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1.0 Introduction 

This Biological Assessment (BA) has been prepared for submittal to the United States Fish 
and Wildlife Service (USFWS) by the Grand River Dam Authority (GRDA) as part of the 
informal consultation process pursuant to Section 7 of the Endangered Species Act (ESA). 
GRDA was granted designation as the Commission’s non-federal representative for informal 
ESA consultation on January 12, 2018. Dr. Darrell Townsend, Senior Vice President, serves 
as the point of contact for GRDA. 

The Pensacola Hydroelectric Project (Pensacola Project or Project), owned and operated by 
GRDA, is licensed by the Federal Energy Regulatory Commission (FERC or Commission) as 
Project No. 1494. The existing FERC license for the Pensacola Project was issued on April 24, 
1992, effective April 1, 1992, for a term of thirty years, and was originally set to expire on 
March 31, 2022. Prior to this deadline, FERC issued an order extending the license term 
through May 31, 2025 (GRDA 2022a). The GRDA is currently seeking a new license.  

As the action  agency, FERC must decide whether to issue a license to GRDA for the Pensacola 
Project and establish license conditions, if any, based on the technical and scientific record, 
together with FERC’s responsibilities under the Federal Power Act (FPA) and other statutory 
programs, including the ESA. As part of this license determination, FERC must ensure that 
the Pensacola Project will be best adapted to a comprehensive plan for improving or 
developing the waterway. Additionally, FERC must give equal consideration to the objectives 

of conserving energy, fish and wildlife resources, cultural resources, recreational resources, 
water quality, and other environmental resources (GRDA 2022a).  

GRDA submitted a Draft License Application (DLA) to FERC, federal and state resource 
agencies, Native American tribes, and other relicensing participants on December 30, 2022. 
When commenting on the DLA, Commission staff requested GRDA to include  a draft BA as 
part of the Final License Application (FLA) per FERC’s Integrated Licensing Process (ILP).1 
According to the FPA and the  licensing plan and schedule, GRDA must file its FLA with the 
Commission on or before May 31, 2023 (FERC 2019).  

The Pensacola Project is formed by the Grand (Neosho) River  in northeastern Oklahoma, and 
lies within Craig, Delaware, Mayes, and Ottawa counties (Figure 1, and Exhibits 1.0-2.0 in 
Appendix A). The Neosho River originates in Kansas and flows into Oklahoma, where it joins 
the Spring River to form the Grand (Neosho) River (GRDA 2022a). Completed in 1940 and 

operated and maintained by GRDA since Congress returned the Project to GRDA in 1946, 
following World War II, this hydroelectric (Pensacola) project forms Grand Lake O’ the 
Cherokees (Grand Lake). The Project dam (Pensacola Dam) is located between the towns of 
Disney and Langley at river mile (RM) 77. Flowing south from the Pensacola Dam, the Grand 
River continues past the GRDA’s Markham Ferry Project Dam and the United States Army 
Corps of Engineers’ (USACE) Fort Gibson Dam, where it terminates at its confluence with the 
Arkansas River near Muskogee, Oklahoma (GRDA 2018). Grand Lake has a surface area of 
45,056 acres and a storage volume of 1.44 million acre-feet at the maximum power pool of 
745 feet Pensacola Datum (PD). As part of an Arkansas River basin-wide system of navigation 
projects and flood control, Project operations at Pensacola Dam are bifurcated between GRDA 
and USACE. Flood control operations at the Project are controlled exclusively by the USACE, 
while GRDA operates the Project for hydropower operations, recreation, water supply, and 

 

1 Code of Federal Regulations 18 CFR § 5.18(b)(3)(ii). 
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other public benefits as provided under the FERC license. In general, GRDA’s operations under 
its FERC license are confined to areas below elevation 750 feet PD (i.e., up to the top of the 
conservation pool of 745 feet PD plus a 5-foot buffer zone around the conservation pool), 
while USACE’s flood control jurisdiction applies once reservoir levels at Grand Lake exceed (or 
are expected to exceed) elevation 745 feet PD. The FERC-established Project boundary is a 
metes and bounds survey that generally follows the 750-foot PD contour (GRDA 2008a). 

Under GRDA’s current license, the Project’s conservation pool is managed to seasonally target 
reservoir surface elevations which serve the purposes of hydropower generation, water 
supply, public recreation, and wildlife enhancement. This operational scheme is referred to as 

the Project’s rule curve and is required under Article 401 of the current FERC license (see 
Section 3.3).  

To increase GRDA’s ability to respond to changing electrical demands, market conditions, and 
public interest (e.g., environmental and recreational considerations), the National Defense 
Authorization Act of 2020 (NDAA 2020) prohibits FERC or other agencies from imposing 
requirements relating to water surface elevations at Grand Lake.2 During the new license 
term, therefore, the Article 401 rule curve (or a similar requirement purporting to regulate 
reservoir levels) will not apply. Instead, GRDA will operate the Project in a flexible manner, 
and has stated that its normal Project operations will generally result in Grand Lake levels 
fluctuating between elevations 742 and 745 feet PD (GRDA 2022a) during normal Project 
operations. 

Because Congress has precluded FERC or any other agency from regulating water surface 

elevations (except for USACE flood control operations), any future operations of the Project 
relative to surface elevations are not part of the “agency action” for purposes of consultation 
under ESA section 7 in this relicensing proceeding.3 ESA regulations define the term “action” 
as “all activities or programs of any kind authorized, funded, or carried out, in whole or in 
part, by federal agencies in the United States or upon the high seas.” 4 In this case, Congress 
in NDAA 2020 section 7612(b)(2) removed authority for the Commission (and all other federal 
and state agencies) to regulate water surface elevations within Grand Lake’s conservation 
pool at Grand Lake. Thus, the Commission lacks authority to “authorize[], fund[], or carr[y] 
out” any measure relating to water surface elevations at Grand Lake. 

Although GRDA’s operations at the Project relating to water surface elevations are not part of 
the agency action in this relicensing, they are evaluated as “effects of the action,” as such  
operations are “consequences of other activities that are caused by the proposed action” and 
“would not occur but for the proposed action...”5  Alternatively, GRDA’s operations relating to 

water surface elevations during the new license term may be considered “cumulative effects,” 
as they are “effects of future State or private activities, not involving federal activities, that 
are reasonably certain to occur within the action area of the federal action subject to 
consultation.” 3  

The purpose of this BA is to evaluate the effects of the proposed action (see Sections 1.3 and 
3.4) on 13 federally protected species listed in Delaware, Ottawa, Mayes, and Craig Counties, 

Oklahoma (see Section 2.0). 

 

2 Public Law No. 116-92, § 7612. 
3 United States Code 16 U.S.C. § 1536(a)(2). 
4 Code of Federal Regulations 50 C.F.R. § 402.02. 
5 Code of Federal Regulations 50 C.F.R. § 402.02, 402.17. 
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Figure 1. Project area and action area for the Pensacola Project. 
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1.1 Federal Nexus 

FERC’s issuance of a new license for the Pensacola Hydroelectric Project is subject to 

requirements under the FPA and other applicable statutes, including Section 7 of the ESA. 
Section 7 of the ESA requires federal agencies to ensure that their discretionary actions are 
not likely to jeopardize the continued existence of species listed as federally threatened or 
endangered or destroy or adversely modify designated critical habitat of these species.6 

In this relicensing proceeding, GRDA’s anticipated Project operations relative to reservoir 
levels at Grand Lake during the new license term are not considered part of the “agency 

action” for purposes of consultation under ESA section 7. ESA regulations define the term 
“action” as “all activities or programs of any kind authorized, funded, or carried out, in whole 
or in part, by federal agencies in the United States or upon the high seas.”7 In this case,  
Congress in the NDAA 2020, section 7612(b)(2) removed authority for FERC or any other 
agency (including USFWS, through any Biological Opinion) from including any license 
condition or requirement relating to: 

▪ Surface elevations of the conservation pool at Grand Lake; or 

▪ The flood pool, except to the extent it references flood control requirements prescribed 
by the USACE.8 

 
For this reason, surface elevations of Grand Lake during the new license term are not part 
of the federal “agency action.” Nonetheless, while GRDA’s Project operations relating to 
water surface elevations at Grand Lake are not part of the agency action for ESA section 
7 purposes, information on ESA-listed species and their designated critical habitat in the 
Project area address “consequences of other activities that are caused by the proposed 
action” (i.e., FERC’s issuance of a new license to GRDA), or cumulative effects “not 
involving federal activities, that are reasonably certain to occur within the action area of 
the federal action.”9 Thus, this draft BA analyzes the effects of GRDA’s anticipated Project 
operations during the license term as potential consequences of other activities caused by 
the proposed action, even though such operations have already been authorized by 
Congress and cannot be regulated by FERC, USFWS, or any other resource agency. 

1.2 Purpose 

The GRDA was established by Oklahoma Legislature in April 1935 as a conservation and 

reclamation district for the waters of the Grand River.  As an agency of the state of Oklahoma, 
GRDA fulfills its mandate by utilizing a diverse portfolio of assets to generate, transmit and 
sell electricity to Oklahoma municipalities, electric cooperatives, and industrial customers, as 
well as off-system customers across a four-state region. As part of these  responsibilities, 
GRDA operates the Pensacola Project, in addition to the downstream Markham Ferry Project 
(FERC No. 2183), and Salina Pumped Storage Project (FERC No. 2524). GRDA is also charged 
with the management of the three reservoirs formed by the three project dams, including 
Pensacola Project’s Grand Lake O’ the Cherokees (Grand Lake), Markham Ferry Project’s Lake 
Hudson, and Salina Pumped Storage Project’s W.R. Holway Reservoir (GRDA 2022a). In 
GRDA’s DLA (submitted to FERC December 30, 2022), it described the purpose of relicensing 

 
6 Endangered Species Act § 7(a)(2). 
7 Code of Federal Regulations 50 C.F.R. § 402.02. 
8 Public Law No. 116-92, § 7612(b)(2), 133 Stat. 1198, 2312 (2019). 
9 Code of Federal Regulations 50 C.F.R. § 402.02, 402.17. 
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the Pensacola Project, under continued GRDA operation, and implementing the proposed 
action under this new license  as follows: 

“FERC’s issuance of a new license for the continued operation of the Pensacola 

Project will allow GRDA to continue producing electric power from a renewable 

resource for the term of the new license, while addressing the affected 

environmental, land use, public recreation, and cultural resources in accordance 

with the Commission’s public interest and equal consideration mandates under 

the FPA. Power generated at the Project is sold to three customer classes: 

municipalities, electric cooperatives, and industries. GRDA produces electricity 

that reaches into 75 of the 77 counties in Oklahoma (GRDA 2017a). The 

anticipated operation allows for a more flexible operating regime between the 
elevations of 742 to 745 feet PD, without the current restrictions of a confined 

and set rule curve. If relicensed as proposed, additional power from the Project 

would be generated and would sizably increase the ability of GRDA to meet its 

customer demand. It would also sizably reduce the need to acquire replacement 

energy and capacity from fossil-fueled electric generation elsewhere, thereby 

increasing that environmental benefit under anticipated operations during the 

new license term.” 

1.3 Proposed Action 

In general, GRDA is not proposing any changes to the existing Project facilities as part of this 
proposed action. The proposed action, for purposes of ESA consultation, is FERC’s issuance of 
a new license to GRDA. As explained above, the elimination of the existing Article 401 rule 
curve is not part of the proposed action, as Congress has removed any discretion for FERC, 
USFWS, or any other agency to regulate reservoir levels at Grand Lake as part of the FERC 

license. However, effects resulting from GRDA’s anticipated Project operations are analyzed 
herein, both as indirect or cumulative effects of the proposed action under NEPA,10 and as 
cumulative effects or consequences of other activities related to the proposed action under 
the ESA. The proposed action is discussed further in Section 3.4. 

1.4 Consultation History 

On January 12, 2018, GRDA was granted designation as the Commission’s non-federal 
representative for purposes of informal ESA consultation in the Project’s relicensing effort. 
Following coordination with USFWS over the past 5 years since this designation, GRDA has 
determined that 10 federally-listed species, two species proposed for listing, and one 
candidate species may occur within the Project area. In response, biological studies were 
proposed and implemented with the purpose of investigating potential impacts of the 
proposed action on the identified species (see Section 1.5). Upon submittal of the DLA to 
FERC, Commission staff determined that the inclusion of a draft BA in the FLA would be 
required. Discussions, meetings, and written correspondence with regulatory agencies 
relevant to the study of these species during the relicensing process are summarized below. 

 

10 Code of Federal Regulations 40 C.F.R. § 1508.1(g)(2), (3). 
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To comply with federal statutes (including the ESA), GRDA is required to informally consult 
with appropriate resource agencies as per FERC’s ILP regulations. GRDA filed a Notice of 
Intent (NOI) and Pre-Application Document (PAD) for the Project on February 1, 2017. The 
PAD included existing, relevant, and available information related to the Project, and served 
to provide relicensing participants with the information necessary to identify issues and 
pertinent information requirements for the development of study requests and plans. FERC 
published Scoping Document 1 (SD1) for the Project on January 1, 2018. Subsequently, GRDA 
held four public scoping meetings:  

▪ February 7, 2018 at the GRDA Ecosystems and Education Center in Langley, Oklahoma; 

▪ February 7, 2018 at Grove City Hall, in Grove Oklahoma;  

▪ February 8, 2018 at Northeastern Oklahoma A&M College Fine Arts Center Performance 
Hall in Miami, Oklahoma; and  

▪ February 9, 2018 at the GRDA Engineering and Technology Center in Tulsa, Oklahoma.  

At the scoping meetings potential issues were identified, and documented, by agencies, 

stakeholders, and other interested members of the public. Based on this, USFWS provided 
written comments in response to these meetings. Following the scoping meetings and 
applicable comment period, the Commission issued Scoping Document 2 (SD2) on April 27, 
2018 (GRDA 2018). 

GRDA filed a Proposed Study Plan (PSP) with FERC on April 27, 2018, which addressed 
previous comments and requests filed by public entities during public scoping. Subsequently, 

GRDA held PSP meetings on May 30 and 31, 2018 at the GRDA Ecosystems Education Center, 
with the intent to inform attendees and answer questions related to the proposed studies. 
After addressing comments received on the PSP, GRDA filed a Revised Study Plan (RSP) with 
FERC on September 24, 2018. In response, FERC issued a Study Plan Determination (SPD), 
on November 8, 2018, approving the 10 studies that were required to be performed. Approved 
studies included: 

▪ Hydrologic and Hydraulic Modeling 

▪ Bathymetric Study 

▪ Sedimentation 

▪ Aquatic Species of Concern 

▪ Terrestrial Species of Concern 

▪ Wetlands and Riparian Habitat 

▪ Recreation Facilities Inventory and Use 

▪ Cultural Resources 

▪ Socioeconomics 

▪ Infrastructure Study 

An Initial Study Report (ISR) outlining the objectives and progress of each study was filed by 
GRDA on September 30, 2021. GRDA requested study changes in the ISR, including 
modifications to the Aquatic Species of Concern, Cultural Resources, Infrastructure, and 
Terrestrial Species of Concern Studies. In accordance with ILP requirements, GRDA conducted 
ISR discussion meetings, with FERC, on October 12, 13, and 14, 2021. GRDA prepared an 
ISR meeting summary, which was filed with FERC and distributed to relicensing participants 
on October 29, 2021. Among other relicensing participants, USFWS filed written comments 

to FERC in response to the ISR. Following ISR comments received from USFWS and other 
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participants, FERC released a study plan modification determination letter on February 24, 
2022, approving the Aquatic Species of Concern, Infrastructure, and Hydraulic Modeling 
studies with modifications. 

Subsequent to the completion of all studies, GRDA filed the Updated Study Report (USR) on 
September 30, 2022, which included all Commission-approved study plans. Following USR 
filing, a public USR meeting was held on October 12 and 13, 2022. Among several other 
entities, USFWS provided written comments in response to the USR. 

Following the conclusion of all approved studies and the appropriate comment periods, GRDA 

filed the DLA with FERC on December 30, 2022. The Commission provided DLA comments to 
GRDA at the conclusion of the 90-day comment period, on April 3, 2023. The comments 
outlined pertinent revisions, including a FERC request for inclusion of a draft BA with the 
submission of the FLA. In addition to the documents described above, GRDA also published 
reports from all approved studies. Documents provided to USFWS related to the proposed 
action are summarized in Table 1, below. 

Table 1. Documents provided to USFWS related to the proposed action. Study reports are 

only included if relevant to ESA consultation (i.e., biological studies). 

Document Publication Date 

Notice of Intent and Pre-Application Document February 1, 2017 

Scoping Document 1 January 1, 2018 

Scoping Document 2 April 27, 2018 

Proposed Study Plan April 27, 2018 

Revised Study Plan September 24, 2018 

Study Plan Determination November 8, 2018 

Initial Study Report meeting summary October 29, 2021 

Study plan modification determination letter February 24, 2022 

Updated Study Report September 30, 2022 

Draft License Application December 30, 2022 

Aquatic Species of Concern September 30, 2022 

Terrestrial Species of Concern September 30, 2022 

Wetlands and Riparian Habitat September 30, 2022 

Study modification determination letter March 14, 2023 

Source: (GRDA 2022a) 

1.5 Biological Studies 

Following coordination with USFWS, GRDA determined that 10 federally-listed species may 

occur within the Project area. These species include the gray bat (Myotis grisescens), Indiana 
bat (Myotis sodalis), northern long-eared bat (Myotis septentrionalis), Ozark big-eared bat 
(Corynorhinus townsendii ingens),  piping plover (Charadrius melodus), rufa red knot (Calidris 
canutus rufa), Neosho madtom (Noturus placidus), Ozark cavefish (Amblyopsis rosae), 
Neosho mucket (Lampsilis rafinesqueana), and American burying beetle (Nicrophorus 
americanus). In addition, two proposed-listed species, alligator snapping turtle (Macrochelys 
temminkii; proposed threatened) and tricolored bat (Perimyotis subflavus; proposed 

endangered), and a candidate species, monarch butterfly (Danaus plexippus), also may occur 
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within the Project area (USFWS 2022a). To comply with previously established FERC orders11 
and to support adherence to the Commission’s ILP, GRDA conducted biological studies 
between 2015 and 2022. The purpose of these studies was to assess the presence of, and 
potential impacts of the proposed action to, these species. A brief overview of these studies 
is included below. More detailed descriptions of these studies are included within the 
respective species-specific discussions in Sections 4.1-4.5.  
 

Acoustic Bat 
Surveys (2015 
and 2016)12 

 

Acoustic surveys were conducted during the summers of 2015 and 
2016 along the Grand Lake shoreline to inventory bat species presence 
and determine the relative abundance of these species (with an 
emphasis on gray bat) within the Project area (GRDA 2017a). This 
study report can be found in Appendix B. 
 

Bat Emergence 
Surveys (2021) 
 

In 2021 and 2022, emergence surveys were conducted at two caves in 
the action area that bats are known to use. The caves are identified as 
Cave DL-2 and Cave DL-91. In 2021, emergence surveys were 
conducted at Cave DL-2 on June 22 and Cave-DL-91 on June 24 and 
July 16. In 2022, emergence surveys were conducted at Cave DL-2 on 
June 22 and Cave DL-91 emergence surveys were conducted on May 
10 (high water event), June 22, and August 4. Cave locations can be 
seen on Exhibit 3.0 in Appendix A. This study report can be found in 
Appendix B. 
 

Terrestrial 
Species of 
Concern Study 
(2022) 

A Terrestrial Species of Concern Study was conducted in 2021 and 
2022. As per the FERC’s SPD, this study focused efforts on investigating 
the potential presence of American burying beetle (ABB) and gray bat. 
This study report can be found in Appendix B. 
 
Occurring between 2021 and 2022, ABB presence/absence surveys 
were conducted within USFWS-approved survey areas. Survey areas 
were chosen to represent typical terrain present within Delaware and 
Ottawa Counties and surveys were conducted in accordance with 
USFWS ABB Range-wide Presence/Absence Survey Guidance (USFWS 
2018a). 
 
As part of this study, efforts were focused on gray bats and two caves 
(Cave DL-2 and Cave DL-91) they are known to utilize in the action 
area. These surveys were used to document habitation, assist in 
estimating colony size at the respective caves, and monitor movements 
of the colony during potential high water and flood events on Grand 
Lake (GRDA 2022b). 
 

Wetlands and 
Riparian Study 
(2022) 
 

A Wetlands and Riparian Study was performed in 2022 to evaluate how 
the anticipated operations associated with the new license could affect 
wetland habitat, riparian habitat, and Wildlife Management Areas 
(WMA) compared to the baseline operations. Using historical data to 
represent normal events (including one-year flood events), modeling 
output produced a comparison of the median reservoir elevation under 

 
11

 License requirements pursuant to article 405 of the Pensacola Project (Endangered Gray Bat Compliance Plan 

[GRDA 2008b] and Order Modifying and Approving the Shoreline Management Plan [FERC 2013]). 
12 This study was not completed as part of the Integrated Licensing Process. 
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baseline operations versus the anticipated operations for the growing 
season (March 30 to November 2).  This study report can be found in 
Appendix B. 

 
Aquatic Species of 
Concern Study 
(2022) 

An Aquatic Species of Concern Study was conducted in 2022. The study 
provided a baseline inventory for aquatic organisms, as well as focused 
efforts on investigating Neosho Madtom and Neosho Mucket occurrence 
within three Grand Lake tributaries: Elk River, Spring River, and 
Neosho River. Neosho Madtoms were collected at five of the sites 
surveyed on the Neosho River. Qualitative mussel surveys were 
conducted across the three tributaries and no listed mussels were 
identified (GRDA 2022c). This study report can be found in Appendix 
B. 

2.0 Federally Listed Species and Designated Critical 

Habitat 

2.1 Federally Listed Species 

The Commission issued a memorandum including a list of federally threatened, endangered, 
proposed, and candidate species sourced from the USFWS Information for Planning and 
Consultation (IPaC) website on January 11, 2018. GRDA completed an updated review of the 
IPaC website on October 14, 2022, and again on May 3, 2023, to account for any changes 
since the 2018 list was generated. The most recent official species list can be found in 
Appendix B. Two species identified during the initial 2018 IPaC review, rabbitsfoot 
(Theliderma cylindrica) and winged mapleleaf (Quadrula fragosa), were not included on 
updated official species lists. Effects of the proposed action to these species were not 

considered as part of this BA. Federally threatened, endangered, proposed, and candidate 
species identified as having the potential occur within the Project area are shown in Table 2, 
below, and described in detail in the following sections. 

