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1. INTRODUCTION AND BACKGROUND 

The purpose of this biological assessment (BA) is to assess the effect of the proposed East Locust 
Creek Reservoir Project (Project) on those species listed as endangered or threatened under the 
Endangered Species Act (ESA) or on the designated critical habitats of those species. ESA 
section 7(a) instructs the Natural Resources Conservation Service (NRCS) to ensure that any 
action funded, authorized, or carried out by NRCS, United State Department of Agriculture 
(USDA) Rural Development (RD), U.S. Army Corps of Engineers (USACE), or Federal Highway 
Administration (FHWA) is not likely to jeopardize the continued existence of any endangered or 
threatened species (USFWS 1973). 

The Project involves construction of a 2,328-acre multipurpose reservoir in Sullivan County, 
Missouri, approximately 6 miles north of Milan and west of Green City (Figure 1). The Project is 
located in Sections 5, 6, 7, and 8, Township 63 North, Range 19 West; Sections 1, 2, and 12, 
Township 63 North, Range 20 West; Sections 18, 19, 30, and 31, Township 64 North, Range 19 
West; and Sections 13, 23, 24, 25, 26, 35, and 36, Township 64 North, Range 20 West. The 
Project center is located at 40.270517 degrees latitude and 93.081655 degrees longitude.  

1.1. Federal Action 

The proposed Project includes NRCS funding, USDA RD funding, FHWA funding and a USACE 
Clean Water Act (CWA) Section 404 individual permit.  

The NRCS is the lead federal agency as it intends to fund construction of the Project under the 
Watershed Protection and Flood Prevention Act, Public Law (PL) 83-566. The NRCS is partially 
funding construction, engineering, land purchase, technical assistance, and Project 
administration to construct a multiple-purpose reservoir (approximately 2,328 acres) on East 
Locust Creek north of Milan, Missouri.  

Because preliminary jurisdictional determinations (PJDs) identified wetlands and streams within 
the Project boundary, construction of the proposed Project would require a CWA Section 404 
individual permit. A total of 362 wetland acres and 49 miles of stream were identified in the PJDs. 
A supplemental environmental impact statement is being completed concurrent with this BA to 
aid the Section 404 permit. 

FHWA and USDA RD are providing funding for various components of the proposed Project. 
FHWA is providing funding through the 2019 Better Utilizing Investments to Leverage 
Development (BUILD) grant program. The funding will provide for road improvements and 
relocations to improve access and minimize transportation disturbances from the proposed 
Project. USDA RD is providing loans and grants to aid the sponsor in meeting the local cost share 
obligations.  

State permits including Missouri Department of Natural Resources (MoDNR) dam safety, MoDNR 
drinking water, and MoDNR Land Disturbance permits will be needed.  

1.2. Local Sponsor and Involved Agencies 

The Project’s local sponsor is the North Central Missouri Regional Water Commission 
(NCMRWC). Various levels of involvement including primarily agency meetings have occurred 
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with the Missouri Department of Conservation (MDC), MoDNR, U.S. Environmental Protection 
Agency (EPA), U.S. Fish and Wildlife Service (USFWS), USACE, and NRCS.  

Early coordination and consultation with the USFWS were conducted during a series of site visits, 
meetings, and emails including those in Table 1.  

Table 1. Summary of U.S. Fish and Wildlife Service Coordination. 
Date Meeting Summary 
July 8, 2004 Meeting concerning content and preparation of the EIS portion of the 

watershed plan. 
August 17, 2004 Meeting concerning content and preparation of the EIS portion of the 

watershed plan. 

April 27, 2005 
Meeting to discuss mitigation strategies related to impacts of project 
measures to wetlands, streams resources, fish and wildlife habitats, 
and threatened and endangered species.  

May 2, 2006 USFWS’s final environmental impact statement’s comment letter. 
May 25, 2006 Meeting to discuss agency USFWS comments on the draft EIS. 

February 25, 2015 
USACE, EPA, MDNR, USFWS, Allstate Consultants LLC, NCMRWC, 
Olsson meeting to discuss the supplemental environmental impact 
statement’s purpose and need.  

September 20, 2016 Introductory meeting to discuss Indiana bat and northern long-eared 
bat. 

February 1, 2018 USFWS Information, Planning, and Conservation (IPaC) response. 

October 6, 2017 Meeting to discuss impacts to Indiana bat and northern long-eared 
bat. 

October 24, 2017 Meeting to discuss impacts to Indiana bat and northern long-eared 
bat. 

December 12, 2017 Project site visit. 
April 16, 2019 USFWS comments provided on Draft Environmental Impact 

Statement. 
July 3, 2019 Meeting to discuss draft Biological Assessment. 
July 11, 2019 USFWS comments provided on Draft Biological Assessment. 
October 23, 2019 BA to USFWS 
December 4, 2019 USFWS comments on BA 
February 14, 2020 Biological Assessment to NRCS for distribution to USFWS 
February 28 2020 Biological Assessment and request for formal consultation sent to 

 March 27, 2020 Received comments from USFWS on Biological Assessment 
            

 
April 7, 2020 Project team meets with NRCS and USFWS to discuss BA and 

 May 1, 2020 Biological Assessment to NRCS for distribution and USFWS for 
 June 10, 2020 Received USFWS comments on BA 

August 13, 2020 Final BA sent to NRCS, USDA-RD, USFWS 
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   Figure 1. East Locust Creek Location Map. 
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1.3. Covered Species 

An official species list was requested from the U.S. Fish and Wildlife Service (USFWS) on 
February 1, 2018. The Project has the potential to affect the following ESA-listed species that may 
occur in the area:  

• Indiana bat (Myotis sodalis; MYSO) – federal and state endangered  
• Northern long-eared bat (Myotis septentrionalis; MYSE) – federal threatened and state 

endangered 
• Mead’s milkweed (Asclepias meadii; ASME) – federal threatened and state endangered  
• Gray bat (Myotis grisescens; MYGR) – federal and state endangered 

No critical habitat has been designated in Sullivan County, Missouri, for any threatened or 
endangered species. 

This BA addresses and contains analyses for two species, the federally-listed endangered Indiana 
bat and the federally-listed threatened northern long-eared bat and identifies activities that are 
likely to result in no effect to the species, may affect but are not likely to adversely affect them, or 
are likely to adversely affect them. A final 4(d) rule (81 FR 1900) was published for MYSE on 
January 14, 2016 (effective February 16, 2016). The final 4(d) rule specifies what constitutes 
prohibited taking of MYSE. The rule does not remove, or alter in any way, the consultation 
requirements under Section 7 of the ESA. However, the USFWS’ Programmatic Biological 
Opinion on the final 4(d) rule (USFWS 2016) provides a streamlined consultation framework as 
an option for federal agencies to use.  

2. PROJECT DESCRIPTION 

The Project would provide a water supply, reduce flood damages, and increase recreational 
opportunities in the 10-county region. The 10-county region includes Adair, Chariton, Grundy, 
Linn, Livingston, Macon, Mercer, Putnam, Schuyler, and Sullivan counties (Figure 2). Residential 
development is anticipated to occur outside NCMRWC property because of the recreational 
opportunities provided by the Project. 

Construction activities are proposed to start in the fall of 2020 and be completed in 2022. It is 
estimated that the Project will reach a normal pool level within 2-10 years following dam 
construction, depending on rainfall events. The Project will impact forest resources that are 
currently estimated at approximately 1,341 acres (Table 2). The Project would also preserve 683 
acres of forest habitat and create 553 acres of forest habitat on land owned by NCMRWC (Table 
3). 

The Project includes construction of a dam that would inundate a section of stream, adjacent to 
and including East Locust Creek, during normal flow conditions (normal pool) and would inundate 
a larger area during flood conditions (flood pool). Land has been purchased to the top-of-dam 
height. Additional construction activities associated with the Project would include constructing 
recreational facilities that would allow boating, camping and fishing access, relocating existing 
utilities and roads, constructing a raw water line from the Project to the Milan water treatment 
plant, upgrading the Milan water treatment facility, and constructing new water transmission lines 
within the 10-county region. 
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     Figure 2. 10-County Region Served by the Project. 
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2.1. Project Purposes 

The Project would provide water supply, flood damage reduction, and water-based recreation. 
The reservoir would have a contributing drainage area of 32.7 square miles, and the 0.5-mile-
long dam would impound water to a normal pool maximum depth of 56 feet. At this depth, the 
Project would have a normal pool surface area of 2,328 acres and a storage volume of 54,000 
acre-feet. This baseline storage volume was established in the final environmental impact 
statement and would provide the 7 million gallons per day (MGD) average daily demand needed 
for water supply.  

The 2,328-acre reservoir would provide recreational opportunities to the 10-county region. The 
2,328-acre lake is estimated to provide 91,956 user days of recreation. Recreational facilities 
including a boat ramp, docks, access lane, and parking spaces would be constructed to support 
recreational opportunities for the 10-county region.  

The Project would provide a 50 percent reduction to damages incurred by flooding along the 22.5 
miles of East Locust Creek between 6 miles south of Pollock and Browning, Missouri. The Project 
would result in an estimated flood damage reduction benefit of $173,600 annually.  

2.2. Project Elements 

The project elements are the components of the proposed Project needed to meet the purpose 
and need of the proposed action. The project elements include: East Locust Creek dam 
construction; East Locust Creek reservoir operation; normal pool inundation; recreational facilities 
development; utilities and transportation relocation; water treatment, transmission, and 
distribution; and potential private development around the Project.  

2.2.1. EAST LOCUST CREEK DAM CONSTRUCTION  

The dam design is approximately 0.5-mile-long, 25 acres, and is located approximately 1 mile 
south of State Highway N at Boynton. The dam would be constructed in three phases, building 
the dam on the eastern and western sides of East Locust Creek prior to constructing the center 
portion that blocks East Locust Creek. Six borrow areas totaling 84 acres are designed to provide 
fill for the dam (Figure 3). Four of the six borrow sites are located north of the dam and within the 
reservoir’s normal pool. The two borrow sites located outside the normal pool are located west of 
the dam (25 acres) and northwest of the dam (22 acres). These borrow sites were selected to 
avoid tree clearing and the marina was selected on a borrow area to provide a secondary use.  

A concrete spillway would be constructed on the eastern end of the dam and would extend 1,247 
feet southwest to the East Locust Creek main channel (Figure 3). The spillway will provide the 
downstream flow in East Locust Creek because there will be no outlet pipe in the dam. The 
spillway would be 55 feet wide and would taper down to 25 feet wide. The spillway impact area 
would total 1.3 acres.  

Two, 25-foot-wide temporary roads would provide dam construction access from the eastern and 
western sides of East Locust Creek. The eastern access road would extend from Finch Road and 
would be 2,266 feet from Finch Road to the dam. The eastern temporary road access would be 
entirely within the normal pool. The western temporary access road would extend from England 
Road and would be 4,430 feet from England Road to the dam. The western temporary access 
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road would be partially within the dam footprint and borrow site footprints and would create 2,153 
feet (1.2 acres) of additional impacts outside the dam and borrow site. A total of 23 forest acres 
will be impacted as a result of dam construction activities. Forest acres inundated by the normal 
pool are included in the normal pool impacts and are not included in the dam construction impacts. 
The normal pool overlaps the dam and there are forest impacts associated with the overlapping 
area. Forest acres that overlap the dam and the normal pool (upstream side of the dam) are 
included with the normal pool impacts. The normal pool forest impacts total 973 acres because 
of inundation (Table 2).  

2.2.2. EAST LOCUST CREEK RESERVOIR DOWNSTREAM FLOW 

The proposed Project spillway is a two-stage labyrinth weir with the first stage at normal pool and 
the second stage at the 25-year flood level. There is no auxiliary or emergency spillway as the 
principal spillway is designed to handle all events up to 75 percent of the probable maximum 
precipitation (PMP) storm. Approximately 10 feet below normal pool will be a passive flow system 
that will pass an average of 0.5 cubic feet per second (cfs) to the existing stream below the 
reservoir. The passive flow system will allow flow at diminishing rates as the reservoir water level 
drops until flow ceases when the lake is approximately 10 feet below normal pool. The openings 
may be outfitted with changeable plates so that outfall rates can occasionally be modified through 
an adaptive management process. In addition, minor seepage through the dam is expected to 
pass additional flow downstream. 

The proposed reservoir is expected to provide a more reliable low flow to the stream below the 
dam because of the passive flow system and seepage through the dam. East Locust Creek 
currently goes dry and could also run dry during reservoir operation under an extended drought 
when the reservoir level drops more than 10 feet. Storm pulses will be passed down stream 
through the principal spillway during times when the reservoir is full or near full. When the reservoir 
is below normal pool, some storm pulses will not be able to pass through the reservoir.  

Detention by the reservoir will result in less floodplain flow but not in relatively small events where 
the floodplain is already disconnected. The largest reduction in floodplain flows will be for events 
between the 5-year and 25-year thresholds. During storms bigger than the 25-year storm, the 
second stage of the principal spillway will be activated and allow relatively unimpeded flow 
through the spillway. Impacts to the riparian corridor including forested areas is difficult to 
determine. Tree species are anticipated to continue to persist, but species composition may be 
modified based on changes to overland flow during flood events. Changes in species composition 
are not anticipated to impact listed bat species.  
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     Figure 3. East Locust Creek Dam Construction.  
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2.2.3. RECREATIONAL FACILITIES DEVELOPMENT  

Recreational fishing, boating, camping, and picnic facilities around the Project are intended to be 
designed in coordination with Missouri Department of Conservation (MDC). Design and MDC 
coordination is intended to be completed following the permitting process. Forest impacts related 
to recreational facility development and operation would total 27 acres. These acres are primarily 
a result of the marina development since the campsites were selected in areas that are not 
forested. Camping is assumed to be a compatible use with bat species and additional tree clearing 
by the campers will not be allowed.  

A full-service marina is planned for the southwestern side of the lake near the dam. The marina 
would include a boat ramp, docks, and parking. The marina has yet to be designed, and the 
needed number of parking stalls, docks, and boat ramps is not known. The area designed as a 
marina totals 48 acres (27 forest acres and 21 pastures acres) and may include primitive and 
recreational vehicle (RV) camping. The marina area was selected to coincide with a soil borrow 
area that would be reestablished to permanent herbaceous vegetation.  

Designated primitive camping areas may occur throughout the property owned by the NCMRWC 
as well as at two locations on the northern side of the reservoir (Figure 4). Camping sites will be 
designated for both primitive and RV camping areas. Handicap-accessible facilities will be 
associated with the marina, campgrounds, jetties, and at reservoir access locations throughout 
the reservoir.  
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Figure 4. Project Recreation Impacts.   
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2.2.4. UTILITIES AND TRANSPORTATION RELOCATION  

Funding has recently been identified through the 2019 Better Utilizing Investments to Leverage 
Development (BUILD) grant program. Through this program federal funding is provided through 
the BUILD project sponsor (MoDOT) to invest in road, rail, and transit projects.  

Forest impacts from utilities and transportation relocation are estimated to total 34 acres based 
on the National Land Cover Database (NLCD) forest layer (Figure 5).  

2.2.4.1. Existing Drinking Water Lines 

The Project will affect drinking water lines and pressure zones through dam creation and 
inundation. Impacts will occur to two pressure zones that will affect the flows, pressures, and 
recovery rates of the two elevated storage tanks.  

To maintain the existing flow, pressures, and system recovery capacity, the existing radial lines 
that will be inundated will be combined prior to inundation and replaced with two lake crossings 
in the area of Knob Hill Road and the dam. Construction of the new lines would be included in the 
right-of-way with the electrical and telecommunication line relocations.   

2.2.4.2. Electrical and Telecommunication Lines 

The Project will affect single-phase and three-phase power lines and telecommunication lines 
located along Route N and nearby gravel roads. To replace the existing service, the areas with 
disconnected service would be served by a new utility corridor south of the dam and on an earthen 
utility corridor built across the Project along the Knob Hill Road to Highway VV corridor.  

2.2.4.3. Transportation Relocation 

The Project will inundate 5 miles of existing county roads and 1 mile of state highway. The Project 
inundation results in the loss of two East Locust Creek bridge crossings that represent the only 
stream crossings between Highway 6 at Milan to the Village of Pollock located approximately 13 
miles to the north. The bridges will be left in place and would be inundated after dam construction.  

The BUILD Grant surface transportation project will result in the improvement of a network of 
roads that include: the replacement of portions of Missouri Route N with county roads downstream 
from the dam; the replacement of county roads connecting Missouri Route VV to Missouri Route 
5; improvements to Missouri Route 5 intersections  with county routes; and upgrades to county 
roads accessing the new Reservoir. This surface transportation project is needed to assist in 
developing the transportation roadway safety and capacity improvements for safe access, 
emergency response, and intersection turn lanes.  

2.2.4.4. Raw Water Line 

An approximately 24,700-foot raw water line would be constructed from a water intake near the 
dam and run to the water treatment plant at Milan. The raw water line would cause impacts to a 
width of approximately 40 feet and would run generally along the existing abandoned rail line to 
the southwest until it reaches the water treatment plant north of Milan. The alignment may vary 
from that shown in Figure 5 where doing so would minimize impacts. A maintenance easement 
would be established within the 40-foot width and would be maintained clear of trees and result 
in permanent impacts to forested areas. Forest impacts would total 4.2 acres.  
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Figure 5. Project Utilities and Transportation Relocation. 
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2.2.5. WATER TREATMENT, TRANSMISSION, AND DISTRIBUTION  

The water treatment plant at Milan has a current capacity of 2.2 MGD and will need to be 
expanded to the 7 MGD design capacity over the life of the reservoir. The water treatment plant 
expansion would occur on-site and would not have additional environmental or forest impacts.  

The Milan water treatment plant currently serves three water systems. There are 19 primary water 
systems that serve the 10-county region. Three of these water systems are outside the 10-county 
region and would not be supplied water by the Project. Water transmission lines would be needed 
to provide water to a subset of the 16 primary water systems that currently provide water to the 
10-county region. The Project does not have water storage capacity to serve all the water 
suppliers in the entire 10-county region, but will serve the water suppliers within the 10-county 
region that are projected to have an inadequate water supply during the drought of record. New 
water transmission lines would be needed to serve water to the 10-county region and would follow 
existing utility and roadway corridors with very limited exceptions. The new water transmission 
lines would be constructed at the time that the primary water producers need a new water supply 
or to add resiliency to their existing water supplies. Figure 6 shows a potential configuration of 
water transmission lines in the 10-county region.  

Forest loss from future transmission lines could occur in existing rights-of-way or should a new 
right-of-way be needed. Because of costs and to minimize forest losses, new rights-of-way will be 
designed to avoid forest impacts. Because transmission lines have not been designed, the exact 
alignment is not known. Forest losses are estimated at 53 acres to account for new rights-of-way 
and forested rights-of-way. The 53 acres of forest loss were calculated by totaling the forested 
acres within a 50-foot utility easement (210 acres) using the NLCD and allowing for a 25 percent 
loss in forest (Figure 6). Because the transmission line rights-of-way would not be owned 
by the NCMRWC, the tree clearing would not be done by the NCMRWC, and the forest 
impacts are not known, transmission lines are not covered in this Section 7 consultation. 

New water distribution lines are not anticipated, except as ongoing maintenance is required. All 
16 primary water systems already have distribution lines in place, and the distribution systems 
will continue to be the primary water systems responsibility. There are no forest impacts 
anticipated because of distribution lines. Additionally, because the distribution lines rights-of-
way would not be owned by the NCMRWC, the tree clearing would not be done by the 
NCMRWC, and the forest impacts are not anticipated, distribution lines are not covered in 
this Section 7 consultation. 
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Figure 6. Water Treatment, Transmission, and Distribution. 
Note: Forest Layer based on National Land Cover Database (Homer et al. 2015).   
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2.2.6. RESERVOIR OPERATION 

The reservoir operation includes the ongoing needs for the Project to supply a 7 mgd water supply, 
provide 91,956 user days of recreation and reduce flood damages on 22.5 miles of East Locust 
Creek. The NCMRWC staff will provide the reservoir operation to meet the Project purposes. 
Reservoir operation will include maintaining and operating pumps that withdraw water from the 
reservoir and pump water to treatment facilities; maintaining access roads for public recreation 
and to reservoir components (i.e. pumps, spillway, dam); and maintaining recreational facilities 
including campgrounds, docks, and boat ramps. Forest loss is not anticipated with reservoir 
operation; however, snags may become present at recreational facilities or access roads. A winter 
inspection of access roads and recreational facilities will be performed to identify snags and 
potential snags. Any snags identified will be cleared between November 1 and March 31. Should 
snags be created outside the November 1 and March 31 clearing period, they will be removed 
immediately to reduce the risk to human life.  

2.2.7. POTENTIAL DEVELOPMENT AROUND THE PROJECT  

The potential residential development area (Figure 7) was determined by drawing land outside 
the NCMRWC property that is within the East Locust Creek watershed and within 0.5 mile of the 
normal pool. Land outside the East Locust Creek watershed would slope away from the reservoir 
and would have reduced reservoir visibility and reduced development value. Similarly, land farther 
than 0.5 mile from the normal pool would have reduced reservoir access and reduced 
development value. The 0.5-mile distance would allow multiple layers of lakeview property.  

There are 1,622 forested acres within the potential residential development area. An estimated 
ten percent or 162 acres are estimated for tree clearing because of residential development.  

In 2009, the NCMRWC began contemplating water protection, source water protection, land 
oversight and habitat preservation when it drafted and advocated for passage of first-of-kind Lake 
Authority Legislation that provides the NCMRWC the ability to control and prevent contamination 
threats from the top of the watershed to the dam even on private property. The Lake Authority 
was passed as Revised Statute of Missouri 67.4520 and allows zoning and planning powers. The 
NCMRWC has also implemented a 100-foot buffer along streams within the High Impact Zone. 
The High Impact Zone extends 500 feet outside NCMRWC-owned property and surrounds the 
reservoir. The High Impact Zone was established through Resolution #6-2018 by the NCMRWC. 
The 100-foot buffer preserves 50 forest acres and will protect water quality and bat habitat within 
the High Impact Zone.  

The NCMRWC will not be involved in land development outside NCMRWC property. The land 
within the East Locust Creek watershed upstream of the dam will be subject to watershed zoning 
regulations to protect the water quality of the reservoir. Residential development would be allowed 
by the zoning regulations and may occur outside the NCMRWC property boundary. The rate of 
development, areas that will develop, and types of development that will occur are not known. 
Because the land development property would not be owned by the NCMRWC, the tree 
clearing would not be done by the NCMRWC, and the forest impacts are not known and 
may not occur, potential development around the project is not covered in this Section 7 
consultation.  
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Figure 7. Potential Development Around the Project.   
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The NCMRWC will maintain control of the approximately 2,360 acres of land outside the 
reservoir’s normal pool (2,328 acres, Figure 8). A NCMRWC property use breakdown is included 
in the diagram below. The land outside the reservoir’s normal pool includes land within the top-
of-dam elevation and parcels outside the top-of-dam elevation that could not reasonably be split. 

A conservation easement will be established on 1,236 acres that includes 683 acres of forest 
preservation and 553 acres of tree plantings. The tree plantings are focused on areas near the 
Indiana bat maternity roost trees and along streams. The conservation easement areas are 
intended to provide the highest benefit to bat species by preserving and planting trees near 
maternity roost trees and foraging corridors.  

The primary purpose of the remaining forest owned by the NCMRWC outside the normal pool but 
without a conservation easement is to serve as a vegetative buffer to protect lake water quality. 
The NCMRWC property outside the normal pool and not under a conservation easement totals 
1,124 acres. There are 458 acres of forest and 666 acres of prairie outside the normal pool that 
will not have a conservation easement outside the normal pool. However, to support recreational 
development, utilities and road relocation and dam construction activities additional tree clearing 
will occur. Also, it is also possible that neighbors may ask to clear trees to allow lake visibility from 
adjacent properties. Any such tree clearing is anticipated to be minimized to the extent possible 
and will require approval by the NCMRWC. An estimated 15 percent, or 69 forested acres, may 
be cleared for a lake view. Where the purpose of this clearing is only to allow a view of the lake, 
the cleared area will be converted to permanent vegetation. Additionally, areas currently in crop 
or pasture will be maintained as permanent vegetation. A total of 328 acres of forest are 
anticipated to be established and/or managed, but will not have a conservation easement.  

NCMRWC Property Use Breakdown 

• NCMRWC Property – 4,688 
o Normal Pool – 2,328 acres 
o Land Outside the Normal Pool -2,360 acres 

 Conservation Easement - 1,236 acres 
• Preservation – 683 acres 
• Tree Planting – 553 acres 

 Non-Conservation Easement – 1,124 acres 
• Cropland/Pasture (To Be Prairie) – 666 acres 

o May be maintained as permanent herbaceous vegetation or 
allowed to “go-back” to forest (no easement).  

• Forested – 458 
o Anticipated impacts due to development = 69 acres* 
o Anticipated impacts due to recreation = 27 acres 
o Anticipated impacts due to utilities/road relocation= 11 acres 
o Anticipated impacts due to dam construction = 23 acres 
o Anticipated preserved forest (no easement) = 328 acres 

* Impacts due to development are included in the previous discussions on 15 percent tree 
clearing for a lake view.  
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Figure 8. Tree Planting and Preservation and Natural Areas.   
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2.2.8 Unavoidable Impacts 

Unavoidable impacts (Table 2) include the impacts directly related to reservoir construction and 
inundation or future clearing on NCMRWC property.  

Table 2. Unavoidable Forest Loss. 

Project Element Direct and Predicted Future 
Forest Loss (acres) 

Normal Pool Inundation 973 
Recreational Facilities Development 27 
Utilities and Road Relocation  34 
Dam Construction, Borrow Sites, Spillway Construction, 
and Temporary Dam Access Roads 

23 

Tree Clearing on NCMRWC Property Because of 
Development 

69 

Residential Development 162 
Future Water Transmission Lines 53 

TOTAL FOREST LOSS 1,341 
Note: Forest loss because of residential development and future water transmission are not controlled by 
the NCMRWC and may be avoided upon design and construction.  

2.3. Conservation Measures and Beneficial Environmental Effects 

The Project would implement conservation measures or would have beneficial effects to the 
chemical, physical, or biotic environmental components. Conservation measures and beneficial 
environmental impacts aid in avoiding, minimizing, and mitigating for unavoidable environmental 
impacts.  

2.3.1. MINIMIZATION MEASURES 

2.3.1.1. Winter Tree Clearing 

Tree clearing prior to project construction will occur to harvest trees with commercial value and to 
clear construction zones and areas of the main body of the reservoir intended for boat navigation. 
A commercial tree harvesting company will be contracted by the NCRMWC to harvest hickory, 
mixed hardwoods, and red and white oaks. Timber harvest will occur within the normal pool but 
will be limited by truck access (Figure 9). Trees cleared for timber harvest and to aid in navigation 
will occur within the normal pool and would not persist because of inundation. All tree clearing will 
occur between November 1 and March 31.  
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Figure 9. Tree Clearing Areas.   
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2.3.1.2. Winter Hazard Tree Removal Plan 

Hazard trees may impede recreational facilities, public activities, or reservoir operation. These 
hazard trees will be removed immediately to allow reservoir operation and for public safety. MYSO 
and MYSE use snags for roosting habitat and these trees could be identified as hazard trees if in 
association with recreational facilities, areas with public activities (campgrounds), or reservoir 
operation areas (access roads). To minimize impacts to MYSE and MYSO, potential hazard trees 
will be identified through a targeted hazardous tree search of recreational facilities, public activity 
areas and reservoir operation areas. Potential hazard trees identified during the targeted search 
will be removed between November 1 and March 31 (clearing period). Hazard trees created 
outside the clearing period by storm events, high-wind events or other natural events may be 
removed immediately to allow for reservoir operation or to protect public safety. Their immediate 
removal will reduce the likelihood of use by roosting bats.  

2.3.1.3. Potential Roosting Habitat 

Standing trees within the shallow water reservoir arms and other areas with shallow water will be 
permanently inundated by the normal pool. The standing trees will die because of the permanent 
inundation, thus creating short-term habitat (snags) that could provide habitat for bat species 
(USFWS 2009a). Following one cycle of decay, the trees will no longer provide habitat and no 
new snags would be created. However, over the short term, the snags may provide roosting bat 
habitat. The proposed Project would include 190 acres of forest in water that is 10 feet deep or 
less and 70 acres of forest in water that is five feet deep or less.  

MYSO prefer dead, broken, or damaged trees located within 0.6 mile of water for summer roosting 
(USDA 2003; Carter 2006). Studies indicate that roosts are often located in bottomland hardwood 
forests because of large-scale disturbances such as flooding. Flooding occurs frequently in 
bottomland hardwood forest and creates standing dead trees and snags suitable for roosting 
(Carter and Feldhamer 2005). Disturbances that occur in upland forests farther from flooding 
events tend to be smaller scale and leave fewer dead trees than riparian flooding disturbances 
that could support roosting bats (Carter and Feldhamer 2005). 

Flooding outside the normal pool could inundate up to 1,141 acres of forested habitat at top-of-
dam elevation. A permanent conservation easement would be established on 683 acres of 
forested habitat to maintain the forest in perpetuity. See the following section for information about 
forest creation and preservation. The flooding would create snags similar to conditions in the 
existing East Locust Creek floodplain. The flooding outside the normal pool could create 
sustainable, long-term bat roosting habitat outside the normal pool. The spillway is designed to 
empty the retarding pool in 10 days or less. The retarding pool is the portion of the reservoir 
between the auxiliary spillway and the principle spill ways. Thus, any flooding that occurs to forest 
habitat will be limited in duration to 10 days or less.  

Thousand Hills State Park, located 23 miles to the east of the Project, surrounds a 580-acre lake 
(Forest Lake) and provides habitat to multiple bat species including MYSO and MYSE 
(Zimmerman 2015). Radio telemetry was completed in 2013 and 2014 for MYSE, and multiple 
roost trees were identified near Forest Lake. Bats (not identified) were observed foraging over the 
lake (Zimmerman 2015).  
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2.3.1.4. Lacustrine Habitat 

The Project would provide lacustrine habitat that includes 2,328 acres of open water and 82 miles 
of shoreline. The shoreline and open water may provide habitat for foraging bats. Bats forage for 
both terrestrial and aquatic insects and use foraging habitat along bottomland forests and 
impounded bodies of water (USFWS 2008). Bats use forested areas along the edges of lakes for 
protection of young during the summer. They also forage along edges of reservoirs where forests 
have not been cleared (IUCN 2008).  

2.3.1.5. Wetland and Stream Mitigation 

The Project will implement compensatory mitigation to offset unavoidable impacts to streams and 
wetlands. The mitigation will provide for replacement of wetland acreage and function lost during 
construction and inundation. Stream resources, including some riparian forest, will also be 
restored or enhanced to meet the Clean Water Act Section 404 mitigation obligation. The wetland 
and stream mitigation would provide beneficial impacts for bats that could include both foraging 
habitat and roosting habitat.  

