNS is consistent with G. 
destmctans as the causal agent, but we think additional 
contributing factors need to be assessed (fable 1). 

Compartment modeling is commonly used to model 
disease dynamics. In such models groups of host indi­
viduals move among compartments designated as sus­
ceptible (S), infected or infective (/), and recovered or 
resistant (typically immune, R) to a disease (Kerm.1ck & 
McKendrick 1927; Bailey 1982). If recovered individu­
als can lose immunity and become susceptible again, the 
disease model is denoted as SIRS. If there is no immunity 
but animals recover, then the disease model is SIS. If in­
fection persists without recovery, the disease model is 
SI. Differential eqmtions describe how individuals move 
among the compartments with the parameters infection 
rate, recovery rate, and rate at which immunity is lost. 
If the time span of disease dynamics is long relative to 
host life span, then it is necessary to include functions 
for dynamics of host population growth independent of 
disease. Depending on the duration ofthe dise-dse relative 
to host life spans, parameters for host birth, death, and 
population regulation (e.g., density dependence) may be 
included. Other modifications to compartment models 

WNS Disease Ecology 

The population dynamics of bats drive enzootic and 
epizootic WNS. Nevertheless, almost all critical details 
(or, in a modeling framework, parameter values) needed 
to understand and model the ecology of WNS in bats 
are unknown. We outline aWNS model, consider rele­
vant parameters, and detennine gaps in knowledge that 
can be filled througl1 research. 

ComenVlliOII Biology 
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allow for addition of parameters on demographic and en­
vironmental stochasticity, exposed but not yet infective 
(e.g., fungus not reproducing) classes (E), vector trans­
mission, and an environmental reservoir (e.g., fungus per­
sists in hibemacula without a bat host). A generic set of 
sms differential equations is 

and 

dS 
dt = bN- (3SI - dS, 

dl 
dt = (3SI -yl -dl, 

dR 
-=yl-dR, 
dt . 

where N is the total population size(= S individuals +I 
individuals +R individuals), b is host birth rate, dis host 
death rate, (3 is the rate of disease transmission, andy is 
the rate of host recovery. These equations assume disease 
transmission is density dependent (i.e., each infected in­
dividual transmits infection to an a priori proportion of 
the available S individuals). It alternatively could be as­
sumed that disease transmission is frequency dependent, 
in which case I individuals transmit to an a priori num­
ber of S individuals. Frequency-dependent transmission 
can lead to the infection of every S animal in a popula­
tion. Whether \VNS is frequency or density-dependent is 
unknown. 

It is also unknown whether individuals that are ex­
posed to, or recover from, the disease are resistant and 
whether individuals that recover become susceptible to 
or act as a source of infection. The existence of recovered 
individuals might seem unlikely, given the apparent high 
mortality observed to date. Nonetheless, some animals 
may recover if they had a mild case of the disease late 
in the winter (C. Meteyer, personal communication) or if 
mild winter weather increases probability of survival. The 
accumulation of recovered individuals could constitute 
herd immunity. All parameter values must be estimated, 
which also means the routes and rates of transmission 
must be determined, such as whether G. destmctans is 
spread by direct contact among bats, through contact 
with Contaminated roost sites, or through exposure to 
human or other animal vectors. Tile model may require 
substructuring that includes different bat species or age 
classes if bats have different levels of disease susceptibil­
itj•, mortality, and recovery. Because males roost individ­
ually or in small groups in colder locations than females, 
they may function as reservoirs. Substructuring accord­
Ing to species or age could cause the model to predkt 
longer-lasting endemic disease (Balker & Grenfell 1996). 
The presence of reservoirs or vectors of \VNS (which 
could include bat ectoparasites) may need to be included 
in the model. If animals can be medically treated, then 
recovety parameters can be adjusted. 

Co11senutJon Biology 
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Spatial modeling also may be useful for examining the 
pattern, rate, and direction of spread of \VNS. The loca­
tions of some hibernact~a of bats with \VNS are known. 
We recommend that cases confirmed pathologically be 
considered separately from those identified through ei­
ther cttlture- or PCRonly evidence of infection. Tllis dif­
ferentiation will allow for testing of two hypotheses: 
\VNS and G. destmctans infection are synonymous and 
thus overlap in time and space and G. destmcums is 
already present in caves or perhaps spreading ahead 
of \VNS. Spatial modeling with, for example, nearest­
neighbor or moving-window analyses (Alexander & Boyle 
1996) would facilitate examination of potential clusters 
of\VNS and patterns of spread. Because bats often occur 
in groups, cluster analysis should be conducted at the hi­
bernacwum level and separately for winter hibernacula 
and summer roosts. Such analyses would help determine 
whether the disease is spreading locally in clusters typ­
ical of regional contagion or more erratically, with new 
Infections far from known infections. Approaches used to 
examine diffusion of, for example, plague (Noble 1974; 
Adjemian et al. 2007) and rabies (Moore 1999) also might 
be appropriate for determining the directions in which 
WNS is spreading, whether the speed of the diffusion 
front is increasing, and whether expansion of the disease 
is constrained by geological features (e.g., Appalacllian 
Mountains with their associated caves and abandoned 
mines). 

Network theory and cellular automaton models (del 
Rey et al. 2006) might also be useful in exploring pos­
sible. patchiness and lack of spatial homogeneity of the 
probability of the spread of\VNS. If limited data are avail­
able, individual-based simulation models may be useful 
(e.g., Kindlmann & Burel 2008; Lookingbill et al. 2010). 
Simwation models have been used to exanline spread of 
rabies virus (Deal et at. 2000). 