Table 2. Threatened, Endangered, Candidate, and Proposed Species Identified in IPaC Official 

Species Lists 
Common Name Scientific Name Group Status 

Gray bat Myotis grisescens  Mammal Endangered 

Indiana bat Myotis sodalis Mammal Endangered 

Northern long-eared bat Myotis septentrionalis  Mammal Endangered 

Ozark big-eared bat Corynorhinus townsendii igens Mammal Endangered 

Tricolored bat Perimyotis subflavus Mammal Proposed Endangered 

Piping Plover Charadrius melodus Bird Threatened 

Rufa red knot Calidris canutus rufa Bird Threatened 

Alligator snapping turtle Macrochelys temminkii Reptile Proposed Threatened 

Neosho madtom Noturus placidus Fish Threatened 

Ozark cavefish Amblyopsis rosae Fish Threatened 
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Neosho mucket Lampsilis rafinesqueana Mussel Endangered 

Rabbitsfoot* Theliderma cylindrica Mussel Threatened 

Winged mapleleaf* Quadrula fragosa Mussel Endangered 

American burying beetle Nicrophorus americanus Insect Threatened 

Monarch butterfly Danaus plexippus Insect Candidate 

Source: (FERC 2018; USFWS 2022a and 2023a). 

* These species were identified in FERC’s 2018 official species list, but not in the updated official species lists. 

2.2 Gray Bat (Myotis grisescens) – Endangered 

Description 

The gray bat (Myotis grisescens) is a medium-sized insectivorous bat with an overall body 
length of 3.5 inches and weight between 7 and 16 grams. The wingspan ranges from 10 to 
11 inches, and the forearm length is typically more than 1.6 inches (USFWS 2023b). The 
plagiopatagium attaches to the ankle opposed to the foot (Sasse et al. 2019). The fur of this 

species is generally gray but has been described as reddish-brown during early summer 
(USFWS 2023b).  

Life History 

Gray bats occupy caves year-round. Winter hibernation sites are often deep, vertical caves 
that trap large volumes of cold air, which are naturally very rare. Males and females generally 

hibernate together and are considered regional migrants (i.e., migrations of less than 500 
miles) between summer and winter caves. While gray bats prefer caves, summer colonies 
have been documented using dams, mines, quarries, concrete box culverts and the 
undersides of bridges. Summer caves must be warm or have restricted rooms that can trap 
the body heat of clustered bats (USFWS 2023b). During the summer, reproductive females 
form maternity colonies while males and nonreproductive females form bachelor colonies 
(Altenbach et al. 2011). Gray bats depend on forest canopy for travel between caves and 
foraging habitat (Brady et al. 1982). They forage near caves in woodlands adjacent to water 
bodies and along riparian corridors (USFWS 2023b). Non-reproductive individuals are known 
to have home ranges greater than 37 square miles (Thomas and Best 2000), whereas 
reproductive females typically roost within 1.6 miles of foraging habitat (Tuttle 1976).  

Females commute to and forage over water proportionally more than previously expected 
based on resource availability (Moore et al. 2017). Swarming occurs in the fall when gray bats 
reach the winter hibernacula. Females store the sperm over winter and become pregnant in 

the spring when ovulation occurs. Gray bats have a gestational period of 60 to 70 days. Single 
pups are born from May to early June and are typically volant within 21 to 33 days after birth 
(USFW 2023b).  

Status and Distribution 

The gray bat was listed as a federally endangered species in 1976. The gray bay bat occurs 
in limestone karst areas of the southeastern and midwestern United States. Hibernating 
populations are concentrated in caves across northern Alabama, Arkansas, Kentucky, 
Missouri, and Tennessee. The summer range extends eastward from eastern Oklahoma and 
the very southeastern portion of Kansas across southern Illinois and Indiana to southwestern 
Virginia, western North Carolina, and northwest Georgia. Historically, small populations 
roosted in northwestern Florida but are no longer present in the area. Additionally, there have 
been rare cases of foraging gray bats observed in the very northeastern county of Mississippi 
(USFWS 2023b). Within Oklahoma, the gray bat was first reported in Adair, Delaware, and 
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LeFlore counties (Glass and Ward 1959). Nine known maternity caves are located within 
Oklahoma (ODWC 2023a). 

Threats 

This species is sensitive to human disturbance via cave entry and exploration. Disturbances 
include associated noise, artificial lighting, and physical touch during entry and investigation. 
The 1982 Gray Bat Recovery Plan developed a strategy to permanently protect important 
summer and winter caves from human disturbance through landowner agreements, 
conservation easements, and habitat management plans with memorandums of agreements 
that protect sites in perpetuity. Currently, 14 of the 15 major hibernacula and 32 of 46 

summer roost sites deemed biologically significant are considered permanently protected 
(USFWS, 2023b). An additional impact to the species is the introduction of white-nose 
syndrome, which is caused by a fungus (Pseudogymnoascus destructans). This fungus has 
devastated cave bat populations since entering North America in 2006 (Frick et al. 2010).  

2.3 Indiana Bat (Myotis sodalis) – Endangered 

Description 

The Indiana bat typically weighs 7 to 8 grams with a wingspan of 9 to 11 inches (Altenbach 
et al. 2011). The total body length ranges from 2.9 to 3.8 inches (Whitaker and Mumford 
2009). The fur of this species is chestnut brown to dark gray, and the underside is typically 
lighter than the back (USFWS 2023b). The hind feet have short toe hairs that do not extend 

beyond the claws, and they have keeled calcars on the inner side of the ankles, where the 
uropatagium connects to the foot (Barbour and Davis 1969).  

Life History 

Indiana bats are considered a year-round colonial species. Males and females enter a 
hibernaculum in late summer or early fall to mate and then enter hibernation. This species 
has been documented to hibernate in caves where temperatures average from 3 to 6 degrees 

Celsius (38 to 43 degrees Fahrenheit), and the relative percent humidity ranges from 66 to 
95 percent (Altenbach et al. 2011). This species may migrate up to 360 miles from hibernacula 
to suitable summer habitat (Kurta and Murray 2002; Winhold and Kurta 2006); however, 
many individuals migrate less than 40 miles to summer habitat (USFWS 2007). Reproductive 
female bats exhibit summer roost fidelity forming maternity colonies, but males and 
nonreproductive females do not generally roost in colonies during the summer (USFWS 
2023c). Large trees with flaking and peeling bark, often dead, which have direct sun exposure 

are often preferred for summer roosts. Indiana bat maternity colonies utilize multiple primary 
and secondary roost trees during the summer (Callahan et al. 1997). One study observed an 
Indiana bat maternity colony utilizing 18 roost trees during a single summer (Barclay and 
Kurta 2004). In largely forested landscapes, probability of presence increases with stream 
order, canopy cover, and basal area of snags; however, activity has been found to be inversely 
related to the amount of wetlands and open water (Silvas et al. 2016). This species typically 
forages in semi-open to closed forested habitats with open understory, and along forest 

edges, especially those including foliage of riparian and floodplain trees (Humphrey et al. 
1977; USFWS 2023). Indiana bats do not typically fly over open areas, preferring to commute 
and forage along wooded corridors (Murray and Kurta 2004; Sparks et al. 2005).  

Swarming occurs in the fall prior to the bats entering hibernation, generally during late August 
through early October. Females store sperm overwinter and become pregnant when ovulation 
occurs during the early spring (Guthrie 1993).  Females give birth to a single pup between 
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late June and early July (Easterla and Watkins 1969; Humphrey et al. 1977). Young are 
weaned and become volant 25 to 37 days after birth (USFWS 1999). 

Status and Distribution 

The Indiana bat was originally listed as in danger of extinction under the Endangered Species 
Preservation Act of 1966 and is currently listed as endangered under the ESA (USFWS 2023c). 
The overall geographic range and distribution of winter habitat/hibernacula has changed 
relatively little since the Indiana bat was first listed. Most hibernacula are located in karst 
areas of the east-central United States; however, Indiana bats also hibernate in other cave-
like locations, especially abandoned mines. Currently, the largest known hibernaculum is an 

abandoned mine in Missouri which hosts the highest density of maternity colonies in the 
midwest. The Indiana bat has records of extant winter populations in 19 different states, 
including Oklahoma, but only a small percentage of caves and mines provide the conditions 
required for successful hibernation. Winter surveys, completed in 2019, identified this species 
in 223 hibernacula across 16 states (USFWS 2023c), one of which is in LeFlore County, 
Oklahoma (ODWC 2023c). Seventy-two percent of the population hibernates in just four sites 
in Missouri, Indiana, and Illinois (USFWS 2023c). 

Threats 

Threats to the species include human disturbance of hibernating bats, commercialization of 
caves where the bats hibernate, loss of summer habitat, pesticides and other contaminants, 
and the spread of white-nose syndrome. The range-wide population has decreased by 19 
percent since white-nose syndrome entered the United States (USFWS 2023c). 

2.4 Northern Long-eared Bat (Myotis septentrionalis) – Endangered 

Description 

The northern long-eared bat typically weighs 6 to 9 grams with a wingspan length ranging 
from 9 to 10 inches and a forearm length between 1.3 and 1.5 inches (Altenbach et al. 2011; 

USFWS 2023d). Total body length ranges from 3 to 3.7 inches, with females generally slightly 
larger than males. The fur of this species is medium to dark brown on the back, and the 
underside is typically tawney to pale brown (USFWS 2023d). This species has ears that extend 
beyond the nose when folded forward and a long, narrow, and pointed tragus (Morgan 2019).  

Life History 

Northern long-eared bats hibernate in caves and mines during the winter. This species tends 
to roost singly within tight crevices or in small groups containing less than 100 individuals 
(Altenbach et al. 2011). During the summer and portions of the fall and spring, northern long-
eared bats may be found roosting underneath bark, in cavities, or in crevices of both live 
trees and snags. Maternity colonies are typically comprised of 30 to 60 individuals (USFWS 
2023d). Studies have suggested that this species selects roost trees with specific stand level 
characteristics, as well as specific tree characteristics (Loeb and O’Keefe 2006; Badin 2014). 
In comparison to Indiana bats, northern long-eared bats move greater distances between 

summer roosts and are found more often in areas with higher canopy cover (Foster and Kurta 
1999; Timpone et al. 2010). This species typically roosts more frequently in unharvested 
forests with denser levels of vegetation in the canopy (Badlin, 2014).  Roost locations within 
trees for northern long-eared bat have been documented as ranging from 3.5 m to 31.5 m 
(11.5 ft to 103.3 ft) with cavity roosts being preferred over loose bark in hardwood forests 
(Silvas et al. 2016). 
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While northern long-eared bats typically utilize trees for summer roost sites, Clark and Clark 
(1997) documented northern long-eared bats in 21 caves during the summer in Adair, 
Cherokee, Sequoyah, Delaware, and LeFlore Counties. Northern long-eared bats have been 
documented within 6 caves located within 12 miles of Grand Lake, one is utilized as a 
maternity colony (Martin 2018). The other five caves serve as hibernacula or summer roosts 
(Stevenson 1986). Northern long-eared bats use forested areas for foraging, roosting, and 
commuting between summer and winter habitat (USFWS 2023d). Brack and Whitaker (2001) 
found that this species foraged in the understory of non-riparian habitat. However, females 
may be constrained to forage along forest-covered creeks in some fragmentated landscapes 
(Henderson and Broders 2008). 

 
Swarming occurs prior to the bats entering hibernation, generally during late August through 
early October. Females store sperm overwinter and become pregnant when ovulation occurs 
during the early spring via delayed fertilization (USFWS 2023cd). Females give birth to a 
single pup between late June and early July (Altenbach et al. 2011). Young become volant 18 
to 21 days after birth (USFWS 2023d).    

Status and Distribution 

The northern long-eared bat was listed as a federally threatened species in 2015.  Subsequent 
review of the species status from 2021 to 2022 resulted in an elevation of the northern long-
eared bat to federally endangered status, with final ruling occurring on November 30, 2022. 
The northern long-eared bat is a wide-ranging species found in 37 states of the eastern and 
central United States and eight Canadian provinces in North America (USFWS 2023d). Within 
Oklahoma, nine northern long-eared bat hibernacula are known, but individuals have been 

documented in other cave locations in addition to the nine hibernacula. This species has been 
recorded in limestone caves with gray bats and Ozark big-eared bats (ODWC 2023c). 

Threats 

The main threat to the species is white-nose syndrome, with other threats including wind 
turbines, summer habitat loss, winter habitat loss and disturbance, and climate change. 

White-nose syndrome has spread across nearly 80 percent of the species’ entire range and is 
expected to affect the full range of the species by the end of the decade (USFWS 2023d). 

2.5 Ozark Big-eared Bat (Corynorhinus townsendii igens) - 

Endangered 

Description 

The Ozark big-eared bat is the largest subspecies of the Townsend’s big-eared bat 
(Corynorhinus townsendii) with a total body length ranging from 3.5 to 4.5 inches. It is a 
medium-sized bat with a weight between 8 and 14 grams and a wingspan ranging from 11.5 
to 12.5 inches (Altenbach et al. 2011; ODWC 2023d). The fur of this species is dark reddish-
brown and distinguished by the absence of long toe hairs (USFWS 2023e). There are two 
prominent nose glands, on the snout (Morgan et al. 2019). The ears of this species are 
generally four times the length of other insectivorous bat species (ODWC 2023d).  

Life History 

The Ozark big-eared bat roosts in caves year-round and exhibits strong roost fidelity. This 
species occurs in limestone and sandstone caves surrounded by oak-hickory hardwood forests 
(USFWS 2023e). Individuals will hibernate near cave entrances as well as deep within caves 

to achieve an optimum climate ranging from 4 to 11 degrees Celsius (40° to 52° Fahrenheit) 
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and relative humidity from 83 to 95 percent. Solitary males often roost by themselves in 
smaller crevices and cliff overhangs. The Ozark big-eared bat forages along forested edges, 
open areas (i.e., pastures and native grasslands) and forested habitats typically within one to 
five miles of occupied caves (ODWC 2023d). This bats relatively high level of flight 
maneuverability does not restrict use of habitat types, including clustered forests, as it does 
in other less maneuverable species. They have also been known to preferentially select 
forested habitats and show no preference for particular microhabitats within these habitats. 
Instead, microhabitats are used in proportion to their availability during foraging (USFWS 
2023e). Dood et al. (2007) found that the density of moths, the bat’s primary diet, were 
higher in habitats with a higher density and species richness of woody plant species. 

Therefore, forested riparian corridors would be important for foraging Ozark big-eared bats.  
 
Females store sperm overwinter and become pregnant when ovulation occurs during the early 
spring via delayed fertilization. Gestation lasts approximately three months (USFWS 2023e). 
One pup is born, typically during June, weighing as much as 25% of the female’s body weight.  
The young are volant within two and a half to three weeks but are not weened until around 
six weeks after birth (Altenbach et al. 2011). 

Status and Distribution 

The Ozark big-eared bat is regionally endemic. The Ozark big-eared bat is located in north-
central/western Arkansas and northeast Oklahoma. This species has historically occurred in 
southwest Missouri as well as in at least five Oklahoma counties. However, current Oklahoma 
populations are known to occur in Adair, Cherokee and Sequoyah counties. They were 
historically known from two limited-use caves in Delaware County. Currently, 10 sites in 

Oklahoma are known to be essential to the species. The total population within Oklahoma is 
estimated to be less than 2,000 individuals (ODWC 2023d).  
Threats 

Human disturbance is considered the greatest threat to these cave-dwelling bats, and human 
entry during maternity season and hibernation can cause bats to abandon their roosts (USFWS 

2023e). Since 1993, the Wildlife Diversity Program has partnered with Rogers State University 
to install protective steel gates at entrances to six essential Ozark big-eared bat caves in 
Oklahoma (ODWC 2023d).  

2.6 Tricolored Bat (Perimyotis subflavus) – Proposed Endangered 

Description 

The tricolored bat is a small-sized insectivorous bat with a weight of 6 to 8 grams and a 
wingspan of approximately 8 to 10 inches (Altenbach et al. 2011). The forearm length is 
typically between 1.2 and 1.3 inches. The tricolored bat is distinguished by its tricolored hair, 
ranging from dark at the base, light brown in the middle, to dark again at the tip of the hair. 
The overall appearance of this species varies from pale yellow to chocolate brown with 
juveniles being darker than adults. While hibernating, the tricolored bat is often identified by 

its reddish-orange forearm (TPWD 2023). 

Life History 

During the winter, tricolored bats are found in caves and mines, although in the southern 
United States they are often found roosting in road-associated culverts, in areas where caves 
are sparse. Sometimes they can be found in tree cavities and abandoned water wells (USFWS 
2023f). The tricolored bat is a solitary species with the exception of small summer maternity 
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colonies, typically comprised of less than 35 individuals (TPWD 2023). This species tends to 
hang singly in warmer parts of caves and exhibit high site fidelity, returning to the precise 
hibernating location within a cave for consecutive years (Altenbach et al. 2011). During  non-
winter months, tricolored bats are found in forested habitats, where they roost in leaf clusters 
of live or recently dead deciduous hardwood trees. In the southern and northern portions of 
the range, they will also roost in Spanish moss (Tillandsia usneoides). In addition, they have 
been observed roosting among pine needles, eastern red cedar (Juniperus virginiana), within 
artificial roosts like barns, beneath porch roofs, bridges, and concrete bunkers. This species 
is rarely observed in caves during the summer. Tricolored bats emerge early in the evening 
and forage at treetop level or above but may forage closer to the ground later in the evening 

(USFWS 2023f). They are known to forage most commonly over waterways, forest edges, 
and near solitary mature trees (Jantzen and Fenton 2013; McGowan 2015). 

Swarming occurs in the fall when bats reach the winter hibernacula. Females store the sperm 
over winter and become pregnant in the spring during ovulation. Tricolored bats typically give 
birth to two pups from May to early June, and young are typically volant within 21 to 28 days 
after birth (Altenbach et al. 2011; USFWS 2023f). 

Status and Distribution 

The tricolored bat has been proposed for federal listing as of September 2022, with a final 
ruling on the species status expected in fiscal year 2023. The tricolored bat is wide ranging 
across the eastern and central United States and portions of southern Canada, Mexico, and 
Honduras (TPWD 2023). Within the United States, tricolored bats are known from 39 States, 
extending from the eastern states through Texas, New Mexico, Colorado, Wyoming, and South 

Dakota  (USFWS 2023f). Eleven hibernacula are known within Oklahoma (USFWS 2021b). 

Threats 

The greatest threat to this species is white-nose syndrome. It has led to 90 to 100 percent 
declines in tricolored bat winter colony abundance at hibernacula impacted by the disease 
(Cheng et al. 2021; Pere et al. 2022). The impact that forestry and development have on 
summer habitat for tricolored bats is not well understood (TWPD 2023). 

2.7 Piping Plover (Charadrius melodus) - Threatened 

Description 

One of the least common members of the plover family (Charadriidae), the piping plover is a 

small shorebird which breeds on undisturbed beaches (Haig 1983). This ground nesting 
species has a weight of 43 to 63 grams, a length of 7 inches, and a wingspan of about 15 
inches. This species has a sand-colored upper body, white undersides, and orange legs. The 
plumage of adult piping plovers includes a single black breast band, which is often incomplete, 
and a black bar across the forehead. During the late summer or early fall, the black bands 
fade to gray and their leg color fades from orange to pale yellow and the orange-and-black 
bill turns to mostly black (USFWS 2023g). 

Life History 

Piping plovers typically overwinter along the Gulf Coast, where they spend over 70% of the 
year. In these areas, they commonly move between habitats in response to flooding and 
exposure of barrier island tidal flats, foraging on marine worms, beetles, spiders, crustaceans, 
mollusks, and other small marine animals (Zonick 1996). From March through April, this 
migratory shorebird nests in the Great Lakes watershed, on the northern Great Plains of the 
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United States and Canada, and along the Atlantic Coast from Newfoundland to South Carolina 
(USFWS 1985). Breeding occurs along shorelines and lakes, in habitats that provide nest and 
chick protection, such as small patches of herbaceous vegetation, cobble and gravel,  or large 
woody debris (e.g., driftwood, root masses, dead shrubs). A minimum of approximately 650 
feet of shoreline, located along a sparsely vegetated sandy area, is considered necessary for 
suitable nesting habitat (USFWS 2023g). 

Status and Distribution 

The habitat requirements of shorebirds in wintering and migratory staging areas such as the 
Gulf Coast were largely ignored in the U.S. until piping plover was added to the federal list of 

threatened and endangered species in 1985 (Withers 2002). Along the barrier beach systems 
of the Atlantic Coast, the piping plover serves as an umbrella species, where nesting habitat 
is associated with barrier beaches. Federally threatened (Atlantic Coast and Great Plains 
population) and endangered (Great Lakes population) in portions of its nesting range, the 
piping plover and associated habitat is afforded extra protection in these areas, extending 
benefits to other species of flora and fauna (Hecker 2008). Piping plover in Oklahoma are part 
of the Northern Great Plains population and are typically observed in the spring and fall as 
migrants, staging at lakes Hefner and Overholser (Oklahoma City Audubon Society 2023; 
ODWC 2023). Many of the lakeshore beaches and mudflats of reservoirs throughout the state 
have harbored piping plover for brief periods. However, these instances usually involve the 
documentation of single birds using these areas as stopover sites (ODWC 2023e). Piping 
plovers have the potential to occur as migrants within suitable foraging habitat in portions of 
the action area (mudflats or sandbars). The southernmost extent of breeding areas is 
generally in Kansas. In Oklahoma, only one nesting record for this species exists and was 

observed in the northwestern portion of the state (Boyd 1991). EBird.org has no record of 
sightings of piping plover at its Grand Lake O’ the Cherokees Recreation Observation Site nor 
its Grand Lake O’ the Cherokees Off Road Observation Site. These two sites are the only 
observation sites in close proximity to the Project (GRDA 2022a). No designated critical 
habitat for the piping plover is present within the action area. 

Threats 

Piping plovers are particularly vulnerable to off-road vehicles, which destroy plover habitat, 
directly kill birds, and crush nests and eggs. The species is also threatened by development, 
human disturbance, and predation by wild and domestic animals. For wintering populations, 
loss of habitat to beach development, shoreline stabilization, and direct human disturbance 
represents the largest threat to this species (USACE 2009). 