Mitigation for waters of the U.S. is currently being considered under the 1980’s waters of the U.S. 
jurisdiction rules and subsequent supreme court cases (i.e. Rapanos) and the recently passed 
(June 2020) navigable waters protection rule. Wetland mitigation under the 1980’s guidance 
would address impacts to 354 wetland acres consisting of 280 acres of emergent wetlands, 64 
acres of forested wetlands, and 10 acres of shrub-scrub wetlands. Stream mitigation would be 
provided for 48.4 miles of stream, which includes 25.9 miles of ephemeral, 13.7 miles of 
intermittent, and 8.8 miles of perennial stream within the normal pool. Under the recently passed 
navigable waters protection rule, the ephemeral streams and any wetland adjacent to an 
ephemeral stream would be considered non-jurisdictional and would not be included in the 
wetland and stream mitigation plan, but jurisdictional determinations have not been made under 
the navigable waters protection rule.  

2.3.1.6. Lake Authority Tree Clearing Restriction 

The North Central Missouri Regional Water Commission (NCMRWC) led the efforts to pass Lake 
Authority legislation allowing creation of the Lake Authority, an independent political subdivision, 
to be set up specifically for the protection of the reservoir environment and the management, 
influence and control of upstream private land-owner activities. The NCMRWC has committed to 
and are obligated to follow restrictions on clearing trees greater than 3 inches diameter at breast 
height between March 31 and November 1 on NCMRWC property and related to the reservoir 
development. 

The NCMRWC will lead and underwrite the establishment of the Lake Authority, including the 
drafting of by-laws and policies. As part of that effort, we are currently preparing zoning 
requirements and recommendations for the entire East Locust Creek watershed, with a particular 
emphasis on what we have termed the High Impact Zone, which encompasses approximately 
500 feet back from the NCMRWC property line on private property. The primary purpose is the 
protection of the environment in and around the lake. 

The NCMRWC commits to recommending restrictions on tree cutting as prescribed by the 
USFWS. With that said, the NCMRWC cannot, legally, encumber another political subdivision. 
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However, inasmuch-as the Lake Authority Legislation was created, in large part, for the 
promulgation and enforcement of restrictions similar to those required by USFWS, we believe that 
NCMRWC’s recommendations will be accepted and adopted. 

On August 10, 2020 NCMRWC passed a resolution recommending that the Lake Authority require 
all clearing of deciduous trees larger than 3” DBH within the High Impact Zone be done in the 
inactive season, November 1 through March 31, and that they require the property owners to self-
certify that they acted in compliance with this requirement before receiving any construction permit 
from the Lake Authority. Appropriate provisions will be included for the removal of trees that pose 
a safety hazard to life and property. See Appendix B for the Lake Authority Tree Clearing 
resolution.  

2.3.1.7. Water Systems Coordination with USFWS 

The proposed reservoir would supply water to the 10-county region through transmission lines to 
water systems throughout the region. Water mains and water distribution lines are, in an 
overwhelming majority of cases, run along existing and already disturbed Right of Ways. 
Moreover, community water distributors or water districts in nearly every case involved State 
(MDNR) or Federal (USDA-RD, CDBG [Community Development Block Grant]) grants and/or 
loans, which, by their own statutory requirements, require strict adherence to NEPA requirements 
and USFWS review. However, the NCMRWC does commit to requiring adherence to NEPA, if 
not already held to account by another State or Federal entity. 

On August 10, 2020 the NCMRWC passed a resolution requiring that any entity removing trees 
for construction of water transmission lines for the purpose of purchasing and transmitting water 
from the East Locust Creek Reservoir or the NCMRWC water treatment plant to the entity’s water 
system must confer with USFWS regarding impacts to federally listed species that could result 
from transmission line construction. See Appendix B for the Water System USFWS Coordination 
resolution.  

2.3.2 HABITAT COMPENSATION PLAN 

The habitat compensation plan details the unavoidable impacts and the forest creation and 
preservation that will occur to minimize those impacts. The goal of the plan is to preserve or 
replace nearby forest to account for all forest impacts.  
Voluntary measures to compensate for the loss of forested bat habitat and impacts to bats that 
could not be avoided and minimized include tree planting on NCMRWC property, tree 
preservation on NCMRWC property and within the High Hazard Zone, preservation of forested 
acres that will not be under a conservation easement, and wetland forest mitigation.  
2.3.2.1 Forest Creation 

Many areas outside the normal pool and within NCMRWC property will be planted to forest. A 
total of 553 acres of new forest will be created because of this planting (Figure 10). Tree species 
will be selected based on the natural forest community and on favorable tree species for bat 
roosting habitat (see Appendix A, Tree Planting Plan). The 553 acres of new forest will be planted 
on NCMRWC property with at least one-half acre of land available for forest planting.   
Parcels with acreage less than one-half acre, generally found along the reservoir, will not be 
planted with trees because of the small size of these areas. A total of 30 acres within 182 unique 
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parcels of the property will remain unplanted; however, through natural succession, these small 
areas may eventually form forests or serve as foraging bat habitat. The 30 acres is additional to 
the 553 acres of forest creation.  
2.3.2.2 Forest Preservation 

A total of 683 acres of existing forest outside the normal pool and on NCMRWC property will be 
preserved and will have a permanent conservation easement established. The preservation of 
these existing forested areas will provide permanent forested areas and bat roosting habitat. A 
USFWS-approved forest management will be implemented to maintain the long-term integrity of 
the forest for bat habitat. 
An additional 328 acres of existing forest is intended to remain in perpetuity to protect water quality 
surrounding the reservoir. This area will be owned by the NCMRWC and will be intended to protect 
water quality, but in the interest of providing NCMRWC with flexibility to manage their property, 
will not have a permanent conservation easement established. The 328 acres was calculated by 
subtracting the recreational facilities, potential tree clearing on NCMRWC property, utilities and 
road relocation on NCMRWC property, and dam construction impacts from the forested acres 
without a conservation easement.   
The Lake Authority will protect 50 acres of forest preservation along stream resources within 500 
feet of the NCMRWC property boundary by creating a stream buffer requirement. The 50 acres 
of forest preservation are comprised of multiple, small riparian parcels on neighboring property. 
The Lake Authority has determined that protection of these riparian areas will help protect the 
reservoir’s water quality.   
2.3.2.3 Conservation Easement 

A permanent conservation easement will be established on 1,236 acres for 553 acres of tree 
planting and 683 acres of forest preservation (Table 3, Figure 10). The conservation easement 
will allow for the implementation of the Habitat Compensation Plan and prohibit incompatible uses 
that might jeopardize the quality of bat habitat. Discussions with the Ozark Land Trust have 
occurred about having a certified land trust hold the conservation easement.  
The 50 forest acres along streams within the High Impact Zone will not have a permanent 
conservation easement, but will be included as a zoning requirement under the Lake Authority. 
The zoning requirement was passed by the NCMRWC and is legally enforceable. Table 3 
provides a summary of forest creation, forest preservation, and the conservation easements.  
Table 3. Forest Creation, Preservation, and Conservation Easement Summary (Figure 10). 

Habitat Compensation Acres Conservation Easement 
NCMRWC Property - Forest Creation 553 Yes 

NCMRWC Property - Forest Preservation 683 Yes 
TOTAL 1,236 Yes 

Other Forest Creation and Preservation 
High Impact Zone Riparian Forest Preservation 50  Noa 

TOTAL 50 -- 
a Zoning Requirement under the Lake Authority.  
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Figure 10. Habitat Compensation Plan.   
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Final negotiations are under way with the Missouri Conservation Heritage Foundation (MCHF) to 
hold the conservation easements. The reservoir property is being broken into management 
compartments with varying compatible uses, including tree preservation and planting in many 
compartments. Management activities and compatible uses for each compartment will make up 
a comprehensive management plan written to meet the endangered species preservation goals. 
Those compartments with tree preservation and planting, will have associated shape files 
specifying the bat preservation and planting areas for monitoring and maintenance. The 
NCMRWC looks forward to collaborating with the USFWS and MCHF to complete the 
management plan. 

Plan for USFWS Review and Approval of Easement Terms (Time Period Actions) 

• June-July 2020   
o The project team investigated options for having NRCS, Ozark Land Trust or 

Missouri Conservation Heritage Foundation (MCHF) be the easement holder. 
o Final negotiations are under way with the Missouri Conservation Heritage 

Foundation 

• August 2020 
o  Finalize 2020 draft of the ELCR Long Range Resource Protection and Utilization 

Plan, which details the individual compartments and present it to USFWS as a 
critical element in the management of conservation easements. 

o Project team to consult with USFWS and draft the Forest Management Plans for 
discrete compartments 

o Draft proposed monitoring plan and endowment provided by MCHF for review 
and discussion with project team and USFWS.  

o Present plan to North Central Missouri Regional Water Commission on August 
10 and seek Commission authorization to engage in final negotiations. 

o Concurrence with USFWS, MCHF on form and format of forest management 
plans and monitoring plans. 

• September-November 2020  
o Finalize Forest Management Plans  
o Finalize Compartment Monitoring Plans 

• December 2020  
o Write compartment legal descriptions 
o Record Easements 

2.3.2.4 Forest Management Plan 

A USFWS-approved forest management plan has been initiated and will be submitted following 
completion.  

2.3.2.5 Financial Assurance 

The NCMRWC is a joint municipal utility and political subdivision of the State of Missouri as 
established by statute. The NCMRWC was created for the purpose of providing wholesale water 
to cities, public water supply districts and other public entities within its service area for retail sale 
to their respective customers. The NCMRWC was formed pursuant to a Joint Contract dated 
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August 20, 2001 among the cities of Milan, Green City and Green Castle, Missouri, and Public 
Water Supply District No. 1 of Sullivan County, Missouri. The NCMRWC is providing water to 
these entities through water supply facilities that the NCMRWC acquired from Milan in 2006.  

The NCMRWC is also charged with construction of the East Locust Creek Reservoir to end severe 
and chronic water shortages in a 10-county area. As a political subdivision and per its own policies 
the NCMRWC is committed and obligated to meeting all pertinent state and federal statutory 
requirements including those to comply with National Environmental Policy Act (NEPA) and to 
meet its compensatory mitigation requirement, which requires maintenance. 

The Project’s Plan-of-Finance fully funds all required mitigation solutions as well as their ongoing 
maintenance. The majority of the mitigation project funding will come from NRCS with the 
NCMRWC providing a smaller portion in match funds from a USDA RD loan, grant package 
supported by NCMRWC revenues, and state appropriations through the Multi-Purpose Water 
Resources Fund.   

NRCS is contracted and obligated to fund the following categories for the proposed Project at the 
following allocations: 

• Mitigation credit identification: Permitting, 100 percent NRCS 
• Identification of potential projects: Permitting, 100 percent NRCS 
• Designing the projects: Engineering and Design, 100 percent NRCS 
• Determining the amount of credits granted for each project: Engineering and Design, 

100 percent NRCS 
• Purchasing property rights: Land Acquisition, 50 percent 
• Uniform Relocation Act (URA) payments: URA, 54.4 percent NRCS 
• Building the projects: Construction, 75 percent NRCS 
• Draft a long-term maintenance plan: Engineering and Design, 100 percent NRCS 

The funding cost share for the actual long-term maintenance implementation (last bullet above), 
needs to be determined. The long-term maintenance consists of the long-term (currently 
estimated at 10 years) worth of monitoring, maintenance, & replacement of the mitigation projects. 
The PL 83-566 program does not allow NRCS to engage in long-term obligations for mitigation. 
In order to garner the value for all funding partners of required mitigation, the NCMRWC plans to 
convert the estimated future mitigation costs to a single present value element similar to a 
mitigation credit to eliminate the long-term funding obligation. By doing so, this would allow NRCS 
to participate at a 50% cost share (for that portion of the mitigation project) and eliminate long-
term funding obligations. 

The NCMRWC will pursue options to self-provide or outsource though a private or governmental 
partner, the long-term mitigation obligations. It is possible that this is a service the MDNR or other 
state agency could provide and further possible that they would do so, or at least partially, as an 
in-kind contribution to the project. 

The USDA RD loan and grant package is currently documented with a draft Letter of Conditions 
that will be executed upon the completion of a Legal Opinion for Land Acquisition, a Biological 
Opinion, the NEPA Record of Decision and the State of Missouri’s Annual Appropriation Debt 
Cost Share Contract which is under negotiation. 
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The NCMRWC has passed a resolution that commits to the Bat Habitat Conservation Plan 
detailed in the biological assessment (Appendix B). When an appropriate land trust or other 
USFWS approved entity can be identified to hold the easements, an endowment will be made to 
the trust to cover long-term monitoring.   
 

3. ACTION AREA 

The action area is the geographic area where the physical, chemical, and biotic effects will occur. 
The historic and current land cover are compared below to identify historic trends in land cover 
within the action area. The current land cover trends, ongoing activities, and influences on 
federally listed species are discussed to identify current impacts on the species. The Project-
related effects are described to show the impacts of the Project on the physical, chemical and 
biotic environment.  

3.1. Geographic Area 

The reservoir is entirely located within Sullivan County, and the Project impacts are concentrated 
in the county and within the East Locust Creek watershed. The 10-county region (Figure 2) 
includes all extents that have direct or indirect effects and foreseeable cumulative effect resulting 
from the federal actions or through interrelated or interdependent actions. The geographic extent 
of the action area includes the 10-county region that would receive the water supply and be 
supplied recreational opportunities from the Project. The 10-county region will experience varying 
impacts based on direct effects, indirect effects, and interrelated or interdependent actions.  

3.2. Current and Historic Land Cover 

The NRCS ecological site descriptions and the NLCD land covers are used to compare the historic 
and current land cover to show the historic land cover trend.   

3.2.1. ECOLOGICAL SITE DESCRIPTIONS 

The topography of the 10-county region includes rolling hills but lacks caves, mines, and karst 
topography (Elliot 2010). The pre-Euro-American settlement Project area consisted of forests, 
woodlands, savanna, and prairie ecological sites (NRCS 2015). Based on soils types, the 10-
county region historically consists of 72 percent rangeland and 27 percent forest ecological site 
types, with the remaining areas consisting of water or undefined areas. NRCS mapped the 
ecological sites based on the region’s soil types, and the ecological sites were determined by 
historical data, professional experience, field reviews, and scientific studies (NRCS 2015). The 
primary ecological sites comprise 62 percent of the 10-county region and include Till Upland 
Savanna (23 percent), Loess Upland Prairie (12 percent), Till Backslope Savanna (11 percent), 
Wet Floodplain Prairie (8 percent), and Till Protected Backslope Forest (8 percent). The remaining 
43 ecological sites comprise 37 percent of the 10-county region (Table 4).  
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Table 4. 10-County Region Ecological Sites (NRCS 2015). 
Ecological Site Acres Percent of 10-

County Region 
43 Remaining Ecological Sites Combined 1,362,271 37 

Till Upland Savanna 821,398 23 
Loess Upland Prairie 420,636 12 

Till Backslope Savanna 391,287 11 
Till Protected Backslope Forest 301,435 8 

Wet Floodplain Prairie 288,998 8 
Water 34,928 1 

Ecological Site Undefined 14,569 n/a1 

TOTAL ACRES 3,635,522 100 
1 Less than 1 percent 

Sullivan County has a similar, but more focused composition of ecological sites than the 10-county 
region. Based on soils types, Sullivan County consists of 67 percent rangeland and 32 percent 
forestland, with the remaining areas consisting of water and undefined areas. The primary 
ecological sites comprise 65 percent of Sullivan County and include Till Upland Savanna (41 
percent), Till Backslope Savanna (13 percent), and Till Protected Backslope Forest (12 percent). 
The remaining 19 ecological sites comprise 34 percent of Sullivan County (Table 5).  

Table 5. Sullivan County Ecological Sites (NRCS 2015). 
Ecological Site Acres Percent of 

Sullivan County 
Till Upland Savanna 170,384 41 

19 Remaining Ecological Sites Combined 142,565 34 
Till Backslope Savanna 51,944 13 

Till Protected Backslope Forest 49,949 12 
Water 1,682 n/a1 

Ecological Site Undefined 412 n/a1 

TOTAL ACRES 416,936 100 
1 Less than 1 percent 

In the 10-county region and in Sullivan County, the forestland ecological sites were primarily Till 
Protected Backslope Forest, Loamy Floodplain Forest, and Till Upland Woodland. These 
forestland ecological sites comprise 81 percent of the forestland ecological sites in Sullivan 
County and 68 percent of the forestland ecological sites in the 10-county region. However, the 
Loamy Floodplain Forest and Till Upland Woodland are not the dominant ecological sites in 
Sullivan County or the 10-county region in the 43 remaining or 19 remaining ecological sites. The 
primary ecological sites and forestland ecological sites in Sullivan County and the 10-county 
region are described below.   

Till Upland Savanna (Rangeland Ecological Site Type) 

Till Upland Savanna comprises 821,398 acres (23 percent) of the 10-county region and 170,384 
acres (41 percent) of Sullivan County. The following is an excerpt from the Till Upland Savanna 
Ecological Site Description (NRCS 2015):  
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The reference plant community is characterized as till upland oak savanna unit 
dominated by big and little bluestem, Indian grass, switch grass, eastern gamagrass and 
a wide variety of prairie wildflowers. Trees and shrubs such as bur oak, swamp white 
oak, post oak, American hazelnut, prairie willow and wild plum occurred in groves or as 
scattered individuals across the ecological site. In addition, prairie species such as 
switch grass, Culver’s root, Michigan lily, and bunchflower were added to the mix of 
upland species in areas where more moisture was present… 

…Today, Till Upland Savannas are nearly extirpated from the region as the former 
prairies and savannas have been converted to intensive agriculture. A few known 
remnants exist but are degraded by fire suppression and grazing by domestic livestock. 
While re-establishing prairie and savanna on agriculture sites is beneficial to wildlife, 
restoration to the reference state from agricultural land is a long-term proposition with 
uncertain outcomes. 

 
Loess Upland Prairie (Rangeland Ecological Site Type) 

Loess Upland Prairie comprises 420,636 acres (12 percent) of the 10-county region and 17,718 
acres (4 percent) of Sullivan County. The following is an excerpt from the Loess Upland Prairie 
Ecological Site Description (NRCS 2015):  

Loess upland prairies are natural communities dominated by perennial grasses and forbs 
with scattered shrubs. Patches and mosaic patterns of shrubs co-existed as shown in 
historical accounts and land surveyor records... The prairies of Missouri are considered 
“tall grass” prairies, an ecosystem indigenous to central North America, because native 
warm season grasses (6 to 8 feet tall) dominate the rolling uplands common to this region 
… 

…Today’s tall grass prairies developed during the current interglacial period (beginning 
over 10,000 years ago) when the climate experience a long drying period... This area 
expanded later when warmer, drier conditions continued and fires set by Native 
Americans increased in frequency and intensity as their populations increased. 
Missouri’s grasslands were part of this larger tall grass expansion... 

…The reference community, a Loess Upland Prairie, is characterized as a tallgrass 
prairie unit dominated by big bluestem (Andropogon gerardii), Indian grass (Sorghastrum 
nutans), prairie dropseed (Sporobolus heterolepis), and a wide variety of prairie forbs. 
On lower slopes and draws where water periodically accumulates, more mesic prairie 
species such as switch grass (Panicum virgatum), eastern gamagrass (Tripsacum 
dactyloides), Culver’s root (Veronicastrum virginicum), Michigan lily (Lilium 
michiganense), and bunchflower (Veratrum virginicum) are added to the diverse mix of 
prairie species... 

Till Backslope Savanna (Rangeland Ecological Site Type) 

Till Backslope Savanna comprises 391,287 acres (11 percent) of the 10-county region and 51,944 
acres (13 percent) of Sullivan County. The following is an excerpt from the Till Backslope Savanna 
Ecological Site Description (NRCS 2015):  
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The reference plant community is characterized as oak savanna unit dominated by big 
and little bluestem, Indian grass, switch grass, eastern gamagrass and a wide variety of 
prairie wildflowers. Trees and shrubs such as bur oak, post oak, shingle oak, American 
hazelnut, prairie willow and wild plum occurred in groves or as scattered individuals 
throughout the grassland landscape…  

…Today, Till Backslope Savannas are nearly extirpated from the region as the former 
prairies and savannas have been converted to intensive agriculture. A few known 
remnants exist but are degraded by fire suppression and grazing by domestic livestock. 
While re-establishing prairie and savanna on agriculture sites is beneficial to wildlife, 
restoration to the reference state from agricultural land is a long-term proposition with 
uncertain outcomes. 

 
Till Protected Backslope Forest (Forestland Ecological Site Type) 

Till Protected Backslope Forest comprises 301,435 acres (8 percent) of the 10-county region and 
49,949 acres (12 percent) of Sullivan County. The following is an excerpt from Till Protected 
Backslope Forest Ecological Site Description (NRCS 2015):  

Till Protected Backslope Forests historically occurred in the most protected landscape 
positions on lower, steep slopes in the deeper valleys furthest from the prairie uplands. 
The reference plant community is a forest dominated by white (Quercus alba) and 
northern red oaks (Quercus rubra) and characterized by a tall (70 to 90 feet), closed 
canopy (80 to 100 percent) with a well-developed understory of white ash (Fraxinus 
americana), eastern hop hornbeam (Ostrya virginiana), Ohio buckeye (Aesculus glabra) 
and haws (Viburnum sp.), providing woody structural diversity not found in many 
adjacent woodland communities. The ground flora has many spring ephemerals and 
other shade loving herbaceous plant species … 

…Today, these ecological sites have been cleared and converted to pasture or have 
undergone repeated timber harvest and domestic grazing. Most existing forested 
ecological sites have a younger (50 to 80 years) canopy layer whose species 
composition and quality has been altered by timber harvesting practices. An increase in 
maple (Acer sp.) and hickories (Carya sp.) over historic conditions is not uncommon. In 
addition, in the absence of fire, the canopy, sub-canopy and understory layers are more 
fully developed. On protected slopes, the absence of periodic fire has allowed more 
shade tolerant tree species, such as sugar maple (Acer saccharum), white ash, and 
hickories to increase... 

Wet Floodplain Prairie (Rangeland Ecological Site Type) 

Wet Floodplain Prairie comprises 288,998 acres (8 percent) of the 10-county region and 15,146 
acres (4 percent) of Sullivan County. No Wet Floodplain Prairie ecological site description is 
available.  
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Loamy Floodplain Forest (Forestland Ecological Site Type) 
Loamy Floodplain Forest comprises 193,006 acres (5 percent) of the 10-county region and 29,265 
acres (7 percent) of Sullivan County. The following is an excerpt from the Loamy Floodplain Forest 
Ecological Site Description (NRCS 2015):  

The reference plant community is a forest dominated by an overstory of American elm 
and hackberry with sycamore, green ash and other early successional species scattered 
throughout. Canopy height is 80 to 100 feet with a canopy closure of 80 to 100 percent. 
Occasionally bur oak, shellbark hickory, black walnut and other hardwood species may 
occur in later stages of development. Loamy Floodplain Forests were a common natural 
community throughout the region. They occur on natural levees and low floodplains that 
flood frequently. 

Flooding of these ecological sites commonly occurs annually or at least once every 3 
years. Loamy sediments, originating from the loess and till in the surrounding uplands, 
make up a significant portion of the alluvium in these floodplains…. 

…Oak, shellbark hickory and black walnut begin to accumulate in these later stages of 
succession. Catastrophic floods will often partially or completely knock down the early 
species and regenerate this site creating a mosaic of early to late successional floodplain 
forests. 

These sites are very productive. Today most of these ecological sites have been cleared 
and converted to agriculture. While some cleared fields have retained a narrow strip of 
forest along the river, other sites are often cleared right up to the bank. In such cases, 
flooding may cause severe stream bank erosion. 

Till Upland Woodland (Forestland Ecological Site Type) 

Till Upland Woodland comprises 159,539 acres (4 percent) of the 10-county region and 29,781 
acres (7 percent) of Sullivan County. The following is an excerpt from the Till Upland Woodland 
Ecological Site Description (NRCS 2015):  

The reference plant community is woodland dominated by an overstory of white oak and 
black oak. This woodland type has a moderate canopy closure (50 to 80 percent), with 
an open understory and a dense, diverse herbaceous ground flora. Historically, white 
oak dominated the canopy, along with black oak and occasional hickories, bur oak and 
post oak… 

…Today, this community has either been cleared and converted to pasture, or has grown 
dense in the absence of fire. Most occurrences today exhibit canopy closure of 80 to 100 
percent. In addition, the sub-canopy and understory layers are better developed. Black 
oak and hickory now share dominance with white oak with considerable more saplings 
in the understory. Under these denser, more shaded conditions, the original sun-loving 
ground flora has diminished in diversity and cover. While some woodland species persist 
in the ground flora, many have been replaced by more shade-tolerant species. 
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3.2.2. CURRENT LAND COVER COMPOSITION 

The National Land Cover Database (NLCD) shows the current land cover in the 10-county region 
by examining spectral changes in aerial images (Homer et al. 2015). Land cover in the 10-county 
region and in Sullivan County is primarily cultivated crops, forest, and hay/pasture/herbaceous. 
The primary differences between the 10-county region and Sullivan County on a relative basis 
are in the cultivated crops and hay/pasture/herbaceous land. Sullivan County has 14 percent less 
land that is cultivated crops and 13 percent more hay/pasture/herbaceous land. The remaining 
land covers are generally consistent with the next largest difference on a relative basis occurring 
between forest land covers (4 percent difference). The NLCD is summarized for the 10-county 
region in Table 6 and for Sullivan County in Table 7.  

Table 6. 10-County Region 2011 NLCD Land Cover. 
NLCD Land Cover Acres Percent 

of Total  
Barren Land 2,346 0* 
Cultivated Crops 848,696 23 
Forest – Deciduous, Mixed, 
Evergreen and Forested Wetlands 

798,773 22 

Developed – High, Medium, and 
Low Intensity and Open Space 176,330 5 

Grassland – Hay, Pasture, 
Herbaceous, Emergent Wetlands, 
and Shrub/Scrub Wetlands 

1,769,181 49 

Open Water 40,344 1 
TOTAL ACRES 3,635,670 100 

  * Value less than 1.  

Table 7. Sullivan County 2011 NLCD Land Cover. 
NLCD Land Cover Acres Percent 

of Total 
Barren Land 63 0* 
Cultivated Crops 38,401 9 
Forest – Deciduous, Mixed, Evergreen 
and Forested Wetlands 

102,028 25 

Developed – High, Medium, and Low 
Intensity and Open Space 

16,741 4 

Grassland – Hay, Pasture, Herbaceous, 
Emergent Wetlands, and Shrub/Scrub 
Wetlands 

256,876 62 

Open Water 2,827 1 
TOTAL ACRES 416,936 100 

   *Value less than 1. 
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3.3. Ongoing Activities and Influences 

The ongoing activities and influences includes current and historic forest changes and the impacts 
of white-nose syndrome on bat species.  

3.3.1. FOREST CHANGE IN THE 10-COUNTY REGION 
The NLCD land covers and the ecological sites do not exactly match but can be grouped to show 
a general trend. Barren land and undefined land covers do not have similar corresponding land 
covers but comprise a small portion of the total land covers (less than 5 percent).  

Comparing the historic land cover to the current land cover shows the loss of grassland and 
forestland resources since the 10-county region was settled and developed. The NLCD data 
shows the 10-county region has a 17 percent loss in forest (Table 8), and Sullivan County has a 
24 percent loss (Table 9) when compared to the NRCS ecological sites. The Sullivan County 
ecological sites historically had 5 percent more forestland area than the 10-county region. 

Table 8. Land Cover Change in the 10-County Region. 
NLCD Land Cover NLCD Land 

Cover 
(Acres) 

Ecological 
Site Land 

Cover (Acres) 

Land Cover 
Change 
(Acres) 

Percent 
Change 

Barren Land 2,346 0 2,346 --* 
Cultivated Crops 848,696 0 848,696 --* 
Forest – Deciduous, Mixed, 
Evergreen and Forested 
Wetlands 

798,773 965,369 -166,596 -17 

Developed – High, Medium, 
and Low Intensity and Open 

 

176,330 0 176,330 --* 

Grassland – Hay, Pasture, 
Herbaceous, Emergent 
Wetlands, and Shrub/Scrub 
Wetlands 

1,769,181 2,620,656 -851,475 -33 

Open Water 40,344 34,928 5,416 16 
Undefined 0 14,717 -14,717 --* 

TOTAL ACRES 3,635,670 3,635,670 n/a n/a 
* Not applicable.   
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Table 9. Land Cover Change in Sullivan County. 
NLCD Land Cover NLCD Land 

Cover 
(Acres) 

Ecological 
Site Land 

Cover (Acres) 

Land Cover 
Change 
(Acres) 

Percent 
Change 

Barren Land 63 0 63 --* 
Cultivated Crops 38,401 0 38,401 --* 
Forest – Deciduous, Mixed, 
Evergreen and Forested 
Wetlands 

102,028 134,822 -32,794 -24 

Developed – High, Medium, 
and Low Intensity and Open 

 

16,741 0 16,741 --* 

Grassland – Hay, Pasture, 
Herbaceous, Emergent 
Wetlands, and Shrub/Scrub 
Wetlands 

256,876 280,020 -23,144 -8 

Open Water 2,827 1,682 1,145 68.1 
Undefined 0 412 -412 --* 

TOTAL ACRES 416,936 416,936 0 n/a 
* Not applicable.  

 
More recent trends show a net gain in forest area in the 10-county region. From 2003 to 2013, 
the 10-county region had the following change in forest area (USFS 2016): 

 0-10 Percent Loss:   Adair County, Grundy County, and Chariton County 
 0-10 Percent Gain:    Sullivan County, Linn County, and Schuyler County 
 Greater than 10 Percent Gain:  Putnam County, Mercer County, Macon County, and  

Livingston County  

Adair, Grundy, and Chariton counties are the only counties in the 10-county region that have 
experienced a loss in forest area of 0 to 10 percent from 2003 to 2013. Putnam, Mercer, Macon, 
and Livingston counties have experienced a greater than 10 percent gain in forest area. Sullivan 
County has had a 0 to 10 percent gain in forest area. Statewide, Missouri has experienced no net 
change in forest area in the same period (USFS 2016).  

3.3.2. WHITE NOSE SYNDROME  
The greatest current threat to hibernating bats is white nose syndrome (WNS). WNS was first 
documented in New York in February of 2006 and has since spread rapidly from the northeastern 
United States to the central and southeastern United States. As of June, 2019, WNS has been 
confirmed in 33 states and in seven Canadian provinces (USFWS 2019b). Overall mortality rates 
from WNS have ranged from 90 to 100 percent in hibernacula in the northeastern United States. 
It is estimated that 5.7 to 6.7 million bats have died from WNS in infected regions nationwide since 
2012 (USFWS 2012b). 