Science-Based Strategies for Adaptive Management 
ofWNS 

In the absence of weli-validated strategies to reduce 
the spread of \VNS and its effects on bat popt~a­

tions, we considered the following: disease surveillance, 
treatment of individuals, increasing population resis­
tance toWNS (through vaccines, immunomodulators, or 
other methods), improving survival from starvation and 
dehydration associated with \VNS, modifying hibernacula 
environments to eliminate G. destt"-uctatzs, culling individ­
uals or populations, controlling anthropogenic spread of 
WNS, conserving genetic diversity of bats, and educating 
the public about bats and bat conservation. 

Targeted epidemiological surveillance programs to de­
tect disease occmrence that reduce bias from passive 
detection of disease are optimal, but data can also be 
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acquired through judicious use of convenience samples 
(e.g., suspected rabid bats submitted to public health de­
partments) and reports from citizens. Ideally, surveillance 
is minimally invasive and does not disturb bats. Regard­
less of the approach, surveillance is improved by clear 
and consistent case defmitions, consistent sampling pro­
tocols, and centralized data entry, management, analysis, 
and reporting. Descriptions of ideal sample quality and 
storage, including storage of voucher specimens, should 
be standardized. There are currently no targeted epidemi­
ological surveillance programs for \VNS, but such surveil­
lance is essential for knowing where and when to take 
actions to minimize \VNS effects. 

Treatment of infected bats may prevent de-ath and re­
duce the incidence of fungus. Treatment options under 
consideration include chemical or biological agents, es­
pecially fungicides. G. destmctans is susceptible to treat­
ment in vitro, but treatments (e.g., dmgs) and delivery 
mechanisms proven safe for bats have not been devel­
oped. A major obstacle is delivery of treatment. Fogging 
caves with fungicide almost certainly would affect micro­
bial flora in the cave. Unless bat populations decline to 
very low abundances, hand delivery of treatment to indi­
vidual bats would not be feasible. It is unknown whether 
bats would require repeated treatment. Treatment with 
fungicide during pass.1ge in and out of hibemacula or 
roosting sites may be possible. Affected bats could be 
treated in captivity but issues of quarantine, handling, 
and release would need to be addressed. The propor­
tion of a population that would need to be treated to 

reduce sufficiently the "infected" compartment of a pop­
ulation to reduce enzootic disease levels and spread is 
unknown. 

Focusing recovery actions on increasing population re­
sistance to G. destmctans may be a useful component 
of \VNS management. Little is known about immunity 
to \VNS, whether some bats become resistant after ex­
posure and to what extent immunity could be induced 
(e.g., through vaccination). If one assumes \VNS is main­
tained and spread primarily bat to bat, it is possible to 
calculate the fraction of the population that, if immune, 
would lead to local abatement of the disease. Increased 
resistance in local populations of bats might interrupt 
transmission from infected to susceptible populations 
and curtail spread. There are precedents for vaccination 
against fungal disease, including recombinant vaccines 
for humans against fungal disease (\Vuthrich et al. 2000), 
novel vaccines against valley fever for lmm.1ns (caused 
by Coccidioides immltls), a vaccine for cats to speed re­
covery from ringworm (caused by dermatophyte fungi), 
and a phosphoms prophylactic treatment for oak trees 
against sudden oak death (Garbelotto et al. 2007). All 
possible means to ensure the good health of bat pop­
ulations should be applied, such as maximizing habitat 
quantity and quality and reducing the effects of synergis­
tic stressors (e.g., toxins) that reduce resistance. 
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Reducing starvation and dehydration during hiberna­
tion may reduce mortality. The cause of death in WNS is 
thought to be either starvation, majordismption of home­
ostatic balance, or impaired survival due to wing damage. 
Some obvious actions to prevent death, for example sup­
plemental feeding or watering, pose challenges because 
hibernating insectivorous bats will likely not learn to feed 
from novel food sources during winter and their gut phys­
iology may not adjust to availability of winter food. 

Treatment of or modification of hibernacula may elimi· 
nate G. destmctatis. \VNS treatments have been proposed 
that would deliver chemical or biological control agents 
into a cave or mine. There are several likely obstacles to 
this approach. First, many affected caves and mines oc­
cur on private land, where access may be restricted. Sec­
ond, many caves and mines used by bats have great inter­
nal volume and stmctural complexity that would render 
complete coverage extremely difficult. Third, treatment 
may not meet its objectives if transmission is from bat to 
bat, rather than from cave surfaces to bats. Fourth, anti­
fungal treatment in caves would almost certainly change 
resident species composition, possibly even increasing 
the probability of \VNS if resident invertebrates or mi­
crobes are already competing with or somehow limiting 
transmission of G. des/ructans. It may be possible to ma­
nipulate the temperature and humidity of hibernacula so 
that they are less conducive to growth or transmission 
of G. desti'Uctans or to mitigate the effects of fungal in­
fection on bats. Although a model suggests that localized 
warm areas within hibemacula could increase survival of 
infected bats (Boyles & Willis 2010), this approach has 
yet to be tested. Certain hibernating bats have evolved to 
survive winter in the very conditions at which G. destruc­
tans grows (Davis 1970; Cryan et al. 2010), and altering 
hibemacula to discourage growth of the fungus could 
also reduce survival of bats. 