2.8 Rufa Red Knot (Calidris canutus rufa) - Threatened 

Description 

The Western Hemisphere’s subspecies of red knot (Calidris canutus rufa) is a medium-sized 
migratory shorebird listed as threatened in 2015 (USACE 2018). Rufa red knot are similar in 
size to a robin with an average weight of 140 grams and a wingspan of 20 inches. Adults are 

mottled gray and black with an orange-gold or red colored breast, throat and sides. The color 
in a juvenile red knot can range from brownish gray and generally paler colors both dorsally 
and ventrally.  

Life History 

Rufa red knot migrations are one of the longest in the world, with populations commonly 
flying over 18,000 miles between breeding habitat in the Canadian Arctic and wintering 



Draft Biological Assessment   
GRDA Pensacola Hydroelectric Project 
FERC Project No. 1494 

 

 

 Facilities  |  Environmental  |  Geotechnical  |  Materials 17 

 

grounds in parts of the United States, the Caribbean, and South America (USACE 2018). The 
species commonly utilizes sandy, gravel, or cobble beaches, tidal flats on the bay sides of 
barrier islands, salt marshes, shallow coastal impoundments and lagoons, and peat banks, 
foraging on mussels, clams, snails, and other mollusks within intertidal areas (Ecoservices 
1993; USACE 2018). Migrating red knots will often utilize mudflats, lagoons and shorelines of 
freshwater marshes or large lakes, where they hunt for a variety of invertebrates (USFWS 
2023h). 

Status and Distribution 

Rufa red knots have been documented to winter in four specific coastal areas: 1) southeastern 

United States, including Florida, Georgia, and South Carolina; 2) Texas; 3) northern Brazil; 
and 4) Tierra del Fuego archipelago off southern South America (Lawrence et al. 2008). While 
Oklahoma is not known to contain any critical breeding or staging areas, this species is 
occasionally observed foraging during migratory stopovers, with fewer than five observations 
annually. Of these sightings, 85% generally occur during fall migration (ODWC 2023f). Rufa 
red knots have the potential to occur as migrants within portions of the action area presenting 
suitable foraging habitat (mudflats or sandbars). However, EBird.org has no record of 
sightings of rufa red knot at its Grand Lake O’ the Cherokees Recreation Observation Site nor 
its Grand Lake O’ the Cherokees Off Road Observation Site. These two sites are the only 
observation sites in close proximity to the Project (GRDA 2022a). No designated critical 
habitat for rufa red knot is present within the action area. 

Threats 

Populations of rufa red knot have declined significantly over the last 30 years (Baker et al. 
2004). This species was listed due to the loss of breeding and non-breeding habitat within its 
range. This is likely due to decreases in habitat suitability caused by the disruption of natural 
predator cycles on breeding grounds and reduced prey availability throughout its wintering 
range. Additionally, climate change may be a factor in population declines as the timing of 
the bird’s annual migratory cycle relative to favorable food and weather conditions become 
increasingly disrupted by the highly interrelated effects of sea level rise (USFWS 2014). Other 

threats to the rufa red knot include wetland degradation, oil pollution and human development 
(Lawrence et al. 2008). 

2.9 Alligator Snapping Turtle (Macrochelys temminkii) – Proposed 

Threatened 

Description 

The alligator snapping turtle is the largest freshwater turtle in North America with a maximum 
recorded carapace length of 31.5 inches and mass of 249 pounds. This species is distinguished 
from the sympatric common snapping turtle (Chelydra serpentina) by the presence of three 
strongly keeled ridges and two to five supramarginal scutes on the carapace. The head and 
jaws are noticeably enlarged with a strongly hooked upper jaw and lingual appendage on the 
lower jaw which resembles a worm and functions as a lure to attract prey.(Department of 
Defense 2021). The head also includes a series of fleshy tubercules and the eyes are ringed 
with small fleshy tubercules. At adulthood, males reach notably larger sizes than females, 
with female maximum mass recorded at approximately 75 pounds (Krysko et al. 2019; 
USFWS 2021c).  

Life History 

Alligator snapping turtles inhabit a wide range of freshwater habitats, including both lentic 
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and lotic habitats. Throughout their range, they are generally associated with deeper waters 
and are known to utilize small streams to large rivers, oxbows, swamps, bayous, lakes, and 
canals with water clarity ranging from clear to murky and turbid (Ernst and Lovich 2009). In 
parts of their range, this species also utilizes tidally influenced brackish water habitats. 
Alligator snapping turtles have been recorded transitioning from deeper waters into channels 
and adjacent flood plains during highwater events (Department of Defense 2021). Preferred 
microhabitat includes undercut or shaded stream banks (i.e., riparian tree cover), submerged 
logs, trees, and other instream structure. In bayous and swamps, vegetated areas including 
plants like cypress, buttonbush, and floating aquatic vegetation are typically preferred. 
Substrates within suitable habitat are comprised of soft mud, clay, sand, gravel, and rocks 

(Howey and Dinkelacker 2009). 

A long lived and slow to mature species, age of maturity for alligator snapping turtles is 
estimated at 13-21 years for females and 11-21 years for males (Tucker and Sloan 1997). 
Nesting is known to begin in May and extend to June (Ernst and Lovich 2009). Alligator 
snapping turtles tend to nest on tall, relatively steep banks (ODWC 2021). Areas typically 
avoided during nesting include open sandbars and low forested ground with matted roots 
(Ewert 1976). Nests are generally located between 8 and 656 feet from the nearest water in 
sand or sandy soil mixed with organic material and silt. Alligator snapping turtles are 
opportunistic foragers and predators with a wide-ranging diet, consisting predominately of 
fish, and in lesser amounts crayfish, mollusks, smaller turtles, insects, nutria, snakes, birds, 
and vegetation (Ernst and Lovich 2009). The alligator snapping turtle possesses a lingual 
appendage, which resembles a worm and functions as a lure to attract prey (Department of 
Defense 2021). Movements can be highly variable, as evidenced by a study of a Texas 

population which documented a female moving approximately 2.6 miles over 24 days 
(Munscher et al. 2021). 

Status and Distribution 

Considered an at-risk species, the alligator snapping turtle was petitioned for listing under the 
ESA in 2012. Following a review of best available scientific and commercial information, 
USFWS determined that the species warranted federal listing status. Consequently, USFWS 
proposed to list the alligator snapping turtle as a threatened species with a rule issued under 
section 4(d) of the ESA (USFWS 2021a). 
 
This species ranges from Alabama, Mississippi, western Tennessee and Kentucky, Arkansas 
and Louisiana, eastern Texas and Oklahoma, southern Missouri and Illinois, and historically 
ranging north along the Mississippi River to southeastern Iowa (Ernst and Lovich 2009). In 
Oklahoma, the main water bodies that currently support or historically supported this species 

include the Neosho River and the Verdigris River (USFWS 2021a). In 2008, the Neosho River 
was identified as a suitable release site for head-started alligator snapping turtles in Oklahoma 
(Riedle et al., 2008). Captive bred juveniles have been released in the Neosho River upstream 
of Grand Lake since 2008 (Dreslik et al. 2017; Hannabas 2020). As per best available reports, 
this head-starting effort has occurred annually since its inception, with the last release 
occurring as recently as 2021 (USFWS 2021e). Critical habitat has not been designated for 

the alligator snapping turtle (USFWS 2023a). 

Threats 

Because of the low recruitment, slow growth, and long generation times seen in large turtle 
species such as alligator snapping turtles, localized populations are vulnerable to exploitation 
(Ernst and Lovich 2009). Threats to the alligator snapping turtle include pollution of streams 
and wetlands, hydrologic changes caused by channelization, draining of wetlands, collection 
for foreign and domestic sale, removal of logs and trees within stream channels, loss of 
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riparian vegetation leading to streambank destabilization, nest predation by mammals and 
birds, human consumption, drowning in commercial fish nets, and drowning due to snagging 
on trot lines (Ernst and Lovich 2009; Guyer et al. 2015; Krysko et al. 2019; USFWS 2021a). 

2.10 Neosho Madtom (Noturus placidus) – Threatened 

Description 

Neosho madtom is a small-bodied (≤ 75 mm total length) catfish in the family Ictaluridae 
that is endemic to the Neosho and Illinois river drainages (Arkansas River basin) within the 
Flint Hills, Central Irregular Plains, and Ozark Highlands ecoregions. Neosho madtom was 
formally described in the late 1960s by Taylor (1969), with the holotype collected from the 
Neosho River near Emporia, Kansas. Neosho madtom are a member of the subgenus Furiosus 
that are characterized by their robust body, midcaudal crescent with dark pigment, blotched 
adipose fin connected to the caudal fin, and reduced pectoral spine serrations (Taylor 1969). 
They also have moderately mottled body coloration, a premaxillary tooth patch with rounded 
or obtuse posteriors, and large eyes (longer than snout length). Neosho madtom can be 

distinguished from other Furiosus species based on its adipose fin being well connected to the 
caudal fin and having a dark bar that doesn’t extend to its margin (Taylor 1969; Miller and 
Robison 2004). The species was listed as federally threatened under the ESA in 1990 (USFWS 
1990).  

Life History 

Neosho madtom have been found to have a strong affinity for gravel shoals in shallow fluvial 
habitats. Previous research failed to detect meaningful statistical differences for associations 
with water depth, current velocity, and substrate size. However, riffles with uniform current 
velocities less than 1.25 meters per second (m/s) and gravel substrates approximately 12-64 
millimeters (mm) in size were suggested to be preferred by adults (Moss 1981; Fuselier and 
Edds 1994; Wildhaber et al. 2000a). A study in the Cottonwood River by Fuselier and Edds 
(1994) observed limited variation in seasonal habitat use, demonstrating Neosho madtom 
utilize riffles throughout the year, though they did occupy habitats with lower current velocities 
in the winter compared to summer. The association with these types of habitats is best 
explained by their life history characteristics. Neosho madtom are nocturnal benthic 
invertivores that hide beneath larger substrate particles during the day and are active at night, 
feeding on various aquatic invertebrates prevalent within fluvial habitats (Moss 1981). The 
species is considered to belong within the lithophilic reproductive guild, building gravel nests 
for spawning (Edds 1995; Edds and Wilkinson 1996; Wilkinson and Edds 1997).   

Neosho madtom is a short-lived species that lives one to two years in the wild. Propagated 
fish have been found to live five to eight years in artificial habitats within hatchery facilities. 
Data on reproductive ecology for this species is currently limited, though spawning is 
presumed to occur during higher flow months, from May to June (Moss 1981, 1983; Wildhaber 
et al. 2000a). Observations of gravid females have been more common in May and young-of-
year recruits have been detected from late July to August. Previous studies posited that 
sexually mature adults utilize the crests of gravel shoals for spawning, where females deposit 
eggs within the interstices of larger substrate particles, as shown within laboratory settings 
(Edds 1995; Edds and Wilkinson 1996; Wilkinson and Edds 1997). Photoperiod is considered 
an important spawning behavior mechanism and males were found to be brood guarders 
within gravel nests in aquaria for the egg and young-of-year life stages (Bulger et al. 1998, 
2002a, 2002b). However, empirical research failed to show spawning habitat fidelity within 
gravel shoal crests and no studies have observed spawning behaviors in the wild (Bulger and 

Edds 2001).  
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Status and Distribution 

The historical distribution of this species included the Illinois River (Oklahoma) and Neosho 
River drainages (Kansas, Missouri, Oklahoma). Neosho madtom is now considered limited to 

about two-thirds of its historical range (Moss 1981; Wildhaber et al. 2000a). Three extant 
populations are currently known to persist: 1) Neosho River and Cottonwood River upstream 
John Redmond Reservoir (Kansas); 2) Neosho River downstream John Redmond Reservoir 
Dam (Kansas) to Grand Lake (Oklahoma); and 3) Spring River from the city of Carthage 
(Missouri) downstream to the city of Baxter Springs (Kansas). A recent genomic study 
provided evidence to suggest populations in the upper Neosho River, lower Neosho River, and 
Cottonwood River lack genetic structure and denote a single population (Whitacre et al. 2022). 

Neosho madtom historically occupied the lower Illinois River near its confluence with the 
Arkansas River, though it is now presumed extirpated (Moss 1981). Population densities 
among the three extant populations of Neosho Madtom have been found to be higher in the 
Neosho River and Cottonwood River compared to the Spring River (Moss 1983; Wilkinson et 
al. 1996; Bryan et al. 2010).  

Critical habitat has not been  designated for Neosho Madtom (USWFS 1990, 2013a). In the 
Final Rule, USFWS states: “The Service finds that designation of critical habitat is not presently 
determinable or prudent for the species… The potential threat of vandalism, though small, 
could be exacerbated by the publication of detailed critical habitat description and maps.” 
(USFWS 1990). 

Neosho Madtom have been collected in the drainages of the action/Project area from 1969 to 
present, with the most recent collections conducted as part of the Aquatic Species of Concern 

Study for the Pensacola Project FERC relicensing process in 2022. These surveys are 
summarized in Section 4.3.  

Threats 

The Final Rule for Neosho madtom posited that several major factors contributed to 
threatened status. These included: 1) range curtailment associated with habitat destruction 

and modification (e.g., altered flow regime, channelization, impoundments); and 2) other 
natural (e.g., drought) and anthropogenic (e.g., pollution) impacts that may affect long-term 
persistence. The Service did not find evidence to suggest that other factors assessed (i.e., 
disease, predation, overutilization) were a threat to long-term persistence of the species 
(USWFS 1990). 

Altered flows associated with reservoir impoundments are identified as a threat to Neosho 

Madtom populations and considered the focal mechanism that has resulted in habitat loss and 
population declines (Moss 1981; Wildhaber et al. 2000a; USFWS 2013a). Inundation by 
reservoirs in areas upstream of their associated dams greatly reduces water velocities, which 
results in increased sediment deposition and eliminates fluvial habitats, creating 
homogeneous lentic environments. Dams of large reservoirs also often alter the natural flow 
regime of subsequent downstream river segments, which may include changes in magnitude, 
duration, timing, and variation of streamflow (Poff et al. 1997). Typical characteristics of 

altered flows downstream of large reservoirs include decreases in peak discharges, increases 
in minimum flows, increases in base flow levels, and alterations to the timing of low and high 
flow events (Poff et al. 1997; Graf 2006). Dams also act as barriers to dispersal, which 
fragment habitat patches and restrict (or eliminate) longitudinal connectivity within a river 
network, negatively affecting metapopulation dynamics (Grant et al. 2007). 

Disturbance events such as drought are also considered a threat to Neosho madtom. For 

example, cessation of flow in the Neosho River during a severe drought in the 1950s reduced 
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fluvial-associated fish populations, but populations recovered when normal flow conditions 
returned. Sampling efforts documented low occurrence of Neosho madtom immediately after 
the drought and but the species was detected more frequently three years later (Deacon 
1961). In the future, increased surface water demand by various entities may reduce water 
quantity in river systems occupied by Neosho madtom, which may increase the frequency and 
duration of drought conditions. Negative impacts on water quantity associated with climate 
change, in conjunction with increased surface water demand, may exacerbate the impacts of 
drought on the species (Falke et al. 2011).    

Several threats specific to water quality that can negatively impact Neosho madtom include 

point, non-point, and mine waste pollution. Point source pollution associated with agricultural 
and livestock runoff can increase ammonia concentrations and/or decrease dissolved oxygen 
levels. For example, accidental releases of animal waste from confined animal feeding 
operations in the 1960s caused large fish kills in the Cottonwood River (Cross and Braasch 
1969). Increased nutrient loads can also cause algal blooms that result in hypoxic conditions 
within the benthic zone. Non-point pollution from the surrounding landscape can come from 
both urban and agriculture sources, such as fertilizers, herbicides, pesticides, and petroleum 
derived products, among others (Wildhaber et al. 2000b). Mine waste pollution associated 
with historical lead, cadmium, and zinc mining in the Spring River basin may contribute to 
Neosho madtom mortalities. Specifically, high flow pulses have been found to transport mine 
waste pollutants from Turkey Creek into the Spring River (Allert et al. 1997; Wildhaber et al. 
2000b).  

2.11 Ozark Cavefish (Amblyopsis rosae) - Threatened 

Description 

Ozark cavefish is a small-bodied (≤ 50 mm total length) troglobitic cavefish in the family 
Amblyopsidae that is endemic to subterranean environments within the Springfield Plateau of 
the Ozark Highlands ecoregion. Ozark cavefish was formally described in the late 1890s by 
Eigenmann (1898), with the holotype first collected in Sarcoxie Cave (Missouri) by Garman 

(1889). It is similar to other amblyopsid species that are characterized by having an elongate 
body with white coloration, elongate and compressed head, protrusive jaw, dorsal and anal 
fins set far back, and pelvic fins or eyes lacking (Eigenmann 1898; Miller and Robinson 2004). 
Although they do not co-occur with other Amblyopsis species, Ozark cavefish can be 
distinguished from congeners based on having no postcleithrum bone and sensory papillae 
occurring in two or three rows on the ventral and dorsal margins of the caudal fin (Miller and 

Robinson 2004). The species was listed as federally threatened under the ESA in 1984 
(USFWS 1984).  

Life History 

Ozark cavefish occupy groundwater habitats within limestone formations of the Springfield 
Plateau in Arkansas, Oklahoma and Missouri. It has been suggested that Ozark cavefish reside 
in near surface and epikarst environments as a result of shale geologic confining units (Noltie 
and Wicks 2001). The species has been documented utilizing wells reaching the phreatic zone 
but is mostly found in fluvial habitats of small cave streams with chert rubble over sand or 
silt, indicating more specialized habitat use than other amblyopsids (Poulson, 1960, 1963).   

There is currently limited data on reproductive ecology of Ozark cavefish. The species takes 
at least four years to reach sexual maturity, with a lifespan ranging from 7-10 years. Females 
have been found to produce about 20 eggs per clutch and about 20% of the population likely 

breed annually (Romero 1998). The reproductive season is unknown for Ozark cavefish, with 
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individuals presumed to be recent recruits (10 mm total length) collected in July and January 
(Boyd 1997; USFWS 2019a).  

Status and Distribution 

Ozark cavefish historically occupied at least 24 sites in nine counties and were suggested to 
potentially extend to 52 sites in 14 counties based on unconfirmed occurrence records within 
Arkansas, Oklahoma and Missouri (Brown and Todd 1987). More recently, Graening et al. 
(2010) documented a total of 83 sites and a minimum of 37 unconfirmed sites. Due to the 
low detectability inherently associated with aquatic fauna within groundwater habitats, the 
true extent of the historical distribution of Ozark cavefish is unclear.  

Critical habitat has not been designated for Ozark cavefish (USWFS 1984, 2019a). In the Final 
Rule, USFWS states: “The Service finds that designation of critical habitat is not prudent for 
the species at this time. This finding is based upon the susceptibility of the Ozark cavefish to 
over-collecting if specific sites are identified. Publication of critical habitat descriptions would 
make this species even more vulnerable…” (USFWS 1984). In the Service’s most recent five-
year review, the current range of Ozark cavefish was inferred from extant populations based 

on ‘active sites’, defined as sites where the species was positively detected since 1990. Based 
on this, the current range of the species includes 41 active sites in 10 counties in Arkansas 
(Benton County), Oklahoma (Delaware and Ottawa counties), and Missouri (Greene, Jasper, 
Lawrence, Newton, Christian, Barry, and Stone counties). In Oklahoma, active sites include 
eight caves in total. These include Jailhouse and Twin caves near Grand Lake (GRDA 2016).  

Threats 

The Final Rule for Ozark cavefish suggested several major factors contributed to its threatened 
status. These included: 1) range curtailment associated with habitat destruction and 
modification (e.g., water quality degradation, groundwater extraction); 2) overutilization for 
commercial, recreational, and scientific purposes; and 3) other natural (e.g., drought) and 
anthropogenic (e.g., pollution) impacts that may affect long-term persistence (USWFS 1984). 
Among these, groundwater contamination and habitat destruction are considered a focal 
threat to Ozark cavefish populations (Brown and Todd 1987). There is currently limited data 

on overutilization. However, Ozark cavefish have been documented in the pet trade industry, 
and there are several instances where scientific collectors harvested a large number of 
individuals (Romero 1998).     

Impacts from changes to groundwater quality and quantity pose a major threat to population 
persistence, with adverse effects potentially coming from a variety of sources throughout the 
landscape (USFWS 2019a). Hydrogeologic characteristics of the highly permeable limestone 
formations within caves occupied by Ozark cavefish make water quality degradation 
associated with groundwater contamination a potential issue. Groundwater contamination 
may come from a variety of point and non-point pollutants, such as agricultural, industrial, 
and urban sources (USFWS 1984, 2019a). For example, in Cave Springs Cave (Arkansas), 
which is occupied by the species, bioaccumulated metals have been documented in crayfish. 
Moreover, declines of important food sources for Ozark cavefish (i.e., amphipods) are 

suggested to be a result of increased nutrient loads (Graening and Brown 2000). Destruction 
of cave habitats has also been documented as a cause for decline of some populations. 
Extirpation has occurred in several caves previously occupied by the species due to flooding 
associated with reservoir inundation and desiccation by groundwater extraction (Brown and 
Todd 1987).  
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2.12 Neosho Mucket (Lampsilis rafinesqueana) - Endangered 

Description 

Neosho mucket is a relatively large (≤ 180 mm total length) freshwater mussel in the family 
Unionidae that is endemic to the Neosho River, Illinois River, and Verdigris River drainages 
(Arkansas River basin) within the Flint Hills, Central Irregular Plains, and Ozark Highlands 
ecoregions. Neosho mucket was formally described in the late 1920s by Frierson (1927), with 
the holotype collected from the Illinois River in Cherokee County, Oklahoma. Neosho mucket 
is a member of the tribe Lampsilini that are characterized by typically having shiny exteriors 

with green coloration and exhibiting sexual dimorphism. The species was listed as federally 
endangered under the ESA in 2013 (USFWS 2013b). 

Neosho mucket have a strong and relatively thin shell that are typically oblong to quadrate in 
shape and compressed. The beak is low and slightly elevated above the hinge line, with fine 
lined sculpturing rounded up posteriorly. The posterior ridge is broadly rounded dorsally and 
more flattened ventrally. Adults are sexually dimorphic, with males having a more prominent 
posterior ridge/slope and centrally pointed posterior margin, whereas females have a more 
rounded and inflated posterior margin. Their periostracum is yellow to tan and has 
discontinuous green rays or chevrons, though older adults often become dark brown in color 
(Frierson 1927; Mather 2005; McMurray et al. 2012).   