WNS is a disease caused by a white fungus, Pseudogymnoascus destructans, that infects the 
skin on the muzzle, ears, and wings of hibernating bats (USGS 2018). WNS is transmitted from 
bat to bat during the winter months, when hibernating bats are in close contact with one another 
for extended periods of time. Further, hibernating bats have reduced immune function and body 
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temperature, making them more susceptible to infection than non-hibernating populations 
(Cornwell et al. 2017). Bats infected with WNS exhibit erratic behaviors such as early or mid-
hibernation arousal, flying outside during daylight or freezing temperatures, and clustering near 
the hibernacula entrance (USGS 2018; USFWS 2015a). These erratic behaviors ultimately result 
in emaciation, dehydration, and mortality in infected bats.  

WNS has spread rapidly in all directions from the epicenter in the northeastern United States 
since 2006. WNS first appeared in Missouri during the winter of 2009-2010 and has increased in 
occurrence in years since (www.whitenosesyndrome.org/resources/map). While there has been 
no documented report of WNS in Sullivan County, Missouri, to date, each year since 2010 has 
seen an increase in the number of counties with WNS occurrences than had the year before 
(www.whitenosesyndrome.org/resources/map). If current trends continue, it is likely that 
additional reductions in bat populations will occur in this region.  

 
4. LISTED SPECIES AND CRITICAL HABITAT IN THE ACTION AREA 

According to the USFWS’s official species list (USFWS 2018a), MYGR, MYSO, MYSE, and 
ASME are the federally listed species that are within the Project location and may be affected by 
the Project. MYSO and MYGR are listed as endangered, and MYSE and ASME are listed as 
threatened. No critical habitat is designated for any of the four species in the 10-county region. 
Olsson conducted sampling for all four species in 2016. MYSO and MYSE were identified during 
the sampling effort, but no ASME or MYGR were identified (Olsson 2017; Olsson 2018).  

4.1. Mead’s Milkweed 

ASME has a single, wax-coated stalk that stands 8 to 16 inches high. The leaves branch opposite 
each other, are approximately 2 to 3 inches long, and are three-eighths to 2 inches wide. The tip 
of the milkweed has a drooping cluster of six to 15 greenish to cream-colored flowers (USFWS 
2005). ASME may take 15 years or more to mature from a germinating seed to a flowering plant 
(USFWS 2003). The species flowers as early as late May in the south (southern Kansas and 
Missouri) through mid- to late June in the north (Illinois). Observations show that individual plants 
flower for two or three years and then rest, and in some cases, completely disappear (USFWS 
2005). 

4.1.1. MEAD’S MILKWEED ESA LISTING 

ASME was listed as threatened under the ESA on September 1, 1988. Declines of ASME can be 
attributed to alteration of the tallgrass prairie by multiple factors including (1) agricultural use; (2) 
urban growth; (3) industrial; (4) commercial development; (5) recreational use of sites; and (6) 
hay mowing (USFWS 1988). 

The status of ASME at the time of listing was detailed in the Federal Register when the species 
was listed as threatened. Federal Register/ Vol. 53, No. 170/Pg. 33992/Thursday, September 1, 
1988/Rules and Regulations (USFWS 1988) states this:  

“The plant is believed to be extirpated from Indiana and Wisconsin. It is threatened 
by destruction and modification of the ‘tall grass’ prairie due to agricultural 
expansion, urban growth, and agricultural practices that such as mowing and 
grazing, which are detrimental to the plant’s reproductive cycle.” 
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4.1.2. MEAD’S MILKWEED HABITAT 

ASME habitat includes mesic to moderately dry upland tallgrass prairies throughout the eastern 
tallgrass prairie, from Kansas through Missouri and Illinois and north to southern Iowa and 
northwestern Indiana. ASME is found in virgin, tallgrass prairies that are managed for light grazing 
and hay production (USFWS 2003). USFWS (1988) cited personal communication with Ronald 
McGregor (University of Kansas) that he has only found ASME in tallgrass prairies. Similarly, an 
unpublished report by S.W. Morgan at MDC in 1980 stated that ASME in Missouri is found in 
unplowed bluestem prairie (USFWS 1988).  

4.1.3. MEAD’S MILKWEED CURRENT RANGE AND POPULATION STATUS 

In 1988, approximately 81 populations of ASME were known. Of those, 38 were in Kansas, three 
were in Illinois, two were in Iowa, and 17 were in Missouri (USFWS 1988). ASME is currently 
known in 34 counties in Kansas, Missouri, Iowa, and Illinois at 171 sites (USFWS 2005). There 
are 330 extant populations with three populations identified as highly viable (USFWS 2012a). A 
highly viable population was defined as having a population with 50 genetically diverse mature 
plants with seed production on at least 125 acreage that is late successional stage, has 
conservation easement, and is managed with a fire regimen. Sullivan County does not have a 
known current or historic ASME population, but three extant populations are in the Missouri 
glaciated plains physiographic region, in which Sullivan County is located (USFWS 2012a).  

4.1.4. MEAD’S MILKWEED PROJECT FIELD STUDY 

During the summer of 2016, Olsson biologists assessed grassland within the Project area (Olsson 
2018). The assessment consisted of two parts: a desktop review to identify grassland habitat and 
a follow-up field verification to determine potential ASME habitat and species occurrence. The 
desktop review identified grassland areas that could contain ASME habitat from aerial 
photographs. Specifically, grassland sites were identified that have never been plowed, were not 
currently or previously developed, and that lacked over 50 percent tree or shrub canopy cover. 
Woodland areas, open waters, and cropped areas (historically or present) were eliminated, since 
these would have a low likelihood of providing suitable habitat for the species. Multiple research 
documents list habitat for ASME as virgin, tallgrass prairie (USFWS 1988), which would not 
include cool-season grass pastures. Cool-season grasses are considered undesirable prairie 
species and are consistent with a degraded prairie (Kindscher et al. 2008). Resources used during 
the desktop review included:  

• Earth Sciences Resources Institute (ESRI) Aerial Imagery 
• Google Earth ® Historical Aerial Photographs 

Following the desktop review, Olsson performed a field verification survey for the identified 
sample locations. Each survey area, identified as grassland through the desktop review, was 
walked to determine whether vegetation was native or non-native to Missouri. Non-native 
grassland vegetation included tall fescue, smooth brome (Bromis inermis), and reed canarygrass 
(Phalaris arundinacea). Based on the desktop review, the dam and inundation area included 
approximately 452 acres of grassland areas potentially suitable for ASME at 58 unique sites. A 
field verification survey was performed at the 58 unique sites, and four sites were found to contain 
native vegetation consistent with ASME habitat. The remaining 54 sites contained cool-season 
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grasses and were not considered ASME habitat. The four sites with native vegetation averaged 
4.7 acres size, and a 30-minute wandering survey was performed to search for ASME. No ASME 
ramets (individual stalks) were identified at the four sites (Olsson 2018). The Mead’s milkweed 
study is included in Appendix C.  

4.2. Gray Bat 

MYGR has an even, gray color on its dorsal fur that is the same color from base to tip. MYGR is 
about 3.5 inches in length, has a wing span of 10 to 11 inches, and weighs between 7 and 16 
grams. The wing membrane attaches to the foot at the ankle instead of at the base of the toes 
like other Myotis (USFWS 2011).   

4.2.1. GRAY BAT ESA LISTING 

MYGR was listed as endangered under the ESA of 1973 on April 28, 1976. The species decline 
was attributed to human disturbances of caves, habitat loss and degradation, and contamination 
from pesticides (USFWS 2011). Recently, WNS was attributed to thousands of bat mortalities 
including MYGR mortalities (USFWS 2009b).  

4.2.2. GRAY BAT HABITAT 

MYGR inhabits caves year-round and occupies cold hibernating caves in the winter and warm 
caves during the summer (USFWS 2009b). Wintering caves tend to be deep and vertical. During 
the summer months, pregnant females form maternity colonies in caves that have domed ceilings. 
MYGR does not use houses or barns for habitat (USFWS 2018c; MDC 2000). Maternity colonies 
are formed on the cave ceilings and range from a few hundred individuals to a few thousand 
individuals. Summer foraging habitat includes open water of rivers, streams, and lakes or 
reservoirs. MYGRs may travel up to 35 kilometers between maternity colonies and foraging areas; 
however, most foraging areas are located 1 to 4 kilometers from a maternity colony’s cave 
(USFWS 2009b). MYGRs forage approximately 3 meters above the water’s surface for aquatic 
insects, especially mayflies, caddisflies, and stoneflies (USFWS 2009b). 

4.2.3. GRAY BAT CURRENT RANGE AND POPULATION STATUS 

MYGR is found in limestone karst areas that primarily include Alabama, Arkansas, Kentucky, 
Missouri, and Tennessee with smaller populations in adjacent states (USFWS 2009b). In 
Missouri, the range extends throughout the entire state except for the northwestern and 
northcentral portions of the state. Sullivan County is within MYGR’s range. Most of the winter 
population in Missouri hibernates in three caves in the southern part of the state from October 
through April. In the spring, MYGR migrates to over 50 other caves throughout the Ozarks (MDC 
2000). 

4.2.4. GRAY BAT PROJECT FIELD STUDY 

Because Sullivan County has potential MYGR foraging habitat, Olsson conducted mist netting 
and acoustic monitoring from June 2 – July 10, 2016, to determine the presence or probable 
absence of MYGRs. The sampling methodology followed the Indiana Bat Draft Recovery Plan 
and the Range-wide Indiana Bat Summer Survey Guidelines (USFWS 2015b). The 2016 
sampling did not identify MYGRs, based on 81 net nights and 35 detector nights (Olsson 2017). 
See Appendix D for the bat study.  
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4.3. Indiana Bat 

MYSO is a medium-sized bat with a forearm length of 35–41 millimeters (mm) and a head and 
body length of 41–49 mm. MYSO closely resembles the little brown bat (Myotis lucifugus) and the 
MYSE. However, the MYSO is differentiated from the MYSE by its long, pointed, symmetrical 
tragus. MYSO is differentiated from the little brown bat by its keeled calcar. MYSO’s nose is a 
lighter color than that of the little brown bat (USFWS 2007).   

4.3.1. INDIANA BAT ESA LISTING 

MYSO was listed as endangered under the Endangered Species Preservation Act of 1966, which 
preceded the current ESA. While the original reasons for listing were not identified, they were 
later identified as (A) habitat destruction, modification, or curtailment; (B) overutilization for 
commercial, recreational, scientific, or educational purposes; (C) disease or predation; (D) 
inadequate regulatory mechanisms; and (E) other natural or man-made factors affecting the 
MYSO’s continued existence. More recently, WNS has caused substantial population declines 
(USFWS 2017a).  

4.3.2. INDIANA BAT HABITAT 

MYSO is a migratory species that migrates from summer foraging and maternity roost habitat to 
winter hibernating habitat. In the fall, prior to hibernation, swarming occurs around hibernacula to 
increase fat supplies and conduct mating activities (USFWS 2007). MYSO hibernacula is 
restricted to caves and mines found in karst areas of the east-central U.S. Bats enter a 
hibernaculum by the end of November and emerge in April and May. Females emerge in April, 
followed by the males in early May. Hibernacula have stable temperatures that remain below 50 
degrees Fahrenheit (F) and above freezing. MYSO temperature requirements for caves are not 
commonly found (USFWS 2007). No known hibernacula are within the 10-county region of the 
Project area (USFWS 2007).  

Summer roost trees for MYSO are typically large, often dead, with exfoliating bark. The tree 
species primarily associated with MYSOs are ash (Fraxinus), elm (Ulmus), hickory (Carya), maple 
(Acer), poplar (Populus), or oak (Quercus). Roost trees typically receive sunlight for part of the 
day and are often in open forest canopies (USFWS 2007). In Missouri, the average roost tree 
diameter is 22 inches. The average height of roost trees ranges from 52 to 85 feet, and the 
minimum height exceeded 12 feet for a primary roost (USFWS 2007).  

The female MYSO uses a maternity roost tree to give birth to a single pup in June or early July. 
Maternity roosts can be primary or alternate, based on the number of individuals using the roost. 
In Missouri, primary roost trees are typically dead trees in open, interior woodlands. Shagbark 
hickory trees are more likely to provide alternative maternity roosts (USFWS 2007). A maternity 
colony may roost in 10 to 20 trees per year, but only one to three trees may be primary roost trees 
(USFWS 2007). MYSOs switch roost trees an average of every two to three days, which may vary 
based on reproductive condition and roost type (USFWS 2007). MYSOs return to maternity roosts 
annually. All roost trees eventually decay and become unusable by MYSOs. Having alternative 
maternity roosting options may provide replacements for primary maternity roost trees (USFWS 
2007).  
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4.3.3. FORAGING HABITAT 

Foraging habitat typically includes semiopen to closed forest habitat, forest edges, and riparian 
areas (USFWS 2007). MYSOs feed on flying insects that include moths, flies, beetles, and 
caddisflies. MYSOs forage at night and fly within 2 to 30 meters above ground level.  

Womack et al. (2013) identified the distance traveled by lactating MYSOs in northern Missouri 
from roost tree to foraging area as 1.3 miles (50 percent probability) to 5.8 miles (95 percent 
probability). USFWS found that females forage from 0.3 to 5.2 miles from their roost habitat; 
however, studies have found that most females are captured within less than 2.6 miles from their 
roost (USFWS 2007). Based on this research, the home range was shown to vary from 1.3 miles 
(3,398 acres) to 5.8 miles (67,637 acres) with most females captured within a 2.5-mile (12,566-
acre) range. 

4.3.4. INDIANA BAT CURRENT RANGE AND POPULATION STATUS 

Missouri is within the historic and current range of MYSO and has documented occurrences in 
winter and summer (USFWS 2007). As shown in Figure 11, Sullivan County, Missouri, has known 
maternity roosts and summer habitat for MYSOs. The nearest Priority 1 hibernaculum is 
approximately 115 miles southeast of Sullivan County. Currently, efforts have been made to 
protect underground hibernacula with a goal of protecting 80 percent of the Priority 1 hibernacula, 
which include hibernacula with a population of more than 10,000 individuals. Priority 3 and 4 
hibernacula are approximately 60 miles southeast of the Project. Priority 3 hibernacula have 
current or historic populations of 50 to 1,000 bats, and Priority 4 hibernacula have current or 
historic populations of fewer than 50 bats. Females MYSOs have documented as migrating up to 
357 miles to their summer habitat (USFWS 2007). A large portion of the male MYSO population 
does not migrate from its hibernaculum. Forested areas of Sullivan County, suitable for maternity 
roost colonies, could support MYSOs (USFWS 2007).  

The 2019 MYSO population status includes 537,297 bats that occur within hibernacula in 16 
states (USFWS 2019a). According to USFWS (2019a), Missouri has the largest population of 
MYSOs (195,157 bats) followed by Indiana (184,848 bats) and Illinois (78,403 bats). The total 
population has declined 19 percent in the last 12 years, which corresponds with the discovery of 
WNS. Seven states have experienced greater than 10 percent declines in MYSO populations 
(USFWS 2017b).  

Missouri has had a statewide population decrease of 17,785 MYSO bats (8 percent) from 2011 
to 2019. Missouri is within the Ozark-Central Recovery Unit, which has had a population increase 
of approximately 4,944 bats (2 percent) since 2011 (USFWS 2019a). WNS was identified in the 
Ozark-Central region in 2013, and the population regionwide decreased by 5,814 bats (2 percent) 
from 2013 to 2019. In Missouri, the population decreased by 19,296 bats (9 percent) from 2013 
to 2019 (USFWS 2019a) 

The Missouri population had remained relatively stable from 2011 to 2017 with a range of 210,000 
to 220,000 MYSO individuals (USFWS 2019a). In 2019, there was a 10 percent drop from the 
2017 population and the 2019 population is the lowest population recorded in eight years. This is 
primarily because of an eight percent drop in MYSO recorded at the Sodalis Nature Preserve. 
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The Midwest region had a decline of 20 percent, the Northeast region had a decline of 16 percent, 
and the Appalachia region had a decline of 94 percent from 2011 to 2019.  
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Figure 11. Indiana Bat (MYSO) Summer and Winter Habitat (Emphasis added, USFWS 
2007). 

SULLIVAN  
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4.3.5. INDIANA BAT PROJECT FIELD STUDY 

Because Sullivan County has potential MYSO habitat, mist netting and acoustic monitoring was 
conducted from June 2 – July 10, 2016, to determine the presence or probable absence of 
MYSOs. The sampling methodology followed the Indiana Bat Draft Recovery Plan and the Range-
wide Indiana Bat Summer Survey Guidelines (USFWS 2007; 2015b). Results of the sampling 
included the capture of 10 MYSO within the Project boundary based on 81 net nights, and there 
was positive detection in eight of the nine regions based on 35 detector nights (Olsson 2017).  

Four maternity roost trees were identified that were clustered in two groups of two maternity roost 
trees. A maternity roost tree was identified as having more than five bats identified during the 
emergence count (Olsson 2017). Callahan (1993) defined primary roost trees in Missouri as 
having 30 or more bats on multiple nights. However, Kurta et al. (1996) determined this number 
might not be applicable to small to moderate sized maternity colonies. As shown in Table 10, 
roost trees A and C were identified by the same bat (Laela) as were roost trees E and F (by 
Sushi). See Appendix D for the bat survey report.  

Table 10. East Locust Creek Bat Survey Maternity Roost Trees. 
Roost 
Name Tagged Bat Date Species Emergence 

Counts 

A Laela (Tree 1) 30-Jun-16 American Elm 19 

A Laela (Tree 1) 1-Jul-16 American Elm 31 

A Laela (Tree 1) 3-Jul-16 American Elm 0 

C Laela (Tree 2) 4-Jul-16 Shagbark Hickory 7 

C Laela (Tree 2) 5-Jul-16 Shagbark Hickory 7 

E Sushi (Tree 1) 6-Jul-16 Shagbark Hickory 22 

E Sushi (Tree 1) 8-Jul-16 Shagbark Hickory 38 

F Sushi (Tree 2) 7-Jul-16 Shagbark Hickory 7 

F Sushi (Tree 2) 8-Jul-16 Shagbark Hickory 2 

 
Maternity Roost Trees 

MYSOs exhibit site fidelity to maternity roost trees and use multiple roost trees within a season 
(Silvis et al. 2014). During short-term periods, MYSOs frequently switch roost trees but maintain 
primary roost trees, which are used by many MYSOs, and alternative maternity roost trees, which 
support fewer individual MYSO (Silvis et al. 2014). A MYSO colony typically uses one to three 
primary maternity roosts per season. Most of the colony will use a primary roost repeatedly (Silvis 
et al. 2014). Roost trees are ephemeral in nature, and the roost-switching behavior may allow 
alternative maternity roosts to replace a lost roost tree (Gumbert et al. 2002).  

Four MYSO maternity roost trees were identified by the East Locust Creek bat survey (Olsson 
2017), with two of the four MYSO maternity roost trees identified within the normal pool of the 
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Project (Figure 12). A lactating female bat was tracked to each of the four maternity roost trees, 
and the emergence count identified more than five bats.  

The four maternity roost trees were in two groups of two maternity roost trees. The two groups of 
roost trees are less than 5 miles apart, which suggests there could be one or two MYSO colonies. 
Based on the dates from the emergence counts (Table 10), it is possible that there is only one 
colony. However, the proximity of the capture location, maternity roost trees, and alternate roost 
trees all suggest there may be two MYSO colonies (Figure 12). Minimum population size was 
estimated based on the emergence counts (Table 10) and assumed all bats leaving the trees are 
MYSOs. The two maternity roost colonies’ minimum populations are estimated at 31 bats and 40 
bats. MYSO individuals using alternative maternity roost sites would not be included in the 
minimum populations.  

Maternity roost trees A and C (see Figure 12) were 0.6 mile apart from one another, and maternity 
roost trees E and F were 0.1 mile apart. The two groups of maternity roost trees were 4.9 miles 
apart at the farthest distance and 4.5 miles apart at the closest distance. Maternity roost sites C 
and F may be alternative maternity roost sites because of the low bat numbers (seven) recorded 
during the emergence counts. Additionally, they are near a maternity roost tree with emergence 
counts over 30 bats.  

The home ranges for the Laela and Sushi colonies were determined based on a 2.5-mile buffer 
around the primary maternity roost trees (Figure 13). The forested areas within the 2.5-mile 
buffers totals 6,566 acres with 3,732 forested acres within Laela’s home range and 2,880 forested 
acres within Sushi’s home range. There are 46 forested acres of overlap between the two home 
ranges.  

Nine alternative maternity roost trees were identified three of which were located in the normal 
pool. The nine alternative maternity roost trees had emergence counts of fewer than five bats.  
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Figure 12. Maternity Roost Trees Identified for the East Locust Creek Project. 
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Figure 13. Laela and Sushi Colony’s Home Range.  
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4.4. Northern Long-Eared Bat  

MYSE is a medium-sized bat with a total body length of 78 mm. The fur of MYSE is medium to 
dark brown on the back and paler brown on the underside. This species of bat is differentiated 
among similar species in the genus Myotis by its long ears, which measure 17 to 19 mm, and its 
long tail, which measures 26 mm (Ollendorff 2002). 

4.4.1. NORTHERN LONG-EARED BAT ESA LISTING 

MYSE was listed as a threatened species under the ESA on April 2, 2015, and a final 4(d) rule 
was published on January 14, 2016. The primary threat to MYSE is WNS, which is a fungal 
disease that causes bats to leave their hibernacula during winter. The final 4(d) rule accounted 
WNS as the primary cause of MYSE decline, and not necessarily habitat loss. The 4(d) rule allows 
for tree clearing if it is does not take place within 0.25 mile of a known hibernaculum or within 150 
feet of a known maternity roost tree during the pup season (June 1 through July 31; USFWS 
2016a).  

4.4.2. NORTHERN LONG-EARED BAT HABITAT 

MYSE are insectivores that feed above the understory, but below the canopy, in a range of 3 to 
10 feet above ground. MYSE prefer mature forests for foraging, but they also use open spaces 
such as small forest clearings, water, and along roads (USFWS 2015c). Summer habitats consist 
of forested or wooded areas where they roost, forage, and travel and may also include adjacent 
and interspersed non-forested habitats such as emergent wetlands and adjacent edges of 
agricultural fields. Summer habitat typically includes roost trees of varying sizes and species but 
may also include buildings, barns, bridges, and bat houses (USFWS 2018d). MYSE will roost 
individually or in colonies in cavities or crevices of live trees and snags. Winter habitat consists of 
hibernacula that include caves and abandoned mines. However, the MYSE can hibernate in small 
hibernacula, which can also include bridges, barns, and houses (USFWS 2018d). Hibernacula 
characteristics include relatively constant, cooler temperatures; high humidity; and no air currents 
(USFWS 2015c).  

The MYSE migrates to and from its hibernacula in the spring and fall, and it typically occupies 
summer habitat between mid-May and mid-August. The MYSE selects roost trees with exfoliating 
bark or with crevices or cracks. The preferred tree species in Missouri include shagbark hickory 
(Carya ovata), eastern cottonwood, various oak species (Quercus sp.), silver maple (Acer 
saccharinum), and American elm (Ulmus americana). Suitable snags or standing dead trees with 
sloughing bark provide habitat regardless of species (USFWS 2014). There are no known 
maternity roosts or hibernacula in Sullivan County; however, potential MYSE roosting habitat is 
present within the county (USFWS 2007). 

4.4.3. NORTHERN LONG-EARED BAT CURRENT RANGE AND POPULATION STATUS 

The current status of MYSE in Missouri was detailed in the Federal Register when the species 
was listed as threatened. Federal Register /Vol. 80, No. 63 Pg. 17979/Thursday, April 2, 2015 
/Rules and Regulations (USFWS 2015c) notes the following: 

“The northern long-eared bat has been documented in 76 of 114 counties in Missouri; its 
abundance in the summer is variable across the State and is likely related to the presence 
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of suitable forest habitat and fidelity to historical summer areas. There are approximately 
269 known northern long-eared bat hibernacula that are concentrated in the karst 
landscapes (characterized by underground drainage systems with sinkholes and caves) of 
central, eastern, and southern Missouri... Similar to other more predominantly karst areas, 
the northern long-eared bat is difficult to find in Missouri caves, and thus is rarely found in 
large numbers. Pseudogymnoascus destructans (Pd) [the fungus that causes WNS] was 
first detected in Missouri in the winter of 2009–2010; however, the majority of sites in the 
State that have been confirmed with WNS were confirmed more recently, during the winter 
of 2013–2014. Due to low numbers historically found in hibernacula in the State, it is difficult 
to determine if changes in count numbers are due to natural fluctuations or to WNS. 
However, there was one northern long-eared bat mortality observed during the winter of 
2013–2014... Furthermore, Elliott (2015, pers. comm.) noted that surveyors are detecting 
indicators of decline (changes in bat behavior) as well as actual declines in numbers of 
northern long-eared bats in hibernacula in the State. As for summer survey data, mist-net 
and acoustic surveys conducted across Missouri in the summer of 2014 indicate continued 
distribution throughout the State. However, there were fewer encounters with northern long-
eared bats in some parts of the State in 2014, as compared to previous years. Specifically, 
surveys conducted on the Mark Twain National Forest in 2014 indicate a decline in the 
overall number of captures of all bat species, including fewer northern long-eared bats than 
expected... Further, in southwest Missouri, northern long-eared bats have been 
encountered during mist-net surveys conducted on the Camp Crowder Training Site in 
2006, 2013, and 2014. Overall, the number of northern long-eared bat captures has 
decreased since 2006, relative to the level of survey effort (number of net nights)... 
Additionally, during a 2-year survey (2013–2014) at a State park in north-central Missouri, 
108 northern long-eared bats were captured during the first year, whereas only 32 were 
captured during the second year, with a similar level of effort between years… 

4.4.4. NORTHERN LONG-EARED BAT PROJECT FIELD STUDY 

As with MYSOs and MYGRs, Sullivan County has potential MYSE habitat; therefore, mist netting 
and acoustic monitoring were conducted from June 2 – July 10, 2016, to determine the presence 
or probable absence of MYSEs. The sampling methodology followed the Indiana Bat Draft 
Recovery Plan and the Range-wide Indiana Bat Summer Survey Guidelines (USFWS 2015b). 
Results of the sampling included the capture of six MYSE within the Project boundary based on 
81 net nights and had positive detection in seven of the nine regions based on 35 detector nights. 
See Appendix D for the bat survey report. 

The East Locust Creek Bat Survey Report (Olsson 2017) documented six MYSE caught through 
mist netting within the normal pool; of the six, two were lactating females. Assuming a 3-mile 
home range from the lactating female capture sites, a MYSE maternity roost may be located in 
the Project area. There are known MYSE maternity roost trees in Adair, Putnam, and Schuyler 
counties. Project impacts in Adair, Putnam, and Schuyler counties are related to water 
transmission line activities, which are not likely to include tree clearing.  

The lactating MYSE were captured in different mist nets at the same site. The home ranges MYSE 
colony was determined based on a 3-mile buffer around the capture location (Figure 14). The 
forested areas within the 3-mile buffers totals 5,727 acres.  
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Figure 14. MYSE Mist Net Locations and Home Range.   



East Locust Creek Biological Assessment 
Olsson Project Number A11-1513 

 50 

5. EFFECTS OF THE PROPOSED ACTION 

5.1. Effects on the immediate environment 

Terrestrial Vegetation Loss or Conversion 

The Project elements could result in the conversion of 1,341 acres of forest and 1,236 acres of 
grassland (Table 11). The normal pool inundation will include 973 acres of forest and 1,066 acres 
of grassland conversion. The remaining 289 acres of land conversion in the normal pool (2,328 
acres total in normal pool) includes roads and rights-of-way, residential development (village of 
Boynton), and cropland. The forest loss would be 0.17 percent of forest in the 10-county region 
and 1.36 percent of forest in Sullivan County.  

Table 11. Project Forest and Grassland Impacts.  
Project Element Projected Forest 

Conversion 
 (acres) 

Projected Prairie or 
Grassland Conversion 

(acres) 
Normal Pool Inundation 973 1,066 
Recreational Facilities Development 27 61 
Utilities and Road Relocation 343 691 

Dam Construction, Borrow Sites, 
Spillway Construction, and Temporary 
Dam Access Roads 

23 40 

Tree Clearing on NCMRWC Property 
Because of Development 

692 0 

Residential Development 162 506 
Future Water Transmission Lines 53  

TOTAL LAND CONVERSION 1,341 1,742 
1 Includes permanent impacts only. Temporary impacts will be replanted to prairie or pasture vegetation.  
2 Assumes 15 percent of forest without a conservation easement could be cleared.  
3 There are 11 acres of utility and road relocation forest impacts within the NCMRWC property.  
Note: Forest loss because of residential development and future water transmission are not controlled by 
the NCMRWC and may be avoided upon design and construction.  

The tree clearing on NCMRWC property related to development may occur to allow for a lake 
view. These impacts are included as project impacts. As stated in Section 2.2.6, 458 acres of 
forest on NCMRWC property are outside the normal pool and would not have conservation 
easement protection. As shown in Table 11, there are recreation, utilities and road relocation 
impacts and dam construction impacts that total 130 acres. The utilities and road relocation total 
11 acres on NCMRWC property and 23 acres outside NCMRWC property. There are 328 acres 
that would remain in forest to protect water quality.  
Wetland Losses 

A wetland delineation was completed for the Project’s normal pool area in 2015 and 2016 (Olsson 
2016). Based on the wetland delineation conducted for the Project, approximately 362 acres of 
wetlands were determined to be in the normal pool. The 362 total wetland acres consist of 273 
acres of palustrine emergent (PEM) wetlands, which are dominated by herbaceous vegetation; 
79 acres of palustrine forest (PFO) wetlands, which are dominated by trees; and 10 acres of 
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palustrine shrub-scrub (PSS) wetlands, which are dominated by small woody plants (Olsson 
2016). 

The wetland quality is reduced for 224.5 wetland acres, because the wetlands were previously 
farmed, are currently farmed, or consist of over 50 percent cover of reed canarygrass (Phalaris 
arundinacea), which is an invasive species that provides reduced wetland functions. A 39.5-acre 
PEM wetland was created by the NRCS Wetland Reserve Program (WRP) and is included in the 
total PEM wetlands within the normal pool. The WRP wetland is required to be replaced in-kind 
based on NRCS rules.  