Although culling of infected individuals or populations 
may seem a viable approach to reducing pathogen load, 
the incidence of\VNS within popt~ations, and the prob­
ability of transmission to other popt~ations, we suggest 
its potential effectiveness must be considered carefully 
and critically. For culling to be effective, the following 
are necess.1ry: little or none of the pathogen should origi­
nate from fomites (objects that maybe contaminated with 
the pathogen); most cases shm~d be clinical or diagnosed 
after death; a sufficiently high proportion of affected 
individuals should be removed (this proportion can be 
calculated with SIRS models once a realistic model and 
model parameters are obtained); and the remaining pop­
ulation of individuals must be isolated to prevent spread 
and reintroduction. Ct~ling in wild animal popt~atlons is 
less successft~ than culling of livestock because of cliffi­
ct~ties and delays in diagnosis; vagllity of animals, par­
tin~arlyin volant and potentially migratory species such 
as bats; and inability to control environmental factors 
and ongoing disease exposure. Culling of animals in the 
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wild for disease control has been either ineffective (e.g., 
control of Tasmanian devil [Sarcopbllus barrls/1] facial 
disease [Lachish eta!. 2010]) or implicated in the exac­
erbation of disease (e.g., badger [ftfeles metes] tuberculo­
sis Uenkins eta!. 2010]). Culling also may be perceived 
negatively by the public, may remove individuals with re­
sistance to the disease because field indications of WNS 
are ephemeral (e.g., white noses) and often difficult to 
detect; and may lead to local extinction. For bats, culling 
to separate affected from unaffected bat populations (i.e., 
constmction of a cot·do1l sa11/talre) would be difficult. 
Recent data document extensive spread of WNS; which 
increases the likelihood that a COI'd01l Sa1lftafrewou!d be 
breached. Should culling be considered, we believe pop­
ulation and disease models should inform and justify de­
cisions to cull, and concurrent research should assess key 
features of\VNS disease ecology, such as the presence of 
reservoirs and alternate hosts, means and levels of disease 
transmission, possibilities of disease recovery and immu­
nity, and different levels of susceptibility among different 
host species. 

Even though the spread of WNS probably occurs 
mostly through contact among bats and possibly among 
bats and other animals, preventing the anthropogenic 
spread of G. dest•-ucta11s from cave to cave (most 
likely explanation for intercontinental spread) and from 
bat to bat during capture and handling could prevent 
some disease transmission. We think it is reasonable 
to require humans entering uninfected sites to disin­
fect their clothes and equipment. People studying or 
monitoring bats can also implement strict protocols for 
disinfecting equipment and preventing cross-species in­
fection (Constantine 1986). In places where large num­
bers of humans and bats are likely to co-occur, caves 
could be closed to humans. If bats in a cave are 
uninfected, prohibiting human entry might slow G. 
destmcta11s introduction, and if bats are infected, this 
pmhibition might reduce spread from that cave as a nidus 
(center of infection). 

Increased efforts to maintain genetic diversity of bats 
may become necessary to reduce spread of and mortality 
to bats from WNS. Decreases in the abundance of bats 
are likely to be followed by decreases in genetic diver­
sity. Captive propagation or captivity during the winter 
could be initiated for critically endangered species; cer­
tain species of bats have been reared in captivity suc­
cessfully (but see results of work with Virginia big·eared 
bats, http://www.fws.gov/WhiteNoseSyndrome). Never­
theless, such captive populations would only sustain rel­
atively low levels of genetic diversity. 

Monitoring populations of bats, although difficult 
(O'Shea & Bogan 2003), will provide important informa­
tion on which species ofbats are most susceptible to \VNS 
and whether management actions are reducing mortality 
in bat populations. Newer quantitative methods, such as 
open population models (e.g., quantifying survival and 
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reproductive rates [O'Shea et al. 2004]) and occupancy 
modeling (e.g., tracking occurrence of species over time 
at affected hibemacula [MacKenzie eta!. 2006]), may of­
fer promise for assessing the viability of bat populations 
exposed to \VNS, prioritizing species on which to focus 
management, and gauging the effectiveness of manage­
ment actions. 

Education of the public m.1y encourage people to re­
port cases of \VNS, avoid inadvertent spread of the fun­
gus, and avoid disturbance of hibemacula. Education 
may also minimize reactive and ineffective killing. Public 
health departments responsible for surveillance of rabies 
could be educated about \VNS, given they may be the first 
agencies to respond to bat· mortality events. State and fed­
eral land management agencies cotdd opportunistically 
educate the public about bats and WNS. In situations 
such as high-traffic tourist caves with few hibernating 
bats, the potential benefits of educating the public about 
hats and \VNS may be greater than the probability of 1m­
man transmission of G. destmctans to and from such 
sites. 