Life History 

Neosho mucket has been found to exhibit variable habitat use within its occupied range. Like 

other unionid mussels, Neosho mucket utilize mesohabitats within the river channel that are 
hydrologically stable (Layzer and Madison 1995). In the Illinois River, Neosho mucket were 
observed in deep side channel and backwater habitats where large gravel was present 
(Vaughn 1998). In Verdigris River, Neosho River, and Spring River drainages, the species was 
collected more frequently in mid-channel riffles and runs with gravel dominated substrates 
(Obermeyer et al. 1997). Sampling efforts in the Neosho River drainage documented Neosho 
mucket in shallow riffle and run complexes with heterogenous substrates, as well as within 

pool habitats when larger substrates were present (EAI 2018).   

Neosho mucket have a similar reproductive strategy to most Lampsilini mussels and are 
considered bradytictic brooders that utilize a parasitic larval stage to complete their life cycle 
(Barnhart et al. 2008). The spawning season occurs from late April to May and females will 
brood larvae (called glochidia) in their marsupium from May to August. Previous research 
observed highly fecund female Neosho mucket collected from the Spring River, averaging 

between about 1.0-1.3 million glochidia per female (Barnhart 2003). Once glochidia are 
mature, females use their modified mantle tissue, that mimics a small fish, to attract a host 
fish. The mantle lure induces a strike by the host fish, which ruptures the marsupium and 
allows glochidia to attach to the gills, fins, or body of the host fish. Neosho mucket have been 
documented to display their lure from July to October (Barnhart and Roberts 1997). Glochidia 
will obtain nutrients from the host fish and will drop off once developed into the juvenile stage 
(Barnhart et al. 2008). Two host fish species, smallmouth bass (Micropterus dolomieu) and 
Largemouth Bass (M. salmoides), have been confirmed in a laboratory study, with glochidia 
to juvenile transformation occurring in 27-32 days (Barnhart and Roberts 1997). Another 
laboratory study observed high transformation success (71%) using hatchery largemouth 
bass, with transformations occurring between 13-30 days and maximum mean counts of live 
juveniles at 19 days (Barnhart 2000).  
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Status and Distribution 

The historical distribution of this species included 17 river systems in the Neosho, Illinois, and 
Verdigris river drainages of Arkansas, Kansas, Oklahoma, and Missouri. Neosho mucket is 

now considered limited to about 40% of its historical range. Range curtailment has mostly 
occurred within Oklahoma and Kansas river drainages and extant populations are considered 
isolated (Obermeyer et al. 1997; Vaughn 1998; Harris et al. 2009). Based on a recent Species 
Biological Report by USFWS (2018b), extant populations are currently known to persist in 
nine systems in the Neosho (n = 6), Illinois (n = 1), and Verdigris (n = 2) drainages. 
Populations are presumed to be declining in seven river systems. In the Neosho River basin, 
the Cottonwood River represents a recently (since 2015) reintroduced population and the 

Spring River represents the only population that was identified as stable (USFWS 2018b).  

Neosho mucket is considered endangered wherever found and seven units of critical habitat 
for Neosho mucket were designated in 2015, five of which occur in the Neosho, Spring, and 
Elk Rivers. Neosho mucket Critical Habitat Unit NM2 overlaps with the action/Project area in 
the Elk River; however, does not overlap with the areas associated with action/project Area 
within the Neosho or Spring rivers (Exhibits 4.0-4.2 in Appendix A). Unit NM2 includes 
12.6 miles of the Elk River from Missouri Highway 59 at Noel, McDonald County, Missouri, to 
the confluence of Buffalo Creek immediately downstream of the Oklahoma and Missouri state 
line, Delaware County, Oklahoma (USFWS 2021d). The action/Project area extends upstream 
as far as the state line, resulting in approximately one mile of overlap with Critical Habitat 
Unit NM2. 

Although present within all three major tributaries to Grand Lake, the occurrence of the 

Neosho mucket within the study area has been described as extremely rare in the Oklahoma 
portions of the Spring and Neosho Rivers (USFWS 2015). On the Elk River, species 
occurrences have been documented primarily on the Missouri side of the state line (USFWS 
2018b) (Table 3). No occurrences are known from the portion of the Elk River in Oklahoma. 
Recent survey efforts were conducted in all three tributaries within the action area as part of 
the Aquatic Species of Concern Study for the Pensacola Project FERC relicensing process in 
2022. Results of these studies are summarized in Section 4.3. 

Table 3. Summary of localities with live Neosho Mucket detections within the Project vicinity.  

Date/Years Location/Results Citations 

Neosho River 
2014  

One live individual collected at Stepp's Ford Bridge, 
approximately 8.5 miles upstream of the Project 
Boundary. 

USFWS 
2019a 

Spring River 
2018 

Collected live Neosho Mucket from 8 of 15 sites in 
Missouri, Kansas, and Oklahoma. This included a site 
approximately 1.4 miles upstream of the Project 
Boundary.   

EAI 2018 

Elk River 
1978-1995 

23 live individuals collected from two sites in Missouri 
(Locations unknown). 

USFWS 
2019a 

Elk River 
2016-2017 

45 live individuals collected from four sites near Noel 
and SH-DD, McDonald County, Missouri 

USFWS 
2019a 

Threats 

The Final Rule for Neosho mucket identified several major factors that contributed to its 
endangered status. These included: 1) range curtailment associated with habitat destruction 
and modification (e.g., altered flow regime, channelization, impoundments) and 2) other 
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natural (e.g., drought) and anthropogenic (e.g., pollution) impacts that may affect long-term 
persistence (USFWS 2013b). Overutilization and disease or predation are not considered 
major threats to Neosho Mucket currently but may be in the future (USFWS 2018b). Habitat 
loss and fragmentation are considered a focal threat to unionid mussels in general, and 
coupled with other natural and anthropogenic environmental variation, may negatively impact 
population condition of threatened and endangered species (Strayer 2008; Haag and Warren 
2008).  

Altered flows associated with reservoir impoundments are identified as a threat to Neosho 
Mucket populations and considered a main mechanism resulting in habitat loss and population 

declines. Inundation by reservoirs greatly reduces water velocities, resulting in increased 
sediment deposition and elimination of fluvial habitats and creating homogeneous lentic 
environments. Large reservoirs also often alter the natural flow regime of downstream river 
segments, which may include changes in magnitude, duration, timing, and variation of 
streamflow (Poff et al. 1997). Typical characteristics of altered flows downstream of large 
reservoirs include decreases in peak discharges, increases in minimum flows, increases in 
base flow levels, and alterations to the timing of low and high flow events (Poff et al. 1997; 
Graf 2006). High water velocities associated with increased base flows can potentially displace 
settling juveniles before they can establish (Layzer and Madison 1995). Altered hydrology can 
also lead to changes in bedload movement and sediment scour, displacing juvenile mussels 
(Layzer et al. 1993). Both regulated and unregulated dams also act as barriers to dispersal 
for host fish used by Neosho Mucket, which fragments habitat patches and restricts (or 
eliminates) longitudinal connectivity within a river network, negatively affecting 
metapopulation dynamics (Newton et al. 2008). 

Disturbance events such as drought are also considered a threat to Neosho mucket. In the 
future, increased surface water demand by various entities may reduce water quantity in river 
systems occupied by Neosho mucket, which may increase the frequency and duration of 
drought conditions. Negative impacts on water quantity associated with climate change, in 
conjunction with increased surface water demand, may exacerbate the impacts of drought on 
the species (Haag and Warren 2008).   

Several threats specific to water quality that can negatively impact Neosho Mucket include 
point, non-point, and mine waste pollution. Anthropogenic activities that alter flow regimes 
and landscapes may exacerbate natural fluctuations in water quality, and thus influence 
survival, growth, and reproduction of freshwater mussels (Strayer 2008). Reductions in 
surface flows have been shown to elevate surface water temperatures and reduce dissolved 
oxygen concentrations, which may result in high mussel mortality (Gagnon et al. 2004; 

Golladay et al. 2004; Haag and Warren 2008). The input of excess ammonia and nutrients 
(e.g., nitrate, total phosphorus) also pose a threat to freshwater mussel persistence. Exposure 
to elevated levels of ammonia can have lethal and sublethal effects on juvenile mussels and 
has been implicated as one of the main contributors to the overall decline of mussels 
throughout North America (Strayer et al. 2004; Newton and Barsch 2007; EPA 2013). Non-
point pollution from the surrounding landscape can come from both urban and agriculture 
sources, such as fertilizers, herbicides, pesticides, and petroleum derived products, among 
others (Wildhaber et al. 2000b). Mine waste pollution associated with historical lead, 
cadmium, and zinc mining in the Spring River basin may impact Neosho Mucket populations. 
Specifically, high flow pulses have been found to transport mine waste pollutants from Turkey 
Creek into the Spring River (Albert et al. 1997; Wildhaber et al. 2000b).     
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2.13 American Burying Beetle (Nicrophorus americanus) - 

Threatened 

Description 

The American burying beetle (Nicrophorus americanus), herein referred to as ABB, is the 
largest carrion beetle in North America and reaches 1.0 to 1.8 inches in length. This beetle 
can be readily identified by its distinctive orange-red on shiny black coloration (USFWS 2023i). 

Life History 

Following the active season, this species will hibernate below ground through the winter. The 
ABB feeds on carrion of small vertebrates. In Oklahoma, the active season for ABB (i.e., 
breeding and brooding) extends from late spring through early fall. Mating pairs of ABB locate 
suitable carrion and bury the carcass. The eggs are laid within the excavation with the carrion, 
and the hatched juvenile beetles (larva) utilize the carrion as a food source. Because of this 
life cycle, beetle occurrence is widely considered to be dependent on the presence of small 
mammals, birds and other sources of carrion (USFWS 1991; Lomolino and Creighton 1996). 

The ABB is a habitat generalist and typically prefers undeveloped areas including woodlands 
and grasslands for foraging, brood rearing and overwintering.  It has also been documented 
by various researchers that ABB appears to prefer sandy and loamy soil and are less likely to 
utilize rocky soils or soils with high clay content (Jurzenski et al. 2014). In a 2019 Species 
Status Assessment for the American Burying Beetle, USFWS outlined the following areas as 
potentially representing unsuitable habitat for the ABB: 

▪ Land that is in tillage on a regular basis.  

▪ Developed areas that do not have suitable surface soils, topsoil, leaf litter or 
vegetation.  

▪ Urban development with maintained lawns, pavement, roadways, etc.  

▪ Unvegetated soil stockpiles.  

▪ Wetlands with surface water or highly saturated soils.  

▪ Maintained pasture/grassland (mowed, grazed, herbicide application) kept at a height 
of eight inches or less. 

▪ It should be noted that ABB may be found on the fringe of wetlands or surface waters 

where the surface water and/or saturation maintain soil moisture in dry conditions and 
in laboratory trials they appear to seek the moistest soils available. 

The Project area is located predominately in the Ozark Highlands ecoregion. Soils in this region 
consist of deep loamy to clayey, rocky, well drained, humus-poor soils on relatively steep 
slopes (Woods et al. 2005). Based on soil mapped by U.S. Department of Agriculture (USDA) 
Natural Resource Conservation Service (NRCS), it appears that site soil classifications for the 
Project area are consistent with the general description for the Ozark Highlands (USDA 2023). 
Soils mapped by the USDA include soils containing considerable gravely silty loams and silty 
loams. These silty loam soils may characterize areas of suitable ABB habitat where other 
restrictions are not present. 

Status and Distribution 

The ABB was designated as a federally endangered species on July 13, 1989, and on October 
15, 2020, USFWS published the final rule reclassifying the American burying beetle from 
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endangered to threatened. When USFWS published the Recovery Plan for the ABB in 1991, 
the only known ABB populations were in Rhode Island and Oklahoma. Since that time ABB 
have been collected in Arkansas, Kansas, Massachusetts, Nebraska, Oklahoma, Rhode Island, 

Texas and South Dakota (USFWS 2019c). 

Sustainable populations of ABB have been documented in portions of eastern Oklahoma.  
Based on the range map that is included in the USFWS’s 2019 Species Status Assessment 
Report for the American Burying Beetle Nicrophorus americanus, the range of ABB in 
Oklahoma covers most of eastern part of the state from approximately Interstate 35 
eastward.  This range in Oklahoma is broken into three areas: the Flint Hills area in the north, 

the Red River area in the south and the Arkansas River area covering the central portion of 
the range in Oklahoma. The range map in the 2019 report depicts the northeast corner of 
Oklahoma as outside the ABB mapped range. Based on the range boundary in the 2019 report, 
the Project area is on or adjacent to the limits of the Arkansas River area. The majority of the 
site appears to be outside the mapped range (with exception of the southwest portion of the 
dam and some of the upper reaches of streams that feed into the northern portion of the 
lake). The 2019 report also documents approximate locations of negative sampling efforts.  
The northeast corner of the state has documentation of numerous negative sampling events 
on or near the Project area. Areas of critical habitat have not been designated for this species 
(USFWS 2020a). 

Threats 

The major threats to ABB as identified by USFWS are habitat loss, reduction of suitable carrion 
species and competition for prey (USFWS 2019b).  

2.14 Monarch Butterfly (Danaus plexippus) - Candidate 

Description 

The large and conspicuous monarch butterfly is widely recognized throughout the United 
States. Adult monarchs have large orange wings surrounded by a black border and a double 
row of white spots, present on the upper side of the wings. This species is sexually dimorphic, 
with males having narrower wing venation and scent patches. Females are a dull orange, 
while males have a much brighter orange coloration and a black spot on each hind wing. Their 
wingspan spreads from three to four inches and the bright orange colors are considered a 
warning to predators that eating them may be toxic (USFWS 2023j). 

Life History 

Reproduction is dependent on the presence of milkweed (primarily Asclepias spp.), the sole 
food source for larvae. Monarch butterflies lay their eggs on their milkweed host plant and 
the larvae emerge as an adult butterfly within approximately three weeks. Milkweed is vital 
for the development of caterpillars and adult butterflies feed on a variety of flowering plants 
from the Asteraceae family (Oklahoma State University 2023). Monarchs typically migrate 
through Oklahoma between March and May, migrating south in August through October. As 

milkweeds are the larval foodplants, breeding areas are represented by virtually all patches 
of milkweed in North America. This milkweed, in addition to other nectar-producing forbs, are 
critical sources of energy for mature monarchs as they migrate south (NatureServe 2023). 

Status and Distribution 

On December 17, 2020, USFWS announced that the listing of the monarch butterfly as 
endangered or threatened was warranted but was precluded by higher priority listing actions. 
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The decision is the result of an extensive species status review that compiled and assessed 
the monarch’s current and future status. The monarch is now a candidate species under the 
ESA. As a candidate species, its status will be reviewed annually until a listing decision is 
made (USFWS 2020b). As priorities allow, USFWS will continue to develop a proposed rule 
for this species. The monarch butterfly is in the USFWS listing workplan for publishing a 
proposed rule in Fiscal Year 2024. 

The overall range of this species extends through Central America to northern South America; 
however, North America represents the largest portion of monarch butterfly range. In North 
America, populations of this species are divided into two groups, the western (populations 

west of the Rocky Mountains) and the eastern (populations east of the Rocky Mountains). The 
primary overwintering grounds for the western population are limited to a few regions 
containing eucalyptus groves in coastal California. Overwintering populations of the eastern 
group rely on conifer forests in the mountains of Mexico (NatureServe 2023). Spring and 
summer breeding habitat for the eastern migratory population occurs in the central and 
eastern United States (ODWC 2023g). Oklahoma is centrally located in the monarch migration 
path, and is a known flyover stop for this species. Oklahoma also provides potential breeding 
grounds as milkweed is native to grasslands in the state. According to Jepsen et al. (2015) 
the most important areas to preserve for the eastern Monarch population include areas within 
the spring breeding range such as Texas and Oklahoma. Potential habitat within the Project 
area is characterized by fallow fields and emergent wetlands which have the potential to 
support milkweed and nectar-producing plants. Monarch butterflies have the potential to 
occur within the Project area during spring and summer migration and breeding periods. No 
critical habitat has been designated for this species. 

Threats 

The decline of the eastern population of monarch butterflies is predominately due to habitat 
loss. Specifically, this loss can be attributable to reduction of milkweed breeding habitat due 
to increased use of herbicides on genetically modified herbicide resistant cropland and land 
conversion, logging practices in overwintering areas, and climate change extreme weather 
(Jepson et al. 2015). 

3.0 Project Action 

3.1 Project Area and Action Area 

This BA refers to both the Project area and the action area. The Project area, for purposes of 
this BA is, limited to the lands and facilities associated with the Pensacola Project, including 
Grand Lake (generally defined as approximately 45,056 acres at an elevation of 745 feet PD). 
The USFWS has defined an “action area” as “all areas to be affected directly or indirectly by 
the Federal action and not merely the immediate area involved in the action.13” Species-
specific ecological considerations are typically used to define the extent of an action area that 

accounts for all known direct and indirect effects.  

This BA is examining the effects of the proposed action on 13 species, including both terrestrial 
and aquatic species displaying disparate life history strategies. As such, the geographic scale 
of both direct and indirect effects will vary by species. The action area includes the Project 

 

13 Code of Federal Regulations 50 CFR § 402.02. 
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area plus a 2.5-mile buffer surrounding the Project area (Exhibits 1.0-2.0 in Appendix A). 
The extent of the action area is based on the largest summer home range size of the listed 
bat species with the assumption that a summer roost tree is present within the Project area. 
It is generally accepted that Indiana bats forage within 2.5 miles of their roost and northern 
long-eared bats forage within 1.5 miles of their roosts. Therefore, range-wide survey guidance 
requires 2.5-mile and 1.5-mile buffers from Indiana bat and northern long-eared bat roost 
tree, respectfully. Tricolored bats are also assigned a 1.5-mile roost tree buffer. For the 
remaining species, the actual and more practical extent of potential impacts is likely relegated 
to the Project area and areas subject to regular seasonal inundation located directly around 
the Project area (defined generally as areas within 750 feet PD). 

3.2 Project Setting 

The Pensacola Project is located along the Grand (Neosho) River. A tributary of the Arkansas 
River, the Grand (Neosho) River originates as the Neosho River in east central Kansas. The 
Neosho River flows southeast through Kansas, before traversing approximately 300 miles 

through northeast Oklahoma. The Grand (Neosho) River begins at the Neosho’s confluence 
with the Spring River, southeast of Miami, Oklahoma. This river basin encompasses 12,520 
square miles within four states including, Kansas (Approximately 6,220 square miles), 
Missouri (approximately 2,960 square miles), Oklahoma (approximately 2,930 square miles), 
and Arkansas (Approximately 410 square miles). Elevations in the river basin range from 
approximately 1,500 feet mean seal level (msl) in the upper basin in Kansas to approximately 
500 feet msl in the lower basin in Oklahoma. Located along the Oklahoma reach, the 

Pensacola Dam (located at RM 77) impounds water upstream approximately 66 miles.  

Land Use 

Land use in the Grand River Basin is devoted primarily to agriculture, mining, and recreational 
development. The predominant crops produced include corn, small grains, sorghum, alfalfa, 
fruits, and vegetables. Mining operations in the basin are generally focused on coal, clay, zinc, 
lime, petroleum, and natural gas (FERC 1991). Grand Lake is a popular location for recreation 

and development, due to the recreational opportunities and proximity to major population 
centers. The majority of Grand Lake shoreline above 750 feet PD is privately owned which 
has resulted in the construction of many residences and businesses along the perimeter of 
the lake (GRDA 2008). 
 
The action area presently consists of a mixture of land uses. This varied landscape consists 

primarily of forest canopy with wetlands, stream corridors, and open water resources, 
agricultural land, as well as residential, commercial, and industrial developments. A summary 
of estimated land cover/land use within the action area and Project area from the United 
States Geological Survey National Land Cover Database (2019) is presented in Table 4, 
below, and depicted on Exhibit 5 in Appendix A. 

Table 4. Estimated acreage and relative proportion of land cover and land use types for the 

action area and Project area. 

Land Cover / Land 

Use Type 

Estimated 

Acreage within 

Action Area 

Percentage 

(%) of Action 

Area 

Estimated 

Acreage within 

Project Area 

Percentage 

(%) of 

Project Area 

Agriculture 172,917.0 47.2 1,450.0 2.8 

Barren Land 508.3 <0.3 228.1 <0.5 

Developed 32,224.0 8.8 883.0 1.7 
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Land Cover / Land 

Use Type 

Estimated 

Acreage within 

Action Area 

Percentage 

(%) of Action 

Area 

Estimated 

Acreage within 

Project Area 

Percentage 

(%) of 

Project Area 

Forest 100,382.5 27.4 2,902.5 5.5 

Grassland / Herbaceous  2589.0 0.7 285.2 0.5 

Open Water 43,872.5 12.0 42,252.3 80.1 

Shrub / Scrub 1096.0 <0.5 4.3 <0.1 

Wetlands 11,962.0 3.3 4,704.0 8.9 

Total Area 365,551.0 99.99 52,709.0 100.0 

Vegetation 

The majority of the Project area is located within the Ozark Highlands ecoregion where oak-
hickory and oak-hickory-pine are the primary forested cover types. Within the Ozark Highland 
ecoregion, common dry uplands and ridgetops species include black oak (Quercus velutina), 
white oak (Quercus alba), blackjack oak (Quercus marilandica), post oak (Quercus stellata), 
winged elm (Ulmus alata), and several hickories (Carya spp.). Areas with a mixed oak-
hickory-pine forest include the above listed species as well as shortleaf pine (Pinus echinate). 
Mesic forests, generally located on north-facing slopes and ravines, are comprised of sugar 
maple (Acer saccharum), white oak, and northern red oak (Quercus rubra). The floodplains 
and low terraces consist of willows (Salix spp.), bottomland oaks (Quercus spp.), maples 
(Acer spp.), hickories, birch (Betula spp.), American elm (Ulmus americana), and sycamore 
(Platanus occidentalis; GRDA 2008a; Woods et al. 2005). 