Stream Losses 

In 2015 and 2016, Olsson conducted a stream assessment for all streams within the normal pool 
of East Locust Creek (Olsson 2016). The stream assessment identified 49.1 miles of stream, 
which included 27.6 miles of ephemeral, 12.6 miles of intermittent, and 8.9 miles of perennial 
streams within the normal pool. The stream assessments for East Locust Creek (perennial) 
measured the ordinary high-water mark width of 12 to 25 feet and the top-of-bank width from 35 
to 60 feet. The buffer vegetation along East Locust Creek included black walnut (Juglans nigra), 
multiflora rose (Rosa multiflora), red mulberry (Morus rubra), American elm (Ulmus americana), 
white oak (Quercus alba), black willow (Salix nigra), shagbark hickory (Carya ovata), tall fescue 
(Schedonorus arundinacea), silver maple (Acer saccharinum), hackberry (Celtis occidentalis), 
and river birch (Betula nigra). 

Downstream Flow Impacts 

Once constructed, the dam will block chemical, physical, and biotic movement upstream and 
downstream from the dam location. The natural water flow and sediment transport would be 
altered, and movements of fish, mussel, and other aquatic organism populations would be 
restricted. The Project would be designed to implement a flow regime that attempts to mimic 
natural flows, and a reservoir operations agreement would be created to require continued 
mimicry of natural flows. While this will help minimize the impacts to the stream, the need to use 
a portion of the water for the Project’s public water supply purpose would limit the ability to exactly 
mimic the natural flows.  
Water Quality Impacts 

East Locust Creek from Pollock to south of Milan has been included on Missouri’s draft 2018 
303(d) List of Impaired Waters because of the dissolved oxygen and E. coli levels (MDNR 2017b). 
Agricultural nonpoint source pollution may be a potential source of the impairment to water quality 
in East Locust Creek.  

Phase I and II environmental site assessments (ESAs) were completed throughout the project 
area for the identification and assessment of recognized environmental conditions (TetraTech 
2012). The ESA results identified potential contaminants associated with the railroad lines and 
were in excess of state-established health-based benchmarks. Flooding along the railroad lines 
may result in minor arsenic releases from the railroad bed. The releases are anticipated to be 
small and have negligible effects on water quality.  
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Additional threats to water quality in the East Locust Creek watershed are from sediment, 
pathogens, nutrients, and toxic materials. Sediment sources include unstable channel banks, road 
ditches, and inadequately protected cropland, pasture, and forestland. Pathogens and nutrients 
can also arise from human, livestock, and wildlife sources. 

It is anticipated that the Project would increase the dissolved oxygen level and reduce the E. coli 
concentration within the inundated section. It is possible that the Project would allow enough flow 
into the stream to reduce impairments downstream as well. 

Sediment from the watershed and shoreline are primary pollutants that can compromise water 
quality. The Project would cause erosion and sedimentation rates to be reduced in the watershed 
because of changes to less intensive land uses, development of a vegetated buffer around the 
reservoir, and the stabilization of eroding gully systems.  

The National Pollutant Discharge Elimination System (NPDES) rules require a stormwater 
pollution prevention plan (SWPPP) on construction sites disturbing one or more acres. Although 
a SWPPP would be prepared for the site, a short-term decline in water quality may occur from 
sediment discharge associated with construction activities. 

5.2. Effects on listed species 

5.2.1. GRAY BAT 

MYGRs were not identified in the East Locust Creek bat survey. Additionally, because MYGR 
inhabits caves year-round, and because the topography in the 10-county region provides limited 
habitat for MYGR, there is a low probability of occurrence. Based on the limited habitat and lack 
of bat identification during the bat survey, the Project is not anticipated to cause effects to MYGR. 
Thus, the Project will have no effect on MYGR. 

5.2.2. NORTHERN LONG-EARED BAT 

5.2.2.1. Direct Effects 

Direct effects are defined as Project impacts that occur immediately (i.e. injuring or killing MYSE). 
The Project elements described in section 2.2 and Project impacts shown in Table 12 are related 
to tree clearing and tree inundation. Tree clearing activities for all Project elements will occur 
during the MYSE hibernation period (November 1 – March 31) and thus minimize direct effects 
on MYSE. A reservoir water budget model indicates inundation will occur over a period of 2-10 
years and the timing cannot be determined ahead of time or controlled. The model shows the 
reservoir would fill slowly over time and that during the wettest period since 1900 the reservoir 
would take 1.9 years to fill. Based on the model results, the bats would likely be able to avoid 
direct impact.  

5.2.2.2. Indirect Effects 

Indirect effects are defined as Project impacts that are reasonably certain to occur but occur later 
in time (i.e. forest loss that reduces maternity roost habitat and causes lower population size). 
Forest loss and impacts to maternity roosting colonies are the indirect effects further described.  
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Potential Forest Impacts 

The Project will affect MYSE summer foraging and roosting habitat. The forest loss caused by 
Project construction and predicted future forest loss would reduce the available forest habitat by 
1,341 acres and represents a 0.17 percent forest decline in the 10-county region and a 1.36 
percent forest decline in Sullivan County. Table 12 shows the forest loss within the foraging areas 
of the maternity roost trees for the Project elements.  

Table 12. Project Forest Loss. 
Project Element Direct and Predicted 

Future Forest Loss 
(acres) 

Forest Loss within 3-Mile 
Buffer of MYSE Capture 
Sites (acres) 

Normal Pool Inundation 973 895 
Recreational Facilities Development 27 25 
Utilities and Road Relocation  34 25 
Dam Construction, Borrow Sites, 
Spillway Construction, and 
Temporary Dam Access Roads 

23 10 

Tree Clearing on NCMRWC Property 
Because of Development 

691 581 

Residential Development 162 11 
Future Water Transmission Lines 53 129 

TOTAL FOREST LOSS 1,341 1,153 
1 Assumes future development will affect 15 percent of forest. 
Note: Forest loss because of residential development and future water transmission are not controlled by 
the NCMRWC and may be avoided upon design and construction.  

Maternity Roosts and Home Range Impacts  

MYSE were not tracked during the field study and the maternity roost locations are not known. 
Two lactating MYSE were captured at the same mist net site, but in separate nets. Based on a 3-
mile range of the capture sites, there are assumed to be primary and alternative maternity roost 
trees nearby or impacted by the Project elements.  

Within the 3-mile home range, there are 5,727 forest acres and 1,013 forest acres impacted by 
Project elements. This represents a loss of 18 percent of the MYSE colony’s forested home range.  

Loss of Individuals and Reduction in Population Size 

The loss of roosting and foraging habitat could result in lower fecundity (reproductively) or lower 
survivorship. The loss of roosting and foraging habitat would require MYSE to find alternative 
maternity roosts and foraging area. Depending on the populations’ health following hibernation, 
the energy requirements to find alternative maternity roosting and foraging habitat could result in 
lower fecundity or potentially survivorship of the existing population. Emergence counts were not 
conducted for MYSE, so population estimates are not available within the Project area.  

The lower fecundity and survivorship are difficult to measure and cannot be avoided by the 
Project. Depending on fat reserves and the availability of alternative foraging and roosting habitat, 
the loss of individuals or future young is possible. If MYSE health is good following hibernation 
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and alternative maternity roosting and foraging habitat is available, then there may be no 
reduction in population. Conversely, if the MYSE populations’ health are poor and alternative 
maternity roosting and foraging habitat is limited, then the populations could experience a 
reduction in individuals.  

Depending on available habitat that helps determine carrying capacity, including roosting habitat 
and foraging habitat, a reduction in population because of reduced survivorship or fecundity may 
be short term. The habitat availability after reservoir construction and the ability of that habitat to 
support the current population sizes will determine the long-term impacts of the Project on MYSE 
populations. As described above, 18 percent of the MYSE forested home range would be lost 
because of Project elements. Conservation described below will partially minimize these impacts.  

Winter Habitat 

MYSE winter habitat consists of large hibernacula. Because of the increased presence of WNS, 
hibernacula have become of primary interest for MYSE conservation efforts. The closest winter 
habitat is in Howard County, placing the 10-county region outside winter habitat (USFWS 2016b).  

Conservation 

The forest planting and preserving and associated permanent conservation easements would 
occur on 683 acres for forest preservation and 553 acres for forest tree planting. Permanent 
conservation easements would be established on 1,236 acres of tree planting and forest 
preservation. Within the 3-mile buffer there are 1,013 forest acres impacted that equals 18 percent 
of the total forest. Tree plantings within the 3-mile buffer total 201 acres and tree preservation 
totals 496 acres. The tree plantings and preservation total 697 acres and equal 69 percent of the 
forest loss in the 3-mile buffer.  

Additional conservation will occur through the stream and wetland mitigation and by the zoning in 
the High Impact Zone. The wetland mitigation will include a minimum of 79 acres of palustrine 
forest wetland and the High Impact Zone will include 50 acres of forest preservation. See Section 
2.3.3 Habitat Compensation Plan. 

5.2.3. INDIANA BAT 

5.2.3.1. Direct Effects 

Direct effects are defined as Project impacts that result in direct injury or killing MYSO. The Project 
elements described in section 2.2 and Project impacts shown in Table 13 are related to tree 
clearing and tree inundation. Tree clearing activities for all Project elements will occur during the 
MYSO hibernation period (November 1 – March 31) and thus have no direct effects on MYSO. 
Inundation will occur over a period of 2-10 years and the timing will not be able to be determined 
or controlled. The reservoir would fill slowly over time and the bats would be able to avoid direct 
impact. 

5.2.3.2. Indirect Effects 

Maternity Roost Impacts 

The 2017 East Locust Creek Bat Survey Report (Olsson 2017) documented the capture of 10 
MYSO within the normal pool. The MYSO were tracked back to their maternity roost trees and 
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their maternity roost trees were classified by their emergence counts as primary (more than 5 bats 
observed) and alternative (five or fewer bats observed). Two MYSO were tracked to four primary 
maternity roost trees within or near the Project area. Two of the primary maternity roosts were 
located within the normal pool. Additionally, there were nine alternative maternity roost trees 
identified with three alternative maternity roost trees in the normal pool. The two primary maternity 
roost trees and three alternative maternity roost trees within the normal pool would be inundated 
by the Project and would no longer provide roost tree habitat. To avoid inundation during the 
maternity roosting period, the trees would be cut down during the November 1 to March 31 
hibernation period.  

While MYSO use multiple roost trees, they tend to roost in the same areas year after year 
(Gumbert et al. 2002). Long-term familiarity with an area may help with predator avoidance, 
foraging efficiency, and emergency roost-switching induced by weather changes (Gumbert et al. 
2002). The individual loss of the primary or alternative maternity roost trees may have reduced 
impacts on the MYSO colony because of roost-switching behavior (Gumbert et al. 2002). The 
ephemeral nature of roost trees and the roost-switching behavior would allow for alternative trees 
to replace the affected primary and alternative maternity roost trees (Gumbert et al. 2002). 
However, the cumulative loss of forest resources and potential impacts must also be considered.  

Potential Forest Impacts 

The Project will affect MYSO summer foraging and roosting habitat. The forest loss caused by 
Project construction and predicted future forest loss would reduce the available forest habitat by 
1,341 acres and represents a 0.17 percent forest decline in the 10-county region and a 1.36 
percent forest decline in Sullivan County. Table 13 shows the forest loss within the foraging range 
of the maternity roost trees for the Project elements.  

Table 13. Project Forest Loss. 
Project Element Direct and Predicted 

Future Forest Loss 
(acres) 

Forest Loss within 2.5-Mile 
Buffer of MYSO Maternity 
Roost Trees (acres) 

 Normal Pool Inundation 973 923 
Recreational Facilities Development 27 25 
Utilities and Road Relocation  34 27 
Dam Construction, Borrow Sites, 
Spillway Construction, and 
Temporary Dam Access Roads 

23 23 

Tree Clearing on NCMRWC Property 
Because of Development 

69 41 

Residential Development 162 150 
Future Water Transmission Lines 53 41 

TOTAL FOREST LOSS 1,341 1,230 
Note: Forest loss because of residential development and future water transmission are not controlled by 
the NCMRWC and may be avoided upon design and construction.  
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Home Range Impacts 

Project elements would result in the loss of approximately 1,341 acres within the 10-county region. 
Forest loss within the home range of Laela and Sushi’s maternity roost trees include 1,039 acres 
(Table 14). There are 6,566 total forested acres within Laela and Sushi’s 2.5-mile home range 
with 46 acres of overlap. The loss of 1,039 acre represents 16 percent of the total forested acres 
in the two home ranges. Laela’s home range has 3,732 forested acres and Sushi’s home range 
has 2,880 forested acres. For Laela, the loss of 813 forested acres represents 22 percent of the 
forested home range and for Sushi, the loss of 226 forested acres represents 8 percent of the 
forested home range.  

Forest impacts within the 2.5-mile colony forest buffer would be partially offset by tree planting 
and tree preservation. There are 1,236 acres of tree plantings and tree preservation within Laela 
and Sushi’s home ranges. There are 179 acres of tree plantings in Laela’s home range which 
equals 21 percent of the forest impacts. There are 301 acres of tree plantings in Sushi’s home 
range which equals 130 percent of the forest impacts. All tree plantings would result in a temporal 
loss which includes the amount of time required for a tree planting to fully replace the forest loss. 
The temporal loss is estimated at 15 – 30 years for tree plantings to establish and provide roosting 
and foraging habitat.  

Table 14. Project Effects within 2.5-Mile Colony Forest Buffer.  
Project Element Laela Forest 

Impacts 
Sushi Forest 

Impacts 
Normal Pool 718 205 
Recreation 23 2 
Utilities 20 7 
Dam 23 0 
NCMRWC Tree Clearing 29 12 

TOTAL 813 226 
Tree planting 179 301 
Tree preservation 423 299 

TOTAL 602 600 
 

Loss of Individuals and Reduction in Population Size 

The loss of roosting and foraging habitat could result in lower fecundity or lower survivorship. The 
loss of roosting and foraging habitat would require MYSO to find alternative maternity roosts and 
foraging area. Depending on the populations’ health following hibernation, the energy 
requirements to find alternative maternity roosting and foraging habitat could result in lower 
fecundity or potentially survivorship of the existing population.  

The existing MYSO population size is estimated based on the emergence counts to be two 
colonies of 31 and 40 individuals. The colonies are likely slightly larger based on individual MYSO 
roosting in alternative maternity roost trees.  

The lower fecundity and survivorship are difficult to measure and cannot be avoided by the 
Project. Depending on fat reserves and the availability of alternative foraging and roosting habitat, 
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the loss of individuals or future young is possible. If MYSO health is good following hibernation 
and alternative maternity roosting and foraging habitat is available, then there may be no 
reduction in population. Conversely, if the MYSO populations’ health are poor and alternative 
maternity roosting and foraging habitat is limited, then the populations could experience a 
reduction in individuals.  

Depending on available habitat that helps determine carrying capacity, including roosting habitat 
and foraging habitat, a reduction in population because of reduced survivorship or fecundity may 
be short term. The habitat availability after reservoir construction and the ability of that habitat to 
support the current population sizes will determine the long-term impacts of the Project on MYSO 
populations.  

Winter Habitat 
MYSO winter habitat consists of large hibernacula. Because of the increased presence of WNS, 
hibernacula have become of primary interest for MYSO conservation efforts. There are no known 
MYSO hibernacula within the 10-county region (USFWS 2016b).  

Conservation  
The forest planting and preserving and associated permanent conservation easements would 
occur on 683 acres for forest preservation and 553 acres for forest tree planting. Permanent 
conservation easements would be established on 1,236 acres of tree planting and forest 
preservation. Forest preservation and planting within the 2.5-mile buffers total 1,202 acres and 
the forest loss within the 2.5-mile buffers totals 1,039 forest acres.  

Additional conservation will occur through the stream and wetland mitigation and by the zoning in 
the High Impact Zone. The wetland mitigation will include a minimum of 79 acres of palustrine 
forest wetland and the High Impact Zone will include 50 acres of forest preservation. See Section 
2.3.3 Habitat Compensation Plan. 

5.3. Mead’s Milkweed 

There are approximately 452 grassland acres at 58 sites within the East Locust Creek normal 
pool (Olsson 2018). Native vegetation is present at four of the 58 sites and totals 18.7 acres 
(Olsson 2018). The native vegetation indicates the sites may provide potential ASME habitat that 
includes virgin, tallgrass prairies that is managed for light grazing and hay production (USFWS 
2003). The four sites were traversed for 30 minutes, but no ASME ramets were identified.  

The Project elements will affect 1,236 grassland acres in Sullivan County. All grassland impacts 
outside Sullivan County will be temporary; however, temporary impacts could have permanent 
impacts on Mead’s milkweed habitat. The impacts outside Sullivan County are anticipated to 
occur on existing utility corridors that would not provide habitat for Mead’s milkweed since the 
utility corridors would have already been disturbed.  

 
6. CONCLUSION AND DETERMINATION OF EFFECT 

The conclusion and determination of effect make an ESA section 7 determination of the proposed 
Project’s effect on federally listed species.  
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6.1. Mead’s Milkweed 

Presence of suitable habitat for ASME was assessed from a desktop analysis and field survey. 
No ASME ramets were identified within the Project area. No critical habitat has been designated 
for this species, and there are no records of occurrence in Sullivan County. There were 18.7 acres 
of native prairie identified within the normal pool. Any areas identified as virgin (nondisturbed) 
native prairie could be locations for potential ASME reintroduction. However, because of the small 
size of the native prairies, lack of association with larger prairies, and private ownership, these 
areas would have reduced viability as ASME reintroduction sites. Therefore, the Project will have 
no effect on ASME. 

6.2. Gray Bat 

MYGRs were not identified in the East Locust Creek bat survey. Additionally, MYGR inhabits 
caves year-round, and the topography in the 10-county region provides limited habitat for MYGR. 
Based on the limited habitat and lack of identification during the bat survey, the Project is not 
anticipated to cause effects to MYGR. Thus, the Project would have no effect on MYGR.  

6.3. Indiana Bat 

MYSO determination of effect is based on the Project impacts to roosting, foraging, and 
hibernating habitat; direct impacts to individuals and their habitat; or impacts that result in changes 
in fecundity or survivorship. Sullivan County does not provide the topography for MYSO 
hibernacula (Elliot 2010), and there are no known hibernacula that would be affected by the 
Project elements. 

As described above, the Project elements would affect MYSO because of Laela maternity roost 
tree site A and site C inundation and because of foraging habitat loss. Additionally, there were 3 
alternative maternity roost trees identified within the home ranges of the bat colonies and 
potentially other maternity roost trees that were not identified that would be impacted by Project 
elements. The unknown maternity roost trees may be cleared by timber harvest or tree clearing 
activities (46 percent of normal pool cleared); however, there may be maternity roost trees present 
at the time of reservoir inundation.  

The effects would be minimized by tree plantings that represent replacement of 21 percent of 
Laela’s home range loss and 130 percent (complete replacement) of Sushi’s home range loss. 
Additionally, 683 acres of forest preservation that is managed in coordination with MDC and 50 
acres of riparian corridor that is established and protected by the Lake Authority zoning powers, 
will establish permanent foraging and maternity roost habitat. All tree plantings would result in a 
temporal loss which includes the amount of time required for a tree planting to fully replace the 
forest loss. The temporal loss is estimated at 15 – 30 years for tree plantings to establish and 
provide roosting and foraging habitat. 

MYSO would respond negatively to the loss of maternity roost trees and foraging corridors as a 
result of the Project elements. Therefore, the Project may affect, and is likely to adversely affect, 
MYSO.  
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6.4. Northern Long-Eared Bat 

MYSE determination of effect is based on the Project impacts to roosting, foraging, and 
hibernating habitat; direct impacts to individuals and their habitat; or impacts that result in changes 
in fecundity or survivorship. WNS is listed as the predominant threat to MYSE in the threatened 
species listing (USFWS 2015c). Sullivan County is within the WNS zone, but WNS has not been 
identified in Sullivan County (USFWS 2018b).  

As described above, the Project elements will cause the loss of 18 percent of the forested acres 
in the MYSE home range. While it is unknown if a primary or alternative maternity roost would be 
impacted, there is a high likelihood that either a primary or alternative maternity roost would be 
impacted. The unknown maternity roost trees may be cleared by timber harvest or tree clearing 
activities); however, there may be maternity roost trees present at the time of reservoir inundation. 

The effects would be minimized by tree plantings that represent replacement of 20 percent of the 
home range loss. Additionally, 683 acres of forest preservation that is managed in coordination 
with MDC and 50 acres of riparian corridor that is established and protected by the Lake Authority 
zoning powers, will establish permanent foraging and maternity roost habitat. All tree plantings 
would result in a temporal loss which includes the amount of time required for a tree planting to 
fully replace the forest loss. The temporal loss is estimated at 15 – 30 years for tree plantings to 
establish and provide roosting and foraging habitat. 

MYSE would respond negatively to the loss of maternity roost trees and foraging corridors as a 
result of the Project elements. According to the 4(d) rule for the MYSE (USFWS 2015c), 
“incidental take of northern long-eared bats outside of hibernacula resulting from activities other 
than tree removal is not prohibited”. Tree removal that will occur as a result of the proposed 
Project will occur between November 1 and March 31 and will not result in take.  

This project may affect the northern long-eared bat; however, there are no effects beyond those 
previously disclosed in the Service’s programmatic biological opinion for the final 4(d) rule dated 
January 5, 2016. Any taking that may occur incidental to this project is not prohibited under the 
final 4(d) rule (50 CFR §17.40(o)). We request to use the streamlined consultation framework for 
the NLEB. 
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https://www.fws.gov/midwest/endangered/mammals/nleb/pdf/MO_NLEBHibMatRoostTreeMap24March2016.pdf
https://www.whitenosesyndrome.org/sites/default/files/resource/white-nose_fact_sheet_10-2017_1.pdf
https://www.whitenosesyndrome.org/sites/default/files/resource/white-nose_fact_sheet_10-2017_1.pdf
https://www.fws.gov/midwest/endangered/mammals/inba/pdf/2017IBatPopEstimate5July2017.pdf
https://www.fws.gov/midwest/endangered/mammals/inba/pdf/2017IBatPopEstimate5July2017.pdf
https://www.fws.gov/Midwest/endangered/mammals/nleb/pdf/WNSZone.pdf
https://www.fws.gov/MIDWEST/endangered/mammals/inba/pdf/2019_IBat_Pop_Estimate_6_27_2019a.pdf
https://www.fws.gov/MIDWEST/endangered/mammals/inba/pdf/2019_IBat_Pop_Estimate_6_27_2019a.pdf
https://s3.amazonaws.com/org.whitenosesyndrome.assets/prod/a781e940-82f8-11e9-93b7-61a86857b722-wnsinfographicfinal_large_1.png
https://s3.amazonaws.com/org.whitenosesyndrome.assets/prod/a781e940-82f8-11e9-93b7-61a86857b722-wnsinfographicfinal_large_1.png
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East Locust Creek Reservoir Tree Planting Plan 
SubmitteĚ ďǇ MĂƚƚ AƌŶĚƚ͕ MĂƚƚ͛Ɛ HĞĂůƚŚǇ WŽŽĚƐ Θ WŝůĚůŝĨĞ 

SAF Certified Forester #171393 

ISA Certified Arborist #MW-5038A 

10/4/2019 

The primary purpose of this planned tree planting is to mitigate losses of wooded bat habitat by the 

inundation of the East Locust Creek Reservoir (ELCR) through the establishment of new hardwood 

forest.  The federally listed Northern Long-Eared and Indiana Bats utilize forested areas of varying 

canopy closure for roosting, pup-rearing, feeding, and travel.  A variety of tree species are 

recommended for planting.  The species mix will include both tree species likely to be long-term 

roost/maternity trees and those that will host an assortment of insects on which the bats can feed. 

TŚŝƐ ƚƌĞĞ ƉůĂŶƚŝŶŐ ƉůĂŶ ŝƐ Ă ĐŽŵƉŽŶĞŶƚ ƉĂƌƚ ŽĨ ƚŚĞ ELCR͛Ɛ FŽƌĞƐƚ ĂŶĚ FŽƌĂŐĞ PůĂŶ ƚŽ ƉƌŽǀŝĚĞ ŚĂďŝƚĂƚ 
benefits, water filtration, erosion mitigation, and ecological restoration to the acres surrounding the 

ELCR.  The North Central Missouri Regional Water Commission is committed to meeting or exceeding its 

environmental obligations. 

Areas included for planting are dispersed around the perimeter of the ELCR.  Current vegetation is 

primarily cool-season grass, with varying levels of native forb and woody encroachment. 

 

Site Preparation requirements 

Access limitations to each individual planting area will be different, and may change between the writing 

of this plan and beginning of site preparation activities.   

1) If machinery access is available: 

a. mow rows to be planted in the fall prior to planting to eliminate tall vegetation within 

the future tree rows. 

b. At or before the time of planting in the spring, spray the tree rows with a combination 

of glyphosate and pre-emergent herbicide (e.g. Oust).  

2) If machinery access is unavailable: 

a. Following planting, spray at least an ϭϴ͟ ƌĂĚŝƵƐ ĂƌĞĂ ĂƌŽƵŶĚ ĞĂĐŚ ƐĂƉůŝŶŐ ǁŝƚŚ Ă 
combination of glyphosate and pre-emergent herbicide (e.g. Oust). 

 

Planting requirements 

Planned species mixes are divided into two categories:  bottomland and upland. The bottomland mix is 

planned for larger areas within the 100-year floodplain, primarily at the upper extremities of the lake.  

The upland mix is planned for all other areas.  Planned spacing for each mix ŝƐ ϭϬ͛ ǁŝƚŚŝŶ ƌŽǁƐ ĂŶĚ ϭϮ͛ 
between rows, for an average of 363 trees/acre. 



 

 

Bottomland mix (avg. trees/ac ) ʹ 40.81 acres 

shellbark hickory (65) 

bur oak (50) 

swamp white oak (50) 

river birch (35) 

American sycamore (25) 

black walnut (25) 

common hackberry (25) 

black willow (20) 

eastern cottonwood (20) 

silver maple (20) 

bitternut hickory (10) 

buttonbush (10) 

silky dogwood (10) 

Upland Mix (avg. trees/ac) ʹ 442.61 acres 

shagbark hickory (60) 

white oak (50) 

bur oak (35) 

swamp white oak (35) 

black oak (35) 

northern red oak (25) 

shellbark hickory (15) 

common hackberry (15)  

chinkapin oak (10) 

post oak (10) 

mockernut hickory (10) 

red mulberry (10) 

American basswood (10) 

black cherry (10) 

persimmon (10) 

blackhaw (5) 

eastern redbud (5) 

common serviceberry (5) 

green hawthorn (5) 

hazelnut (5) 

 

- Substitutions/modifications of the planned species list/rates can be made based on species 

availability.  A minimum of 15% of the total trees planted in each mix must be loose-barked hickory 

(shagbark or shellbark).  A minimum of 25% of the total planted trees in the bottomland mix and 

50% of the total planted trees in the upland mix must be oaks.  Any species included in the planting 

must be locally native and suited for the soils and growing conditions. 

- Each field to be planted shall contain a minimum of 5 tree species.  Larger fields should be planted 

with a wider diversity of species. 

- Shrubs (buttonbush and silky dogwood in the bottomland mix and blackhaw, eastern redbud, 

common serviceberry, green hawthorn, and hazelnut in the upland mix) shall comprise no more 

than 10% of the planted trees in any field. 

- Bottomland areas:  species with the highest tolerance for flooding should be favored for planting in 

the lower elevations, closer to the lake.  These species include:  river birch, black willow, eastern 

cottonwood, and silver maple. 

- Upland areas:  species typical of higher and lower site qualities should be planted accordingly.  High 

site quality species include northern red oak, shellbark hickory, American basswood, and hazelnut.  

Lower site quality species include chinkapin oak, post oak, and bur oak. 

- NŽ ƚƌĞĞƐ ƐŚŽƵůĚ ďĞ ƉůĂŶƚĞĚ ǁŝƚŚŝŶ ϭϱ͛ ŽĨ Ă ďŽƵŶĚĂƌǇ ĨĞŶĐĞ ƚŽ ĂůůŽǁ ĨŽƌ ĂĐĐĞƐƐ ĂƌŽƵŶĚ ƚŚĞ ƉĞƌŝŵĞƚĞƌ 
of the NCMRWC owned lands. 

 



 

 

Maintenance requirements 

Access limitations to each individual planting area will be different, and may change between the writing 

of this plan and beginning/conclusion tree maintenance activities.   

1) If machinery access is available: 

a. mow between rows 2x per year for 3 growing seasons following planting (year of 

planting plus 2 more years). 

b. Spray tree rows (or ĂŶ ϭϴ͟ ƌĂĚŝƵƐ around individual trees if spraying by hand) each 

spring/early summer with glyphosate + pre-emergent herbicide.  Repeat for 4 years, 

beginning the year after planting (for a total of 5 years weed control). 

2) If machinery access is unavailable: 

a. SƉƌĂǇ ĂŶ ϭϴ͟ ƌĂĚŝƵƐ ĂƌĞĂ ĂƌŽƵŶĚ ĞĂĐŚ ƐĂƉůŝŶŐ ǁŝƚŚ Ă ĐŽŵďŝŶĂƚŝŽŶ ŽĨ ŐůǇƉŚŽƐĂƚĞ ĂŶĚ pre-

emergent herbicide (e.g. Oust).  Repeat for 4 years, beginning the year after planting 

(for a total of 5 years weed control). 

 

Evaluation of planting success 

- Evaluate planted fields for total tree count the summer following planting (e.g. 15 months after 

planting).   

o UƚŝůŝǌĞ ƌĂŶĚŽŵůǇ ůŽĐĂƚĞĚ ϭͬϮϬ ĂĐƌĞ ƐĂŵƉůĞ ƉůŽƚƐ ;Ϯϲ͘ϯ͛ ƌĂĚŝƵƐͿ͘  LŽĐĂƚĞ Ă ŵŝŶŝŵƵŵ ŽĨ ϯ ƉůŽƚƐ 
in each planted field.  Each field shall have a minimum of 1 sample plot per each 5 acres. 

o Count all living trees  (and planted woody shrubs) within the designated sample plot 

o Replant fields (by interplanting within existing rows) if average tree count falls below 290 

trees/acre (80% of the initial planting rate). 

 If tree count failure can be isolated to only portions of a given field, the remaining 

areas of the field need not be replanted. 

 Utilize species/spacing requirements from the original planting specifications for re-

planting 

- Re-evaluate any re-planted fields using the protocol in this section to determine success of re-

planting. 
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RESOLUTION AFFIRMING COMMITMENT TO MEETING OBLIGATIONS TO THE UNITED STATE FISH AND 
WILDLIFE SERVICE AS REPRESENTED IN THE BIOLOGICAL ASSESSMENT WHICH REPRESENT THE NORTH 
CENTRAL MISSOURI REGIONAL WATER COMMISSIONS PLAN TO PRESERVE HABITAT IN AND AROUND 

THE EAST LOCUST CREEK RESERVOIR. 
 