In the 3 years since its discovery, \VNS has changed the 
focus of bat conservation in North America. Prior conser­
vation strategies for bats in North America sought to alle­
viate human-associated mortality (\Veller eta!. 2009), but 
\VNS is a much less tractable natural threat. In contrast to 
diseases for which national response plans have been de­
veloped (e.g., chronic wasting disease, highly pathogenic 
avL1n inlluenza), \VNS affects nongame species and poses 
no known direct threats to humans or domestic animals. 
Because \VNS affects a number of species designated as 
endangered under the U.S. Endangered SpeciesAct, some 
responsibility for coordinating a response to WNS rests 
with federal and state agencies charged with preventing 
extinction of listed species. Some of these agencies may 
have little or no experience dealing with epizootlcs. Our 
epidemiological roadmap is intended to supplement and 
inform emerging national and state plans for coordinat­
ing management activities directed at \VNS in the United 
States. 
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ABSTRA.cr.-Dietary preferences of Indiana bats were determined by analyzing 382 fecal 
pellets collected beneath rom;t trees in southern Michigan, over parts of 3 yr. Although 
terrestrial insects (Lepidoptera and Coleoptera) usually dominated the diet of Indiana bats 
in more southern states, those in Michigan consumed mostly insects associated with aquatic 
environments. Indiana bats in ;\lichigan ate primarily Trichoptera (55, 1% of volume) and 
Diptera (25.5%), followed by I.cpidoptera (14.2%) and Coleoptera (1.4%). Cor'l.sumption of 
Diptera was highest during lactation ( 48.2%), whereas consumption of Lepidoptera was least 
during this time (7.7%). Although most insectkorous bats do not prey on mosquitoes (Cu­
licidae), these insects were a consistent component of the diet of Indiana bats and were 
eaten most heavilr during pregnancy (6.6%). 

INTRODUCTION 

Knowledge of the diet can provide fundamental insights into the ecology and behavior 
of an animal, and dietary information is essential for proper management of any species. 
For example, the type of food predicts an aninml's basal metabolic rate, which, in turn, 
detennines aspects of the animal's population ecology and home-range size (!vfcNab, 1980). 
In addition, knowledge of the diet may reveal where, when, how, and how often em animal 
forages. Understanding the foods eaten by an endangered species is particularly important, 
because a population's decline may be related to the diet; for example, lack of suitable prey 
(MacKenzie and Oxford, 1995) or exposure to pollutants obtained through contaminated 
prey (Clark, 1981, 1996; \Viemeyer et al., 1984; Clawson and Clark, 1989; McLachlan and 
Arnold, 1996) have been implicated in the decline of many species. 

The Indiana bat (1\f)'olis soda/is) is a small, 7-10 g, insectivorous species that ranges 
throughout much of the eastern United States (Thomson, 1982). At one time, 90% of the 
known population hibernated in onl)' three caves and one mine (Brady el al., 1 983). Be· 
cause of large declines in population size and the appcu·ent lack of ctitical habitat in winter, 
the species was declared endangered in the United States in 1967. The piimary focus of 
the original recm•ery plan for this species (Brady et al., 1983) was to prevent disturbance 
to hibernating bats, yet despite current protection of all major hibernacula, the species 
continues to decline. The magnitude of the problem, however, vaties across the species' 
range, with some areas shmving little, if any, decline in population, while others report 
alarming losses. The population in Missomi, for example, has decreased by 80% o\'er the 
last 13 yr (Indiana Bat Recovery Team, 1996; Clawson, 1987). 

The continued decline of the Indiana bat, despite protection in wintc1~ suggests that there 
also are problems <luting spting and summer when females gather in maternity colonies 
and actively forage. However, the only available information on diet of this species <luting 
the maternity season is from unpublished thesis research in Indiana {llelwood, 1979; Brack, 
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1983; Lee, 1992). Because Jl.lany aspects of the roosting ecology and behavior of Indiana 
bats in northern areas differ from those observed in more southern states (Kurta el al., 
1993, 1996), it is essential that the diet of this endangered species be examined in all parts 
of its range (Indiana Bat Recovery Team, 1996). The pm·pose of the present report is to 
document the diet of Indiana bats at the most northern maternity colony known for the 
species and to summatize and make compmisons with unpublished studies from more 
southern locations. 

fl.'lETI-IODS 

Stud)' animals.-\Ve determined diet by examining fecal pellets collected from a mater­
nity colony of Indiana bats that roosted under the exfoliating bark of dead u·ees, near 
Vermontville, Eaton Co., Michigan (Kurta et al., 1993, 1996). These bats used at least 23 
u·ees over 3 yr and as many <tS 18 different trees in 1 yr; no tree was continually used 
throughout any year. \Ve did not know where these bats foraged, but it was not in the 
immediate vicinity of the roosts~ radiotagged individuals left the roosting :.uea every night, 
and some individuals were captured up to 2 km from their dap·oost. This population of 
Indiana bats consisted of 20-25 adult females, most of which gave birth to a single young 
in late June (Kurta eta/., 1993, 1996). 

Fecal anal)'.sis.-To obtain feces, we placed a nylon screen on wooden supports below the 
preferred entrance/ exit of si.x of the most commonly used roost trees. Maximum. distance 
between roosts from which we collected feces was less than 150m. Overall, we collected 27 
S..'lmples, containing 2 to 125 pellets each; 18 samples were from 6 June to 17 July 1993, six 
were from 22 July to 28 August 1994, and three from 2 to 10 June 1995. After collection, 
pellets were d.ded and stored in vials, and later, up to 30 pellets from any one sample were 
randomly selected and examined under a dissecting microscope; examination of 30 pellets 
is sufficient to document all m<Uor dietary items in a sample of the feces of insectivorous 
bats (Whitaker, 1999). Insect remains were identified to order, and occasionally family, and 
the percent-volume of each taxon in each pellet ·was estimated visually (Whitaket~ 1988}. 
Differences among s..'lmples from. bats in different reproductive conditions were examined 
using Kruskai-\Vallis tests, followed by Bonferroni-adjusted \Vilcoxon tests for multiple com~ 
pmisons (SAS Institute, 1990). 