The northern portion of the Project area, primarily within the Neosho River arm of Grand Lake, 
ecoregion transitions from the Ozark Highlands to the Central Irregular Plains, a mosaic of 
grassland and forest. Common dominant species of the tallgrass prairie sites within this 
ecoregion include big bluestem (Andropogon gerardii), little bluestem (Schizachyrium 
scoparium), Indiangrass (Sorghastrum nutans), and switchgrass (Panicum virgatum). Dry 
upland forests similar to the oak-hickory forests in the Ozark Highlands ecoregion are common 
on low rocky hills in the region. Riparian corridors are typically forested with species including 
American elm, oaks, hackberry (Celtis occidentalis), black walnut (Juglans nigra), sycamore, 
and pecans (Carya illinoinensis; GRDA 2008a; Woods et al. 2005). 

Hydrology 

The major tributaries to Grand Lake include the Neosho River, Spring River, and Elk River. 
Like most streams draining the Ozark Highlands ecoregion, these rivers experience extreme 
hydrologic variability dependent on local climatic conditions. 

The Neosho River flows approximately 460 miles from its headwaters in central Kansas 
through Oklahoma to its confluence with the Spring River at Grand Lake, traversing the 
Central Irregular Plains and Ozark Highlands ecoregions within the proposed action area. 
Monthly mean discharge of the Neosho River at Commerce, Oklahoma from October 1939 to 
January 2023 ranged from 0 cubic feet per second (cfs) in August 1954 and October 1956 to 
53,350 cfs in July 1951, with a median monthly discharge of 1,824 cfs. Means of monthly 

discharge show that flows are typically lowest in January (1,940 cfs) and August (2,020 cfs) 
and highest in May (7,310 cfs) and June (7,150 cfs). 

The Spring River flows approximately 130 miles from its headwaters in southwestern Missouri 
through northeastern Oklahoma. In the proposed action area, Spring River traverses the 
Ozark Highlands before its confluence with the Neosho River at Grand Lake. Monthly mean 
discharge of the Spring River near Quapaw, Oklahoma from October 1939 to January 2023 
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ranged from 29 cfs in August 1954 to 26,940 cfs in May 1943, with a median monthly 
discharge of 1,297 cfs. Means of monthly discharge show that flows are typically lowest in 
August (877 cfs) and September (1,330 cfs) and highest in April (3,530 cfs) and May (4,540 

cfs). 

The Elk River flows approximately 55 miles through the Ozark Highlands from its headwaters 
in southwestern Missouri to northeastern Oklahoma at its confluence with Grand Lake. 
Monthly mean discharge of the Elk River near Tiff City, Missouri from October 1939 to January 
2023 ranged from 12 cfs in August 1954 to 8,964 cfs in May 1943, with a median monthly 
discharge of 451 cfs. Means of monthly discharge show that flows are typically lowest in 

August (291 cfs) and September (295 cfs) and highest in April (1,650 cfs) and May (1,670 
cfs). 

The reservoir contains approximately 1.44 million acre-feet in water storage and has a surface 
area of approximately 45,056 acres at an elevation of 745 feet PD. The reservoir contains 
approximately 1.31 million acre-feet in water storage and has a surface area of approximately 
41,581 acres at an elevation of 742 feet PD (Hunter, S.L, et. al., 2020). The usable water 

storage between 742 and 745 feet PD is 130,000 acre-feet. 

Geology and Soils 

The Pensacola Project is bordered on the west by the Prairie Plains and on the east by the 
Ozark Plateau. Bedrock within the vicinity of the Project is predominately limestone, chert, 
sandstone, and shale. Pensacola Dam is constructed on chert (FERC 1991). The portion of the 
Project located within the Prairie Plains is characterized by gently rolling plains with 

intermittent hills and ridges. Shoreline slopes are typically more gradual in this portion of the 
reservoir. The lower portion of the Project (including southern and eastern portions) is 
characterized by deep ravines and narrow valleys set apart by wide, gently rolling uplands. 
Shorelines in this area of the reservoir consist predominately of steep rocky beaches and 
limestone bluffs. Across the Project Area, wetlands are mostly restricted to inlets and coves 
associated with the numerous small tributaries entering the reservoir. These areas are more 
numerous along the upper, shallower portions of the reservoir (FERC 1991; GRDA 2004; 

GRDA 2008a).  

Extensive cave systems have been identified within several portions of the limestone 
formations surrounding Grand Lake (FERC 1991; GRDA 2004). Shorelines of the reservoir are 
predominately composed of stony, silty-loam soils on 5- to 20-percent slopes. This soil 
composition also characterizes the wooded upland ridges within areas located over limestone 
bedrock. The soil surface layer is dark grayish brown in the upper horizon (upper 2 inches) 

and pale brown in the lower horizon. Composed of approximately 60 percent chert by volume, 
the subsoil is brown, stony, silty, and clay loam (GRDA 2002).  

3.3 Project Elements 

Existing Project Facilities 

The Pensacola Project is located on the Grand (Neosho) River in Craig, Delaware, Mayes and 
Ottawa Counties, Oklahoma. The Project has an authorized capacity of 105.176 megawatts 
(MW). The Project includes Grand Lake and surrounding land extending landward to an 
approximate elevation of 750 feet PD. The reservoir contains approximately 1.44 million acre-
feet in water storage and has a surface area of approximately 45,056 acres at an elevation of 
745 feet PD. The reservoir contains approximately 1.31 million acre-feet in water storage and 

has a surface area of approximately 41,581 acres at an elevation of 742 feet PD (Hunter 
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2020). Project facilities include the Project dam, gated spillways, powerhouse, tailrace, 
electrical switching station, transmission, arch toe pump station, and appurtenant equipment 
and facilities. Specifically, the Pensacola Project consists of the following facilities (GRDA 

2022a): 

▪ A main dam (Pensacola Dam) which is a multi-section structure with a maximum height 
of 147 feet. Pensacola Dam includes the west non-overflow section, multiple arch 
section, main spillway section, east non-overflow section, middle spillway section, and 
east spillway section; 

▪ A 30-inch in diameter bypass flow pipe to provide a means of releasing water from the 

Project at all times; 

▪ A powerhouse located below Arches 2 through 4 of Pensacola Dam containing six main 
hydroelectric units with Francis-style turbines and associated generators; 

▪ An intake structure located on top of Arches 2 through 4 which supplies water to the 
penstocks that supply flow to the powerhouse’s six hydropower units and the house 
unit; 

▪ An arch toe pump station located outside of Arch 6 which conveys standing water from 

the ditch at the toe of dam to the tailrace below the powerhouse; and 

▪ Switching station and transmission equipment located on the bluff west of the 
powerhouse downstream of the arch dam. 

Existing Project Operation 

Under GRDA’s current license, the Project’s conservation pool is managed to seasonally target 

reservoir surface elevations which serve the purposes of hydropower generation, water 
supply, public recreation, and wildlife enhancement. This operational scheme is referred to as 
the Project’s rule curve and is required under Article 401 of the current FERC license (GRDA 
2022a). 

Normal Operations 

Seasonal target surface elevations (the rule curve) are maintained by GRDA to the extent 
practicable when reservoir surface elevation is within the conservation pool and below the 
flood pool elevation of 745 feet PD. However, it should be noted that these are target 
elevations, not minimum elevations, and actual elevations often fall below targets. Although 
the Project has been operating under some form of a rule curve for decades, the existing rule 
curve was initially approved by FERC in their August 14, 2015 Order . The rule curve is 
summarized in Table 5 and depicted in Figure 2. Under current Project operations, median 
reservoir elevation as determined by the Comprehensive Hydraulic Model (CHM) is 742.20 

feet PD (Mead & Hunt, 2022). 

Table 5. Pensacola Project Rule Curve 
Period Reservoir Elevation 

May 1 through May 31 Raise elevation from 742 to 744 feet PD  

June 1 through July 31 Maintain target elevation at 744 feet PD 

August 1 through August 15 Lower elevation from 744 to 743 feet PD  

August 16 through September 15 Maintain target elevation at 743 feet PD 

September 16 through September 30 Lower elevation from 743 to 742 feet PD 

October 1 through April 30 Maintain target elevation at 742 feet PD 

Source: (FERC 2017). 
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Figure 2. Pensacola Rule Curve 

 Source: (FERC 2017). 

Low Flow Operations 

GRDA implements the Drought Adaptive Management Plan (DAMP) under baseline operations. 
The DAMP outlines appropriate Project operations and flow releases in the event of significant 

drought conditions. As part of this, it is required that GRDA maintain dissolved oxygen (DO) 
concentrations downstream of the Pensacola Project and Marham Ferry Project. In addition, 
GRDA monitors information released from the National Drought Mitigation Center’s U.S. 
Drought Monitor as per DAMP guidance. In the case that drought conditions appear imminent, 
weekly teleconferences with federal and state resource agencies, local government officials, 
FERC staff, Native American Tribes, and other interested stakeholders are initiated. If it is 
declared by the U.S. Drought Monitor that severe to exceptional drought conditions are 
present within the Grand/Neosho River basin, GRDA may engage in additional releases 
irrespective of current reservoir elevations based on guidance obtained from the weekly 
teleconferences. These releases do not exceed a rate equal to 0.06 feet of reservoir elevation 
per day and are ceased once drought conditions are no longer present (FERC 2017). 

High Flow Operations 

GRDA currently implements a year-round Storm Adaptive Management Plan (SAMP). This plan 

is utilized both in anticipation of and during major precipitation events having the potential to 
cause high-water conditions upstream or downstream of Grand Lake. Under the SAMP, GRDA 
conducts daily reviews of weather forecasts, surface elevation data for Grand Lake and both 
upstream and downstream USACE reservoirs, United States Geological Survey (USGS) stream 
gage data, and other relevant information with the potential to influence surface elevations 
(FERC 2017). 

In the event this daily review indicates the probability of high-water conditions occurring 
within the Grand/Neosho River basin or Project vicinity, GRDA informs federal and state 
agencies, local government officials, FERC staff, Native American Tribes, and other interested 
stakeholders. Additionally, GRDA coordinates with the USACE to determine if any specific 
reservoir management actions can be taken to avoid or reduce high water levels upstream 
and downstream of the Project. Participants are regularly notified of management decisions 
and current conditions throughout the event (FERC 2017). 
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As per Section 7 of the Flood Control Act of 194414, the USACE is solely responsible for 
directing Pensacola Dam releases under active or anticipated flood operations15. Grand Lake 
flood storage includes the storage volume available between the reservoir elevation of 745 
and 755 feet PD (USACE 1992). In accordance with the terms of the Flood Control Act of 
1944, USACE prescribes water releases when reservoir elevations are above or expected to 
exceed 745 feet PD (GRDA 2022a). The target discharge rate at any time is based on the 
current reservoir elevation, the current estimated inflow to Grand Lake, and the amount of 
projected flooding downstream in the Grand River or Arkansas River basins (GRDA 2017b).  

Existing Environmental Measures 

As part of the current license, GRDA currently implements several environmental measures 
to protect both natural and cultural resources. An overview of these measures is below. 

Geological and Soil 
Resources 

GRDA currently implements a Shoreline Management Program (SMP) 
to aid in the control of erosion and sedimentation of the Project 
boundary. The sedimentation and erosion control which the SMP 
provide also has the dual purpose of reducing the degradation of 

associated water resources. 
 

Fish and Aquatic 
Resources 
 

GRDA currently implements a Fish and Waterfowl Habitat 
Management Plan (FWHMP) which includes a mitigation fund that 
funds, designs, implements, and evaluates projects to protect, 
mitigate and enhance fish and wildlife resources in the Project area 
(FERC, 2003). In addition, GRDA currently implements a DO 

Mitigation Plan to maintain adequate DO levels below the dam if DO 
levels fall below the action limits set in the plan (Oklahoma Water 
Resources Board 2022). 

Terrestrial  
Resources 

 

GRDA currently implements three plans which serve to protect 
terrestrial resources within the Project boundaries. These plans 
include an SMP (aids in the protection and preservation of terrestrial 

resources and designed to help preserve and protect botanical 
resources), and an FWHMP (serves to help protect terrestrial 
habitats). 

Threatened and 
Endangered Species 

GRDA currently implements the Gray Bat Compliance Plan and cave 
monitoring to protect the endangered gray bat. 

Recreation Land   
Use and Aesthetics 

GRDA implements a Recreation Management Plan (RMP) for the 
management of the Project’s five formal recreation sites. 

Land Use GRDA implements an SMP to manage land use and protect 
environmental resources within the Project. 

 

 

14 Code of Federal Regulations 33 CFR § 709. 
15 Code of Federal Regulations 33 CFR § 208.25. 
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3.4 Proposed Action 

GRDA is not proposing any changes to the existing Project facilities. As discussed above (see 

Sections 1.0, 1.1, and 1.3), GRDA’s anticipated Project operations relating to water surface 
elevations at Grand Lake are not considered part of the proposed action for this relicensing, 
as congress has prohibited FERC, USFWS, and other agencies from imposing any operational 
requirements relating to reservoir levels of the conservation pool. Accordingly, GRDA’s 
anticipated Project operations are discussed in section 3.5, below. 

3.5 Consequences of Proposed Action 

(Anticipated) Project Operation 

Normal Operations 

GRDA does not anticipate operating the Project in accordance with a rule curve under the new 

license.  Instead, GRDA has determined that the following anticipated operational parameters 
will apply during the new license term: 

▪ A main dam (Pensacola Dam) which is a multi-section structure with a maximum height 
of 147 feet. Pensacola Dam includes the west non-overflow section, multiple arch 
section, main spillway section, east non-overflow section, middle spillway section, and 
east spillway section; 

▪ GRDA will no longer utilize a rule curve with seasonal target elevations. 

▪ GRDA anticipates maintaining the conservation pool between elevations 742 and 745 
feet PD for purposes of normal hydropower operations.  While hydropower operations 
may occur when water surface elevations are outside this range (e.g., maintenance 
drawdowns and high-flow events), GRDA expects to generally maintain water surface 
elevations between 742 and 745 feet PD during normal Project operations. 

▪ Instead of managing the Project to target a specified seasonal elevation, GRDA’s new 

operations may fluctuate reservoir levels within the elevational range of 742 and 745 
feet PD, for purposes of responding to grid demands, market conditions, and the public 
interest, such as environmental and recreational considerations. 

▪ GRDA will continue to adhere to the USACE’s direction on flood control operations in 
accordance with the Water Control Manual, with no changes to existing operations. 

These anticipated Project operations under the new FERC license will result in an occasional 
water level fluctuation over several days between 742 and 745 feet PD, with a predicted 
median elevation of 743.46 feet PD during the growing season. Based on a Mead & Hunt 
(2022) analysis using the Operations Model (OM), annual median reservoir elevation is 
expected to increase by 0.9 feet, from 742.20 feet PD for the current operation under the 
current post-2015 rule curve to 743.10 feet PD for the anticipated operation and increase by 
1.06 feet, from 742.04 feet for the baseline operation under the pre-2015 rule curve to 743.10 
feet PD for the anticipated operation. Consequently, this change would increase the median 

extent of areas inundated by fluctuations in reservoir elevations by approximately 1,050 acres 
for the current operation and 1,184 acres for the baseline operation. According to the analysis, 
this increase in inundation would not extend outside the Project boundary and is within the 
normal operational fluctuation band historically observed during baseline operations. 

Low Flow Operations 

GRDA will continue to implement the DO Mitigation Plan to maintain DO concentrations 
downstream of the Project during low flow conditions. However, GRDA will not be 
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implementing the DAMP during the new license term.  Because GRDA will no longer be subject 
to rule curve target elevations, the DAMP is no longer necessary.  During drought conditions 
that may occur during the new license term, GRDA will adhere to the DO Mitigation Plan 

release requirements, regardless of prevailing Grand Lake reservoir levels. 

High Flow Operations 

Under the new conditions, GRDA is not expecting to continue the implementation of the SAMP 
during the new license term.  GRDA is not proposing any changes to USACE flood control 
operations.  

3.6 Voluntary (Proposed) Conservation Measures 

Specific to biological resources, GRDA is proposing implementation or continued 
implementation of the following conservation measures in conjunction with the proposed 
action (GRDA 2023): 

▪ GRDA will implement an updated SMP with new provisions to address vegetation 
management and impacts to wetlands, wildlife habitat, and threatened and endangered 
species. The updated plans will help control erosion and sedimentation, protect 
terrestrial resources, TE species, cultural resources, and manage land use resources 
within the Project. 

▪ GRDA will continue to implement the DO Mitigation Plan to reduce impacts of low DO 

on fish and aquatic resources downstream of the Pensacola Dam. 

▪ GRDA will implement construction stormwater Best Management Practices (BMPs) for 
erosion and sediment control prior to conducting ground disturbing activities related 
to operation or maintenance of the Project to minimize or eliminate the impacts of 
erosion and siltation. 

4.0 Effects Analysis and Effect Determination 

As discussed above, the proposed action for purposes of ESA consultation is FERC’s issuance 
of a new license to GRDA.  Because NDAA 2020 removed the authority for FERC, USFWS, and 
other agencies to impose any license condition or requirement related to water surface 
elevations at Grand Lake (including in any Biological Opinion that may be required), any 
anticipated change in reservoir elevations are analyzed not as part of the “proposed action,” 
but as: (1) potential consequences of other activities caused by the proposed action; or (2) 
cumulative effects. The most likely consequences or cumulative effects of the proposed action 
in this regard are associated with the increase in median annual reservoir surface elevation. 
Specifically, the potential cumulative effects or consequences of the proposed action within 
the action area are a result of the following environmental impacts: operational changes in  

elevations between 742 and 745 (previously established by implementation of a rule curve);  
temporary disturbance to riparian and wetland areas within a narrow band surrounding the 
reservoir; and increased and/or more regular inundation of terrestrial habitats surrounding 
the reservoir. 

These environmental impacts are considered a potential consequence of the proposed action 
(or cumulative effects of the proposed action) and are evaluated to determine potential effects 
to the ten federally listed and three candidate or proposed species that occur, or are identified 
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as having the potential to occur, within the project area. Effects analyses and determinations 
are based on  GRDA’s  anticipated project operations outlined in the FLA under the new license 
term. Effects determinations for each species are presented in Table 6, and further discussed 

in the following sections. 

Table 6. Effect determinations for the 13 endangered, candidate, and proposed species.  
Common Name Scientific Name Status 

Effect 

Determination 

Gray bat Myotis grisescens  Endangered NLAA 

Indiana bat Myotis sodalis Endangered NLAA 

Northern long-eared bat Myotis septentrionalis  Endangered NLAA 

Ozark big-eared bat Corynorhinus townsendii igens Endangered NLAA 

Tricolored bat Perimyotis subflavus Proposed Endangered NLAA 

Piping Plover Charadrius melodus Threatened No Effect 

Rufa red knot Calidris canutus rufa Threatened No Effect 

Alligator snapping turtle Macrochelys temminkii Proposed Threatened NLAA 

Neosho madtom Noturus placidus Threatened NLAA 

Ozark cavefish Amblyopsis rosae Threatened No Effect 

Neosho mucket Lampsilis rafinesqueana Endangered NLAA 

American burying beetle Nicrophorus americanus Threatened NLAA 

Monarch butterfly Danaus plexippus Candidate NLAA 

NLAA: “May Affect, Not Likely to Adversely Affect”. 

On an annual basis, median reservoir elevations are expected to marginally increase, although 
the median reservoir will be well below the top of the conservation pool (i.e., elevation 745 
feet PD). As a result, additional area of approximately 1,184 acres (all within the current 
normal fluctuation of the conservation pool) will be periodically inundated more often as a 

consequence of the proposed action as compared to current or baseline operations (see 
Section 3.4). This increase in inundation is not anticipated to extend outside the Project 
boundary and is within the normal operational fluctuation band historically observed during 
baseline operations (GRDA 2023). 

In 2022, GRDA completed an updated Wetlands and Riparian Study of the Project area (GRDA 
2022c). The study used CHM inundation maps to evaluate the potential effects (extent, 
duration, and seasonality) of FERC’s issuance of a new license (i.e., the proposed action), as 
well as potential consequences of other activities caused by the proposed action or cumulative 
effects of the proposed action, on wetland and riparian habitats.16 Median reservoir elevations 
during the growing season for both baseline operations and the proposed action were 
compared and it was determined that one potential consequence of the proposed action is 
that median reservoir elevations would increase by 0.54 feet PD during the growing season. 
This 0.54-foot band includes 160.8 acres of wetland habitat, 2.7 acres of riparian habitat, and 

28.5 acres of WMAs. The study determined these wetlands, riparian areas, and WMA acreages 
will be periodically inundated more often as a consequence of the proposed action, as 
compared to baseline operations. However, under another potential consequence of the 
proposed action, the water level is expected to fluctuate by three feet whereas baseline water 

 

16 See supra § 3.54. 
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levels fluctuate by four feet. Wetlands located between 741 and 742 feet PD would be 
permanently inundated compared to the baseline operation. Additionally, this study concluded 
that, as a consequence of the proposed action, there would be a net increase of wetlands or 
conversion of existing wetlands to other types of wetlands. However, which types of wetlands 
would increase or convert under the proposed action was not reported. The Wetlands and 
Riparian Study report is included in Appendix B. 

4.1 Federally Listed Bat Species 

Studies 

Acoustic Bat Surveys - 2015 and 2016 

Rogers State University conducted mobile acoustic surveys along the Grand Lake shoreline at 
six locations from late May through July in 2015 and 2016. Boat transects were completed for 
90 minutes on nights without rain and wind speeds less than 24 km/h (14.9 mph). During 
2016, stationary acoustic surveys were also conducted at three locations: Duck Creek, Honey 
Creek, and Drowning Creek. A total of 34,593 echolocation calls were recorded between both 

the mobile and stationary surveys, which indicated the presence of nine species of bats within 
the Project area (Table 7).  

Table 7. Species observed and frequency of calls recorded during mobile and acoustic 

surveys in 2015 and 2016.  

 
Mobile Survey Stationary Survey 

Species 
Total # of 

Calls 
% of Total 

Calls 
Total # of 

Calls  
% of Total 

Calls 

Tricolored bat 206 75.2 25,366 74.0 

Gray bat 43 15.7 3,881 11.3 

Eastern red bat 12 4.4 1,098 3.2 

Evening bat 7 2.6 3,262 9.5 

Silver-haired bat 5 1.8 258 0.8 

Northern long-eared bat 1 0.4 60 0.2 

Hoary bat 0 0.0 129 0.4 

Little brown bat 0 0.0 152 0.4 

Big brown bat  0 0.0 112 0.3 

Total 274 100.1 34,319 100.1 
Source: (GRDA 2022a). 