WHEREAS; The North Central Missouri Regional Water Commission (Commission) is charged with the 
mission to construct the East Locust Creek Reservoir as a regional water supply; and, 
 
WHEREAS; The Commission has an obligation to mitigate impacts to endangered and protected species 
including the Indiana Bat (Myotis sodalist) and the Northern Long-eared Bat (Myotis septentrionalis), 
which have been found in the project footprint of the East Locust Creek Reservoir; and, 
 
WHEREAS; This requires action to be taken by the Commission to implement mitigation features and 
policies that have been presented to the United States Fish and Wildlife Service (USFWS) in the 
Commission’s Biological Assessment; and, 
 
WHEREAS; The Commission, through this Resolution represents a public and policy commitment to 
adhere to the plan provide to the USFWS. 
 
THEREFORE BE IT RESOLVED; That the Commission; 
 

1. Commits to a 1:1 ratio for tree planting and/or preservation for forest impacts associated with 
the proposed East Locust Creek Reservoir.  

a. 683 acres of tree preservation on NCMRWC property with a conservation easement 
b. 553 acres of tree plantings according to Matt Arndt’s tree planting plan with a 

conservation easement.  
c. 79 acres of palustrine emergent wetland creation.  
d. 25 acres of tree planting or preservation associated with wetland or stream mitigation.  
e. Lake Authority zoning within the High Impact Zone that would preserve 50 acres of 

forest along the existing streams.  
2. Commits to five years of ongoing maintenance to ensure the establishment of the tree 

plantings.  
3. Commits to a permanent conservation easement on the above-mentioned tree planting and/or 

preservation.  
4. Commits to a winter (November 1 – March 31) hazard tree removal program. Hazardous trees 

or trees that may become hazardous for reservoir operation or recreational activities will be 
identified and removed during the winter.  

5. Commits to winter tree clearing for commercial timber harvest, for reservoir construction 
activities, and for tree clearing to allow boat navigation. 

6. Commits to signing a Missouri Department of Conservation (MDC) Conservation Assistance 
Program agreement and adherence to a Forest Management Plan created by a MDC forester.  
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1.0 PROJECT DESCRIPTION 

The North Central Missouri Regional Water Commission’s (NCMRWC) proposed project 
involves the construction of a multipurpose reservoir in Sullivan County, Missouri, approximately 
6 miles north-northeast of Milan, Missouri (Figure 1). The project is in Sections 5, 6, 7, and 8, 
Township 63 North, Range 19 West; Sections 1, 2, and 12, Township 63 North, Range 20 West; 
Sections 18, 19, 30, and 31, Township 64 North, Range 19 West; Sections 13, 23, 24, 25, 26, 
35, and 36, Township 64 North, Range 20 West. The project center is located at -93.09912 
degrees longitude and 40.28905 degrees latitude.  

An earthen dam would be constructed on East Locust Creek south of Boynton and a water 
transmission line would be constructed from the dam to the water treatment plant in Milan. The 
reservoir would have a contributing drainage area of 32.7 square miles, and the 0.5-mile-long 
dam would impound water to a normal pool maximum depth of 56 feet. At this depth, the 
proposed lake would have a normal pool surface area of approximately 2,400 acres and a 
storage volume of 54,000 acre-foot. The project area inundated by the reservoir contains 
approximately 911.8 acres of grassland. The proposed reservoir would provide water supply, 
reduce flood damages, and provide water-based recreational opportunities.  

The proposed project is within the range of the federally listed Mead’s milkweed (Asclepias 
meadii). Mead’s milkweed was listed as threatened under the Endangered Species Act (ESA) 
on September 1, 1988. The purpose of this study is to conduct a Mead’s milkweed survey to 
determine the presence or probable absence of Mead’s milkweed. No critical habitat has been 
designated in Sullivan County for Mead’s milkweed. 

The current land use is upland pastures on the steep terrain and crop fields on the flat ground. 
The upland pastures have typically been reseeded with tall fescue (Schedonorus arundinaceus) 
and has more than 80 percent establishment. Wooded areas consist of American elm (Ulmus 
americana), white oak (Quercus alba), bur oak (Quercus macrocarpa), black walnut (Juglans 
nigra), green ash (Fraxinus pennsylvanica), and shagbark hickory (Carya ovata).  
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Figure 1. Site Location Map. 



 Mead’s Milkweed Study 
North Central Missouri Regional Water Commission A11-1513 

3 

2.0 PERSONNEL 

A field team for the Mead’s milkweed survey was staffed with two Olsson Associates (Olsson) 
biologists, Aaron Ball and Jessica Casey. Mr. Ball is a certified professional in rangeland 
management.  

3.0 SPECIES DESCRIPTION 

Mead’s milkweed was listed as threatened under the Endangered Species Act (ESA) on 
September 1, 1988. Declines of Mead’s milkweed can be attributed to alteration of the tallgrass 
prairie by multiple factors including: (1) agricultural use, (2) urban growth, (3) industrial, (4) 
commercial development, (5) recreational use of sites, and (6) hay mowing (U.S. Fish and 
Wildlife Service [USFWS] 1988). 

The status at the time of listing was detailed in the federal register when the species was listed 
as threatened. Federal Register/ Vol. 53, No. 170/Pg. 33992/Thursday, September 1, 
1988/Rules and Regulations (USFWS 1988):  

“Approximately 81 populations are currently known: 38 in Kansas, 3 in Illinois, 2 
in Iowa, and 17 in Missouri. The plant is believed to be extirpated from Indiana 
and Wisconsin. It is threatened by destruction and modification of the ‘tall grass’ 
prairie due to agricultural expansion, urban growth, and agricultural practices that 
such as mowing and grazing, which are detrimental to the plant’s reproductive 
cycle.” 

Mead’s milkweed is currently known in 34 counties in Kansas, Missouri, Iowa, and Illinois at 171 
sites (USFWS 2016). Sullivan County does not have a known current or extant Mead’s 
milkweed population, but there are three extant populations in the Missouri glaciated plains 
physiographic region in which Sullivan County is located (USFWS 2012).  

Mead’s milkweed habitat includes mesic to moderately dry upland tallgrass prairies throughout 
the eastern tallgrass prairie, from Kansas through Missouri and Illinois and north to southern 
Iowa and northwest Indiana. Currently the species exists only in eastern Kansas, Missouri, 
south-central Iowa, and southern Illinois (NatureServe 2015). Mead’s milkweed is found in 
virgin, tallgrass prairies that is managed for light grazing and hay production (USFWS 2003). 
USFWS 1988 cited personal communication with Ronald McGregor (University of Kansas) that 
he has only found Mead’s milkweed in tallgrass prairies. Similarly, an unpublished report by 
S.W. Morgan (MDC) in 1980 stated that Mead’s Milkweed in Missouri is found in unplowed 
bluestem prairie (USFWS 1988).  

Mead’s milkweed has a single, waxy coated stalk that stands 8 to 16 inches high. The leaves 
branch opposite each other and are approximately 2 to 3 inches long, 3/8 to 2 inches wide. The 
tip of the milkweed has a drooping cluster of 6 to 15 greenish to cream-colored flowers (USFWS 
2005). Mead’s milkweed may take 15 years or more to mature from a germinating seed to a 
flowering plant (USFWS 2003). The species flowers as early as late May in the south (southern 
Kansas and Missouri) through mid to late June in the north (Illinois) (USFWS 2005). 
Observations show that individual plants flower for two or three years and then rest, and in 
some cases, completely disappear. 

4.0 METHODOLOGY 

The survey consisted of two parts, a desktop review to identify grassland habitat and a follow-up 
field verification to determine potential Mead’s milkweed habitat and species occurrence. The 
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desktop review identified grassland areas from aerial photographs that could contain Mead’s 
milkweed habitat. Specifically, grassland sites were identified that have never been plowed, 
were not currently or previously developed and that lacked over 50 percent tree or shrub canopy 
cover. Woodland areas, open waters, and cropped areas (historically or present) were 
eliminated as these would have a low likelihood of providing suitable habitat for the species. 
Resources used during the desktop review include: 

• Earth Sciences Resources Institute (ESRI) Aerial Imagery 
• Google Earth ® Historical Aerial Photographs 

 
Following the desktop review, a field verification survey was performed for the identified sample 
locations (Figure 2). Each survey area, identified as grassland through the desktop review, was 
walked to determine if vegetation was native or non-native to Missouri. Non-native grassland 
vegetation includes tall fescue, smooth brome (Bromis inermis), and reed canarygrass (Phalaris 
arundinacea). Multiple research documents list habitat for Mead’s milkweed as virgin, tallgrass 
prairie (USFWS 1988), which would not include cool season grass pastures. Cool season 
grasses are considered undesirable prairie species consistent with a degraded prairie 
(Kindscher et. al. 2008).  

If the vegetation was non-native, photos and GPS coordinates were taken (See Appendix A – 
Photo Log). If the vegetation was determined to be native, 30-minute wandering surveys of the 
areas were completed to look for any milkweeds. If during the field survey areas of native 
vegetation were found that were not identified in the desktop survey, they were surveyed for 30-
minutes as well. Photos of all milkweeds were taken and identified to assess if Mead’s milkweed 
was likely to be present or absent from the area. 

5.0 RESULTS 

Based on the desktop review, the dam and inundation area include approximately 452 acres of 
grassland that could support Mead’s milkweed. The 452 acres were found in 58 unique sites 
and are shown in Figure 2.  

Olsson conducted a field survey from June 14 – July 7, 2016. Photo points were taken for all 58 
unique sites (Appendix A). The photo point locations are included in Figure 3. There were four 
sites identified with native vegetation: Site 3 (Figure 4), Site 21 (Figure 5), Site 22a (Figure 5), 
and Site Y (Figure 6). The native vegetation totaled 18.7 acres. Wandering surveys were 
competed for 30 minutes at each site. Other milkweeds and milkweed-like plants were recorded 
including common milkweed (Asclepias syriaca), dogbane (Apocynum cannabinum), and prairie 
milkweed (Asclepias hirtella). Mead’s milkweed was not found. Native grass species included 
big bluestem, little bluestem (Schizachyrium scoparium), indiangrass (Sorgastrum nutans), and 
switchgrass (Panicum virgatum) and forb species included tall goldenrod (Solidago altissima), 
common yarrow (Achillea millefolium), blackeyed Susan (Rudbeckia hirta), white heath aster 
(Symphyotrichum ericoides) and Baldwin’s ironweed (Veronia baldwinii). 

The remaining 54 sites contained non-native species, which was primarily tall fescue, smooth 
brome, and reed canarygrass.  
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Figure 2. Sample Locations Map. 
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Figure 3. Photo Locations Map. 
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 Figure 4. Native Site Y Map. 
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Figure 5. Native Site 3 Map.  



 Mead’s Milkweed Study 
North Central Missouri Regional Water Commission A11-1513 

9 

 
Figure 6. Native Sites 21 and 22a Map.  
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6.0 DISCUSSION AND CONCLUSION 

The proposed project has a footprint of approximately 2,400 acres of which 452 acres are 
grassland areas that could provide habitat for Mead’s milkweed. Grassland areas within the 
project footprint are primarily tall fescue, which is typical of the area. Tall fescue was planted for 
grazing and haying purposes and replaced the native tallgrass prairie species. Tall fescue forms 
dense stands and greatly reduces species diversity. Typically, native grass species including big 
bluestem (Andropogon gerardi) are completely eliminated from tall fescue pastures.  

Potential Mead’s milkweed habitat includes grassland areas consisting of virgin tallgrass prairie 
that had not been previously cultivated. Non-native cool season grasses, like tall fescue, likely 
do provide adequate habitat to support Mead’s milkweed. Seedbed preparation for tall fescue 
seeding can include tillage, which could eliminate Mead’s milkweed populations.  

The highest potential habitat for Mead’s milkweed within the project area is within the 18.7 acres 
in the four native sites consisting of native tallgrass prairie. The remaining 433.3 acres identified 
in the desktop review were non-native cool season grasses that likely do not provide suitable 
habitat for Mead’s milkweed. The 18.7 acres of native tallgrass prairie were traversed through 
wandering surveys for 30 minutes per site or four hours total. Mead’s milkweed was not 
identified.  

Determining species absence is not possible within the scope of this study. However, this study 
does support the probable absence of the species within the project area. Additionally, there are 
no known current populations or extant populations within Sullivan County.  

The limitations of this study are included below.  

1. The field observer may not detect the Mead’s milkweed. The field study was completed 
during the flowering period to aid in detection. Other milkweeds were identified and 
photographed when found. Common milkweed was identified during the non-flowering, 
early morphological stage. However, as shown in the photolog, dense vegetation was 
present and may make detection difficult within the wandering survey. Additionally, there 
may only be a few individual ramets to identify.  

2. The Mead’s milkweed seed or juveniles may be present, but the plant is not growing or 
visible. Detection is based on identifying a visible specimen.  

3. Herbivory may have removed an individual from a site prior to the field survey. USFWS 
2003 listed multiple Mead’s milkweed populations with fewer than 3 ramets. Wildlife or 
livestock grazing could have removed individual ramets prior to the field survey.  

4. Mead’s milkweed may exist within the cool-season grass pastures. Based on the 
literature, the likelihood is low for Mead’s milkweed to be found in cool-season grass 
pastures. Small remnant native tallgrass prairies within the cool-season grass pastures 
is possible, especially along forest edges. Wandering surveys were not conducted within 
the cool-season grass pastures.  
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http://explorer.natureserve.org/servlet/NatureServe?sourceTemplate=tabular_report.wmt&loadTemplate=species_RptComprehensive.wmt&selectedReport=RptComprehensive.wmt&summaryView=tabular_report.wmt&elKey=129673&paging=home&save=true&startIndex=1&nextStartIndex=1&reset=false&offPageSelectedElKey=129673&offPageSelectedElType=species&offPageYesNo=true&post_processes=&radiobutton=radiobutton&selectedIndexes=129673
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Photo No. 1 Photo Dir. North 

Description: Site 1. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 2 Photo Dir. South 

Description: Site 1. Non-native tall fescue 
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Photo No. 3 Photo Dir.  

Description: Site 1. Dogbane (Apocynum sp.) 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 4 Photo Dir.  

Description: Site 1. Prairie milkweed (Asclepias hirtella) 
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Photo No. 5 Photo Dir. East 

Description: Site 2. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 6 Photo Dir. North 

Description: Site 2. Non-native tall fescue 
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Photo No. 7 Photo Dir. West 

Description: Site 3. Native. Searched for 49 minutes with two people. 

Jessica Casey and Aaron Ball. 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 8 Photo Dir. North 

Description: Site 3. Native. Searched for 49 minutes with two people. 

Jessica Casey and Aaron Ball. 
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Photo No. 9 Photo Dir. West 

Description: Site 3. Native. Searched for 49 minutes with two people. 

Jessica Casey and Aaron Ball. 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 10 Photo Dir. West 

Description: Site 4. Non-native tall fescue 
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Photo No. 11 Photo Dir. South 

Description: Site 4. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 12 Photo Dir. North 

Description: Site 5. Non-native tall fescue 
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Photo No. 13 Photo Dir. East 

Description: Site 5. Non-native tall fescue  

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 14 Photo Dir. North 

Description: Site 6. Non-native tall fescue 
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Photo No. 15 Photo Dir. West 

Description: Site 6. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 16 Photo Dir. North 

Description: Site 7. Non-native tall fescue 
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Photo No. 17 Photo Dir. West 

Description: Site 7. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 18 Photo Dir. South 

Description: Site 8. Non-native tall fescue 
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Photo No. 19 Photo Dir. North 

Description: Site 8. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 20 Photo Dir. North 

Description: Site 9. Non-native tall fescue 
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Photo No. 21 Photo Dir. West 

Description: Site 9. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 22 Photo Dir. East 

Description: Site 10. Non-native tall fescue 
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Photo No. 23 Photo Dir. North 

Description: Site 10. Non-native tall fescue   

  

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 24 Photo Dir. West 

Description: Site 10. Non-native tall fescue 
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Photo No. 25 Photo Dir. East 

Description: Site 11. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 26 Photo Dir. West 

Description: Site 11. Non-native tall fescue 
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Photo No. 27 Photo Dir. South 

Description: Site 12. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 28 Photo Dir. North 

Description: Site 12. Non-native tall fescue 
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Photo No. 29 Photo Dir. North 

Description: Site 13. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 30 Photo Dir. East 

Description: Site 13. Non-native tall fescue 
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Photo No. 31 Photo Dir. North 

Description: Site 14. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 32 Photo Dir. South 

Description: Site 14. Non-native tall fescue 
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Photo No. 33 Photo Dir. North 

Description: Site 15. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 34 Photo Dir. South 

Description: Site 15. Non-native tall fescue 
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Photo No. 35 Photo Dir. North 

Description: Site 16. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 36 Photo Dir. South 

Description: Site 16. Non-native tall fescue 
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Photo No. 37 Photo Dir. South 

Description: Site 17. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 38 Photo Dir. West 

Description: Site 17. Non-native tall fescue 
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Photo No. 39 Photo Dir. North 

Description: Site 18. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 40 Photo Dir. West 

Description: Site 18. Non-native tall fescue 
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Photo No. 41 Photo Dir. West 

Description: Site 19. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 42 Photo Dir. North 

Description: Site 19. Non-native tall fescue 
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Photo No. 43 Photo Dir. West 

Description: Site 21. Native big bluestem. 30 minute survey with two 

people. Aaron Ball and Jessica Casey. 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 44 Photo Dir. East 

Description: Site 21. Native big bluestem. 30 minute survey with two 

people. Aaron Ball and Jessica Casey. 
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Photo No. 45 Photo Dir. East 

Description: Site 21. Native big bluestem. 30 minute survey with two 

people. Aaron Ball and Jessica Casey. 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 46 Photo Dir. West 

Description: Site 21. Native big bluestem. 30 minute survey with two 

people. Aaron Ball and Jessica Casey. 
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Photo No. 47 Photo Dir.  

Description: Site 21. Common milkweed (Asclepias syriaca) 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 48 Photo Dir.  

Description: Site 21. Common milkweed 
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Photo No. 49 Photo Dir.  

Description: Site 21. Common milkweed  

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 50 Photo Dir.  

Description: Site 21. Common milkweed 
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Photo No. 51 Photo Dir. South 

Description: Site 22. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 52 Photo Dir. North 

Description: Site 22. Non-native tall fescue 
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Photo No. 53 Photo Dir. West 

Description: Site 22a. Native big bluestem. 30 minute walking survey. 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 54 Photo Dir. East 

Description: Site 22a. Native big bluestem. 30 minute walking survey. 
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Photo No. 55 Photo Dir. North  

Description: Site 23. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 56 Photo Dir. West 

Description: Site 23. Non-native tall fescue 
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Photo No. 57 Photo Dir. South 

Description: Site 24. Non-native, mowed tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 58 Photo Dir. East 

Description: Site 24. Non-native, mowed tall fescue 
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Photo No. 59 Photo Dir. North 

Description: Site 25. Non-native smooth brome 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 60 Photo Dir. West 

Description: Site 25. Non-native smooth brome 
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Photo No. 61 Photo Dir. South 

Description: Site 25. Non-native smooth brome 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 62 Photo Dir. East 

Description: Site 25. Non-native smooth brome 
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Photo No. 63 Photo Dir. East 

Description: Site 26. Non-native smooth brome 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 64 Photo Dir. West 

Description: Site 26. Non-native smooth brome 
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Photo No. 65 Photo Dir. South 

Description: Site 27. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 66 Photo Dir. North 

Description: Site 27. Non-native tall fescue 
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Photo No. 67 Photo Dir. South 

Description: Site 28. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 68 Photo Dir. North 

Description: Site 28. Non-native tall fescue 
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Photo No. 69 Photo Dir. West 

Description: Site 29. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 70 Photo Dir. East 

Description: Site 29. Non-native tall fescue 
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Photo No. 71 Photo Dir. South 

Description: Site 31. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 72 Photo Dir. North 

Description: Site 31. Non-native tall fescue 
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Photo No. 73 Photo Dir. North 

Description: Site 32. Non-native tall fescue and timothy 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 74 Photo Dir. South 

Description: Site 32. Non-native tall fescue and timothy 
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Photo No. 75 Photo Dir. North 

Description: Site 33. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 76 Photo Dir. South 

Description: Site 33. Non-native tall fescue 
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Photo No. 77 Photo Dir. Northwest 

Description: Site 34. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 78 Photo Dir. Southeast 

Description: Site 34. Non-native tall fescue 
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Photo No. 79 Photo Dir. North 

Description: Site 35. Non-native tall fescue and smooth brome 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 80 Photo Dir. South 

Description: Site 35. Non-native tall fescue and smooth brome 
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Photo No. 81 Photo Dir. North 

Description: Site 36. Non-native smooth brome and tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 82 Photo Dir. South 

Description: Site 36. Non-native smooth brome and tall fescue 
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Photo No. 83 Photo Dir. South 

Description: Site 37. Non-native smooth brome and tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 84 Photo Dir. North 

Description: Site 37. Non-native smooth brome and tall fescue 
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Photo No. 85 Photo Dir. East 

Description: Site 38. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 86 Photo Dir. West 

Description: Site 38. Non-native tall fescue 
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Photo No. 87 Photo Dir. North 

Description: Site 39. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 88 Photo Dir. South 

Description: Site 39. Non-native tall fescue 
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Photo No. 89 Photo Dir. East 

Description: Site 40. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 90 Photo Dir. West 

Description: Site 40. Non-native tall fescue 
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Photo No. 91 Photo Dir. South 

Description: Site 41. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 92 Photo Dir. West 

Description: Site 41. Non-native tall fescue 
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Photo No. 93 Photo Dir. West 

Description: Site 42. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 94 Photo Dir. South 

Description: Site 42. Non-native tall fescue 
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Photo No. 95 Photo Dir. West 

Description: Site 43. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 96 Photo Dir. South 

Description: Site 43. Non-native tall fescue 
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Photo No. 97 Photo Dir. West 

Description: Site 44. Non-native tall fescue and reed canary 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 98 Photo Dir. Southeast 

Description: Site 44. Non-native tall fescue and reed canary 
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Photo No. 99 Photo Dir. South 

Description: Site 45. Non-native reed canary and timothy 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 100 Photo Dir. North 

Description: Site 45. Non-native reed canary and timothy 
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Photo No. 101 Photo Dir. East 

Description: Site 46. Non-native reed canary and wetland species 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 102 Photo Dir. West 

Description: Site 46. Non-native reed canary and wetland species 
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Photo No. 103 Photo Dir. North 

Description: Site 47. Non-native tall fescue and smooth brome 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 104 Photo Dir. South 

Description: Site 47. Non-native tall fescue and smooth brome 
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Photo No. 105 Photo Dir. West 

Description: Site 48. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 106 Photo Dir. East 

Description: Site 48. Non-native tall fescue 
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Photo No. 107 Photo Dir. North 

Description: Site 49. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 108 Photo Dir. South 

Description: Site 49. Non-native tall fescue 
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Photo No. 109 Photo Dir. North 

Description: Site 50. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 110 Photo Dir. South 

Description: Site 50. Non-native tall fescue 
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Photo No. 111 Photo Dir. North 

Description: Site 52. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 112 Photo Dir. East 

Description: Site 52. Non-native tall fescue 
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Photo No. 113 Photo Dir. South 

Description: Site 56. Non-native reed canary and willows 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 114 Photo Dir. West 

Description: Site 56. Non-native reed canary and willows 
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Photo No. 115 Photo Dir. North 

Description: Site 60. Old crop field 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 116 Photo Dir. East 

Description: Site 60. Old crop field 
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Photo No. 117 Photo Dir. North 

Description: Site 61. Non-native reed canary and tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 118 Photo Dir. South 

Description: Site 61. Non-native reed canary and tall fescue 
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Photo No. 119 Photo Dir. South 

Description: Site 62. Non-native reed canary 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 120 Photo Dir. North 

Description: Site 62. Non-native reed canary 
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Photo No. 121 Photo Dir. South 

Description: Site 64. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 122 Photo Dir. East 

Description: Site 64. Non-native tall fescue 



62 

 

Photo No. 123 Photo Dir. North 

Description: Site 64. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 124 Photo Dir. West 

Description: Site 64. Non-native tall fescue 
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Photo No. 125 Photo Dir. South 

Description: Site 66. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 126 Photo Dir. North 

Description: Site 66. Non-native tall fescue 
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Photo No. 127 Photo Dir. North 

Description: Site 67. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 128 Photo Dir. South 

Description: Site 67. Non-native tall fescue 
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Photo No. 129 Photo Dir. North 

Description: Site 68. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 130 Photo Dir. South 

Description: Site 68. Non-native tall fescue 
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Photo No. 131 Photo Dir. West 

Description: Site A. Non-native smooth brome 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 132 Photo Dir. North 

Description: Site A. Non-native smooth brome 
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Photo No. 133 Photo Dir. West 

Description: Site B. Non-native smooth brome 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 134 Photo Dir. South 

Description: Site B. Non-native smooth brome 
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Photo No. 135 Photo Dir. East 

Description: Site X. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 136 Photo Dir. West 

Description: Site X. Non-native tall fescue 
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Photo No. 137 Photo Dir. East 

Description: Site Y. Prairie cordgrass and wetland species. Performed a 

10 minute survey. 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 138 Photo Dir. West 

Description: Site Y. Prairie cordgrass and wetland species. Performed a 

10 minute survey. 
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 Photo No. 139 Photo Dir. South 

Description: Site Z. Shrubby area with wetland species 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 140 Photo Dir. North 

Description: Site Z. Shrubby area with wetland species 
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Photo No. 141 Photo Dir. North 

Description: Site Extra. Non-native tall fescue 

East Locust Creek—Mead’s Milkweed Study | Olsson Project No. A11-1513 

Photo No. 142 Photo Dir. South 

Description: Site Extra. Non-native tall fescue 
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East Locust Creek – Bat Survey Report 
Olsson Associates Project Number A11-1513  

1 
 

1.0  Introduction 

The North Central Missouri Regional Water Commission’s (NCMRWC) proposed project involves 
construction of a multipurpose reservoir in Sullivan County, Missouri, north of Milan and west of 
Green City (Figure 1). The proposed project is located in Sections 5, 6, 7, and 8, Township 63 
North, Range 19 West; Sections 1, 2, and 12, Township 63 North, Range 20 West; Sections 18, 
19, 30, and 31, Township 64 North, Range 19 West; Sections 13, 23, 24, 25, 26, 35, and 36, 
Township 64 North, Range 20 West. The project center is located at -93.09912 degrees longitude 
and 40.28905 degrees latitude. 

The proposed project would provide water supply, reduce flood damages, and provide water-
based recreational opportunities. The multiple purposes of the East Locust Creek project are 
described below: 

 Provide a dependable, affordable long-term water supply to meet the water demand for 
the 10-county region of north-central Missouri including Adair, Chariton, Grundy, Linn, 
Livingston, Macon, Mercer, Putnam, Schuyler, and Sullivan counties. 

 Reduce flooding damages on 24 miles of East Locust Creek between Boynton and the 
confluence with Locust Creek. 

 Provide water-based recreation to meet the unmet demand for the 10-county recreation 
management area including Adair, Chariton, Grundy, Linn, Livingston, Macon, Mercer, 
Putnam, Schuyler, and Sullivan counties. 

An additional drinking water source in north-central Missouri is needed to meet the existing and 
future needs of water suppliers and water users in the region during a drought, as well as to 
provide resiliency against uncertainty in future water demands and climate change. The 
NCMRWC and the Missouri Department of Natural Resources (MDNR) have identified the need 
for an adequate, dependable, and high-quality water supply system for the rural areas and 
municipalities of north-central Missouri. The area to be served by the NCMRWC includes 10 
counties in north-central Missouri, which are listed above.  

The proposed project would include construction of an earthen dam along East Locust Creek that 
would inundate approximately 2,400 acres with the normal pool (project area). The project area 
consists of approximately 1,060 acres of woodlands (Figure 2). Tree species preferred by MYSO 
and MYSE include shagbark hickory, American elm, white oak, silver maple, and cottonwood, 
which were identified within the woodland acres. The study is intended to determine the presence 
or probable absence of MYSO and MYSE within the project area, which may be affected by the 
proposed project. 

The proposed project is within the range of the federally listed Indiana bat (Myotis sodalis; MYSO) 
and the federally listed northern long-eared bat (Myotis septentrionalis; MYSE). The MYSO was 
listed as endangered under the Endangered Species Preservation Act of 1966, which preceded 
the current Endangered Species Act (ESA). The MYSE was listed as a threatened species under 
the ESA on April 2, 2015, and a final 4(d) rule was listed on January 14, 2016.  
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Figure 1. Site Location Map. 
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Figure 2. Woodlands Map. 
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2.0  Methodology 

The survey approach followed the U.S. Fish and Wildlife Service’s (USFWS) Range-wide Indiana 
Bat Summer Survey Guidelines (USFWS 2016). The guidelines are intended for both MYSO and 
MYSE summer surveys. The woodland habitat within the reservoir area was divided into nine 
regions; each survey region is approximately 123 acres in size per USFWS regulations. Table 1 
shows the exact acreage by region, and Figure 3 shows the nine regions.  

Table 1. Woodland Acreage by Region.  

Region Woodland 
Acres 

Total 
Acres 

1 126.4 345.9 
2 129.3 250.2 
3 113.8 273.7 
4 104.0 321.5 
5 102.9 284.1 
6 110.6 215.2 
7 129.2 293.6 
8 114.4 213.0 
9 127.3 249.7 

TOTAL 1,057.9 2,446.9 
 

The regions were determined by woodland acres and not by total acres. As such, some regions 
are larger and contain additional farmland or grassland acres. These nine survey regions 
encompass the woodland acres (1,057.9 acres) of the total project area (2,446.9 acres). Bat 
survey methodology for the nine regions consisted of acoustic monitoring, mist netting, radio 
tracking, emergence counts, and bat habitat assessments. The use of multiple survey collection 
methods was to ensure that each region was surveyed as thoroughly as possible.  

2.1  Acoustic Survey 
Acoustic surveys were used to determine the presence/probable absence of bats within the 
project boundary. The acoustic survey was completed prior to mist netting and determined 
whether mist netting was needed in each of the nine regions. Acoustic surveys are an acceptable 
method for determining presence/probable absence of MYSO and MYSE (USFWS 2016).  