RESULTS 

A total of 382 pellets were examined. Indiana bats in Michigan ate mainlr Tdchoptera 
(caddisflies; 55.1% of volume) and Diptera (true flies; 25.5%), followed by Lepidoptera 
(moths~ 14.2%) and Coleoptera (beetles~ 1A%-Table 1). The remaining 3.8% consisted 
ofsi.x other insect orders, as well as spiders (Araneae). On occasion, we were t.\b1e to identify 
the foods to lower taxa (Table 1). Numetically, the most important of these were the dip­
teran families Chironomidae (midges; 4.1 %) and Culicidae (mosquitoes; 2.7%). Although 
mosquitoes are not an important food for most species of bats (Whitaker and Lawhead, 
1992), these small insects were consistently present in the diet of Indiana bats in .Michigan, 
appealing in 22 of 27 collections. 

The most extensive samples were from. 1993, and the last date of collection in that year 
(17 July) coincided with the earliest date that we encountered volant jm·eniles (Kurta et al., 
1996}. Assuming 3-4 wk from birth to ftrst foraging flight, as in 1\iyotis luafugu.s (Buchlet~ 
1980; Ft~ita, 1986), partmition by Indiana bats began ca. 19-26 June. Consequently, we 
divided the s..'lnl.ple from 1993 into three groups, representing pregnancy (6-17 June, 94 
pellets), a transition from late pregnancy to early lactation (19-30 June, 100 pellets), and 
lactation (2-17 July, 39 pellets). \Ve analyzed the daw for the four most common orders 
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TABLE 1.-Percent-\'olumc of foo<ls eaten by Indiana bats in Michigan based on analrsis of fecal 
pellets. When separate families are listed, their percent-mlume is included in the value indicated for 
the whole order. Values for orders within columns do not add to 100 because of rounding errors 

PcrC<'nt·volumc 

1993 1994 1995 Total 
Taxon (n = 233) (n = 101) (n = 48) (n = 382) 

Trkhoptcra 47.7 71.4 56.5 55.1 
Diptcra (all families) 31.8 15.0 17.0 25.5 

Chironomidae 2.6 7.8 2.7 4.1 
Culicidae 4.2 0.6 0.4 2.7 
Tipulidae 0.3 0 1.6 0.4 
Dolichopidae O.Q2 0 0 0.01 

Lepidoptera 16.6 8.8 14.8 14.3 
Coleoptera (all families) 0.7 1.5 4.8 1.4 

Scarabaeidac 0.9 0 2.0 0.3 
Curculionidae 0.3 0 0 0.02 
Dytis.cidae 0 0.5 0 0.1 

Hymenoptera (all families) 1.3 0.5 1.3 1.1 
Ichneumonidae 1.3 0.1 1.2 1.0 
Fonnicidae 0 0.2 0 0.07 

Neuroptera (Hemerobiidac) 0.2 0.9 4.6 0.9 
Arancac 1.0 0.3 0 0.7 
Unidentified insects 0.2 0.7 0.7 0.4 
Hemiptera (all families) 0.3 0.05 0.3 0.3 

Lygaeidae 0.06 0 0 0.04 
Homoptera (all families) 0.2 0.4 0 0.2 

Cicadellidae 0.2 OA 0 0.2 
Aphididae 0 0.1 0 O.D4 

Plecoptera 0 0 0.4 0.05 
Ephemeroptcra O.D4 0 0 0.03 
Total for orders 100.04 99.6 IOOA 100 

and found no significant differences among the three groups for Ttichoptera or Coleoptera 
(Table 2). Howevct~ the percenH'olume of Lepidoptera was highest in pregnancy and tran­
sition and lowest in lactation, whereas all Diptera combined were greater in lactation than 
in pregnancy or transition. Chironomid flies did not vary across reproductive conditions, 
but m.osquitoes were consumed in highest amounts dUiing pregnancy. 

DISCUSSION 

To date, there have been four unpublished surveys of the diet of Indiana bats (Fig. 1); 
each of these was similar to the present study in that each reported the percent-volume of 
vatious foods, based on analysis of tecal s.amples that were collected fi:om May or June 
through August. Brack and Laval (1985), for example, examined fecal pellets from 140 
male Indiana bats, captured as they entered a cave in Missomi, and found 83% Lepidoptera 
and 7% Coleoptera. Brack and L.:wal (1985) also indicated that the diet did not vary across 
the night; they compared the composition of pellets from individuals captured dming the 
postsunset foraging peliod and those captured dming predawn foraging and found no 
significant differences. In another study, Belwood (1979) analyLed pellets from individual 
females and juveniles and also pellets collected beneath a maternity roost in southern In-
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TABLE 2.-Mean pcrccnt-\'olumc of the most common foods eaten h)' Indiana bats in l\lichigan 
during pregnancy, transition from pregnancy to lactation, and lactation, in I 993. The indicated prob· 
ability is for differences among the three groups as indicated by Kruskal-Wallis tests, each with 2 deg 
freedom. For each ta.xon, means with different superscript~ were significantly different based on Bon­
fcroni-adjm.ted Wilcoxon tests (alpha = 0.025); actual probabilities for signifimnt Wilcoxon tests were 
all :o:;Q,Ol 