Gray bat echolocation calls were recorded in five out of the six mobile survey routes and were 
most abundant near Drowning Creek, Elk River, and Three Fingers Cove, which are in closer 
proximity to known maternity caves. The northern long-eared bat echolocation call recorded 
during mobile surveys was located at Drowning Creek. Gray, northern long-eared, and 
tricolored bats were detected at all four stationary survey locations. The highest frequency of 
northern long-eared and tricolored bat calls occurred at Drowning Creek, and the highest 
frequency of gray bat calls were recorded at Duck Creek.  

The report stated that there are four documented caves within 5 km (3.1-miles [mi]) of the 
Project area utilized by gray bats. Three of the caves are known to serve as maternity 
colonies. The caves are protected from human and unwanted entry through internal gate/grill 
systems. The study concluded that Grand Lake and the associated tributaries are essential 
foraging habitat for gray bats, as they exit caves. This acoustic survey report is included in 
Appendix B. 
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Monitoring Patterns and Use by Gray Bat Populations in Caves DL-2 and DL-91 in Delaware 

County, Oklahoma - 2021 

Cave DL-2 is located , approximately 4 meters (m) (13 feet [ft]) above a perennial stream 
(Exhibit 3.0 in Appendix A). The cave passage is less than 65 m (213 ft) in length. Gray 
bats have been documented within the cave since 1981 and typically roost approximately 5 
m (16.4 ft) from the entrance of the cave. The cave floor is at approximately 745 feet PD, 
and flooding occurs when Grand Lake reaches 746 feet PD. Approximately one foot of flyway 
is available when Grand Lake reaches 751 feet PD, and the cave is completely inundated when 
Grand Lake reaches 752 feet PD. During 2008 and 2013, a small, high passage was minimally 
excavated and enlarged to provide an alternative escape route during high water events. The 

passage is approximately 5 m (16.4 ft) in length and 0.4 m (1.3 ft) wide. Cave DL-91 is 
located approximately 1 km (0.62 mi) from Grand Lake at 840 feet PD (Exhibit 3.0 in 
Appendix A). Cave DL-91 consists of approximately 803 m (2,634 ft) of mapped passages 
with nine distinct gray bat roosting sites within the cave. Due to distance and elevation, DL-
91 has  not been threatened by Grand Lake flooding events.  

Rogers State University has completed annual, non-intrusive emergence surveys at the 
entrances of Cave DL-2 and Cave DL-91 during the summer maternity and post-maternity 
season since 2007. The average post maternity colony size for Cave DL-91 over the last 10-
year period is 19,288 bats and has ranged from 15,200 to 29,905 bats. DL-91 has 
intermittently served as a maternity location; however, Cave DL-2 may provide a more 
optimal microclimate and proximity to foraging resources for lactating females and young. 
Prior studies indicate that under favorable conditions, the colony vacates the maternity cave 
at DL-2 in mid-summer and migrate to DL-91 where the colony remains until migration to 

winter hibernacula (Grigsby et al. 1993; and Martin et al. 2000). Flood control operations of 
water levels above 745 feet PD are under the jurisdiction of the USACE; however, water levels 
greater than 745 feet PD are expected for approximately 2.32 days during both baseline and 
anticipated operations from April 1 through July 31 which is concurrent with bat maternity 
season. Since 2007, the complete inundation of Cave DL-2 has been reported seven times 
during the maternity season. Table 8 summarizes highwater events recorded from 2005 
through 2019. The report states that observations from previous emergence surveys provide 
historical evidence that the maternity colony within Cave DL-2 successfully migrates to Cave 
DL-91 during flood events. Post flooding event monitoring, conducted 15 days after the water 
receded on July 30, 2019, did not identify indications of bat fatalities. 

Table 8. Date, duration, and maximum water elevation of historical highwater events 

exceeding 750.00 feet PD at Cave DL-2. 

Year Month 
Duration 
(Days) 

Maximum Water 
Elevation (Feet PD) 

2007 July 14 754.54 

2008 April 10 753.04 

2008 June 14 752.48 

2011 April 2 750.80 

2011 May 2 751.71 

2015 May-June 27 754.89 

2017 April-May 26 754.77 

2019 May-July 63 755.02 
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Rogers State University recommended the following: 

▪ Emergence surveys should continue at Cave DL-2 and Cave DL-91 to maintain consistent 
population size, movement, and composition of bat colonies.  

▪ Elevation changes in Grand Lake during high water events and subsequent movement of 
the gray bat colony in Cave DL-2 to alternative sites should be monitored.  
 

The report stated that forcing a maternity colony to vacate during the maternity period likely 
adversely affects pregnant or lactating females, non-volant young, and newly volant young. 
Additionally, bats that are trapped in Cave DL-2 could only survive for a limited time due to 

energy demands and lack of foraging resources. Other potential adverse effects to bats during 
highwater events include drowning, stress of being trapped inside the cave, and stress and 
mortality of young if adults are trapped outside of the cave. The threat of inundation increases 
the likelihood of “take”. This 2021 gray bat monitoring report is included in Appendix B. 

Terrestrial Species of Concern Study for the Pensacola Hydroelectric Project in Craig, 

Delaware, Mayes, and Ottawa Counties, Oklahoma - 2022 

The purpose of this study was to assess the degree to which consequences or cumulative 
effects of the proposed action would inundate the main entrance to Cave DL-2 using CHM 
analysis. Based on the long-term monitoring of Caves DL-2 and DL-91, the maternity colony 
generally vacates Cave DL-2 by late July each year. Thus, April 1 through July 31 was used 
as the maternity season duration during the CHM analysis. According to prior reports, water 
begins entering the cave at 746 feet PD, but bats do not generally begin evacuation of Cave 
DL-2 until Grand Lake reaches 751 feet PD. Under GRDA’s anticipated operations, the 

percentage of time that water levels exceeded 751 feet PD (point of evacuation) decreases. 
However, the percentage of time that Cave DL-2 would be inundated remains the same 
between baseline and anticipated operations. (Table 9).  

Table 9. Proportion of time and number of days Grand Lake is above key water elevations 

under baseline and anticipated operations  from April 1 to July 31. 

Reservoir 
Elevation at 

Pensacola Dam 
(feet PD) 

% of Time 
Above 

Elevation 
for Baseline 

Operations 

Days Above 
Elevation 

for Baseline 
Operations 

% of Time 
Above 

Elevation for 
Anticipated 

Operations 

Days Above 
Elevation for 

Anticipated 
Operations 

% 

Change 

Change in 

Number 
of Days 

746 (initial 
flooding) 

16.5 20.13 16.9 20.62 0.4 0.49 

751 (1 foot 
flyway) 

2.9 3.54 2.7 3.29 -0.2 -0.25 

752 (complete 
inundation) 

1.9 2.32 1.9 2.32 0 0 

Source: (GRDA 2022a). 

Additionally, another goal of this study was to assess whether the secondary exit, 
excavated and enlarged in 2008 and 2013, provides an alternative access point to Cave 
DL-2 during times of inundation under the anticipated operations. On May 10, 2022, an 
emergence survey was conducted at Cave DL-91 when DL-2 was inundated during a high-
water event (May 7 through May 10, 2022) which reached a maximum reservoir elevation 
of 753.30 feet PD. The gray bat population at Cave DL-91 was estimated to be greater 
than 20,000 bats. This report suggested that the population estimate at Cave DL-91 
indicates that the colony successfully vacated Cave DL-2 prior to the cave being inundated. 
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Emergence surveys were not conducted at Cave DL-2 in May 2022 prior to the inundation 
to directly compare population estimates after Cave DL-2 was vacated; however, this may 
be inferred by comparing population estimates from July 2021 at Cave DL-91 to those of 
May 2022. Table 10 summarizes population estimates of bats at Caves DL-2 and Cave 
DL-91 in 2021 through 2022. 

Table 10. Post maternity season populations of Caves DL-2 and DL-91 from 2021 to 2022. 

Date 
Estimated Population 

Cave DL-2 Cave DL-91 

June 22, 2021 11,800 NA 

June 24, 2021 NA 510 

July 16, 2021 NA 20,440 

May 10, 2022* NA 20,620 

June 22, 2022 NA 6,600 

June 27, 2022 13,300 NA 

August 4, 2022 NA 23,877 

*Cave DL-2 was inundated during survey period. 

 

During post inundation monitoring (conducted June 27, 2022), 13,300 bats were recorded 
exiting Cave DL-2 after a flooding event during the early portion of the maternity season (May 
7 through May 10, 2022). The report suggests this supports historic evidence that Cave DL-
2 is successfully vacated during high water events, and bats will return to Cave DL-2 once 

water levels recede. This post inundation monitoring, conducted approximately one month 
after the water level receded, identified evidence that the secondary exit is utilized and did 
not identify evidence of “take”. Because Cave DL-2 is anticipated to be inundated at the same 
frequency under baseline and anticipated operations, the study concluded that potential 
impacts of the proposed action (or cumulative effects or consequences of other activities 
caused by the proposed action) to the gray bat maternity colony was negligible.  

GRDA Final License Application Analysis - 2023 

According to the Shoreline Management Plan enclosed within the FLA (2023), there is a total 
of 519.9 miles of shoreline on Grand Lake. Within the Project region, (defined as a 200-ft 
buffer along the shoreline of Grand Lake with a total area of 12,601 acres), GRDA has 
determined through analysis of landcover data that 3,831 acres (30.41%) is comprised of 
woodlands or woody wetlands. These areas have the potential to be utilized for foraging for 

the five listed bat species and summer roosting for the Indiana bat, northern long-eared bat, 
and tricolored bat. Woody vegetation is typically more resilient to the effects of inundation 
during the growing season (March 30 through November 2) than during the dormant season 
(Baughman 2010 and 2019). Therefore, median reservoir elevations occurring during the 
growing season under baseline and anticipated operations were utilized to assess potential 
impacts to woody vegetation. In comparison to baseline operations, median water elevation 
under GRDA’s anticipated operations would increase during the growing season by 0.54 feet 
(still located within the conservation pool). This increased median reservoir level encompasses 
a total of 548-acres along the length of the shoreline, which is expected to be inundated on 
a non-continuous basis more frequently. Of the 548 total acres, woodlands or woody wetlands 
total approximately 166 acres. Accordingly, these 166 acres reflect the extent of woodlands 
or woody wetlands expected to be impacted by more frequent inundation under anticipated 
Project operation. GRDA assumes that the reservoir would not be continuously held at the 
anticipated median elevations during the growing season; however, if inundation is persistent, 



Draft Biological Assessment   
GRDA Pensacola Hydroelectric Project 
FERC Project No. 1494 

 

 

 Facilities  |  Environmental  |  Geotechnical  |  Materials 42 

 

this  may result in a maximum loss of 166 acres. The loss equates to approximately 4.3% of 
potential roosting and foraging habitat within the Project region (GRDA 2023).  

Effects Analysis 

Flood control operations of water levels above 745 feet PD are under the jurisdiction of the 
USACE; therefore, the extent and duration of flooding attributable to USACE’s flood control 
jurisdiction is not part of FERC’s relicensing action. However, a potential consequence of 
another activity caused by the proposed action, under both baseline and anticipated 
operations, includes the potential inundation of Cave DL-2 (GRDA, 2023). In the past 16 
years, flood events have caused reservoir levels to rise above 752 feet PD, resulting in the 

complete inundation of Cave DL-2 seven times during the maternity season.  

The inundation of roosting habitat for cave species is considered a potential consequence of 
other activities caused by the proposed action (FERC’s issuance of a license to GRDA). The 
inundation of caves may trap adults and non-volant young which survive for a limited period 
of time due to energy demands and lack of foraging resources. Forcing a maternity colony to 
vacate during the maternity period requires an extra expenditure of metabolic resources, 

which likely adversely affects pregnant or lactating females, non-volant young, and newly 
volant young.  

Under baseline and anticipated Project operations, reservoir elevations were determined to 
occasionally exceed 745 feet PD. Water enters a maternity roost, Cave DL-2, at elevations 
exceeding 746 feet PD. Under GRDA’s anticipated Project operations, the water elevations will 
exceed 746 feet PD approximately 0.4% more frequently (0.49 more days) than under 

baseline operations. At elevation 752 feet PD, when Cave DL-2 becomes inundated, no change 
in the frequency of inundation between baseline and anticipated operations is predicted 
through analysis (GRDA 2023). Thus, the anticipated change in operations is expected to have 
a minimal influence on cave-obligate bat species. 

GRDA’s anticipated operations could result in the loss of approximately 166 acres of forested 
and woody wetland habitat (GRDA 2023) which could provide suitable roosting and foraging 

habitat for the Indiana, northern long-eared, and tricolored bats. Land use analysis conducted 
by GRDA indicates that the potential loss of roosting and foraging habitat is spread thinly 
around the perimeter of the shoreline, and not concentrated in discrete locations. Exhibits 
compiled from the land use analysis are included in Appendix E. Vegetation descriptions for 
Project area ecoregions indicate the potential for suitable roost tree species to be present 
within the forested and wetland habitats. High value roost tree species include: shagbark 
hickory (Carya ovata), shellbark hickory (Carya laciniosa), bitternut hickory (Carya 

cordiformis), mockernut hickory (Carya tomentosa), pignut hickory (Carya glabra), red maple 
(Acer rubrum), silver maple (Acer saccharinum), slippery elm (Ulmus rubra), American elm, 
black locust (Robinia pseudoacacia), sugar maple, green ash (Fraxinus pennsylvanica), white 
ash (Fraxinus americana), eastern cottonwood (Populus deltoides), scarlet oak (Quercus 
coccinea), northern red oak, black oak, chestnut oak (Quercus prinus), white oak, and black 
walnut (USFWS 2019c). 

Unlike typical habitat loss during construction activities, the 166 acres of habitat are not 
anticipated to be removed from the landscape in a discrete period. Instead, the loss is 
projected to accumulate over time due to the long-term implementation of the proposed 
action (FERC’s issuance of a new license), together with cumulative effects and potential 
consequences of other activities caused by the proposed action. The 166 acres of potential 
habitat loss due to increased median reservoir elevation under the proposed action equates 
to approximately 4.3% of potential roosting and foraging habitat available within 200 feet of 
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the shoreline (GRDA 2023). The landcover/land use analysis indicated that the 166 acres of 
potential habitat loss equates to an approximate 0.2 % loss of potential roosting habitat within 
the action area.  

The direct inundation of roost trees or ground beneath roost trees may increase potential for 
drowning of non-volant pups. GRDA determined that the median reservoir elevation during 
the maternity season (May 1 to July 31) for anticipated operations would increase by 0.14 
feet (less than two inches) to 744.29 feet PD (GRDA 2023). An inherent function of the 
Pensacola Project includes the potential inundation of habitat up to at least 752 feet PD (GRDA  
2023).As discussed above, the USACE is exclusively responsible for directing Pensacola Dam 

releases under active or anticipated flood operations.17 Grand Lake flood storage includes the 
storage volume available between the reservoir elevation of 745 and 755 feet PD (USACE 
1992). In accordance with the terms of the Flood Control Act of 1944, USACE prescribes water 
releases when reservoir elevations are above or expected to exceed 745 feet PD (GRDA 
2022a). Therefore, the extent and duration of flooding beyond 745 feet PD is ultimately 
determined by USACE. At 752 feet PD, the base of roost trees abutting the shoreline would 
be inundated by 7 feet. Since northern long-eared and Indiana bats utilize lower portions of 
the canopy, if a non-volant pup were located near the base of roost trees, the potential for 
these species to be impacted is present if water levels rise quickly. Roosting locations of 
tricolored bats are typical in the mid to upper regions of the canopy within clumps of leaves 
(USFWS 2023f), therefore, tricolored bats are not anticipated to be affected by flooding events 
unless an individual fell from a roost tree into the water.  

Gray Bat – May Affect, Not Likely to Adversely Affect (NLAA) 

The proposed action and potential cumulative effects or consequences of other actions caused 
by that action  are expected to result in a minimal reduction of foraging habitat for the gray 
bat. During natural flooding events when USACE is exercising its exclusive flood control 
responsibilities at Pensacola Dam, the maternity roost is likely to continue to experience 
inundation, which has the potential to adversely affect the gray bat. These potential impacts 
are a function of a combination of natural flooding events, the existing Pensacola Project 
facilities, and USACE’s flood control operations in the action area. Adverse effects, therefore, 
are not directly attributable to the proposed action, but rather are cumulative effects or 
consequences of the proposed action. The frequency and extent of inundation of this 
maternity roost, a limiting resource, is predicted to be similar between baseline and 
anticipated operations. Therefore, the proposed action “may affect, but is not likely to 
adversely affect” the gray bat.  

Ozark Big-eared Bat – May Affect, Not Likely to Adversely Affect (NLAA) 

While potential roost locations and foraging habitat are available for the Ozark big-eared bat 
within the action area, according to the ODWC (2023) and USFWS (2023e), this species was 
historically known to be present in Delaware County, Oklahoma, but is only currently known 
to be present within three counties of Oklahoma which occur outside the Project vicinity. Data 
requests to the Oklahoma Natural Heritage Inventory did not identify historic records for the 
species within the action area, and this species was not identified during acoustic surveys 

conducted in 2015 and 2016. Due to the lack of known populations within the action area, 
the proposed action and effects of the action “may affect, but are not likely to adversely 
affect” the Ozark big-eared bat.  

 

17 Code of Federal Regulations 33 C.F.R. § 208.25. 
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Indiana Bat – May Affect, Not Likely to Adversely Affect (NLAA) 

Potentially suitable roosting and foraging habitat for the Indiana bat is present within the 
Project area. Data requests to the Oklahoma Natural Heritage Inventory did not identify 

historic records for the species within the action area. This species was not detected during 
acoustic surveys. Indiana bat calls were not identified during the 2015 and 2016 acoustic 
surveys; however, these surveys were not specifically intended or designed to determine true 
absence per USFWS survey guidelines specific to this species. 

The proposed action and potential cumulative effects or consequences of other actions caused 
by that action are anticipated to result in a relatively minimal reduction of suitable foraging 

and summer roosting habitat potentially utilized by the Indiana bat. However, the species has 
not been documented in recent surveys, and the loss in habitat is expected to be dispersed 
across the Project area and habitat is available immediately adjacent to the Project Area. 
Therefore, the proposed action and effects of the action “may affect, but are not likely to 
adversely affect” the Indiana bat.  

Northern Long-eared Bat – May Affect, Not Likely to Adversely Affect (NLAA) 

During acoustic surveys, the northern long-eared bat was detected within the Project area. 
The Pensacola Project, under both baseline and anticipated operation, has the potential to 
reduce roosting and foraging resources and increase the likelihood of a non-volant bat to 
drown during flooding events, which may adversely affect the northern long-eared bat. These 
potential impacts are a function of a combination of natural flooding events, the existing 
Pensacola Project facilities, and USACE’s flood control operations in the action area.  Adverse 

effects, therefore, are not directly attributable to the proposed action, but rather are 
cumulative effects or consequences of the proposed action. Analysis shows that a 4.3% 
reduction in suitable foraging and summer roosting habitat could occur within the 200-ft buffer 
around the lake due to the project action; however, the loss in habitat is expected to be 
dispersed across the Project area. Therefore, the proposed action and effects of the action 
“may affect, but are not likely to adversely affect” the northern long-eared bat.  

Tricolored Bat – May Affect, Not Likely to Adversely Affect (NLAA) 

During acoustic surveys, the tricolored bat was the most frequently detected species within 
the Project area. The Pensacola Project, under both baseline and anticipated operation, has 
the potential to reduce roosting and foraging resources and increase the likelihood of a non-
volant bat to drown during flooding events, which may adversely affect the northern long-
eared bat. These potential impacts are a function of a combination of natural flooding events, 
the existing Pensacola Project facilities, and USACE’s flood control operations in the action 

area. Adverse effects, therefore, are not directly attributable to the proposed action, but 
rather are cumulative effects or consequences of the proposed action. 

The proposed action and cumulative effects or consequences of other activities caused by it 
are anticipated to result in a reduction of suitable foraging and summer roosting habitat 
potentially utilized by the tricolored bat; however, the loss in habitat is expected to be 
dispersed across the Project area and habitat is available immediately adjacent to the Project 
Area. Therefore, the proposed action and effects of the action “may affect, but are not likely 
to adversely affect” the tricolored bat. 

Avoidance and Mitigation Measures 

Project operation and maintenance activities and SMP permits issued that involve removal of 
trees greater than three inches in diameter will be limited to being conducted outside of the 
active bat season, April 1 through October 31. The only exception to this requirement is if the 
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tree causes an immediate human health hazard, it can be removed immediately (GRDA 2023). 
GRDA will consult with USFWS before proposed Project operation and maintenance activities 
or proposed SMP permit issuance involving ground disturbing or vegetation management 
activities within ¼ mile of a known hibernacula are conducted. USFWS recommendation 
measures during maintenance activities will be incorporated into the SMP permit before it is 
issued for such activities. As part of the proposed action, GRDA intends to track vegetation 
management permits issued in the Responsible Growth SMC and submit an annual report to 
FERC, USFWS, and ODWC. If this tracking shows over 100 vegetation management permits 
are issued or over 100 feet of shoreline is cleared, GRDA will consult with USFWS and ODWC 
regarding potential mitigation needs for bat species (GRDA 2023). 

If Ozark big-eared bats are detected within the caves and karst features along the shoreline, 
GRDA intends to monitor the caves to discourage human intrusion, vandalism, and looting. 
(GRDA 2023). 

4.2 Federally Listed Bird Species 

Effects Analysis 

Both the piping plover and the rufa red knot are migratory species with the potential to occur 
occasionally as migrants within the action area in areas presenting suitable habitat for 
foraging. In freshwater environments these stop-over habitats are typically beaches and mud 
flats of reservoirs. Within the Project area, factors such as the extent and seasonal availability 
of foraging habitats likely play a role in determining effects of the proposed action on these 

species. 