Acoustic surveys were conducted during the summer (between May 15 and August 15) 2016. To 
comply with USFWS requirements, each survey region (Figure 3) was surveyed for at least four 
detector nights, including at least two detector sites spaced more than 200 meters apart, with 
each sampled for up to two nights. In cases where both MYSO and MYSE were identified, no 
further acoustic monitoring was needed.  
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Figure 3. Nine Survey Regions. 
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For the acoustic survey, Olsson utilized Titley Scientific SD1/SD2, Walkabout, and/or Express 
detectors at appropriate locations for each survey region. The survey sites were selected in the 
field by a qualified biologist. Bat detector microphones were deployed in areas where qualified 
bat biologists believed there was the best chance of recording high-quality calls. Detector 
placement protocols included the following:  

 At least 3 meters from any obstructions within the zone intended to be sampled 
 Oriented parallel to woodland edges where present 
 More than 15 meters from known or suitable MYSO roost structures 
 In areas without or with minimal vegetation within 10 meters in front of the microphone 
 At least 200 meters apart and distributed in appropriate habitats across the project site 

Locations of microphones were plotted using the global positioning system (GPS) to verify 
location and spacing. Each microphone’s placement and orientation was photographed to 
document microphone setup. Microphones were tested for sensitivity before and after deployment 
as well as on each occasion when data was downloaded. 

Acoustic monitoring was set to record the whole period from sunset to sunrise. Weather was 
monitored at the Milan 1.2 Southwest National Oceanic and Atmospheric Administration (NOAA) 
National Weather Service Station to document compliance with required weather criteria outlined 
in the guidelines (USFWS 2016). A night’s recording was considered successful if:  

 The air temperature was at least 10 degrees Celsius (˚C; 50˚ Fahrenheit) in the first five 
hours after sunset. 

 Sustained wind speed did not exceed 4 meters/second for more than 30 minutes in the 
first five hours after sunset. 

 Any precipitation that occurred was less than 30 minutes of continuous duration or 
continued intermittently during the first five hours of the survey period. 

If these weather conditions were not met during any sample night, that sample night was repeated 
until appropriate weather conditions occurred.  

Recorded bat calls were retrieved daily from the detectors for analysis. All bat files were coarsely 
screened initially for potential Myotis sequences, and all files from any sites containing such calls 
were run through currently approved versions of Bat Call Identification (BCID) and Kaleidoscope 
Pro bat identifiers for auto-identification of bat species. All files identified as a Myotis by BCID or 
Kaleidoscope Pro were reviewed by a bat biologist qualified according to USFWS guidelines for 
qualitative analysis. If findings from the acoustic survey showed the potential presence of MYSO 
or MYSE within any of the nine survey regions, mist nets were set within that site to confirm the 
potential presence.   

2.2  Mist-netting Survey 
Mist-netting surveys were completed for each survey region where the acoustic survey recorded 
potential Myotis sequences. The USFWS guidelines propose nine net nights per survey region. 
The surveys were conducted during the summer (June 15 – July 10) 2016. The net-night is a 
sampling unit during which a single net set is deployed during a single survey night. When two 
net sets are used during a survey night, the sampling effort equals two net-nights, etc. Cumulative 



East Locust Creek – Bat Survey Report 
Olsson Associates Project Number A11-1513  

7 
 

net hours were calculated from net-open to net-close time for each survey night. All nets for that 
survey night were open for the same number of hours. The number of bats captured was the total 
for each site during the survey effort. Areas with patchy or isolated forest cover were excluded as 
bat habitat for the purpose of the mist-netting survey. The same nine survey areas used in the 
acoustic survey were used during the mist-netting survey. (Figure 4).  

When MYSO were detected via acoustic detectors in each of the survey regions, Olsson set out 
mist nets within that region. Mist net locations were selected based on their likelihood to capture 
MYSO as well as the potential for MYSO to use the area. The mist net night locations occurred 
throughout the nine survey regions and were determined at the discretion of the qualified bat 
biologist. Nets were checked approximately every 10 to 15 minutes to reduce the amount of stress 
to captured bats (USFWS 2016).  

Sampling periods for each net began at sunset and continued for at least five hours. A maximum 
of three consecutive netting nights occurred at any single location. Mist nets were set 
perpendicular to flight paths to maximize coverage used by bats along suitable travel corridors, 
foraging areas, and/or drinking areas. Placement of mist nets was based on the extent of canopy 
cover, presence of an open flyway, and forest conditions near the sites.  

Bats that were caught in mist nets were released unharmed near the point of capture. Biological 
and morphometric data (i.e., species, sex, age class, reproductive condition, mass, and right 
forearm length) were recorded on datasheets for each individual captured. In addition, the height, 
and the specific net location of capture was recorded for each bat. Processing of bats was 
completed within 30 minutes from the time the bat was removed from the net, up to 45 minutes if 
the bat was to have a radio transmitter attached. Capture of reproductive females or young of the 
year (May 15 – August 15) was used to confirm the presence of a maternity colony in the area. 
Any equipment that was exposed to bats was kept clean and disinfected, following white nose 
syndrome (WNS) protocols, to minimize the potential for disease transmission. 

2.3  Radio Telemetry Survey 
The following telemetry protocol was used to identify maternity colonies and roost locations. The 
telemetry protocol was based on the USFWS-approved East Locust Creek Bat Survey Plan.  

Olsson was prepared to track up to 18 MYSO. Radio transmitters were attached to pregnant or 
lactating females or to appropriately sized juveniles for a better chance at locating maternity 
colonies and roost locations, as males and non-reproductive females may not be located in the 
maternity colonies. Only two MYSO were tracked per 123-acre region until the maximum number 
of MYSO were tracked.  

The radio transmitter (i.e., Holohil LB-2X), adhesive, and any other markings weighed less than 
5 percent of the pre-attachment body weight of the bat. Once a radio transmitter was attached to 
the bat, it was tracked until the transmitter failed, fell off, or could not be located for at least seven 
days. A minimum of two evening emergence counts were conducted at each identified maternity 
roost, and one emergence count was conducted at each secondary roost tree. A maternity roost 
was defined as a roost tree having more than five bats observed leaving during the emergence 
count. A secondary roost tree was defined as a roost tree having five or fewer bats observed 
leaving the roost tree. For each roost identified during the radio tracking, a USFWS Indiana Bat 
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Roost Datasheet was completed. Any equipment that was exposed to bats was kept clean and 
disinfected, following WNS protocols, to minimize the potential for disease transmission. 

2.4  Emergence Counts 
A minimum of two evening emergence counts was conducted at each identified maternity roost, 
and at least one emergence count was conducted at each secondary roost tree (i.e., trees from 
which five or fewer bats emerge). Emergence counts were conducted at identified roost trees 
from 30 minutes before sunset to one hour after sunset or until it was too dark to see emerging 
bats. Observers recorded the number of bats seen emerging from the tree and the timing of 
emergence. 

2.5  Bat Habitat Assessment 
Bat habitat assessments were completed to document potential habitat in each of the nine 
regions. The assessments followed the 2016 Indiana Bat Summer Survey Guidelines, Phase 1 
Summer Habitat Assessment (USFWS 2016). A total of three bat habitat assessments were 
completed in each region. The three habitat assessments were geographically spaced to 
document the region’s habitat. Each sampling site was assessed for the following items:  

 Water resources 
 Wetlands  
 Dominant tree species  
 Tree canopy closure/density, size composition of live trees (small to large)  
 Preferred tree species that were present (trees larger than 9 inches diameter at breast 

height that were specific target tree species of shagbark hickory, cottonwood, white oak, 
other oak species, silver maple, American elm, and shortleaf pine) 

 Suitable snags – standing dead trees with sloughing bark, crevices, or holes 
 Site suitability for MYSO and MYSE (low, medium, or high) 

2.6  White Nose Syndrome Disinfection Protocols 
WNS has not been confirmed in Sullivan County, Missouri. WNS is documented in Arkansas and 
Illinois and in several central and eastern counties in Missouri, but it is currently not found in north-
central portions of the state (USFWS 2014). Therefore, this study followed the USFWS’s National 
WNS Decontamination Protocol (USFWS 2012) and complied with measures to combat the 
potential spread of the disease among bats by washing and disinfecting all field equipment, 
including clothing and vehicles, at all survey locations. A wing score based on Reichard’s wing-
damage index (Reichard 2008) was recorded for all bats captured. If any live or dead bats were 
found that appeared to exhibit signs of WNS, the nearest state or federal wildlife professional 
would have been contacted. No bats exhibiting symptoms of WNS were identified during this 
project. 

2.7  Personnel 
Personnel from this project consisted of biologists from Olsson Associates teamed with biologists 
from BatSense. Ms. Vona Kucynska, of BatSense, is a qualified biologist and maintains a USFWS 
recovery permit for both MYSO and MYSE in Missouri. Qualified bat biologists were present for 
all project activities and assisted with data analysis for this report. All personnel who collected 
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data for each of the survey methods received training in proper data collection, data recording, 
and disinfection protocols.  

BatSense Olsson Associates 
Vona Kucynska (Lead Biologist) Aaron Ball (Project Manager) 
Kim Livengood (Senior Biologist) Buck Ray (Senior Biologist) 
Chris Corben (Acoustics Biologist) Jessica Casey (Field Biologist) 
Jennifer Mulikin (Field Biologist)  

 

3.0  Results  

3.1  Acoustic Surveys 
The acoustic surveys occurred at 18 sampling sites within the nine regions. The site nomenclature 
is based on the region (first numeric digit) and the site within the region (alphabetic letter). If the 
site was shifted to improve recording, a final numeric digit was included. The single case of site 
x1g indicates that data was collected from an Anabat Express to measure temperature, because 
the main detector at the site failed to record data.  

While the focus of the East Locust Creek Bat Study was on the federally threatened or 
endangered MYSO and MYSE, information on additional bat species was recorded. BatSense’s 
Acoustic Bat Survey Report (Appendix A) includes information on additional species and 
information on bat species identification, supporting files, and notes on the sampling sites. 
Photographs of the acoustic detector sites are included in Appendix B. The GPS data for the 18 
sites is included in Table 2 and Figure 4. 

Table 2. Acoustic Survey Locations. 
Sites Latitude 

(degrees 
North) 

Longitude 
(degrees 

West) 

Elevation 
(meters) 

1B 40.340272 93.076964 278.4 
x1G 40.324635 93.093031 274.6 
2A 40.344925 93.093703 283 
2A2 40.346174 93.093194 279.1 
2C 40.326575 93.099027 284.2 
3E 40.301446 93.107657 279.9 
4B 40.299179 93.101452 272.4 
5A 40.289711 93.096536 279.6 
5B 40.286148 93.093985 265.2 
6B 40.286337 93.090371 268.8 
7D 40.286493 93.075643 273.4 
7E 40.284269 93.078461 284 
8A 40.275108 93.085004 284.9 
8A2 40.27401 93.080552 268.6 
8B 40.26883 93.081755 264 
9A1 40.277238 93.054831 284.2 
9A2 40.277904 93.059894 298.6 
9B 40.276464 93.073767 278.7 
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Figure 4. Acoustic Detector Placement for the East Locust Creek Project. 
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Weather conditions were generally acceptable for acoustic surveys over the 10-night period 
between June 2 to July 11, 2016. Rainfall and wind intensity was determined by the acoustic 
record. Wind intensity did not reduce the ability to record bat calls. Rainfall occurred from 1:00 
a.m. to 2:15 a.m. on June 4, 2016. The rainfall exceeded the USFWS requirement of less than 30 
minutes of rainfall within five hours of monitoring. The rain affected acoustic sites 5a, 6b, 7e, 8a2, 
8b, and 9b; acoustic monitoring was repeated an additional night at those sites. The data collected 
from June 4, 2016, was included in the acoustic data. Temperatures ranged from 10˚C to 21.5˚C. 

A total of 35 detector nights were completed with the number of detection nights varied based on 
the results of the auto identification programs. Regions 3, 4, and 6 were sampled for fewer than 
the required detector nights because positive identifications of MYSO and MYSE were detected 
prior to completion of the four detector nights. Region 9 was sampled for three additional nights 
because the results of the auto identification programs were inconclusive for MYSO detection. 
Region 7 was sampled for one additional night because there were no MYSO detections verified 
through manual vetting. 

The acoustic surveys resulted in MYSO calls detected and identified through BCID auto 
identification or Kaleidoscope auto identification in all nine survey regions. Biologist verification 
determined that the two possible MYSO calls identified by Kaleidoscope in Region 7 could not be 
positively identified as MYSO. BCID did not identify any MYSO in Region 7. Region 7 is the only 
region without positive MYSO detection. Table 3 shows the MYSO calls identified by the three 
methods. Positive detection was completed by acoustics biologist Chris Corben of BatSense.  

Table 3. MYSO Calls by Region. 
Region Manual Vetting 

(MYSO Calls 
Identified) 

BCID  
(MYSO Calls 

Identified) 

Kaleidoscope 
(MYSO Calls 

Identified) 

Detection 
Nights 

MYSO 
Detected? 

Region 1 4 26 35 4 YES 
Region 2 2 10 17 4 YES 
Region 3 3 12 17 2 YES 
Region 4 1 3 4 2 YES 
Region 5 1 1 1 4 YES 
Region 6 4 7 14 3 YES 
Region 7 0 0 2 5 NO 
Region 8 2 13 20 4 YES 
Region 9 1 6 15 7 YES 

TOTAL 18 78 125 35  
 
The acoustic surveys resulted in MYSE calls detected and identified by BCID or Kaleidoscope in 
in all nine regions. Biologist verification determined that the 35 calls in Region 2 and the five calls 
in Region 9 could not be positively identified as MYSE. Regions 2 and 9 are the only regions 
without positive MYSE detection. Table 4 shows the MYSE calls identified by the three methods. 
Positive detection was completed by acoustics biologist Chris Corben of BatSense. 
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Table 4. MYSE Calls by Region. 
Region Manual Vetting 

(MYSE Calls 
Identified) 

BCID  
(MYSE Calls 

Identified) 

Kaleidoscope 
(MYSE Calls 

Identified) 

Detection 
Nights 

MYSE 
Detected? 

Region 1 3 10 28 4 YES 
Region 2 0 11 24 4 NO 
Region 3 3 8 12 2 YES 
Region 4 4 5 18 2 YES 
Region 5 2 0 5 4 YES 
Region 6 3 9 21 3 YES 
Region 7 1 0 2 5 YES 
Region 8 1 2 6 4 YES 
Region 9 0 0 5 7 NO 

TOTAL 17 45 121 35  
 

3.2  Mist-netting Survey 
The mist-netting survey included mist-netting at 63 sites within the eight regions that had positive 
MYSO identification during the acoustic survey. The mist-netting bat survey datasheets are 
included in Appendix C, and the mist-netting locations are included in Table 5 and Figure 5. 
Region 7 was not mist-netted, because the acoustic monitoring did not detect MYSO calls. The 
number of nets managed each night ranged from two to seven, with five nets being the most 
common. The number of nets varied based on the number of personnel available. A majority of 
the mist net sites were moved each night. Eight sites were repeated for one additional night, and 
five sites were repeated for two additional nights. The sites repeated for three nights were 
primarily in Region 3. In Region 3, two MYSO were caught on night one, but a tracking signal 
could not be found during the radio tracking. Two additional nights of sampling were completed 
in an attempt to capture and track an additional MYSO. The only other site with three net-nights 
was in Region 8 and was duplicated because it had a high bat-capture rate. Photographs of the 
mist net sites are provided as Appendix D.  

Weather conditions were acceptable for the 19 mist-netting surveys over the 26-night period 
between June 15 and July 10, 2016. Wind conditions did not exceed 7 miles per hour and rain 
was not present for the surveys. Temperatures ranged from 15˚C to 32˚C.   
 
A total of 85 bats representing seven bat species were caught during the 19 mist-netting surveys. 
The most frequently captured bats were the big brown bat (Eptesicus fuscus; EPFU), the red bat 
(Lasiurus borealis; LABO), and the evening bat (Nycticeius humeralis; NYHU). These three bats 
represent 76 percent of the bats caught. Also captured were the hoary bat (Lasiurus cinereus; 

LACI), the silver-haired bat (Lasionycteris noctivagans; LANO), and the two target species, MYSE 
and MYSO. Regions 3, 4, and 8 had the highest bat numbers caught. These three regions 
represent 72 percent of all bats caught.  
  



East Locust Creek – Bat Survey Report 
Olsson Associates Project Number A11-1513  

13 
 

Table 5. Mist Net Locations.  
Region  Net 

Number 
Latitude 

(degrees N) 
Longitude 

(degrees W) 
Region  Net 

Number 
Latitude 

(degrees N) 
Longitude 

(degrees W) 
1 1 40.34023 93.07708 5 4 40.2864 93.0909 
1 2 40.34011 93.07652 5 5 40.2858 93.0918 
1 3 40.34057 93.07453 5 6 40.2855 93.0913 
1 4 40.34071 93.07407 5 7 40.286 93.092 
1 5 40.34039 93.0738 5 8 40.2861 93.0925 
2 1 40.32711 93.09911 6 1* 40.2845 93.089 
2 2 40.32658 93.09897 6 2* 40.2853 93.0896 
2 3 40.32579 93.09885 6 3* 40.2867 93.091 
2 4 40.32499 93.09854 6 4 40.287 93.0914 
2 5 40.32487 93.09861 6 5 40.2839 93.0886 
2 6 40.34303 93.09344 6 6 40.2969 93.0884 
2 7 40.34251 93.09376 6 7 40.2958 93.089 
2 8 40.34198 93.09422 6 8 40.2945 93.0894 
2 9 40.34152 93.09428 8 1** 40.2688 93.0818 
3 1** 40.30483 93.10787 8 2 40.2697 93.0813 
3 2** 40.30377 93.10794 8 3 40.2707 93.0816 
3 3** 40.30259 93.10796 8 5 40.268 93.0823 
3 4** 40.30156 93.10761 8 6 40.2673 93.0825 
3 5* 40.30139 93.10762 8 7 40.2714 93.0826 
3 6 40.3019 93.1062 8 8 40.2707 93.083 
3 7 40.30203 93.10613 8 9 40.2699 93.0834 
4 1* 40.29169 93.09772 9 1 40.2762 93.0741 
4 2* 40.29079 93.09774 9 2 40.2765 93.0738 
4 5 40.2908 93.0958 9 3 40.2767 93.0737 
4 6 40.29063 93.0953 9 4 40.2769 93.0734 
4 8 40.29216 93.09725 9 5 40.2769 93.0732 
4 9 40.29588 93.09865 9 6 40.2762 93.0545 
4 10 40.29454 93.09766 9 7 40.2763 93.0544 
4 11 40.29637 93.09818 9 8 40.2765 93.0546 
5 1* 40.2902 93.0972 9 9 40.2773 93.055 
5 2* 40.2903 93.0967 9 10 40.2776 93.0552 
5 3 40.2901 93.0967     

* Indicates two net-nights.  
** Indicates three net-nights. 
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Figure 5. Locations of the Mist Net Sites for the East Locust Creek Project. 
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A total of 10 MYSO and six MYSE were caught during the sampling period. Sampling in five of 
the eight regions had MYSO caught, and four of the eight regions had MYSE caught. Only Region 
9 did not have either MYSO or MYSE caught; in Regions 1 and 3, both MYSO and MYSE were 
caught. Table 6 summarizes the bat species caught by region.  
 

Table 6. All Bat Species Captured by Survey Region. 

Species Survey Regions Total 1 2 3 4 5 6 8 9 
EPFU 1 0 1 12 0 0 10 1 25 
LABO 0 3 4 0 1 6 3 1 18 
LACI 0 1 2 0 0 0 0 0 3 
LANO 0 0 1 0 0 0 0 0 1 
MYSE 1 0 3 1 1 0 0 0 6 
MYSO 3 2 2 0 0 2 1 0 10 
NYHU 0 1 8 9 0 0 4 0 22 
TOTAL 5 7 21 22 2 8 18 2 85 

 
The 85 bat species sampled were captured during 387 survey hours at 41 of the 81 net-nights 
(Table 7). The capture rate was calculated based on the percentage of bats (any species) 
captured per number of net-nights sampled for each survey region. Therefore, if five bats were 
captured during five survey nights, then the capture rate was one bat per net-night. Capture rates 
were highest in Regions 3, 4, and 8 and lowest in Regions 5 and 9. Region 1 was only sampled 
for five net-nights because three MYSO and one MYSE were caught the first night. Additional net-
nights were sampled in Region 3 because the captured MYSO that received radio transmitters 
were not relocated the following day. Mist net datasheets are included in Appendix C.   

Table 7. Summary Mist-netting Survey Effort. 

Region Number of 
Net-Nights 

Total Mist-
Netting 
Hours 

Number of 
All Bats 

Captured 

Number 
of MYSO 
Captured 

Capture 
Rate* 

1 5 7 5 3 1.00 
2 9 45 7 2 0.78 
3 16 80 21 2 1.31 
4 10 50 22 0 2.20 
5 10 50 2 0 0.20 
6 11 55 8 2 0.73 
8 10 50 18 1 2.00 
9 10 50 2 0 0.20 

Overall 
Results 81 387 85 10 1.07 

          *All bats captured per net-night. 
 
Bat reproductive status was obtained for all bats regardless of species (Table 8). Ten of the 
captured female bats were classified as juvenile bats (young of the year). No male juvenile bats 
were captured. Of the adult bats captured, 61 were female and 18 were male. Lactating adult 
females were the most common reproductive status (46 percent) followed by pregnant adult 
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female (19 percent) and juvenile female (12 percent). Only three adult female bats were not 
reproductive. One bat escaped the net before reproductive data could be gathered, so it is not 
included in Table 8.  

Table 8. Bat Reproductive Status by Region.  
Reproductive 
Status 

Survey Regions 
1 2 3 4 5 6 8 9 Total 

Pregnant Adult 
Female 0 0 1 10 0 0 5 0 16 

Lactating Adult 
Female 4 4 8 8 1 6 6 2 39 

Non-Reproductive 
Adult Female 0 0 0 0 0 2 1 0 3 

Non-Reproductive 
Adult Male 0 0 1 3 1 0 3 0 8 

Testes Descended 
Adult Male 0 0 0 1 0 0 3 0 4 

Juvenile Female 1 3 6 0 0 0 0 0 10 
Juvenile Male 0 0 5 0 0 0 0 0 5 

TOTAL 5 7 21 22 2 8 18 2 85 
Note: One non-Myotis bat escaped the net before data collection; therefore, it is not included in the data 
analysis. 
 
3.3  Radio-telemetry Survey 
The target species for attaching radio telemetry tags was MYSO. Up to two adult, reproductive 
female MYSO in each survey region were tagged with radio telemetry tags and tracked to 
determine roost trees. The identified trees were then monitored for activity. The third MYSO 
caught in Region 1, net 1, was not tagged because it was the third bat caught in the region. The 
MYSO caught in Region 6, net 4, was not tagged because it was non-reproductive. Table 9 
presents the reproductive status of all MYSO bats captured during the mist net survey.  

Table 9. Reproductive Condition of MYSO Captured. 
Net 
Night* 

Capture 
Time Age Sex Reproductive 

Status 
Telemetry 
Tag  

Telemetry ID 
Name 

1.1 10:30 p.m. Adult Female Lactating Yes Sushi 
1.1 10:30 p.m. Adult Female Lactating Yes Burrito 
1.1 10:30 p.m. Adult Female Lactating No None 
2.7 10:30 p.m. Adult Female Lactating Yes Wilma 
2.7 10:42 p.m. Adult Female Lactating Yes Betty 
3.2 9:45 p.m. Adult Female Lactating Yes Pistachio 
3.4 1:37 a.m. Adult Female Lactating Yes Porky 
6.2 10:50 p.m. Adult Female Lactating Yes Laela 
6.4 12:12 a.m. Adult Female Non-

Reproductive 
No None 

8.8 12:20 a.m. Adult Female Lactating Yes Elvira 
     *The first number is the region and the second number is the net number.  
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Eight bats received radio tags in order to attempt to locate maternity roost trees. Bats were 
assigned names to help differentiate them in the field and on datasheets. Bats will be referred to 
by their field aliases in this report. Photographs of the tagged bats are included as Appendix E.  

Roost trees were successfully located for six of the eight tagged bats. The remaining two 
(Pistachio and Porky) were not relocated during radio-telemetry tracking. A signal was not found 
after seven days of tracking. Thirteen roost trees were identified between the six tagged bats that 
were able to be tracked. At least one roost tree was identified for each of the six bats, although in 
one instance, multiple tagged bats shared a roost tree. One additional roost tree was identified 
near two known roost trees; however, none of the tagged bats were identified associating with 
that tree. The bats leaving the additional roost tree could not be identified. Table 10 shows each 
tagged bat and the number of maternity roost trees visited during the radio-telemetry tracking. All 
roost tree locations can be viewed on Figure 6. Datasheets for roost trees are included in 
Appendix F and photographs are included in Appendix G. 

Table 10. Roost Trees Identified for Tagged MYSO. 

Roost Name Tagged Bat Latitude 
(degrees N) 

Longitude 
(degrees W) 

A Laela (Tree 1) 40.2772 93.091 
B Elvira (Tree 2) 40.2773 93.0911 
C Laela (Tree 2) 40.2837 93.0989 
D Elvira (Tree 1) 40.27153 93.08502 
E Sushi (Tree 1) 40.3432 93.0617 
F Sushi (Tree 2) 40.3446 93.0616 
G Sushi (Tree 3) 40.3442 93.0617 
H Sushi (Tree 4) 40.3428 93.0644 
I Burrito (Tree 1) 40.3384 93.0723 

J Burrito (Tree 2) 
and Betty (Tree 1) 40.3359 93.0843 

K Betty (Tree 2) 40.3501 93.0907 
L Wilma (Tree 1) 40.3433 93.0629 
M Sushi (Tree 5) 40.3446 93.0619 
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Figure 6. Roost Tree Location Map for the East Locust Creek Project. 
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All tagged bats had at least two maternity roost trees, with the exception of Wilma. Biologists 
followed Wilma’s tracker to a tree and discovered the radio transmitter lying on the ground. 
Therefore, it was not necessary to conduct further radio tracking or emergence counts for this bat. 
The tracker for Sushi was also found on the ground near what was believed to be the fifth roost 
tree (Roost M) for that bat. Two nights of emergence counts were performed at this location with 
no bats observed leaving the tree before the tracker was discovered on the ground. It is probable 
that the tracker was on the ground during both nights of emergence counts. No bats were seen 
leaving that tree during either night of emergence counts. The datasheets for that tree are included 
with the emergence count datasheets (Appendix H).  

Roost trees represented four species of trees and were classified into decay classes on a scale 
of 1 to 9, based on the Indiana Bat Monitoring Protocol (USFWS 2016). A majority of the trees 
were either shagbark hickory or American elm. The other two species represented were white 
oak and shingle oak. Most roosts were dead trees with sloughing bark (decay class 4); however, 
roosts trees included a range of decay classes (Figure 7). Only two live trees were documented 
(Roosts F and M). The rest of the roosts were dead, and some had sloughing bark. All of the roost 
trees are characteristic of typical MYSO-suitable roost trees (USFWS 2010).  

 
Figure 7. Decay Status of Roost Trees. 

3.4  Emergence Counts 
For ease of discussion and presentation, roost trees were assigned roost names in addition to 
their tree names. Roost names are an alphabetic letter assigned to each roost tree. Roost tree 
names were designated in the field and represent the tagged bat(s) associated with that particular 
tree. In the discussion, roost trees will be referred to by their roost names. Table 11 summarizes 
all the emergence counts performed for the roost trees.  
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Table 11. Emergence Counts for all Roost Trees. 
Roost 
Name Tagged Bat Date Species Emergence 

Counts 
Tagged Bat 
Left Tree? 

A Laela (Tree 1) 30-Jun-16 American Elm 19 Yes 
A Laela (Tree 1) 1-Jul-16 American Elm 31 Yes 
A Laela (Tree 1) 3-Jul-16 American Elm 0 No 
B Elvira (Tree 2) 3-Jul-16 American Elm 2 Yes 
B Elvira (Tree 2) 4-Jul-16 American Elm 1 Yes 
C Laela (Tree 2) 4-Jul-16 Shagbark Hickory 7 Yes 
C Laela (Tree 2) 5-Jul-16 Shagbark Hickory 7 Yes 
D Elvira (Tree 1) 1-Jul-16 Shagbark Hickory 1 No 
E Sushi (Tree 1) 6-Jul-16 Shagbark Hickory 22 Yes 
E Sushi (Tree 1) 8-Jul-16 Shagbark Hickory 38 Yes 
F Sushi (Tree 2) 7-Jul-16 Shagbark Hickory 7 Yes 
F Sushi (Tree 2) 8-Jul-16 Shagbark Hickory 2 Yes 
G Sushi (Tree 3) 9-Jul-16 White Oak 3 Yes 
G Sushi (Tree 3) 15-Jul-16 White Oak 0 No 
H Sushi (Tree 4) 10-Jul-16 Shingle Oak 4 Yes 
H Sushi (Tree 4) 11-Jul-16 Shingle Oak 0 No 
H Sushi (Tree 4) 14-Jul-16 Shingle Oak 2 No 
I Burrito (Tree 1) 6-Jul-16 American Elm 3 Yes 
J Burrito (Tree 2) 8-Jul-16 American Elm 3 Yes 

J Betty (Tree 1) 
Burrito (Tree 2) 13-Jul-16 American Elm 2 No 

K Betty (Tree 2) 12-Jul-16 Shagbark Hickory 2 Yes 
K Betty (Tree 2) 16-Jul-16 Shagbark Hickory 2 Yes 
L Wilma (Tree 1) 11-Jul-16 American Elm 3 Yes 
L Wilma (Tree 1) 12-Jul-16 American Elm 3 Yes 
M Sushi (Tree 5) 11-Jul-16 Shagbark Hickory 0 No 
M Sushi (Tree 5) 12-Jul-16 Shagbark Hickory 0 No 

 
Emergence counts were performed for all identified roost trees for two nights in all cases except 
two. Roost D only had one night of emergence counts, because Elvira (the tagged bat associated 
with that tree) did not return to Roost D after the first night of emergence counts. She moved to 
her second roost tree (Roost B) and remained there for two additional nights of emergence counts. 
Roost D is considered a secondary roost tree. After the first count was performed for Roost I 
(Burrito [Tree 1]), it was discovered the roost was actually on private property, so a second count 
was not completed. Burrito was identified leaving the roost during the first count, so biologists are 
confident the roost was correctly identified. Because of the number of bats emerging during the 
first night of emergence counts, Roost I is considered a secondary roost tree. In one instance, a 
roost tree was shared by more than one bat. Roost J was shared by two bats (Burrito and Betty). 
An “incidental roost” was identified in close proximity to Roosts A and B. No tagged bats were 
associated with the roost; however, an emergence count was performed since bats were seen 
leaving the tree. A large enough number of bats were seen leaving the incidental roost; therefore, 
that tree is likely a maternity roost tree. Since the bats could not be identified as MYSO, 
information from the incidental roost is not included in the data.  
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Of the thirteen roost trees located, only roosts A, C, E, and F (Figure 8) had emergence counts 
with five more bats on at least one night and are considered maternity roost trees. All other trees 
had fewer than five bats leave the roost during all nights of emergence count monitoring, which 
designates them as secondary roost trees. Table 12 shows the maternity roost trees, and the 
emergence count datasheets are included as Appendix H. 