Percent-volume 

Pregnancy Transition L'lctmion 
Taxon (n = 9·1) (n = 100) (n = 39) x' p 

Trichoptera 55.6~ 43,6a 39.4" 3.94 0.14 
Diptera 22.4• 34.3" 4S.2b 17.02 0.002 

Chironomidae 1.2" 3.6• 3.1" 1.84 0.40 
Culicidae 6.6• 2.9b 1.5b 10.94 0.004 

Lepidoptera l6.0a 20.7a 7.7'> 9.24 0.01 
Coleoptera 0.9a O.!)a O.!)a 0.85 0.65 

diana; she reported 57% Lepidoptct·a, 18% Diptcra, and 9% Coleoptera. Similarly, Brack 
(1983), working at sites throughout Indiana over 3 yr, found Lepidoptera (48%) and Co­
leoptera (24%) to be m<Uor components of the diet, followed by Diptera (8.5%) and Tti­
choptera (9.8%); although the exact proportions differed, moths and beetles predominated 
in samples taken from mist-netted individuals of each sex and age (adult vs. juvenile), and 
these insects also were the most common taxa in pellets collected from beneath a maternity 
roost. Lepidoptera dominated the diet in every year of his study (Brack, 1983), and the 
percent-volume of Lepidoptera in the diet did not differ significantly among years; Brack 

II Trichoptera 
l'i!il Diptera 

60 -j II II Lepidoptera 
l1i!l Coleoptera 

<D I II D Other E 
:> 60 

~ -c: 
<D 40 {) 
~ 

<D 
0.. 
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0 
Bel wood Brack Brack+LaVal Lee This Study 

FIG. I.-Percent-volume of various insect ta.xa in the diet of the Indiana bat, as reported by Helwood 
(1979), Brack, (1983), Brack and L·Nal (1985), Lee (1993) and the pr('sent stud)' 
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(1983) also indicated no significant differences in the diet of males (the only group tested) 
that were captured early or late in the night. Finally, Lee (1993) collected pellets from. 23 
female Indiana bats that were mist-netted in central ::md northern Indiana and found 40% 
Lepidoptera, 29% Trichoptera, 13% Coleoptera, and 9% Diptera. Hence, previous studies 
at m.ore southern sites consistently showed that the diet of Indiana bats was dominated by 
Lepidoptera (Fig. 1). This dominance of Lepidoptera occurred throughout the night and 
across years and was evident in pellets collected from. individuals of vaqing age and sex, as 
well as pellets obtained from maternity roosts. 

Although our study was similar to previous reports in showing that the diet oft he Indiana 
bat consisted ptimatily of soft-bodied insects (Table 1), our results indicated that the diet 
of females <U)(I young at a northern colony was not dependent upon moths. h1 JV!ichigan, 
Indiana bats took prey from. 10 insect orders, as well as spiders, but these bats concentrated 
on Ttichoptera mlCI Diptcra. These two orders comp1iscd ca. 81% of the foods eaten, and 
their dominance was evident both among mul within years (Tables 1-2); Lepidoptera, in 
contrast, conttibuted only ca. 14%, or less than half the amount found in any previous study 
(Fig. 1). 

Overall diet in !\Jichigan was not only different from that in southern locations; trends 
within a year also differed. Brack (1983), for example, reported that consumption of Lep­
idoptera increased from May through August, while Tdchoptera decreased. Such a pattern 
\\'TIS not evident in our study; there was no statistical difference in the abundance of cad­
disflies dming pregnancy, transition or lactation, whereas moths actually decreased dming 
lactation (Table 2). In addition, if the S..'lme trend occurred in to.·lichigan, our sample from 
1994, which v-.ras gathered late in the season (22 July to 28 August), should have had a very 
low proportion of caddisflies, yet those pellets actually yielded the greatest percentage of 
Tlichoptera (71 %, Table 1). 

Similarly, Bclwood (1979) reported a significant incre<tse (from 31% to 70%) in moth 
consumption and a significant decrease (fi·om 41% to 16%) in fly consumption druing 
lactation compared to pregnancy. She hypothesized that the shift to moths dming lactation 
was an attempt b)' females to obtain prey that were energetically or nuttition<tlly more 
re\\rarding. Such speculation \\'TIS logical consideting the huge increase in energy required 
by bats· during lactation (Kurta et a!., 1989), but if her hypothesis were correct, one would 
have expected Indi<tna bats in Michigan to follow the s..'lme pattern. Howevet; moth con­
sumption in Michigan actually dedined, while flies substantially increased, dming lactation 
(Table 2). V\7e suspect that these conflicting reports of seas01ml clmnges in diet simply reflect 
availability· of insects in the habitats in which the bats chose to forage, and such changes 
may not necessmily have an adaptationist explanation. 