According to the 1996 environmental assessment (EA) which cited Erickson and Leslie, 1988, 
operation elevations between 735 to 742 feet PD produce 4,993.9 acres of mudflats on Grand 
Lake. More specifically, operations down to 741.0 feet PD would expose 500 to 1,000 acres 
of mudflats. Prior to 2016, the operational minimum target was 741.0 feet PD between August 
15 and October 15. The operational minimum target was changed to 742.0 feet PD in 2016 

and is implemented as part of current operations. GRDA consulted with USFWS prior to this 
change in its July 30, 2015 application (Accession # 20150730-5167). In response, USFWS 
provided concurrence that the variance eliminating the operational minimum target of 741.0 
feet PD was not likely to adversely affect federally listed species (GRDA 2023). Following this 
2015 operational change reservoir levels no longer regularly obtain levels below 742 feet PD. 
Consequently, mudflats are no longer exposed under current operations, except during 
infrequent drought periods (GRDA 2023). In the FLA, GRDA used the OM model for the period 
2004 to 2019 to predict the number of days the reservoir would have dropped below 742 feet 
PD under anticipated operations as compared to baseline operations during the spring (April 
1 through May 15) and fall (August 1 through September 15) migratory seasons (Figure 3).  

Under the proposed action, together with any cumulative effects or consequences of other 
activities that may be caused by it, reservoir elevations are not predicted to drop below 741.9 
feet PD except during exceptional drought periods. Actual predicted reservoir elevations 

during years 2006 and 2012 dropped to 741.9 and 741.4 feet PD, respectively (GRDA 2023). 
As of 2015, following the change of the operational minimum target from 741.0 to 742.0 feet 
PD, mudflats are no longer exposed in the spring and occur occasionally in the Fall during 
drought conditions. Under the proposed action (and as part of any cumulative effects or 
consequences of other activities that may be caused by it),  lake elevations could fall below 
742.0 feet PD for longer periods of time during drought conditions; however, these periods 
would be inconsistent and unpredictable. 
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Figure 3. Graph created using the OM model for the period 2004-2019 and depicts the 

frequency (days) of lake level drops below 742 feet PD for baseline operations 

versus the anticipated operations (proposed action) during spring and fall 

migratory seasons. Source: (GRDA 2023). 

Piping Plover – No Effect 

No surveys were conducted for piping plover within the Project area or action area. Based on 
best available records, Oklahoma is typically not considered an important nesting area, with 
only one nesting record for this species in the northwestern portion of the state (Boyd 1991). 

While this species is known to utilize sandbars and mudflats in Oklahoma’s reservoirs as 
foraging habitat, records indicate that piping plovers do not frequent Grand Lake. Additionally, 
mud flats are rarely present during spring and fall migratory periods under current operations. 
No substantial difference in mud flat exposure is predicted between baseline operations and 
the proposed action (and any cumulative effects or consequences of other activities that may 
be caused by it). Therefore, the proposed action and any effects of the action would have “no 
effect” on the piping plover 

Rufa Red Knot – No Effect 

No surveys were conducted for rufa red knot within the Project area or action area. However, 
a review of best available historic and contemporary locality records suggests that rufa red 
knot do not utilize the Project area as foraging habitat during spring and fall migrations. 
Additionally, mud flats are rarely present during spring and fall migratory periods, under 

current operations. No substantial difference in mud flat exposure is predicted under the 
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proposed action (and any cumulative effects or consequences of other activities that may be 
caused by it), and rufa red knot foraging habitat would not be impacted. Therefore, it has 
been determined that the proposed action and any effects of that action would have “no 

effect” on the rufa red knot. 

4.3 Federally Listed Aquatic Species 

Studies 

In 2022, population assessments of Neosho madtom were conducted within the action area 
as part of the Aquatic Species of Concern Study for the Pensacola Project FERC relicensing 
process (GRDA 2022c). In total, 11 sites were sampled in segments of the Neosho River (n = 
7 sites; Exhibit 4.1 in Appendix A) and Spring River (n = 4 sites; Exhibit 4.2 in Appendix 
A) during July and August 2022. Neosho madtom were not detected in the Spring River study 
area but were detected at approximately 70% of sites (5 of 7) sampled in the Neosho River. 
Three of the occupied sites were within the Project area. Therefore, the species is present in 
the action area and there is potential that the species could be impacted by the proposed 

action (FERC’s issuance of a new license to GRDA) or any consequences of the proposed 
action. 

In 2022, population assessments of Neosho mucket were also conducted within the action 
area as part of the Aquatic Species of Concern Study for the Pensacola Project FERC 
relicensing process (GRDA 2022c). These surveys were conducted using a three-phase 
sampling methodology reviewed by USFWS. This sampling methodology involved an initial 
habitat assessment, qualitative timed searches for three to five person-hours per site (five 
person-hours in all sites where live mussels were detected), and then proposed quantitative 
surveys to estimate density if Neosho Muckets were located. Surveys were conducted during 
July 2022 at 13 sites spread across the Neosho River (n = 4; Exhibit 4.1 in Appendix A), 
Spring River (n = 4; Exhibit 4.2 in Appendix A), and Elk River (n = 5; Exhibit 4.0 in 
Appendix A). These targeted surveys documented 188 individual mussels of 12 species 
during 57 person-hours of total survey effort. However, no live Neosho mucket were observed 

during 2022 sampling efforts. 

Neosho mucket are known from portions of the Neosho, Spring, and Elk rivers immediately 
upstream of the action/Project area. Neosho mucket were documented in the Spring River 
approximately 1.4 miles upstream of the Project boundary in 2016 (EAI 2018) and have 
previously been documented at Stepp’s Ford Bridge on the Neosho River, approximately 8.5 
miles upstream of the Project boundary. Additionally, the Project Area does overlap 
approximately one mile of Critical Habitat Unit NM2 in the Elk River, Oklahoma. However, 
previous observations of the species within NM2 have occurred further upstream in Missouri. 
During 17 person-hours of effort at five sites in the overlapping section of NM2 during 2022, 
no Neosho Mucket were observed and only one live mussel was located. Given the lack of 
detection in recent targeted survey efforts, the current occurrence of Neosho mucket within 
the action/Project area is unlikely, but presence in nearby upstream areas suggests the 
species does have potential to occur in the action/Project area. 

Effects Analysis 

The listed aquatic species include one cave-adapted fish (Ozark cavefish), and two riverine-
adapted organisms (Neosho mucket and Neosho madtom). Analysis of effects for Ozark 
cavefish focused on the potential for changes in reservoir elevations to impact occupied caves. 
The main concern for riverine adapted organisms such as Neosho madtom and Neosho mucket 

is the potential for changes in reservoir operations to influence fluvial habitats in the Neosho, 
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Spring, and Elk River inflow areas. Increases in median reservoir elevations in these areas 
could potentially reduce water velocities, and thus result in additional sediment deposition, 
therefore affecting habitat for riverine adapted organisms. To analyze potential effects of 
project operations on such riverine habitats, analysis focused on changes to water velocity 
within areas potentially occupied by the species. 

Changes in water velocity were compared between current and anticipated reservoir 
operations to assess potential  effects of the proposed action (which includes any cumulative 
effects or consequences of other activities that are caused by the proposed action) on Neosho 
madtom and Neosho mucket. Mean water velocity was calculated at 19 locations within the 

action area for the Neosho (n=7), Spring (n=7), and Elk rivers (n=5) (Table 1 in Appendix 
C). These locations correspond to 2022 sampling locations for Neosho madtom and Neosho 
mucket. Water velocity calculations were based on outputs from 2-dimensional (Neosho River) 
and 1-dimensional (Spring River, Elk River) hydraulic model estimates. Multiple hydrologic 
scenarios were conducted to account for variation in reservoir levels and river discharge under 
both current and anticipated operations. Specifically, mean water velocity was calculated 
under varying dam stage levels (10th, 50th, and 90th percentiles) and river discharge 
magnitudes (10th, 50th, and 90th percentiles) for current and anticipated operations (Table 
2 in Appendix C).  

Decreases in water velocity at specific sites ranged from -0.20 ft/s to 0.00 ft/s for the Neosho, 
Spring and Elk rivers. Data were aggregated by river to examine patterns related to discharge 
and operations. As expected, velocity increased with river discharge when examined across 
all dam stages and operational scenarios (Figure 4).  

To examine the influence of operational scenarios, median (± 95% confidence intervals; 
McGill et al. 1978) velocity was calculated among rivers for each scenario (Figure 5). 
Differences in median velocity were minimal for the Neosho River (-0.10 ft/s) and Elk River 
(-0.10 ft/s), and equal between current and anticipated operations for Spring River (0.80 
ft/s). In addition, 95% confidence intervals overlapped between current and anticipated 
operations for all rivers, further supporting no meaningful difference in velocity between the 
two scenarios (Figure 5).  Lastly, a one-tailed paired Wilcoxon signed-rank test (α = 0.05) 
failed to detect statistically significant decreases in water velocity from current to anticipated 
operations among rivers (p-value = 0.99) (McDonald 2009). 

In addition, a nonparametric analysis of variance with permutations (AOVP; α = 0.05, 
permutations = 1,000) was conducted to assess the relative influence of dam stage level, 
river discharge, and operations on explaining variation in water velocity (Anderson 2001). 

Separate AOVP were fit for each system, with water velocities centered at zero (i.e., 𝑦𝑖 − 𝑦 ) 
and river mile used as an error term. For each model, third-order and all second-order 
interactive effects between dam stage level, river discharge, and operations were fit. Results 
from AOVP detected meaningful differences in water velocity as a function of varying river 
discharge magnitude across river systems (p-value < 0.001). Meaningful effects of dam stage 
level, operations, and any interactive effects were not supported (p-value = 0.20-1.00) 
(Table 13).  
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Figure 4. Comparisons of median water velocity (± 95% confidence intervals) at 10th, 

50th, and 90th percentile flow magnitudes for Neosho River, Spring River, and Elk 

River. Water velocities were based on varying dam stage levels (10th, 50th, and 

90th percentile) under both current and anticipated operations. Median water 

velocity is presented in feet per second (fps) and river discharge is presented in cfs. 
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Figure 5. Comparisons of median water velocity (± 95% confidence intervals) between 

current and anticipated operations at Grand Lake for locations within Neosho River, 

Spring River, and Elk River. The test statistics at the top of the panel denote results 

from one-tailed paired Wilcoxon signed-rank test for each river system. Median water 

velocity is presented in fps. 

Table 11. Analysis of variance with permutations assessing the relative influence of river 

discharge, dam stage, and operations on changes in water velocity. Bold text denotes 

statistical significance. 

  
Term 

Neosho River Spring River Elk River 

Sum of 
Squares  

p 
Sum of 
Squares 

p 
Sum of 
Squares 

p 

Dam Stage 0.70 0.20 0.45 0.17 0.20 0.27 

River Discharge 149.81 < 0.001 25.79 < 0.001 14.88 < 0.001 

Operations 0.02 1.00 0.03 0.71 0.02 0.75 

Dam Stage x River Discharge 0.40 0.75 0.001 0.96 0.10 0.31 

Dam Stage x Operations 0.003 0.96 0.003 0.88 0.01 0.88 

River Discharge x Operations 0.001 0.96 0.001 0.92 0.001 0.88 

Dam Stage x River Discharge 
x Operations 

0.001 1.00 0.00 1.00 0.001 1.00 

Error term residuals (River 
Mile) 

0.56 - 39.45 - <0.001 - 
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Neosho Madtom – May Affect, Not Likely to Adversely Affect (NLAA) 

The species is present in the action area and there is potential that the species could be 
impacted by the proposed action or as a result of cumulative effects or consequences of other 

activities that might be caused by the proposed action. However, the analysis above 
demonstrates that any anticipated changes to Project operations will not meaningfully 
influence velocity at these sites. Instead, discharge of the inflowing rivers is the most 
influential factor on velocity in these areas, and discharge naturally varies substantially in the 
Neosho and Spring River systems. Additionally, since water velocity and subsequent near-bed 
shear stress are primary determinants of substrate composition, no meaningful changes to 
sediment composition or deposition are expected. Therefore, the proposed action and effects 

of the action “may affect, but are not likely to adversely affect” the Neosho madtom. 

Ozark Cavefish – No Effect 

Based on currently available distribution information, the Ozark cavefish is only known from 
two caves in the vicinity (GRDA 2022c). Jailhouse Cave is located on Summerfield Creek 
downstream of Pensacola Dam, outside the area that will be affected by Project operations.  

Twin Cave is located approximately one mile south of Grand Lake at elevation 770 feet PD, 
well above the flood control pool of 755 feet PD (GRDA 2016).  Since the species is not known 
to occur in the Project area, the proposed action and effects of the action will have no effect 
on the Ozark cavefish.  

Neosho Mucket – May Affect, Not Likely to Adversely Affect (NLAA) 

Surveys in 2022 failed to document Neosho mucket from the action/Project area (GRDA 

2022c). Even if present in low density, the analysis discussed in the section above 
demonstrates that changes between current and anticipated operations will have no 
meaningful influence on velocity within portions of the study area where Neosho mucket could 
occur. Instead, discharge of the inflowing rivers is the most influential factor on velocity in 
these areas, and discharge naturally varies substantially in the Neosho, Spring, and Elk rivers. 
Additionally, since velocity and resulting shear stress are the main determinants of substrate 
composition, no meaningful changes to sediment composition or deposition are expected. 
Given the lack of Neosho mucket detected in the action area, and that the proposed action, 
together with any cumulative effects or consequences of other activities that may be caused 
by it, are not expected to meaningfully influence velocity or substrate conditions in the area, 
the proposed action and the effects of the proposed action “may affect, but are not likely to 
adversely affect” the Neosho mucket. 

Avoidance and Mitigation Measures 

GRDA proposes to implement and updated SMP to aid in the control of erosion and 
sedimentation of the Project boundary shoreline. Evaluation of potential avoidance, 
minimization, and mitigation measures specific to Neosho madtom and Neosho mucket are 
already considered as part of the updated SMP. 

4.4 Alligator Snapping Turtle 

Effects Analysis 

No surveys were conducted for the alligator snapping turtle as part of the FERC relicensing 
process, but the species is known to occur within the Neosho River Basin.  Potentially suitable 
habitat for the alligator snapping turtle may occur within the reservoir, as well as the slow-
moving, deep-water portions of the associated tributaries. Water impoundment created by 

the Pensacola Dam extends approximately 66 miles upstream, creating inundated zones in 
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the lower reaches of the Neosho River and Spring River. These lower reach areas likely present 
suitable habitat for the alligator snapping turtle. However, habitat suitability most likely 
diminishes further upstream as these rivers transition back into more fluvial, riffle run 
complexes in upper reaches. The proposed action (FERC’s issuance of a new license), or any 
cumulative effects or consequences of other activities caused by it, would result in an increase 
in annual median reservoir elevation of 1.06 feet PD. As a result, 1,184 acres will be 
periodically inundated more often under anticipated operations as compared to baseline 
operations.  The over-all increase in inundated area created by the proposed action or 
consequences of the proposed action potentially serves to provide an incremental net benefit 
as additional upstream impoundment increases the amount of aquatic habitat available to this 

species. 

Alligator Snapping Turtle – May Affect, Not Likely to Adversely Affect (NLAA) 

The proposed action and the effects of the proposed action “may affect, but are not likely to 
adversely affect” the alligator snapping turtle; however, the effects on this species are 
expected to be insignificant or provide an incremental positive benefit. 

Avoidance and Mitigation Measures 

GRDA proposes to implement an updated SMP to aid in the control of erosion and 
sedimentation help to limit sediment from entering waterbodies and to minimize the effects 
of Project operation on shoreline habitat. Further avoidance, minimization, and mitigation 
measures, including relevant BMPs, have been implemented into the proposed action. 

4.5 American Burying Beetle 

Studies 

A Terrestrial Species of Concern Study was conducted in 2021 and 2022, which focused 
efforts, in part, on assessing ABB presence within the Project area. The presence/absence 
survey were performed in accordance with the USFWS American Burying Beetle Range-Wide 

Presence/Absence Survey Guidance, dated May 2018. It should be noted that the 2018 
guidance document includes the site area as ABB range; however, the USFWS’s 2019 Species 
Status Assessment Report for the American Burying Beetle Nicrophorus americanus 
(conducted prior to listing change for the species) reduced the expected range of ABB and 
removed a large portion of the project area from the range. The study included the placement 
of survey traps, and the locations of survey traps were based on areas of habitat ABB is likely 
to utilize and within the area that is expected to be impacted by the proposed action or other 

activities caused by the proposed action. During the 2021 survey, six traps were set between 
July 18 and July 23, 2021. No ABB were collected during the 2021 study. The 2022 survey 
followed similar protocol and selection of sample locations as the 2021 survey. In June of 
2022, six traps were deployed for five sample nights. No ABB were collected or observed 
during the 2022 sampling event.  Based on the two sampling events, the study concluded 
that it is unlikely ABB are utilizing the Project area.  

Effects Analysis 

Under GRDA’s anticipated operations, the Project area would experience additional inundation 
of approximately 1,184 acres during intermittent pool elevations (GRDA 2022a). Based on 
estimated landcover within the Project area, approximately 765 acres contain areas 
unsuitable for the ABB (i.e., mowed, grazed, cropped, wetlands, or developed lands). 
Approximately  420 acres of landcover representing potentially suitable habitat for ABB (i.e., 
woodlands or grasslands) within the project area would be impacted by anticipated 



Draft Biological Assessment   
GRDA Pensacola Hydroelectric Project 
FERC Project No. 1494 

 

 

 Facilities  |  Environmental  |  Geotechnical  |  Materials 53 

 

operations, including  intermittent changes in reservoir elevations.  Due to the current 
operation of the dam, these areas currently experience inundation associated with fluctuations 
in water levels; therefore, similar impacts under the proposed action are anticipated.  

The potential effects of the proposed action are a result of the seasonal increase in reservoir 
elevation between baseline and anticipated operations. Based on hydrological modeling, water 
level increases are anticipated to occur seasonally during ABB brooding and breeding  
activities. The Project area contains areas of wetlands, developed lands and mechanically 
maintained areas that do not appear consistent with typically suitable ABB habitat. Other 
areas of impact include wooded undeveloped shorelines and riparian areas on the streams 

feeding into the lake that, with appropriate soils, could provide usable habitat for ABB. Areas 
of potentially suitable habitat may be reduced by flooding during seasonal lake level increases; 
however, these areas would likely see similar impacts during a typical year at various times 
under the current fluctuation of reservoir elevations. Therefore, the change in duration and 
timing is not consistent with an action that would likely result in take that could cause 
significant impact to the ABB at a population level.  

American Burying Beetle – May Affect, Not Likely to Adversely Affect (NLAA) 

Surveys conducted in 2022 resulted in a probable absence for the ABB within the Project area. 
Additionally, impacts to potential habitat are not anticipated to substantially change under 
the proposed action (FERC’s issuance of a new license) or GRDA’s anticipated operations. 
Although an estimated 420 acres of potentially suitable ABB habitat would be differentially 
inundated, the effects to the species are expected to be negligible. Therefore,  the proposed 
action  and effects of the action “may affect, but is not likely to adversely affect” the ABB.  

Avoidance and Mitigation Measures 

USFWS (2022) recommends the following management actions for mitigation of impacts to 
ABB: minimize soil disturbance and clearing of vegetation; minimize the use of artificial 
lighting; utilize farming operations that minimize soil compaction; use erosion controls during 
soil disturbance; restore disturbed areas to preconstruction conditions when possible and 
educate workers on project site about potential presence of ABB and how to report sightings.  

Based on the characteristics of the proposed action, these mitigation measures would likely 
not be relevant.  

Based on a review of the requirements for qualification under the 4(d) rule and preliminary 
4(d) assessment performed through the USFWS IPaC online evaluation of ABB under the 4(d) 
rule (USFWS IPaC accessed May 2023),  the proposed action qualifies as “Activities Excepted 
from Take Prohibitions” under the USFWS’s October 15, 2020, Programmatic Biological 
Opinion on Final 4(d) Rule for the American Burying Beetle (USFWS 2020a). 

4.6 Monarch Butterfly 

Effects Analysis 

No studies of monarch butterfly were conducted within the Project area or action area. 
However, it is known that monarchs migrate through Oklahoma. Populations of the monarch 
are expected to be in low densities within the action area as suitable habitat is of low density 
and agricultural practices are prevalent. Environmental impacts associated with the proposed 
action, together with any cumulative effects or consequences of other activities that may be 
caused by it, are not anticipated to cause direct mortality to adults, larva, or caterpillars. 
However, the conversion of terrestrial habitat to aquatic habitat, temporarily or permanently, 

may impact vegetative communities that support monarch butterfly foraging and breeding. 
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Within the Project region (defined as a 200-ft shoreline buffer surrounding the reservoir) 
potentially suitable habitat is characterized as emergent wetlands, fallow fields and 
herbaceous areas with the potential to support milkweed and nectar-producing plants. 
Approximately 17.6 acres (0.14%) of emergent herbaceous wetlands and 313.8 acres 
(2.49%) of herbaceous cover are identified within the Project region, with the remainder 
comprised of developed areas, cultivated crops, woodlands, hay/pasture, and scrub/shrub.  

Cumulative effects or consequences of other activites that may be caused by the proposed 
action would result in   an increase in intermittent inundation of approximately 1,184 acres 
(GRDA 2022a). Based on landcover estimated for the Project region, this intermittent 

inundation would impact approximately 1.7 acres of emergent herbaceous wetlands (9.7% of 
total emergent herbaceous wetland within the Project region) and 29.5 acres of herbaceous 
cover (9.4% of total herbaceous cover within the Project region). These areas are currently 
inundated intermittently during certain times of the year under baseline operations; therefore, 
it is anticipated that the proposed action together with cumulative effects or consequences of 
other activities that may be caused by it, would not represent a substantial change in the 
scope of impacts to potential monarch butterfly habitat. The proposed action (FERC’s issuance 
of a new license) or GRDA’s anticipated operations  will result in the increased inundation of 
shoreline areas located between 741 and 742 feet PD. According to GRDA’s analysis, the 
majority of this area currently consists of rocky and/or sandy shoreline that is devoid of 
vegetation (2022c). However, areas along the shoreline containing emergent herbaceous 
wetlands could be impacted by this elevation change as wetlands adjust to new lake levels or 
convert to other types of wetlands.  

Monarch Butterfly – May Affect, Not Likely to Adversely Affect (NLAA) 

The proposed action, together with cumulative effects or consequences of other activities that 
may be caused by it, are not anticipated to result in the direct take of monarch butterfly 
during any life stage. Cumulative effects or consequences of the proposed action have the 
potential to impact monarch butterfly habitat as the median reservoir level increases. 
However, the extent of this impact is expected to be minimal and temporary. As such, impacts 
to potential habitat are not anticipated to substantially change under the proposed action or 
GRDA’s anticipated operations. Therefore,  the proposed action and effects of the action “may 
affect, but are not likely to adversely affect” the monarch butterfly. 