Table 12. Maternity Roost Trees. 
Roost 
Name Tagged Bat Date Species Emergence 

Counts 
A Laela (Tree 1) 30-Jun-16 American Elm 19 
A Laela (Tree 1) 1-Jul-16 American Elm 31 
A Laela (Tree 1) 3-Jul-16 American Elm 0 
C Laela (Tree 2) 4-Jul-16 Shagbark Hickory 7 
C Laela (Tree 2) 5-Jul-16 Shagbark Hickory 7 
E Sushi (Tree 1) 6-Jul-16 Shagbark Hickory 22 
E Sushi (Tree 1) 8-Jul-16 Shagbark Hickory 38 
F Sushi (Tree 2) 7-Jul-16 Shagbark Hickory 7 
F Sushi (Tree 2) 8-Jul-16 Shagbark Hickory 2 

 
Weather conditions were acceptable for all emergence surveys. All surveys noted no precipitation 
and generally a calm wind. The lone exception was Roost H for Sushi, tree 4, which noted windy 
conditions.  
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Figure 8. Maternity Roost Trees Identified for the East Locust Creek Project. 
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4.0  Habitat Assessments 

The three habitat assessments completed for each region identified suitable habitat, the habitat 
rating, and snags observed at the habitat assessment location. Table 13 shows the bat habitat 
assessment summary. Suitable habitat was identified in 81 percent of the habitat assessments 
and was identified in every region. Snags were observed at 52 percent of the sampling locations 
and ranged from zero to seven snags observed. Region 7 was the only region without any snags 
observed. The habitat ratings were primarily low (56 percent) with six assessments (22 percent) 
recording a moderate habitat rating and one assessment (4 percent) recording a high habitat 
rating. The remaining five assessments (19 percent) did not record suitable habitat. Notes from 
the habitat assessments show suitable foraging habitat in 93 percent of the sampled sites. 
Appendix I contains the bat habitat assessments.  

Table 13. Bat Habitat Assessment Summary. 
Sample Site 

Number 
Suitable MYSO 

Habitat? 
Habitat Rating 

(Low, Moderate, High) 
Number of Snags 

Observed 
1-1 Yes Low 1 
1-2 Yes Low 1 
1-3 Yes Moderate 3 
2-1 Yes Moderate 7 
2-2 Yes High 6 
2-3 Yes Low 0 
3-1 Yes Low 0 
3-2 Yes Moderate 3 
3-3 Yes Low 0 
4-1 Yes Low 0 
4-2 No n/a 0 
4-3 Yes Moderate 1 
5-1 Yes Low 1 
5-2 Yes Low 0 
5-3 Yes Low 0 
6-1 Yes Moderate 3 
6-2 No n/a 0 
6-3 Yes Low 0 
7-1 No n/a 0 
7-2 Yes Low 0 
7-3 Yes Low 0 
8-1 No n/a 0 
8-2 Yes Low 2 
8-3 Yes Moderate 5 
9-1 Yes Low 2 
9-2 Yes Low 5 
9-3 No n/a 0 
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5.0  Summary 

The proposed project will likely affect MYSO foraging and maternity roost tree habitat. Acoustic 
monitoring, mist netting, radio telemetry, and emergence counts supported MYSO presence and 
identified maternity roost trees within the project area. The project area has approximately 1,060 
acres of woodland that may provide MYSO habitat. The woodland habitat was further split into 
nine survey regions and individually studied for MYSO presence or probable absence. Study 
results for each region are included in Table 14.  

Table 14. MYSO Study Results. 

Region Acres Bat 
Habitat? 

Acoustic 
Monitoring? 

Mist-
Netting? 

MYSO Roost 
Tree? 

MYSO 
Maternity 

Roost Tree? 
1 126.4 Yes Yes Yes Yes No 
2 129.3 Yes Yes Yes No No 
3 113.8 Yes Yes Yes No No 
4 104.0 Yes Yes No No No 
5 102.9 Yes Yes No Yes Yes 
6 110.6 Yes Yes Yes No No 
7 129.2 Yes No No No No 
8 114.4 Yes Yes Yes Yes Yes 
9 127.3 Yes Yes No No No 

The 2016 Range-wide Indiana Bat Summer Survey Guidelines (USFWS 2016) use bat habitat 
assessments, acoustic monitoring, and mist netting to determine whether a project will have 
potential impacts to MYSO. Bat habitat of varying quality was observed in all regions. Acoustic 
monitoring detected MYSO in all regions except Region 7. The bat habitat in Region 7 was low 
or not present for the three habitat assessments, and no snags were observed at the habitat 
assessment locations in that region.  

During the mist-netting survey, MYSO were captured in five of the nine regions. Regions 1, 2, 3, 
6, and 8 had positive MYSO detections through both acoustic monitoring and mist netting. These 
regions contain 594.5 acres of woodland habitat. MYSO acoustic calls were recorded in Regions 
4, 5, and 9, but no MYSO were caught there during the mist-netting surveys. These three regions 
contain 463.4 acres of woodland habitat. While no MYSO were caught during mist-netting in 
Region 5, a maternity roost tree was identified within the region.  

Roost trees were identified in Regions 1, 5, and 8, and maternity roost trees were identified in 
Regions 5 and 8. Region 1 had two maternity roost trees just east of the project boundary in a 
large woodland area. The large woodland area will not be affected by the proposed project. 
Regions 5 and 8 contain 217.3 acres of woodland habitat.  

MYSE were detected through acoustic monitoring in all regions except Region 2 and Region 9. 
One MYSE call was biologist-verified in Region 7 where there were no MYSO calls. Mist-netting 
caught MYSE in Regions 1, 3, 4, and 5. Regions 1 and 3 also caught MYSO.   
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1.  INTRODUCTION 

 

Olsson Associates contracted BatSense to conduct acoustic surveys targeting Indiana Bats 
Myotis sodalis and Northern Long-eared Bats M. septentrionalis on the East Locust Creek 
Reservoir project site in Sullivan County, Missouri.  BatSense collected data from June 2 to July 
11 across approximately 1000 acres of habitat suitable for the target species.  Data files were 
run through the Kaleidoscope and BCID Auto-ID programs. AutoID programs indicated that 
Indiana and Northern Long-eared Bats were present at multiple sites.  Additionally, BatSense 
manually vetted Myotis files for the presence of Indiana and Northern Long-eared Bats. The 
principal investigator who performed the call identifications was Chris Corben. Our findings are 
detailed in Section 3 and discussed in Section 4 of this Report.  

 

2.  METHODS 

2.1 Abbreviations Used: 

See Appendix A – Species Names and Abbreviations 

2.2 Sampling Strategy: 

The acoustic sampling was conducted in accordance with the USFWS 2016 Range-wide Indiana 
Bat Summer Survey Guidelines. The project area had previously been divided into 9 survey 
regions, each containing approximately 123 acres of woodland habitat considered suitable for 
Indiana Bat maternity colonies.  

To comply with USFWS requirements, each region was surveyed for at least 4 detector nights, 
including at least two detector sites spaced more than 200 metres apart, with each sampled for 
up to two nights. Because the objective of the sampling was to determine the presence or likely 
absence of the two target species in each region, sampling of a region could be curtailed if both 
target species were identified acoustically before the sampling was completed.  

2.3 Site selection: 

Each region was studied from aerial photography to determine promising survey sites. Several 
potential sites were chosen in each region, based on the observer’s previous experience of how 
best to find the target species if present. From these potential sites, actual survey sites were 
chosen based on landowner permissions and accessibility.  

Sites were chosen by preference to be within or adjacent to the largest blocks of woodland 
within a region. Three types of sites were chosen: 
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1. Sites at linear interfaces between the forest and adjacent agricultural land. The basis for 
such a choice is that MYSO, in particular, are expected to forage along habitat edges  

2. Along the larger streams. Such habitat is usually found to be the most productive for 
finding a wide range of bat species and both MYSO and MYSE are well established to 
use such corridors 

3. Inside old growth forest where there is plenty of open space for foraging between the 
tree trunks and above the ground cover, but under a closed, foliage canopy. 

2.4 Detectors: 

Both Anabat SD1 and Anabat SD2 bat detectors were used. These were powered by 
rechargeable AA cells which provide power for at least two complete nights of recording (from 
30 minutes before sunset to 30 minutes after sunrise). The microphones used were standard 
Anabat microphones, which are quite directional at Myotis frequencies. These were protected 
from rain by weatherheads consisting of 45 degree curved tubes, unmodified from the form 
sold by the Anabat manufacturers (Titley-Scientific). 

The weatherheads were mounted on poles, usually at 3m above ground level and directed 
upwards at 45 degrees to the horizontal. In some cases, this mounting strategy was varied to 
suit local conditions and for better chances of detecting the target species. For example, a 
detector placed on a river bank might be mounted closer to the ground and directed 
horizontally to better sample the space in which the target species were likely to fly. 
Photographs were taken of each site at deployment to illustrate the detector placements and 
the nature of the surrounding vegetation. 

When each detector was deployed, a GPS unit was connected to the detector and the detector 
set to record GPS fixes for at least 16 seconds. This ensured that a record of the position of the 
detector was embedded within the dataset. The sensitivity of each detector and microphone 
was checked in the laboratory prior to commencement of the survey to ensure proper 
operation, and in addition, the sensitivity was checked in the field at deployment time. At each 
site, the detector sensitivity was set to the maximum at which it could be operated without 
continuous microphone self-noise in the absence of external stimulus (eg. insects). Sensitivity 
was checked by rubbing fingers in front of the microphone while the detector was recording. 
The response from the loudspeaker of the detector gives a crude impression of sensitivity, but 
with sufficient experience, this is a reliable way to detect any significant loss of sensitivity.  

Whenever feasible, each detector was downloaded the morning after sampling, and the 
batteries were replaced to minimize the possible loss of data due to any problems 
encountered. The sensitivity was also checked to ensure the detectors were still functioning 
normally. 

In addition, Anabat Express detectors were placed alongside the other detectors at selected 
sites to monitor temperature throughout the sampling period, and to provide some level of 
redundancy in case of equipment failure. 
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2.5 Analysis: 

After downloading, the results were quickly evaluated to determine: 

1. The presence of acceptable examples of the target species, because this could reduce 
the need for further sampling and also help inform the need for mist-netting surveys. 

2. The recording quality in case a site needed to be repeated or moved to provide 
adequate sampling. 

In the above context, it was considered that an example of a target species was acceptable if it 
showed features considered to be typical of either species in typical hunting situations. Given 
that the objective was to demonstrate “presence or probable absence” the position was taken 
that probable absence could not possibly be demonstrated if typical calls of a species were 
recorded, even if those calls could not be confidently identified to a particular species. 

Subsequently, the raw, complete dataset was subjected to analysis by the following Auto ID 
programs: 

1) BCID version 2.7d 
2) Kaleidoscope version 3.1.7 

In BCID, the Minimum Discriminant Probability was set to 0.35. 

In Kaleidoscope, the sensitivity was set to -1 (more liberal). 

In addition, a special filter was developed in AnalookW to pick up any potential Myotis calls. 
This was a highly inclusive filter with a high false positive rate but expected to have a negligible 
false negative rate and intended to greatly reduce the number of files needing to be examined 
manually to check on false negatives from the two Auto ID programs. All the files passing this 
filter were examined manually, and all Myotis sequences were carefully examined and 
identified as far as possible. Since both Auto ID programs identify bats on a per file basis, 
species could be missed if present in a file containing other species. 

All files identified by either BCID or Kaleidoscope as produced by any species of Myotis were 
manually vetted for correct identification. Because many sequences can be readily identified as 
belonging to the genus Myotis, but are difficult or impossible to distinguish to species level, 
vetting aimed to both identify any sequences considered diagnostic for a species and also to 
speculate on the likely composition of the Myotis fauna at each site based on the mix of call 
types observed. To illustrate this principle with a simple example, consider a case where all 
Myotis calls were consistent with both MYLU and MYSO, so none of the sequences could be 
identified to species. Yet an absence of calls diagnostic of MYLU could suggest that at least the 
majority of calls were made by MYSO, simply because at some level, it is unlikely that MYLU 
could be present without at least some diagnostic calls being detected. The probabilities are 
completely unknown, so some degree of speculation must be made, based on the vetter’s 
experience with what these species usually produce when encountered in the field. 
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2.6 Species Identification: 

See Appendix B - Notes on Species Identification: Basis and Assumptions 

 

3.  RESULTS 

3.1 The sites: 

All the 18 sampled sites are listed in Table 1, showing geographic positions and elevations (as 
measured with GPS). The nomenclature of sites is that the first digit specifies the region, the 
next character specifies the site within a region and a final digit indicates the site was shifted in 
an attempt to improve recording. The single case of site x1g indicates that data was collected 
from an Anabat Express left at the site to measure temperature, because the main detector at 
the site failed to record data. Photographs of all these sites are provide in the folder “Photos of 
project survey sites”, showing the detectors and their orientations. 

 

Site Latitude (deg N) Longitude (deg W) Elevation (m) 

 1B  40.340272 93.076964 278.4 
 x1G  40.324635 93.093031 274.6 
 2A  40.344925 93.093703 283 
 2A2 40.346174 93.093194 279.1 
 2C  40.326575 93.099027 284.2 
 3E  40.301446 93.107657 279.9 
 4B  40.299179 93.101452 272.4 
 5A  40.289711 93.096536 279.6 
 5B  40.286148 93.093985 265.2 
 6B  40.286337 93.090371 268.8 
 7D  40.286493 93.075643 273.4 
 7E  40.284269 93.078461 284 
 8A  40.275108 93.085004 284.9 
 8A2 40.27401 93.080552 268.6 
 8B  40.26883 93.081755 264 
 9A1 40.277238 93.054831 284.2 
 9A2 40.277904 93.059894 298.6 
 9B  40.276464 93.073767 278.7 
Table 1 Locations of sampling sites.  
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Table 2 shows the number of detectors deployed in each region by night, along with the 
minimum temperature as recorded by one or more Anabat Express deployed at one or more of 
the sites. 

  Number of detectors collecting data 

  

Number of detectors collecting dddata 

  

  

Min Temp 

(deg C) 

  

  Regions                 

Night 1 2 3 4 5 6 7 8 9 Totals 
20160602 

       

2 1 3 11.75 

20160603 

    

1 1 1 2 1 6 15.75 

20160604 

    

1 

 

1 

 

1 3 14.5 

20160605 1 1 1 1 1 1 1 

  

7 14.5 

20160606 1 1 1 1 1 1 1 

  

7 10 

20160607 2 1 

    

1 

  

4 9.75 

20160608 

 

1 

       

1 17.75 

20160709 

        

2 2 19.25 

20160710 

        

2 2 21.5 

Totals 4 4 2 2 4 3 5 4 7 35   

Table 2 Sampling effort per night by region 

 

3.2 The files: 

Table 3 shows how the recorded files were distributed amongst the sampling sites. This shows 
the total number of nights each site was sampled and the number which failed to meet the 
USFWS requirements due to rain, or which failed for some other reason. The column “All files” 
shows the total number of files recorded, including files containing just noise and no bats. The 
column “Files with potential Myotis” shows how many files could possibly have contained 
Myotis after examination with the AnalookW filter and elimination of all files which definitely 
did not contain Myotis or which did not contain sequences adequate for separation of Myotis 
from other genera. These numbers represent the maximum numbers of files which might have 
had Myotis. All these files were further vetted and files which unambiguously contained Myotis 
were labeled with the identification as far as possible.    
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Site Region Nights Rain Failed All 
files 

Files 
with 
potential 
Myotis 

1b 1 1   141 88 
x1g 1 3   419 27 
2a 2 1   95  
2a2 2 1   193 70 
2c 2 2   68 22 
3e 3 2   227 43 
4b 4 2   261 40 
5a 5 3 1 1 373 21 
5b 5 1   18  
6b 6 3 1  1048 69 
7d 7 2   251 13 
7e 7 3 1  1308  
8a 8 1   36 6 
8a2 8 1 1  587 2 
8b 8 2 1  1257 44 
9a1 9 2   1924 16 
9a2 9 2   2869 50 
9b 9 3 1  4443 9 
       
Totals  35   15518 520 
Table 3 Sampling status and files produced by site 

 

3.3 Identifications: 

Table 4 shows the results of automated identification by BCID and Kaleidoscope, and also for 
the manual vetting. In this table, most Myotis subjected to manual vetting remained 
unidentified. These were bats accepted by manual vetting as definitely Myotis. In total, 149 files 
were identified as particular species of Myotis by BCID and 581 files were identified as 
particular species of Myotis by Kaleidoscope. 481 files were accepted as Myotis by manual 
vetting, and 38 of those were identified to species. Note that these figures for BCID and 
Kaleidoscope are based on the whole dataset. 
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  CJC vetting     BCID Auto ID       Kaleidoscope Auto ID     

Site MYLU MYSE MYSO MYsp MYGR MYLE MYLU MYSE MYSO MYGR MYLE MYLU MYSE MYSO 

1b 2 3 3 80 1 1 3 8 23 

 

1 32 24 26 

x1g 1 

 

1 25 

   

2 3 

  

7 4 9 

2a 

           

1 

  2a2 1 

 

2 64 

  

3 7 10 

 

1 25 20 16 

2c 

   

17 

   

4 

  

1 10 4 1 

3e 

 

3 3 42 

   

8 12 

 

1 9 12 17 

4b 

 

4 1 28 

  

1 5 3 2 

 

11 18 4 

5a 2 2 1 13 

    

1 

  

20 5 1 

5b 

           

1 

  6b 

 

3 4 59 

  

1 9 7 

 

2 24 21 14 

7d 1 1 

 

4 

  

2 

    

49 2 

 7e 

           

25 

 

2 

8a 

   

2 

    

1 

  

7 1 3 

8a2 

   

2 

       

2 1 

 8b 1 1 2 28 5 

 

3 2 12 3 1 24 4 17 

9a1 

   

16 

  

2 

 

1 

  

5 

 

4 

9a2 2 

 

1 47 

    

3 3 

 

25 4 4 

9b 

   

8 2 

 

2 

 

2 3 

 

40 1 7 

  

              Totals 10 17 18 435 8 1 17 45 78 11 7 317 121 125 

Table 4. Results of Auto ID and Manual vetting for Myotis species. 

This table presents the numbers of files identified with each species of Myotis by BCID, Kaleidoscope and 
by manual vetting. The manual vetting results shows the numbers of files which are thought to be most 
likely of each species. No MYGR or MYLE are included in manual vetting, since it was felt there was no 
evidence that either species was present in the dataset. The label MYsp indicates calls safely attributable 
to the genus Myotis, but not to particular species. The numbers reported here for BCID and 
Kaleidoscope are those reported for the entire dataset. These may be higher than the numbers of files 
labeled in the Potential Myotis Labeled supporting files, because some of these did not pass manual 
vetting as having any potential to really be Myotis. 
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3.4 Weather: 

As shown in Table 2, the temperature easily met the USFWS requirements, only falling below 10 
degrees C on the night of 7 to 8 June and then only during the period just before dawn. 

Rain of any consequence is easily detected in the acoustic record. The only night showing signs 
of rain was the night of 3 to 4 June 2016. On this night, rain was recorded at all sites monitored 
from about 0100 till about 0215. This violates the USFWS requirements because the rain 
duration exceeded 30 minutes in the first 5 hours of monitoring. The data was still used in the 
analysis. Affected sites were repeated, except for those in Region 8, where both MYSO and 
MYSE had already been found after that night’s data was downloaded. 

In the absence of local wind data, it is noted that wind never showed up in the acoustic record 
to the extent that it would reduce the ability to record bats.  

 

3.5 Equipment Failures: 

Two equipment failures affected data collection. 

1. At site 5a, one night was lost due to a corrupted memory card. This had no real effect, 
because it was also the night affected by rain. 

2. At site 1g, the same detector failed three nights in a row. This resulted from a mis-
diagnosis of the nature of the problem, which turned out to be another corrupted 
memory card. This report considers data collected by the Anabat Express which was set 
up at the same site to gather temperature data. However, the region was covered 
anyway because both target species were recorded at site 1b in the same region. 

Apart from these cases, it was noted that the detector monitoring site 9b on 3 June was 
inadvertently turned up to a much higher sensitivity than desirable, as a result of which the 
whole dataset was filled with noise. However, this did not prevent bat detections, in fact, more 
bats will be detected under such conditions, though reviewing the files is made more difficult. 
There is no reason to think this caused any problem with data collection. In any case, that night 
was disqualified by rain. 

All the sensitivity tests showed normal behavior and there is no evidence that any detector lost 
sensitivity during the project.  

 

3.6 Supporting Files 

Please refer to Appendix C for folder structure and details of the supporting files.  
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4. DISCUSSION:  

4.1 Notes by Species: 

Both Auto ID suites identified some calls as from MYGR or MYLE. 

 

MYLE 

None of the files reported as MYLE makes a convincing case. MYLE could be very difficult to 
distinguish from MYSE or MYSO, but a concentration of calls showing classic MYLE features 
might be at least suggestive of the occurrence of that species. No such evidence is seen in this 
dataset. Some of the bats reported as MYLE might be correctly identified, as there is a lot of 
overlap in call characteristics. However, in the absence of a more compelling concentration, it 
seems most likely that the majority of these bats are MYSO. 

MYGR 

MYGR is acoustically much more distinctive as a Myotis, but some calls of other species can 
quite closer mimic MYGR calls. All of the files identified as MYGR are most likely LABO. Some 
individual pulses look very like MYGR calls, but they are surrounded by other pulses from LABO. 

 

4.2 Notes by Sites: 

Please refer to Appendix D for notes on site characteristics and results. 

 

4.3 Comparison of Auto ID suites: 

The results from BCID and Kaleidoscope differ quite markedly from each other. There are two 
points which need to be considered: 

 In accordance with USFWS recommendations, BCID was effectively used at a lower 
sensitivity setting than Kaleidoscope (Minimum Discriminant Probability was set to 
0.35). For this reason, it is  to be expected that BCID reports less identifications  

 Kaleidoscope seemed to be consistently reporting more MYLU compared to other 
Myotis species. Manual vetting showed that this higher proportion arose from 
misidentifications of species of other genera (eg. Lasiurus) as well as a tendency to 
identify many sequences which were ambiguous between MYLU and MYSO as MYLU.   

Both Auto ID suites make it clear their identifications should not be regarded as highly accurate. 
Manual vetting supported that position, finding both misidentifications of other genera as 
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Myotis and many cases where it is considered that identifications to species was not justified 
based on the call sequence identified. However, it is also worth noting that at a broader level, it 
does seem that both suites are responding to species in a way which means something. For 
example, within a suite, it seemed that higher proportions of MYSO or MYSE were tending to 
correlate with a higher likelihood that species was present based on manual vetting. Both Auto 
ID suites and manual vetting are difficult to verify, except to the extent that subsequent 
captures could confirm true positives.  

 

4.4 Caveat concerning detection of MYSE:  

Our main caveat is that the acoustic detection of Myotis, especially of MYSE, MYSO and MYLE is 
not really well understood. That is, it is not well understood where detectors should be placed 
or for how long to have a reasonable chance of detecting these species, quite apart from the 
problems of distinguishing them from each other when there is such broad overlap in call 
characteristics. MYSE is widely regarded as a species which primarily hunts in cluttered 
situations, and will therefore be difficult to detect. As with other species which hunt in clutter, 
there is a high risk that most MYSE are likely to be detected, if at all, very poorly. It is possible 
that MYSE is hard to detect acoustically even in places where it is common, simply because a 
bat which keeps to clutter tends to produce quiet calls which can closely resemble calls of other 
species flying in clutter. Our own experience has shown convincing detections of MYSE 
(because some of their calls are quite distinctive) in places where other Myotis were common, 
but it is difficult to know what that means, because there is no way to know how common 
MYSE really were by independent means. Whether MYSE is easy or difficult to detect is likely to 
depend critically on how often they move out of clutter to hunt in more open situations where 
their calls will be more distinctive. 

 

5. LIMITATIONS 

BatSense is not responsible for any independent conclusions or recommendations made by 
others related to this Report. Please note that the analyses presented in this report have been 
prepared for the exclusive use of Olsson Associates and for submission to the US Fish and 
Wildlife Service. The written consent of BatSense must be obtained should anyone else wish to 
view, excerpt or rely on the contents of this report.    
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Appendix A. Species Names and Abbreviations 

 
Northern Long-eared Bat  Myotis septentrionalis  MYSE   

Indiana Bat    Myotis sodalis   MYSO 

Little Brown Bat   Myotis lucifugus   MYLU 

Gray Bat    Myotis grisescens   MYGR 

Eastern Small-footed Bat  Myotis leibii    MYLE 

Tricoloured Bat   Perimyotis subflavus   PESU 

Eastern Red Bat   Lasiurus borealis   LABO  

Seminole Bat    Lasiurus seminolus   LASE 

Big Brown Bat    Eptesicus fuscus   EPFU 

Evening Bat    Nycticeus humeralis   NYHU 

Silver-haired Bat   Lasionycteris noctivagans  LANO 

Hoary Bat    Lasiurus cinereus   LACI 

Mexican Freetail Bat  Tadarida brasiliensis  TABR 

 

There is no known acoustic difference between LABO and LASE and the abbreviation LABO/SE 
can be used to denote one or the other. However, given the location of this dataset, it is 
assumed that any Lasiurus in the frequency range of LABO and LASE will be LABO, and that LASE 
will be very rare or non-existent. When the abbreviation LABO is used, there is no attempt to 
distinguish between LABO and LASE. LASE might be present, but at this time, there is no 
justification for thinking that and no possibility of resolving the difference from passive acoustic 
recordings.  
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Appendix B. Notes on Species Identification: Basis and Assumptions 

The following are based on observations by C. Corben over many years of encountering these 
bats in a wide range of situations and localities, and from recording numerous bats of all these 
species on release after capture. The reference set used as a basis for understanding species 
acoustic identification criteria was collected over many years from many sites, but mostly from 
within Missouri. 

All the species of Myotis in the region of this dataset have distinctly different acoustic 
behaviours, yet their calls broadly overlap. This is a typical situation with Myotis in other parts 
of the world as well. Typically, their calls are most distinctive when flying in the open, since 
echolocation calls tend to converge upon a similar design when flying in clutter (ie close to 
objects producing echoes). A large problem arises, however, because many species of Myotis 
tend not to hunt in open situations where they might be presenting their most distinctive calls. 
Different species of Myotis tend to hunt in different situations, and often typically occupy 
situations with different degrees of clutter. As a general rule, species which typically hunt in 
more clutter tend to produce calls which typify higher clutter situations (ie. high frequency, 
short duration, steep slope, relatively linear shape) , even when flying in very open situations. 
For this reason, it should be relatively easy to distinguish many species when they are known to 
be flying in very low clutter. A couple of examples should demonstrate these points. 

MYLU typically hunts in quite open situations, for a Myotis, usually several metres away from 
trees and typically in the wider gaps between tree canopies. In such situations, search-phase 
calls of MYLU generally have a lower slope and longer duration, and a more gently curved 
shape, than calls given by MYSO under the same circumstances. In the extreme, these calls are 
easily distinguished from those of MYSO.   

MYSO seems to most often hunt along forest edges, closer to vegetation than MYLU and giving 
calls typical of a higher clutter situation than MYLU in its typical hunting situations. However, it 
is likely that no calls of MYSO are diagnostic for that species – overlapping broadly with MYLU 
when in lower clutter and broadly with MYSE in higher clutter. All three of these species 
produce distinctly different calls when flying in an open situation, with MYLU producing calls 
typical of lower clutter situations, MYSE producing calls typical of much higher clutter situations 
and MYSO in between.  If a bat was known to be in a very open situation, its calls could readily 
be distinguished between these three possibilities. Unfortunately, passively recorded datasets 
don’t provide useful information about where a bat was flying in relation to clutter. It is 
important to appreciate that the degree of clutter in which a bat is flying has nothing to do with 
the habitat in which it is recorded, but is a function of the distance a bat is flying from objects 
from which it receives echoes. Thus a MYLU flying in some clutter could produce calls which 
don’t seem to differ at all from calls of MYSO flying in the open. A MYSO flying in clutter could 
produce calls very similar to those of MYSE flying in less clutter. A MYSE in the open could be 
quite distinctive, but it is not likely to be recorded there. 
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Given the above situation, a critical question is how often different species hunt in atypical 
situations, as that will profoundly affect how easily they can be distinguished. Although bats 
may have their preferred hunting situations, they can be quite opportunistic, and hunt in 
atypical places. Presumably, they will follow their prey, and where their prey is found could be 
very much affected by other factors. For example, in windy conditions, insects might tend to 
keep closer to vegetation than usual, so a MYLU might tend to hunt closer to vegetation than 
usual – in which case its calls can be expected to be more like typical calls of MYSO. MYSO, and 
perhaps even MYSE, might venture out into much more open situations than usual to take 
advantage of a Mayfly hatch. Very little is known about how such variation affects the acoustic 
distinctiveness of these species under natural conditions. 

It also seems that bats hunting in higher clutter than usual tend to produce more variable 
sequences than bats hunting in more typical situations. This could be a very useful clue to 
species identification if it was better understood. For example, it is obvious that a MYLU can 
hunt in a more closed situation than usual and produce calls which closely resemble (and may 
be identical to) calls produced by MYSO or even MYSE. The question then is how long is it likely 
to maintain that behaviour, before producing more distinctive MYLU calls? The answer to that 
could be very useful for species discrimination, but in the absence of any definitive answers, the 
assumption can be made that the longer a recorded sequence keeps showing the same types of 
calls, the more it means in terms of species identification. In the extreme, it is easy to see that 
brief sequences can be very misleading across a wide range of Chiropteran taxa. In the case of 
these Myotis, it seems equally clear that identification is more likely to be successful when the 
sequence is extended in time (ie. over at least several seconds) and shows consistent call types 
with a regular spacing between pulses. 

In the cases of these Myotis, extended sequences of similar calls are also important for 
distinguishing Myotis from other bats. PESU and NYHU can produce very Myotis-like sequences, 
but the biggest problem comes from LABO, which can closely duplicate Myotis calls for several 
seconds.   

In summary, for the five Myotis species considered here, the following seems to hold:  

MYGR usually produce diagnostically distinctive sequences, though they are also capable of 
producing much less distinctive sequences when in high clutter. MYGR can usually be 
distinguished from all other species by frequency in combination with call shape, though 
confusion with PESU in high clutter may be a problem.  

MYLU can produce very distinctive calls, but the most distinctive are not seen very often and 
most of their calls could be duplicated by MYSO in very open situations. When in higher clutter, 
they can produce calls similar to MYSO or MYSE in higher clutter, but tend not to maintain that 
situation for long.  