Small m}'otine bats, such as the Indi<ma bat, are generally believed to be opportunistic 
foragers (Belwood <md Fenton, 1976; Fenton and Manis, 1976; Vauglmn, 1980). The speed 
of a flying bat and the short detection range inherent in the use of echolocation make 
disnimina~ion among different types of prey difficult (Barclay and B1igham, 1994). Selec­
tivity in terms of prey, to a large degree, likely results from selection of a particular habitat 
to forage. in, rather than ~lection of a pm·ticular type of insect per se, and once the habitat 
is chosen, the bats may· sitnply feed on whatever approptiate-size insect is most abundant 
(Brack, 1983; Aldtidge and Rautenbach, 1987; Btigham, 1990; Bm-clay and Btiglmm, 1994; 
Whitaket; 1995). Consequently, consmnption of insects associated with terresttial environ­
ments (Lepidoptera and Coleoptera) by Indiana bats in southern states indicates that these 
bats often foraged in upland habitats (Bclwood, 1979; Brack, 1983; Lee, 1993), whereas the 
consumption of insects generally associated with aquatic environments (Ttidwptera and 
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Diptera) by Indiana bats in r..Hchigcm indicates that these bats foraged ptimatil)' in wetland 
habitats. 

Differences between Indiana bats in Michigan and more southern areas are not restricted 
to dietary and foraging patterns; previous work also indicates subst<ultial differences in 
roosting behavior. For example, those that summer in t\Hchigan consistently form smaller 
colonies, use different species of trees, choose trees in sunnier locations, and roost more 
frequently in wetlands than do southern populations (Gardner et al., 1991; Callahan, 1993; 
Kurta et al., 1993, 1996). These differences in roosting and foraging behavior may reflect 
regional differences in availability of habitats or insects (Brack, 1983; Ptice, 1984; Dunn, 
1996), increased or decreased competition frmn other species (as membership of the local 
chiropteran com.munity changes across the continent, Findley, 1993), or perhaps true rc~ 
gional preferences by different populations of bats. 

'Vh<ttcver its cause, such vatiation is potentially important to the management and re­
cover)' of this and other endangered species and indicates that any sound management 
plan must consider the behavior of an animal in all parts of its range. This is particularl)' 
true for the Indiana bat, because not only docs this species show apparent regional differ­
ences in foraging and roosting behavior, but population declines of the Indiana bat also 
show regional vmiation. The Indiana bat in some are;:ts of its range, such as f\Hssomi, is on 
the verge of extinction, while other populations are holding steady (Clawson, 1987; Indiana 
Bat Recovery Team, 1996); hence future solutions to the decline of the Indiana bat likely 
will ref1ect regional differences in the behavior and ecology of the species. In any event, 
suggestions for aiding any endangered species of bat by f::tcilitating the diversity and abun­
dance of a particular type of insect prey (e.g., Rydell et al., 1996) should be viewed with 
caution, until diet is s..'lmpled throughout the range of the species. 

Acknowlcdgmmls.-We thank the Borntragers for access to their property and J. Car)'1, R. Foster, R. 
Mies and K. Williams for helping gather raw materials. This project was partly funded by grants to AK 
from the Nongame Wildlife Program of the Michigan Department of Natural Resources and the East­
ern Michigan Universit)' Graduate School and by Hellwig Awards to J. (.:,'l.ryl, R. Foster and K. Williams. 

Ln·ERATURE CITED 

ALDRIDGE, H. D. J. N. AND I. L. RAUTENB.~CH. 1987. Morphology, echolocation, and resource 
partitioning in insectivorous bats. J Anim. Ecol., 56:763-778. 

BARClAY, R. M. R. AND R. M. BRICHA.l\1. 1994. C.onstraints on optimal foraging: a field test of prey 
discrimination by echolocating insectivorous bats. Anim. Bdma, 48:1013-1021. 

BELWOOD, J. J. 1979. Feeding ecology of an Indiana bat communi!)' with emphasis on t11e endangered 
Indiana bat, .Myotis soda/is. M.S. Thesis, Univer.;ily of Florida, Gainesville. 103 p. 

---,mD M. B. FENTON. 1976. Variation in the diet of A!yolis lluifugas (Chiroptera: Vc.spertilionidac). 
Can.]. Zool., 54:1674-1678. 

BRACK, V. W., jR. 1983. The nonhibernating ecology of bats in Indiana \\ith emphasis on the 
endangered Indiana bat, Afyoli.5 sodalis. Ph.D. Thesis, Purdue Unh·er.;ity, '\'est Lafayette, 
Indiana. 279 p. 

---AND R. K. L·\VAI~ 1985. Food habits of the Indiana bat in Missouri. J 1Hammal., 66:308-310. 
BRADY,]. T. 1983. Recovery plan for the Indiana bat. U.S. Fish Wild/ . . Sen•., Washington, D. C. 23 p. 
BRIGHAM, R. M. 1990. Prey selection by big brown bats (Epl<sicus fiucus) omd common nighthawks 

( Cltordtilcs mi1101). Am. Midi. Nat., 124:73-80. 
BUCHLER, E. R. 1980. The development of flight, foraging, and echolocation in the little brown bat 

(lH)'olislucifugus). Behan Ecol. Suciobiol., 6:211-218. 
CALLAHAN, E. V. III. 1993. Summer bat habitat requirements. M.S. Thesis, Unhwsity of Missouri, 

Columbia. 74 p. 



PE-48 

286 THE iU.IERICA.t~ MIDLA.t'l"D NATURALisr 140(2) 

CLARK, D. R.,JR. 1981. Bats and environmental contaminants: a review. U.S. Fish Wild/. Snu Spec. Sri. 
Rep.-IVildlife, 235:1-27. 

---. 1996. Dead and dying Brazilian free-tailed bats (Tadmida brasiliensis) from Texas: rabies and 
pesticide exposure. &:mlhwesl. Nat., 41:275-278. 

ClAWSON, R. 1987. Indiana bats: down for the count. Endangered Specit.s Tech. Bull., 22:9-1 L 
---A...~D D. R. CLARK, JR. 1989. Pesticide contamination of endangered gray bats and their food 

ba.oo;c in Boone C'.ounty, Missouri. Bull. Envimn. Con/am. Toxicol., 42:431-437. 
DUI\'N, G. A. 1996. Insects of the Great Lakes region. University of Michigan Press, Ann Arbor. 324 p. 
FEl\'TON, M. B. AND G. K. MoRRJS. 1976. Opportunistic feeding by desert bats (1\J)'olis spp.). Can. J 

Zoo!., 54:526--530. 
FINDLEY,]. S. 1993. B.·tts: a community perspective. Ca.mbridge University PrC5S, New York. 167 p. 
FujiTA, i\f. S. 1986. A latitudinal comparison of growth and development in the little brown bat, Myoli.s 

lucifugu.s, "\\ith implications for geographic variation in adult morphology. Ph.D. Thesis. Boston 
University, Boston. 261 p. 

GARDNER, j. F .. ,j. D. GAR..i'IER AND j. E. HOFMANN. 1991. Sutmner roost selection and roosting behavior 
of Myoti.s sodali.s (Indiana bat) in Illinois. Unpubl. rep. Ill. Nat. Hist. Surv., Bloomington. 56 p. 

INDIA.t'l'A BAT RECOVER\' TEAM. 1996. Technical draft. Indiana bat (.Myoti.s soda/i.s) recm·eq' plan. U.S. 
Fish Wildl. Serv., Region 3, Fort Snelling, Minnesota. 37 p. 

KURTA, A., K. J. WHUAMS AND R. MIF.S. 1996. Ecological, behavioural, and thermal observations of a 
peripheral population of Indiana bats (Myoti.s .sodali.s), p. 102-117. In: R. M. R. Barclay and R. 
M. Brigham (cds.). Bals and forests. Research Branch, Ministry of Forests, Province of British 
Columbia, Victoria. 

---, G. P. BELL, K. A. NAG\' AND T. H. KUNZ. 1989. Energetics of pregnancy and lactation in free­
ranging little brown bats (J.Uyoti.s ludfugu.s). Phy1iol. Zoo/., 62:804-818. 

---, D. KiNG, J. A. TI<:RAMINO, J. M. STRIBLF.\' AND K. J. WH..I.IM•IS. 1993. Summer roofot.'> of the 
endangered Indiana bat (.Myotis soda/is) on the northern edge of it.<> range. Am. Midi. Nal., 
129:132-138. 

LEE, 1:-F. 1993. Feeding ecology of the Indiana bat, MJoli.s soda/is, and resource partitioning,\ith MJoli.s 

keenii and M)'Olis lruifugu.s. M.S. Thesis, University of Tennessee, Knoxville. 145 p. 
MACKENZIE, G. A. AND G. S. OXFORD. 1995. Prey of the noctule bat (l\)·daltts 110dula) in East Yorkshire. 

J Z,X,/., Loud., 236:322-327. 
i\fCL-\CHLAN,j. A. Al~D S. F. ARNoLD. 1996. Environmental estrogens. 1lm. Sri., 84:452-461 
i\h::NAB, B. K. 1980. Food habits, energetics, and the population biology of mammals. Am. Nat., 116: 

106-124. 
PrucE, P. W. 1984. Insect ecology. john Wiley and Sons, New 'l'Ork. 607 p. 
R\DELL, j., G. NATUSCHKE, A. THEILER AND P. E. ZINGG. 1996. FoO<I habits of the barbastelle bat 

Barba.stdla barba.sttllu.s. Ecogmph)~ 19:62-66. 
SAS INSTITUTE. 1990. SAS/SfAT users guide, version 6. SAS Institute, Inc., Cary, N.C. 1686 p. 
THo~lSON, C. E. 1982. 1l-I)oli.s sodtlli.s. Mamm. Spedc.s, 163:1-5. 
VAUGHAN, 'I: A. 1980. Opportunistic feeding by two species of M)olis.J 1llammal., 61:118-119. 
WHJTAKI<:R,j. o .. jR. 1988. Food habits of insectivorous bats, p.171-l90. In: T. II. Kunz (ed.). Ecological 

and behavioral methods for the study of bats. Smithsonian Institution Press, Washington, D.C. 
---. 1995. Food availability and opportunistic ''crsus sclccth·e feeding in insectivorous bats. Bat Rc.s. 

News, 35:75-77. 
---. 1999. Seasonal variation in the diet of the Indian pygmy bat, Pipistrellus mimus, in south India. 

J J.\Iammal., in press. 
---AND B. L~WHEAD. 1992. Foods of 1\Iyotis btdfugu.s in a maternity colony in central Alaska.]. 

Afammal., 73:646-648. 
W!F.MEYER, S. N., T. G. L>\MONr, C. i\1. BUNCK. C. R. SINDELAR, F.J. GARMLICH,j. D. FRASER AND !\'1. A. 

B)RD. 1984. Organochlorine pe>ticide, pol)'chlorobiphenyl, and mercury residues in bald eagle 
eggs 1966--1979 and their relationships to shell thinning and reproduction. Arch. Emliron. 

Contam. 1bxirol., 13:529-549. 

Sum.urnm 5 jUNE 1997 AccEPTED 2 DEn:i\mEK 1997 