MYSO probably don’t produce any truly diagnostic sequences. Their most common calls are of 
higher slope than typical MYLU calls, but lower slope than typical MYSE calls. When in open 
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situations, they can produce sequences which are very similar to typical MYLU calls, but this is 
not common. They often produce calls in high clutter which can look very similar to calls of 
MYSE in high clutter, but they tend not to do this for long.  

MYSE can produce very distinctive calls, but these are not often recorded. Most of their calls 
are well within the range of MYSO in higher clutter, but tend to show more consistency. In low 
clutter they can produce calls which closely match typical MYSO calls and even overlap with 
MYLU calls, but these are rare.  

MYLE in the open can give calls very similar to many MYSO calls, while in clutter they can 
resemble MYSE calls. MYLE calls are quite variable in frequency and are often higher in 
frequency than similar calls of MYSO, MYSE or MYLU. Some calls may be distinctive in showing 
more of a hooked shape at a higher frequency than seen in other species, where such 
frequencies are associated with higher clutter and a more drooped ending. A high prevalence of 
such calls could be a strong indicator of the presence of MYLE, but may not be commonly 
encountered. 
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Appendix C. Supporting Files 

The following folders of files are included to hold the data required by the USFWS.  

The folder Photos of project survey sites contains all photos of the project survey sites. 

The folder Original Files contains the raw data files as collected by the detectors. 

The folder Potential Myotis labeled contains all the files deemed by manual vetting to have 
contained Myotis or bat files which might be Myotis. These files are labeled in the locality field 
by the site in which they were recorded and in the species field according to the following 
convention: 

A prefix is a lower case letter preceding the species abbreviation, which is in upper case.  

All labels with the prefix “a” were labeled by manual examination of the file. 

All labels with the prefix “b” were labeled as such by BCID. 

All labels with the prefix “k” were labeled as such by Kaleidoscope. 

In addition, when a file was labeled by Kaleidoscope, a shortened entry is included which is 
derived from the Kaleidoscope labelling process. This entry shows the Kaleidoscope Margin. 
According to Kaleidoscope Help, this is an “uncalibrated confidence score” where “higher 
values are more confident than lower values”. 

This folder also contains a special Sorted.anl file which is an AnalookW list file allowing all the 
files in the base folder to be viewed as if they are in one place. This file also contains special 
fields for species across all ID methods. All labels are additionally presented without the lower 
case prefix, so the files labeled aMYSO, bMYSO and kMYSO will also appear under MYSO. 

The folder BCID outputs contains the _BCIDout_5.xls output files produce by BCID for both the 
original dataset and for the dataset containing only the files which manual vetting considered 
to be potential Myotis.   

The folder Kaleidoscope outputs contains the id.csv and idsummary.csv output files produced 
by Kaleidoscope for both the original dataset and for the dataset containing only the files which 
manual vetting considered to be potential Myotis. 
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Appendix D. Notes by Site 

Comments are included on the nature of the sampling and what it found, along with any 
comments specific to the site.  

Guesses are made at the relative abundances of the three local species of Myotis, based on the 
types of calls recorded. This assumes that most of the Myotis recorded were behaving in ways 
typical for their species and that this gives some insight into the mix of species present. The 
accuracy of this approach is unknown, as it is not known how much variation in gross hunting 
behavior results from physical differences between sites as well as other factors such as insect 
hatches.  

Site 1b 

Site 1b was at the edge of the river, directed out over the water. It was at a site which looked 
excellent for bats, with substantial adjacent forest area and woodland also fringing the river 
banks. The site also looked across the river at a substantial break in the riparian strip, providing 
ready access to agricultural fields and forest edge. 

Surveyed for one night on 7 June. Both target species were recorded that night so it was not 
repeated. 

This was the best site for Myotis, with three species identifiable there. Overall, the types of calls 
recorded suggest that MYSO was the dominant species, as found by BCID. Kaleidoscope 
reported more MYLU, but the impression from looking at several datasets is that Kaleidoscope 
is substantially over-reporting MYLU. BCID also reported one each of MYGR and MYLE and 
Kaleidoscope reported one MYLE.  

Site x1g 

Site x1g was placed on a river flat between the river and the road, and along a flyway formed by 
a disused track running parallel to the river. There were quite large trees along the river and the 
immediate site was under the canopy but very open for bats. 

Surveyed on 5, 6 and 7 June. In each case, the main detector failed to collect any data, and the 
comments here are based on recordings from the Anabat Express. The Express was using an 
omnidirectional microphone, as opposed to the Anabat SD1/SD2 which used standard Anabat 
microphones which are much more directional at Myotis frequencies. 

This site produced small numbers of Myotis, with both MYLU and MYSO accepted by manual 
vetting. The impression is that most of the calls were likely to be MYLU. Both BCID and 
Kaleidoscope reported MYSO and MYSE, with Kaleidoscope also reporting MYLU. Manual 
vetting did not support the occurrence of MYSE. 
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Site 2a 

Site 2a was in the open at the edge of an agricultural field beside an extensive tract of riverine 
forest. 

Surveyed for one night on 7 June, then moved to site 2a2. 

Recorded very few bats, and no Myotis. 

Site 2a2 

Site 2a2 was surveyed for one night after the detector was moved from site 2a. The site was 
overlooking a river at a point where the canopy was quite open, giving some connection to 
nearby grazing fields. The flyway along the river was substantially blocked by a log jam below 
the detector, which would have meant that bats flying along the river bed would have had to fly 
up over the logs close to the detector. 

Surveyed for one night on 8 June. 

A productive site for Myotis, with MYLU and MYSO accepted by manual vetting. However, many 
of the sequences were quite ambiguous between MYSO and MYLU. No compelling evidence of 
MYSE, despite being reported by both BCID and Kaleidoscope. Most so labeled are more likely 
to be MYSO in clutter. Kaleidoscope also reported one MYLE. 

Site 2c 

This site was situated in riverine forest adjacent to agriculture from which it was separated by a 
narrow road under the canopy. The detector was placed in an opening in the forest which was 
connected to the roadway. 

Surveyed for two nights, 5 and 6 June. The detector was re-oriented for the second night in the 
hope of increasing its effectiveness, but this night was cooler than the previous nights and 
activity was markedly reduced. 

Myotis activity consisted of high clutter calls which are ambiguous between MYSO and MYSE. 
Both BCID and Kaleidoscope reported MYSE, while Kaleidoscope reported mostly MYLU and 
one MYSO and one MYLE. None of the sequences looks at all convincing for MYLU. From the 
call types recorded, either or both MYSO and MYSE are likely to account for most of the 
sequences. 

Site 3e 

Site 3e was situated in a river bed beside a ford and adjacent to agricultural fields. The vicinity 
was quite open, with trees mainly along the river and a mostly open canopy exposing the river 
to the sky. The microphone was directed horizontally along the stream bed. 
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Surveyed on 5 and 6 June. 

Manual vetting accepted both MYSE and MYSO and both these species were also reported by 
BCID and Kaleidoscope. Kaleidoscope also reported a few MYLU and one MYLE. The call types 
seen show a lot of high clutter sequences and a lot of ambiguity. 

Site 4b 

Site 4b was situated in a narrow gap connecting two fields, otherwise separated by forest on 
both sides of the gap. 

Surveyed on 5 and 6 June. 

Both BCID and Kaleidoscope reported MYSO, MYSE and MYLU, with MYSE dominating and 
Kaleidoscope reporting a greater preponderance of MYLU and 2 MYGR. Manual vetting found 4 
MYSE and one MYSO. Most of the sequences are ambiguous between MYSO and MYSE, but 
MYLU could also be there.   

Site 5a 

Site 5a was situated at the end of a field where it connected though to a substantial area of 
forest along an old roadway. In effect, the field tapered into the forest along the road. 

Surveyed on 3, 4 and 5 June. The detector failed to record anything on 3 June, but that night 
was also lost to rain.  

Only 13 Myotis files were detected, but they represent a varied set of calls and manual vetting 
accepted MYLU, MYSE and MYSO. BCID only identified one MYSO, but Kaleidoscope identified 
all three species, with most being MYLU. Most of the MYLU identified by Kaleidoscope were 
calls which are ambiguous between MYLU and MYSO. 

Site 5b 

Site 5b was situated near the edge of a field in an open space surrounded by forest. 

It was surveyed only on 6 June. 

It recorded very few bats and no Myotis. 

Site 6b 

Site 6b was placed at the edge of the river which had open fields on one side and woodland 
with a roadway on the other.  

It was surveyed on 3, 5 and 6 June, being removed on 4 June from fear of the water rising after 
rain which was forecast but didn’t eventuate. On 3 June the microphone was oriented across 
the river towards an opening in the trees at the edge of the field. That night was lost to rain. On 
5 and 6 June it was directed down the river bed. 
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Manual vetting accepted both MYSE and MYSO. Both BCID and Kaleidoscope reported those 
species plus MYLU, but Kaleidoscope also reported one MYLE and a much higher proportion of 
MYLU than BCID. Most of the calls were from bats in high clutter and ambiguous between 
MYSO and MYSE, but the overall impression is that MYSO was dominant. 

Site 7d 

Site 7d was situated at the side of a ford over a narrow stream. The ford was connecting two 
fields. The creek was heavily lined with trees, mainly willows. 

Surveyed on 6 and 7 June. 

Only a few Myotis were recorded, with one each of MYLU and MYSE accepted by manual 
vetting. BCID reported only MYLU, and Kaleidoscope identified both MYLU and MYSE, but with 
the vast preponderance being MYLU. Most of these were misidentified bats of other genera. 

Site 7e 

Site 7e was inside well-developed forest of large trees with a complete canopy. The area 
around the detector was very open, providing plenty of space for bats to fly. 

Surveyed for three nights, 3, 4 and 5 June. The night of 3 June was lost due to rain. 

No Myotis were accepted by manual vetting, and none were reported by BCID. Kaleidoscope 
reported 2 MYSO and 25 MYLU. These were at least mostly misidentifications of LABO. There is 
no evidence of any Myotis at this site and the two MYSO reported by Kaleidoscope are 
definitely not that species – they are either LABO or NYHU. 

Site 8a 

Site 8a was inside forest with a complete canopy but quite open underneath, providing plenty 
of room for bats to fly. 

Surveyed only on 2 June, then moved to 8a2. 

A small number of Myotis was recorded, but all the calls were given in high clutter and manual 
vetting considered none identifiable to species. BCID reported one MYSO and Kaleidoscope 
reported MYLU, MYSE and MYSO but mostly MYLU. 

Site 8a2 

Site 8a2 was situated at the edge of a large agricultural field, beside woodland on the bank of 
the river. The area immediately around the detector was very open. The detector was oriented 
along the edge of the larger trees on the river bank. 

Surveyed only on 3 June after moving from 8a. The night was lost to rain but not repeated 
because both target species were already found within the region. 
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BCID reported no Myotis and Kaleidoscope reported both MYSE and MYLU. Manual vetting 
found two Myotis sequences, neither considered identifiable, though one suggests MYLU and 
the other is of a bat in high clutter. 

 

Site 8b 

Site 8b was placed in the river bed at a point where there was a high but fragmented canopy. 
This was adjacent to a large block of forest on one side of the river and there were fields on the 
other side, separated from the river by a strip of woodland. 

Surveyed on 2 and 3 June. The night of 3 June was lost due to rain, but both target species were 
recorded so the site was not repeated. 

BCID and Kaleidoscope both reported MYLU, MYSE and MYSO, but with BCID reporting mostly 
MYSO while Kaleidoscope reported mostly MYLU. Both also reported MYGR and Kaleidoscope 
also reported MYLE. Manual vetting accepted MYLU, MYSE and MYSO and the call types 
recorded suggest that MYSO and MYLU accounted for most sequences. 

Site 9A1 

Site 9a1 was situated at the edge of a small stream surrounded by forest but close to fields. The 
immediate vicinity consisted of an opening in the forest around the stream, dominated by 
regrowth. 

Surveyed on 9 and 10 July. Site 9a1 was run simultaneously with 9a2 for logistical reasons. 

BCID and Kaleidoscope both identified a few MYLU and MYSO. Manual vetting showed mainly 
high clutter calls with a lot of ambiguity and none considered identifiable to species. The 
sequences are highly varied and don’t suggest any species was dominant. 

Site 9A2 

Site 9a2 was placed at the edge of a small field of herbage, adjacent to a flyway through the 
forest bordering the field to a more open area along the river. 

Surveyed on 9 and 10 July. Site 9a2 was run simultaneously with 9a1 for logistical reasons. 

A good number of Myotis were recorded, but most were of bats in high clutter or only short 
sequences, and thus not considered identifiable. Manual vetting did accept MYLU and MYSO. 
BCID reported MYSO, while Kaleidoscope reported MYLU, MYSE, MYSO and 3 MYGR, with most 
being MYLU. The call types seen do suggest that MYLU was likely dominant. 

Site 9b 

Site 9b was placed at one corner of a large field and close to a small, overgrown creek. The 
adjacent sides of the field were bordered by an extensive forest block and by the riparian trees 
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along the creek. The detector was in a gap in the riparian strip, connecting the field through to 
the creek. 

Surveyed on 2, 3 and 4 June. The night of 3 June was lost due to rain, but the data collected is 
used anyway. 

Manual vetting showed 8 Myotis sequences, with none identifiable to species. BCID and 
Kaleidoscope both identified MYSO and MYLU with Kaleidoscope showing a much higher 
proportion of MYLU. Kaleidoscope also identified MYSE and both also identified MYGR. 

 



 

 
 

Appendix B 

Acoustic Photolog 

 

  



 1 

 

Photo No. 

Photo No. 

1 

2 

Site: 

Site: 

Acousti  Site 1b 

Acousti  Site 1b 

Acousti  Detectors. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 2 

 

Photo No. 

Photo No. 

3 

4 

Site: 

Site: 

Acousti  Site 1g 

Acousti  Site 1g 

Acousti  Detectors. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 3 

 

Photo No. 

Photo No. 

5 

6 

Site: 

Site: 

Acousti  Site 2a 

Acousti  Site 2a 

Acousti  Detectors. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 4 

 

Photo No. 

Photo No. 

7 

8 

Site: 

Site: 

Acousti  Site 2a2 

Acousti  Site 2a2 

Acousti  Detectors. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 5 

 

Photo No. 

Photo No. 

9 

10 

Site: 

Site: 

Acousti  Site 2c 

Acousti  Site 2c 

Acousti  Detectors. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 6 

 

Photo No. 

Photo No. 

11 

12 

Site: 

Site: 

Acousti  Site 3e 

Acousti  Site 3e 

Acousti  Detectors. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 7 

 

Photo No. 

Photo No. 

13 

14 

Site: 

Site: 

Acousti  Site 4b 

Acousti  Site 4b 

Acousti  Detectors. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 8 

 

Photo No. 

Photo No. 

15 

16 

Site: 

Site: 

Acousti  Site 5a 

Acousti  Site 5a 

Acousti  Detectors. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 9 

 

Photo No. 

Photo No. 

17 

18 

Site: 

Site: 

Acousti  Site 5b 

Acousti  Site 5b 

Acousti  Detectors. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 10 

 

Photo No. 

Photo No. 

19 

20 

Site: 

Site: 

Acousti  Site 6b 

Acousti  Site 6b 

Acousti  Detectors. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 11 

 

Photo No. 

Photo No. 

21 

22 

Site: 

Site: 

Acousti  Site 7d 

Acousti  Site 7d 

Acousti  Detectors. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 12 

 

Photo No. 

Photo No. 

23 

24 

Site: 

Site: 

Acousti  Site 7e 

Acousti  Site 7e 

Acousti  Detectors. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 13 

 

Photo No. 

Photo No. 

25 

26 

Site: 

Site: 

Acousti  Site 8a 

Acousti  Site 8a 

Acousti  Detectors. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 14 

 

Photo No. 

Photo No. 

27 

28 

Site: 

Site: 

Acousti  Site 8a2 

Acousti  Site 8a2 

Acousti  Detectors. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 15 

 

Photo No. 

Photo No. 

29 

30 

Site: 

Site: 

Acousti  Site 8b 

Acousti  Site 8b 

Acousti  Detectors. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 16 

 

Photo No. 

Photo No. 

31 

32 

Site: 

Site: 

Acousti  Site 9a1 

Acousti  Site 9a1 

Acousti  Detectors. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 17 

 

Photo No. 

Photo No. 

33 

34 

Site: 

Site: 

Acousti  Site 9a2 

Acousti  Site 9a2 

Acousti  Detectors. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 18 

 

Photo No. 

Photo No. 

35 

36 

Site: 

Site: 

Acousti  Site 9b 

Acousti  Site 9b 

Acousti  Detectors. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 

 
 

Appendix C 

Mist Net Bat Survey Datasheets 

  















































































 

 
 

Appendix D 

Mist Net Photolog 

 



 1 

 

Photo No. 

Photo No. 

1 

2 

Site: 

Site: 

Mist Net Site 1-1 

Mist Net Site 1-2 

Mist Net Sites. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 2 

 

Photo No. 

Photo No. 

3 

4 

Site: 

Site: 

Mist Net Site 1-3 

Mist Net Site 1-4 

Mist Net Sites. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 3 

 

Photo No. 

Photo No. 

5 

6 

Site: 

Site: 

Mist Net Site 1-5 

Mist Net Site 2-1 

Mist Net Sites. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 4 

 

Photo No. 

Photo No. 

7 

8 

Site: 

Site: 

Mist Net Site 2-2 

Mist Net Site 2-3 

Mist Net Sites. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 5 

 

Photo No. 

Photo No. 

9 

10 

Site: 

Site: 

Mist Net Site 2-4 

Mist Net Site 2-6 

Mist Net Sites. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 6 

 

Photo No. 

Photo No. 

11 

12 

Site: 

Site: 

Mist Net Site 2-8 

Mist Net Site 2-9 

Mist Net Sites. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 7 

 

Photo No. 

Photo No. 

13 

14 

Site: 

Site: 

Mist Net Site 3-1 

Mist Net Site 3-2 

Mist Net Sites. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 8 

 

Photo No. 

Photo No. 

15 

16 

Site: 

Site: 

Mist Net Site 3-3 

Mist Net Site 3-4 

Mist Net Sites. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 9 

 

Photo No. 

Photo No. 

17 

18 

Site: 

Site: 

Mist Net Site 3-5 

Mist Net Site 4-1 

Mist Net Sites. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 10 

 

Photo No. 

Photo No. 

19 

20 

Site: 

Site: 

Mist Net Site 4-2 

Mist Net Site 4-3 

Mist Net Sites. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 11 

 

Photo No. 

Photo No. 

21 

22 

Site: 

Site: 

Mist Net Site 4-6 

Mist Net Site 4-7 

Mist Net Sites. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 12 

 

Photo No. 

Photo No. 

23 

24 

Site: 

Site: 

Mist Net Site 4-8 

Mist Net Site 4-9 

Mist Net Sites. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 13 

 

Photo No. 

Photo No. 

25 

26 

Site: 

Site: 

Mist Net Site 4-10 

Mist Net Site 4-11 

Mist Net Sites. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 14 

 

Photo No. 

Photo No. 

27 

28 

Site: 

Site: 

Mist Net Site 5-1 

Mist Net Site 5-2 

Mist Net Sites. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 15 

 

Photo No. 

Photo No. 

29 

30 

Site: 

Site: 

Mist Net Site 5-3 

Mist Net Site 5-4 

Mist Net Sites. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 16 

 

Photo No. 

Photo No. 

31 

32 

Site: 

Site: 

Mist Net Site 5-5 

Mist Net Site 6-1 

Mist Net Sites. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 17 

 

Photo No. 

Photo No. 

33 

34 

Site: 

Site: 

Mist Net Site 6-2 

Mist Net Site 6-3 

Mist Net Sites. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 18 

 

Photo No. 

Photo No. 

35 

36 

Site: 

Site: 

Mist Net Site 6-4 

Mist Net Site 6-5 

Mist Net Sites. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 19 

 

Photo No. 

Photo No. 

37 

38 

Site: 

Site: 

Mist Net Site 8-1 

Mist Net Site 8-2 

Mist Net Sites. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 20 

 

Photo No. 

Photo No. 

39 

40 

Site: 

Site: 

Mist Net Site 8-3 

Mist Net Site 8-4 

Mist Net Sites. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 21 

 

Photo No. 

Photo No. 

41 

42 

Site: 

Site: 

Mist Net Site 8-5 

Mist Net Site 8-8 

Mist Net Sites. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 22 

 

Photo No. 

Photo No. 

43 

44 

Site: 

Site: 

Mist Net Site 8-9 

Mist Net Site 9-2 

Mist Net Sites. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 23 

 

Photo No. 

Photo No. 

45 

46 

Site: 

Site: 

Mist Net Site 9-3 

Mist Net Site 9-4 

Mist Net Sites. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 24 

 

Photo No. 

Photo No. 

47 

48 

Site: 

Site: 

Mist Net Site 9-5 

Mist Net Site 9-6 

Mist Net Sites. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 

 
 

Appendix E 

Tagged Bats Photolog 
  



 1 

 

Photo No. 

Photo No. 

1 

2 

Site: 

Site: 

MYSO tagged bat ‘Be� y’ 

MYSO tagged bat ‘Be� y’ 

Tagged MYSO Bats. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 2 

 

Photo No. 

Photo No. 

3 

4 

Site: 

Site: 

MYSO tagged bat ‘Be� y’ 

MYSO tagged bat ‘Be� y’ 

Tagged MYSO Bats. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 3 

 

Photo No. 

Photo No. 

5 

6 

Site: 

Site: 

MYSO tagged bat ‘Burrito’ 

MYSO tagged bat ‘Burrito’ 

Tagged MYSO Bats. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 4 

 

Photo No. 

Photo No. 

7 

8 

Site: 

Site: 

MYSO tagged bat ‘Burrito’ 

MYSO tagged bat ‘Burrito’ 

Tagged MYSO Bats. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 5 

 

Photo No. 

Photo No. 

9 

10 

Site: 

Site: 

MYSO tagged bat ‘Elvira’ 

MYSO tagged bat ‘Elvira’ 

Tagged MYSO Bats. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 6 

 

Photo No. 

Photo No. 

11 

12 

Site: 

Site: 

MYSO tagged bat ‘Elvira’ 

MYSO tagged bat ‘Elvira’ 

Tagged MYSO Bats. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 7 

 

Photo No. 

Photo No. 

13 

14 

Site: 

Site: 

MYSO tagged bat ‘Laela’ 

MYSO tagged bat ‘Laela’ 

Tagged MYSO Bats. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 8 

 

Photo No. 

Photo No. 

15 

16 

Site: 

Site: 

MYSO tagged bat ‘Laela’ 

MYSO tagged bat ‘Laela’ 

Tagged MYSO Bats. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 9 

 

Photo No. 

Photo No. 

17 

18 

Site: 

Site: 

MYSO tagged bat ‘Pistachio’ 

MYSO tagged bat ‘Pistachio’ 

Tagged MYSO Bats. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 10 

 

Photo No. 

Photo No. 

19 

20 

Site: 

Site: 

MYSO tagged bat ‘Porky’ 

MYSO tagged bat ‘Porky’ 

Tagged MYSO Bats. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 11 

 

Photo No. 

Photo No. 

21 

22 

Site: 

Site: 

MYSO tagged bat ‘Sushi’ 

MYSO tagged bat ‘Sushi’ 

Tagged MYSO Bats. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 12 

 

Photo No. 

Photo No. 

23 

24 

Site: 

Site: 

MYSO tagged bat ‘Wilma’ 

MYSO tagged bat ‘Wilma’ 

Tagged MYSO Bats. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 13 

 

Photo No. 

Photo No. 

25 

26 

Site: 

Site: 

MYSO tagged bat ‘Wilma’ 

MYSO tagged bat ‘Wilma’ 

Tagged MYSO Bats. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 

 
 

 

Appendix F 

USFWS Indiana Bat Roost Datasheets 
  



























































 

 
 

Appendix G 

Roost Trees Photolog 

  



 1 

 

Photo No. 1 

Site: Roost trees  A (A1; Laela Tree 1)  

  B (A2; Elvira Tree 2) 

       A3, Incidental Tree determined not to be a roost tree. 

Identifi  Roost Trees. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 2 

 

Photo No. 2 

Site: Roost tree:  C (Laela Tree 2)  

Identifi  Roost Trees. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 3 

 

Photo No. 3 

Site: Roost tree:  D (Elvira Tree 1)  

Identifi  Roost Trees. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 4 

 

Photo No. 4 

Site: Roost tree:  E (Sushi Tree 1)  

Identifi  Roost Trees. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 5 

 

Photo No. 5 

Site: Roost tree:  F (Sushi Tree 2)  

Identifi  Roost Trees. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 6 

 

Photo No. 6 

Site: Roost tree:  G (Sushi Tree 3)  

Identifi  Roost Trees. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 7 

 

Photo No. 7 

Site: Roost tree:  H (Sushi Tree 4)  

Identifi  Roost Trees. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 8 

 

Photo No. 8 

Site: Roost tree:  I (Burrito Tree 1)  

Identifi  Roost Trees. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 9 

 

Photo No. 9 

Site: Roost tree:  J (Burrito Tree 2, Be� y Tree 1)  

Identifi  Roost Trees. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 10 

 

Photo No. 10 

Site: Roost tree:  K (Bett  Tree 2)  

Identifi  Roost Trees. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 11 

 

Photo No. 11 

Site: Roost tree:  L (Wilma Tree 1)  

Identifi  Roost Trees. East Locust Creek Project—Bat Study | Olsson Project No. A11-1513 



 

 
 

Appendix H 

USFWS Bat Emergence Survey Datasheets 

  



























































































 

 
 

Appendix I 

Bat Habitat Assessments 
























































	1. Introduction and Background
	1.1. Federal Action
	1.2. Local Sponsor and Involved Agencies
	Table 1. Summary of U.S. Fish and Wildlife Service Coordination.

	1.3. Covered Species

	2. Project Description
	2.1. Project Purposes
	2.2. Project Elements
	2.2.1. East Locust Creek Dam Construction
	2.2.2. East Locust Creek Reservoir Downstream Flow
	2.2.3. Recreational Facilities Development
	2.2.4. Utilities and Transportation Relocation
	2.2.4.1. Existing Drinking Water Lines
	2.2.4.2. Electrical and Telecommunication Lines
	2.2.4.3. Transportation Relocation
	2.2.4.4. Raw Water Line
	2.2.5. Water Treatment, Transmission, and Distribution
	2.2.6. Reservoir Operation
	2.2.7. Potential Development Around the Project
	2.2.8 Unavoidable Impacts
	Table 2. Unavoidable Forest Loss.


	2.3. Conservation Measures and Beneficial Environmental Effects
	2.3.1. Minimization Measures
	2.3.1.1. Winter Tree Clearing
	2.3.1.2. Winter Hazard Tree Removal Plan
	2.3.1.3. Potential Roosting Habitat
	2.3.1.4. Lacustrine Habitat
	2.3.1.5. Wetland and Stream Mitigation
	2.3.1.6. Lake Authority Tree Clearing Restriction
	2.3.1.7. Water Systems Coordination with USFWS
	2.3.2 Habitat Compensation plan
	2.3.2.1 Forest Creation
	2.3.2.2 Forest Preservation
	2.3.2.3 Conservation Easement
	Table 3. Forest Creation, Preservation, and Conservation Easement Summary (Figure 10).

	2.3.2.4 Forest Management Plan
	2.3.2.5 Financial Assurance


	3. Action Area
	3.1. Geographic Area
	3.2. Current and Historic Land Cover
	3.2.1. Ecological Site Descriptions
	Table 4. 10-County Region Ecological Sites (NRCS 2015).
	Table 5. Sullivan County Ecological Sites (NRCS 2015).

	3.2.2. Current Land Cover Composition
	Table 6. 10-County Region 2011 NLCD Land Cover.
	Table 7. Sullivan County 2011 NLCD Land Cover.


	3.3. Ongoing Activities and Influences
	3.3.1. Forest Change in the 10-County Region
	Table 8. Land Cover Change in the 10-County Region.
	Table 9. Land Cover Change in Sullivan County.

	3.3.2. White Nose Syndrome


	4. Listed Species and Critical Habitat in the Action Area
	4.1. Mead’s Milkweed
	4.1.1. Mead’s Milkweed ESA Listing
	4.1.2. Mead’s Milkweed Habitat
	4.1.3. Mead’s Milkweed Current Range and Population Status
	4.1.4. Mead’s Milkweed Project Field Study

	4.2. Gray Bat
	4.2.1. Gray Bat ESA Listing
	4.2.2. Gray Bat Habitat
	4.2.3. Gray Bat Current Range and Population Status
	4.2.4. Gray Bat Project Field Study

	4.3. Indiana Bat
	4.3.1. Indiana Bat ESA Listing
	4.3.2. Indiana Bat Habitat
	4.3.3. Foraging Habitat
	4.3.4. Indiana Bat Current Range and Population Status
	4.3.5. Indiana Bat Project Field Study
	Table 10. East Locust Creek Bat Survey Maternity Roost Trees.


	4.4. Northern Long-Eared Bat
	4.4.1. Northern Long-Eared Bat ESA Listing
	4.4.2. Northern Long-Eared Bat Habitat
	4.4.3. Northern Long-Eared Bat Current Range and Population Status
	4.4.4. Northern Long-Eared Bat Project Field Study


	5. Effects of the Proposed Action
	5.1. Effects on the immediate environment
	Table 11. Project Forest and Grassland Impacts.

	5.2. Effects on listed species
	5.2.1. Gray Bat
	5.2.2. Northern Long-Eared Bat
	5.2.2.1. Direct Effects
	5.2.2.2. Indirect Effects
	Table 12. Project Forest Loss.

	5.2.3. Indiana Bat
	5.2.3.1. Direct Effects
	5.2.3.2. Indirect Effects
	Table 13. Project Forest Loss.
	Table 14. Project Effects within 2.5-Mile Colony Forest Buffer.


	5.3. Mead’s Milkweed

	6. Conclusion and Determination of Effect
	6.1. Mead’s Milkweed
	6.2. Gray Bat
	6.3. Indiana Bat
	6.4. Northern Long-Eared Bat

	7. Literature Cited
	Appendix A - Tree Planting Plan
	Appendix B - NCMRWC Resolutions
	Appendix C - Mead's Milkweed Study
	Appendix A to Appendix C - Photo Log

	Appendix D - East Locust Creek Bat Survey Report
	Appendix A to Appendix D - Accoustic Survey Report
	Appendix B to Appendix D - Acoustic Photolog
	Appendix C to Appendix D - Mist Net Bat Survey Datasheets
	Appendix D to Appendix D - Mist Net Photolog
	Appendix E to Appendix D - Tagged Bats Photolog
	Appendix F to Appendix D - Bat Roost Datasheets
	Appendix G to Appendix D - Indiana Bat Roost Datasheets
	Appendix H to Appendix D - Bat Emergence Survey Data Sheets
	Appendix I to Appendix D - Bat Habitat Assessments.pdf