Avoidance and Mitigation Measures 

GRDA proposes to implement an updated SMP to aid in the control of erosion and 
sedimentation help to limit sediment from entering waterbodies and to minimize the effects 

of project operation on shoreline habitat. Further avoidance, minimization, and mitigation 
measures, including relevant BMPs, are being proposed  as part of the proposed action. 

4.7 Cumulative Effects 

Cumulative effects are those effects of future state or private development, not involving 
federal activities, that are reasonably certain to occur within the project area.18 GRDA’s Project 
operations relating to reservoir levels during the new license term do not involve FERC or 
USFWS approval pursuant to NDAA 2020 and thus are not part of the proposed action. Any 
cumulative effects resulting from these operations are described above. The potential for 
cumulative effects associated with other future state and private large-scale development 

 
18 Code of Federal Regulations 50 C.F.R. § 402.02. 
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activities are unknown19. Other large-scale, non-federal actions with land development 
activity within the general proximity to the project area are also unknown at the time of this 
BA production. 
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May 03, 2023

United States Department of the Interior
FISH AND WILDLIFE SERVICE

Oklahoma Ecological Services Field Office
9014 East 21st Street

Tulsa, OK 74129-1428
Phone: (918) 581-7458 Fax: (918) 581-7467

In Reply Refer To: 
Project Code: 2023-0077596 
Project Name: Pensacola BA
 
Subject: List of threatened and endangered species that may occur in your proposed project 

location or may be affected by your proposed project

To Whom It May Concern:

The enclosed species list identifies threatened, endangered, proposed and candidate species, as 
well as proposed and final designated critical habitat, that may occur within the boundary of your 
proposed project and/or may be affected by your proposed project. The species list fulfills the 
requirements of the U.S. Fish and Wildlife Service (Service) under section 7(c) of the 
Endangered Species Act (Act) of 1973, as amended (16 U.S.C. 1531 et seq.).

New information based on updated surveys, changes in the abundance and distribution of 
species, changed habitat conditions, or other factors could change this list. Please feel free to 
contact us if you need more current information or assistance regarding the potential impacts to 
federally proposed, listed, and candidate species and federally designated and proposed critical 
habitat. Please note that under 50 CFR 402.12(e) of the regulations implementing section 7 of the 
Act, the accuracy of this species list should be verified after 90 days. This verification can be 
completed formally or informally as desired. The Service recommends that verification be 
completed by visiting the ECOS-IPaC website at regular intervals during project planning and 
implementation for updates to species lists and information. An updated list may be requested 
through the ECOS-IPaC system by completing the same process used to receive the enclosed list.

The purpose of the Act is to provide a means whereby threatened and endangered species and the 
ecosystems upon which they depend may be conserved. Under sections 7(a)(1) and 7(a)(2) of the 
Act and its implementing regulations (50 CFR 402 et seq.), Federal agencies are required to 
utilize their authorities to carry out programs for the conservation of threatened and endangered 
species and to determine whether projects may affect threatened and endangered species and/or 
designated critical habitat.

A Biological Assessment is required for construction projects (or other undertakings having 
similar physical impacts) that are major Federal actions significantly affecting the quality of the 
human environment as defined in the National Environmental Policy Act (42 U.S.C. 4332(2) 
(c)). For projects other than major construction activities, the Service suggests that a biological 
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evaluation similar to a Biological Assessment be prepared to determine whether the project may 
affect listed or proposed species and/or designated or proposed critical habitat. Recommended 
contents of a Biological Assessment are described at 50 CFR 402.12.

If a Federal agency determines, based on the Biological Assessment or biological evaluation, that 
listed species and/or designated critical habitat may be affected by the proposed project, the 
agency is required to consult with the Service pursuant to 50 CFR 402. In addition, the Service 
recommends that candidate species, proposed species and proposed critical habitat be addressed 
within the consultation. More information on the regulations and procedures for section 7 
consultation, including the role of permit or license applicants, can be found in the "Endangered 
Species Consultation Handbook" at:

http://www.fws.gov/endangered/esa-library/pdf/TOC-GLOS.PDF

Migratory Birds: In addition to responsibilities to protect threatened and endangered species 
under the Endangered Species Act (ESA), there are additional responsibilities under the 
Migratory Bird Treaty Act (MBTA) and the Bald and Golden Eagle Protection Act (BGEPA) to 
protect native birds from project-related impacts. Any activity, intentional or unintentional, 
resulting in take of migratory birds, including eagles, is prohibited unless otherwise permitted by 
the U.S. Fish and Wildlife Service (50 C.F.R. Sec. 10.12 and 16 U.S.C. Sec. 668(a)). For more 
information regarding these Acts see https://www.fws.gov/birds/policies-and-regulations.php.

The MBTA has no provision for allowing take of migratory birds that may be unintentionally 
killed or injured by otherwise lawful activities. It is the responsibility of the project proponent to 
comply with these Acts by identifying potential impacts to migratory birds and eagles within 
applicable NEPA documents (when there is a federal nexus) or a Bird/Eagle Conservation Plan 
(when there is no federal nexus). Proponents should implement conservation measures to avoid 
or minimize the production of project-related stressors or minimize the exposure of birds and 
their resources to the project-related stressors. For more information on avian stressors and 
recommended conservation measures see https://www.fws.gov/birds/bird-enthusiasts/threats-to- 
birds.php.

In addition to MBTA and BGEPA, Executive Order 13186: Responsibilities of Federal Agencies 
to Protect Migratory Birds, obligates all Federal agencies that engage in or authorize activities 
that might affect migratory birds, to minimize those effects and encourage conservation measures 
that will improve bird populations. Executive Order 13186 provides for the protection of both 
migratory birds and migratory bird habitat. For information regarding the implementation of 
Executive Order 13186, please visit https://www.fws.gov/birds/policies-and-regulations/ 
executive-orders/e0-13186.php.

We appreciate your concern for threatened and endangered species. The Service encourages 
Federal agencies to include conservation of threatened and endangered species into their project 
planning to further the purposes of the Act. Please include the Consultation Code in the header of 
this letter with any request for consultation or correspondence about your project that you submit 
to our office.

Note: IPaC has provided all available attachments because this project is in multiple field office 
jurisdictions.
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Attachment(s):

Official Species List
USFWS National Wildlife Refuges and Fish Hatcheries
Migratory Birds
Wetlands
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OFFICIAL SPECIES LIST
This list is provided pursuant to Section 7 of the Endangered Species Act, and fulfills the 
requirement for Federal agencies to "request of the Secretary of the Interior information whether 
any species which is listed or proposed to be listed may be present in the area of a proposed 
action".

This species list is provided by:

Oklahoma Ecological Services Field Office
9014 East 21st Street
Tulsa, OK 74129-1428
(918) 581-7458

This project's location is within the jurisdiction of multiple offices. However, only one species 
list document will be provided for all offices. The species and critical habitats in this document 
reflect the aggregation of those that fall in each of the affiliated office's jurisdiction. Other offices 
affiliated with the project:

Missouri Ecological Services Field Office
101 Park Deville Drive
Suite A
Columbia, MO 65203-0057
(573) 234-2132
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PROJECT SUMMARY
Project Code: 2023-0077596
Project Name: Pensacola BA
Project Type: Biological Control
Project Description: Terracon understands that the FRDA is seeking consultant support to help 

with the development and preparation of a draft biological assessment for 
13 species as part of a Final License Application (FLA) with the Federal 
Energy Regulatory Commission (FERC) relicensing process for the 
Pensacola Hydroelectric Project.

Project Location:
The approximate location of the project can be viewed in Google Maps: https:// 
www.google.com/maps/@36.70710015,-94.75235999980274,14z

Counties: Missouri and Oklahoma

https://www.google.com/maps/@36.70710015,-94.75235999980274,14z
https://www.google.com/maps/@36.70710015,-94.75235999980274,14z
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ENDANGERED SPECIES ACT SPECIES
There is a total of 13 threatened, endangered, or candidate species on this species list.

Species on this list should be considered in an effects analysis for your project and could include 
species that exist in another geographic area. For example, certain fish may appear on the species 
list because a project could affect downstream species.

IPaC does not display listed species or critical habitats under the sole jurisdiction of NOAA 
Fisheries , as USFWS does not have the authority to speak on behalf of NOAA and the 
Department of Commerce.

See the "Critical habitats" section below for those critical habitats that lie wholly or partially 
within your project area under this office's jurisdiction. Please contact the designated FWS office 
if you have questions.

NOAA Fisheries, also known as the National Marine Fisheries Service (NMFS), is an 
office of the National Oceanic and Atmospheric Administration within the Department of 
Commerce.

MAMMALS
NAME STATUS

Gray Bat Myotis grisescens
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/6329

Endangered

Indiana Bat Myotis sodalis
There is final critical habitat for this species. Your location does not overlap the critical habitat.
Species profile: https://ecos.fws.gov/ecp/species/5949
General project design guidelines:  

https://ipac.ecosphere.fws.gov/project/XKVPKXGUMJEXBFNQ6VEVDEXO7E/ 
documents/generated/6868.pdf

Endangered

Northern Long-eared Bat Myotis septentrionalis
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/9045
General project design guidelines:  

https://ipac.ecosphere.fws.gov/project/XKVPKXGUMJEXBFNQ6VEVDEXO7E/ 
documents/generated/6868.pdf

Endangered

Ozark Big-eared Bat Corynorhinus (=Plecotus) townsendii ingens
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/7245

Endangered

Tricolored Bat Perimyotis subflavus
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/10515

Proposed 
Endangered

1

https://www.fisheries.noaa.gov/
https://ecos.fws.gov/ecp/species/6329
https://ecos.fws.gov/ecp/species/5949
https://ipac.ecosphere.fws.gov/project/XKVPKXGUMJEXBFNQ6VEVDEXO7E/documents/generated/6868.pdf
https://ipac.ecosphere.fws.gov/project/XKVPKXGUMJEXBFNQ6VEVDEXO7E/documents/generated/6868.pdf
https://ecos.fws.gov/ecp/species/9045
https://ipac.ecosphere.fws.gov/project/XKVPKXGUMJEXBFNQ6VEVDEXO7E/documents/generated/6868.pdf
https://ipac.ecosphere.fws.gov/project/XKVPKXGUMJEXBFNQ6VEVDEXO7E/documents/generated/6868.pdf
https://ecos.fws.gov/ecp/species/7245
https://ecos.fws.gov/ecp/species/10515
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BIRDS
NAME STATUS

Piping Plover Charadrius melodus
Population: [Atlantic Coast and Northern Great Plains populations] - Wherever found, except 
those areas where listed as endangered.
There is final critical habitat for this species. Your location does not overlap the critical habitat.
Species profile: https://ecos.fws.gov/ecp/species/6039

Threatened

Red Knot Calidris canutus rufa
There is proposed critical habitat for this species.
Species profile: https://ecos.fws.gov/ecp/species/1864

Threatened

REPTILES
NAME STATUS

Alligator Snapping Turtle Macrochelys temminckii
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/4658

Proposed 
Threatened

FISHES
NAME STATUS

Neosho Madtom Noturus placidus
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/2577

Threatened

Ozark Cavefish Amblyopsis rosae
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/6490

Threatened

CLAMS
NAME STATUS

Neosho Mucket Lampsilis rafinesqueana
There is final critical habitat for this species. Your location overlaps the critical habitat.
Species profile: https://ecos.fws.gov/ecp/species/3788

Endangered

INSECTS
NAME STATUS

American Burying Beetle Nicrophorus americanus
Population: Wherever found, except where listed as an experimental population
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/66

Threatened

Monarch Butterfly Danaus plexippus
No critical habitat has been designated for this species.
Species profile: https://ecos.fws.gov/ecp/species/9743

Candidate

https://ecos.fws.gov/ecp/species/6039
https://ecos.fws.gov/ecp/species/1864
https://ecos.fws.gov/ecp/species/4658
https://ecos.fws.gov/ecp/species/2577
https://ecos.fws.gov/ecp/species/6490
https://ecos.fws.gov/ecp/species/3788
https://ecos.fws.gov/ecp/species/66
https://ecos.fws.gov/ecp/species/9743
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CRITICAL HABITATS
There is 1 critical habitat wholly or partially within your project area under this office's 
jurisdiction.

NAME STATUS

Neosho Mucket Lampsilis rafinesqueana
https://ecos.fws.gov/ecp/species/3788#crithab

Final

https://ecos.fws.gov/ecp/species/3788#crithab
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USFWS NATIONAL WILDLIFE REFUGE LANDS 
AND FISH HATCHERIES
Any activity proposed on lands managed by the National Wildlife Refuge system must undergo a 
'Compatibility Determination' conducted by the Refuge. Please contact the individual Refuges to 
discuss any questions or concerns.

The following FWS National Wildlife Refuge Lands and Fish Hatcheries lie fully or partially 
within your project area:

FACILITY NAME ACRES

OZARK PLATEAU NATIONAL WILDLIFE REFUGE
https://www.fws.gov/refuges/profiles/index.cfm?id=21645

81.098

http://www.fws.gov/refuges/
https://www.fws.gov/refuges/profiles/index.cfm?id=21645
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1.
2.
3.

MIGRATORY BIRDS
Certain birds are protected under the Migratory Bird Treaty Act  and the Bald and Golden Eagle 
Protection Act .

Any person or organization who plans or conducts activities that may result in impacts to 
migratory birds, eagles, and their habitats should follow appropriate regulations and consider 
implementing appropriate conservation measures, as described below.

The Migratory Birds Treaty Act of 1918.
The Bald and Golden Eagle Protection Act of 1940.
50 C.F.R. Sec. 10.12 and 16 U.S.C. Sec. 668(a)

The birds listed below are birds of particular concern either because they occur on the 
USFWS Birds of Conservation Concern (BCC) list or warrant special attention in your 
project location. To learn more about the levels of concern for birds on your list and how this 
list is generated, see the FAQ below. This is not a list of every bird you may find in this location, 
nor a guarantee that every bird on this list will be found in your project area. To see exact 
locations of where birders and the general public have sighted birds in and around your project 
area, visit the E-bird data mapping tool (Tip: enter your location, desired date range and a species 
on your list). For projects that occur off the Atlantic Coast, additional maps and models detailing 
the relative occurrence and abundance of bird species on your list are available. Links to 
additional information about Atlantic Coast birds, and other important information about your 
migratory bird list, including how to properly interpret and use your migratory bird report, can be 
found below.

For guidance on when to schedule activities or implement avoidance and minimization measures 
to reduce impacts to migratory birds on your list, click on the PROBABILITY OF PRESENCE 
SUMMARY at the top of your list to see when these birds are most likely to be present and 
breeding in your project area.

NAME
BREEDING 
SEASON

Bald Eagle Haliaeetus leucocephalus
This is not a Bird of Conservation Concern (BCC) in this area, but warrants attention 
because of the Eagle Act or for potential susceptibilities in offshore areas from certain types 
of development or activities.

Breeds Sep 1 to 
Aug 31

Bobolink Dolichonyx oryzivorus
This is a Bird of Conservation Concern (BCC) throughout its range in the continental USA 
and Alaska.

Breeds May 20 
to Jul 31

Chimney Swift Chaetura pelagica
This is a Bird of Conservation Concern (BCC) throughout its range in the continental USA 
and Alaska.

Breeds Mar 15 
to Aug 25

1
2

https://www.fws.gov/birds/policies-and-regulations/laws-legislations/migratory-bird-treaty-act.php
https://www.fws.gov/birds/policies-and-regulations/laws-legislations/bald-and-golden-eagle-protection-act.php
https://www.fws.gov/program/migratory-birds/species
http://ebird.org/ebird/map/
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1.

NAME
BREEDING 
SEASON

Field Sparrow Spizella pusilla
This is a Bird of Conservation Concern (BCC) only in particular Bird Conservation Regions 
(BCRs) in the continental USA

Breeds Mar 1 to 
Aug 15

Kentucky Warbler Oporornis formosus
This is a Bird of Conservation Concern (BCC) throughout its range in the continental USA 
and Alaska.

Breeds Apr 20 
to Aug 20

Lesser Yellowlegs Tringa flavipes
This is a Bird of Conservation Concern (BCC) throughout its range in the continental USA 
and Alaska.
https://ecos.fws.gov/ecp/species/9679

Breeds 
elsewhere

Prothonotary Warbler Protonotaria citrea
This is a Bird of Conservation Concern (BCC) throughout its range in the continental USA 
and Alaska.

Breeds Apr 1 to 
Jul 31

Red-headed Woodpecker Melanerpes erythrocephalus
This is a Bird of Conservation Concern (BCC) throughout its range in the continental USA 
and Alaska.

Breeds May 10 
to Sep 10

Rusty Blackbird Euphagus carolinus
This is a Bird of Conservation Concern (BCC) only in particular Bird Conservation Regions 
(BCRs) in the continental USA

Breeds 
elsewhere

Wood Thrush Hylocichla mustelina
This is a Bird of Conservation Concern (BCC) throughout its range in the continental USA 
and Alaska.

Breeds May 10 
to Aug 31

PROBABILITY OF PRESENCE SUMMARY
The graphs below provide our best understanding of when birds of concern are most likely to be 
present in your project area. This information can be used to tailor and schedule your project 
activities to avoid or minimize impacts to birds. Please make sure you read and understand the 
FAQ "Proper Interpretation and Use of Your Migratory Bird Report" before using or attempting 
to interpret this report.

Probability of Presence ( )

Each green bar represents the bird's relative probability of presence in the 10km grid cell(s) your 
project overlaps during a particular week of the year. (A year is represented as 12 4-week 
months.) A taller bar indicates a higher probability of species presence. The survey effort (see 
below) can be used to establish a level of confidence in the presence score. One can have higher 
confidence in the presence score if the corresponding survey effort is also high.

How is the probability of presence score calculated? The calculation is done in three steps:

The probability of presence for each week is calculated as the number of survey events in 
the week where the species was detected divided by the total number of survey events for 
that week. For example, if in week 12 there were 20 survey events and the Spotted Towhee 

https://ecos.fws.gov/ecp/species/9679
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2.

3.

 no data survey effort breeding season probability of presence

was found in 5 of them, the probability of presence of the Spotted Towhee in week 12 is 
0.25.
To properly present the pattern of presence across the year, the relative probability of 
presence is calculated. This is the probability of presence divided by the maximum 
probability of presence across all weeks. For example, imagine the probability of presence 
in week 20 for the Spotted Towhee is 0.05, and that the probability of presence at week 12 
(0.25) is the maximum of any week of the year. The relative probability of presence on 
week 12 is 0.25/0.25 = 1; at week 20 it is 0.05/0.25 = 0.2.
The relative probability of presence calculated in the previous step undergoes a statistical 
conversion so that all possible values fall between 0 and 10, inclusive. This is the 
probability of presence score.

Breeding Season ( )
Yellow bars denote a very liberal estimate of the time-frame inside which the bird breeds across 
its entire range. If there are no yellow bars shown for a bird, it does not breed in your project 
area.

Survey Effort ( )
Vertical black lines superimposed on probability of presence bars indicate the number of surveys 
performed for that species in the 10km grid cell(s) your project area overlaps. The number of 
surveys is expressed as a range, for example, 33 to 64 surveys.

No Data ( )
A week is marked as having no data if there were no survey events for that week.

Survey Timeframe
Surveys from only the last 10 years are used in order to ensure delivery of currently relevant 
information. The exception to this is areas off the Atlantic coast, where bird returns are based on 
all years of available data, since data in these areas is currently much more sparse.

SPECIES JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Bald Eagle
Non-BCC 
Vulnerable

Bobolink
BCC Rangewide 
(CON)

Chimney Swift
BCC Rangewide 
(CON)
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Field Sparrow
BCC - BCR

Kentucky Warbler
BCC Rangewide 
(CON)

Lesser Yellowlegs
BCC Rangewide 
(CON)

Prothonotary 
Warbler
BCC Rangewide 
(CON)

Red-headed 
Woodpecker
BCC Rangewide 
(CON)

Rusty Blackbird
BCC - BCR

Wood Thrush
BCC Rangewide 
(CON)

Additional information can be found using the following links:

Birds of Conservation Concern https://www.fws.gov/program/migratory-birds/species
Measures for avoiding and minimizing impacts to birds https://www.fws.gov/library/ 
collections/avoiding-and-minimizing-incidental-take-migratory-birds
Nationwide conservation measures for birds https://www.fws.gov/sites/default/files/ 
documents/nationwide-standard-conservation-measures.pdf

MIGRATORY BIRDS FAQ
Tell me more about conservation measures I can implement to avoid or minimize impacts 
to migratory birds. 
Nationwide Conservation Measures describes measures that can help avoid and minimize 
impacts to all birds at any location year round. Implementation of these measures is particularly 
important when birds are most likely to occur in the project area. When birds may be breeding in 
the area, identifying the locations of any active nests and avoiding their destruction is a very 
helpful impact minimization measure. To see when birds are most likely to occur and be breeding 
in your project area, view the Probability of Presence Summary. Additional measures or permits 
may be advisable depending on the type of activity you are conducting and the type of 
infrastructure or bird species present on your project site.

What does IPaC use to generate the list of migratory birds that potentially occur in my 
specified location? 
The Migratory Bird Resource List is comprised of USFWS Birds of Conservation Concern 
(BCC) and other species that may warrant special attention in your project location.

https://www.fws.gov/program/migratory-birds/species
https://www.fws.gov/library/collections/avoiding-and-minimizing-incidental-take-migratory-birds
https://www.fws.gov/library/collections/avoiding-and-minimizing-incidental-take-migratory-birds
https://www.fws.gov/sites/default/files/documents/nationwide-standard-conservation-measures.pdf
https://www.fws.gov/sites/default/files/documents/nationwide-standard-conservation-measures.pdf
https://www.fws.gov/sites/default/files/documents/nationwide-standard-conservation-measures.pdf
https://avianknowledge.net/index.php/beneficial-practices/
https://www.fws.gov/birds/policies-and-regulations/permits.php
https://www.fws.gov/program/migratory-birds/species
https://www.fws.gov/program/migratory-birds/species
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1.

2.

3.

The migratory bird list generated for your project is derived from data provided by the Avian 
Knowledge Network (AKN). The AKN data is based on a growing collection of survey, banding, 
and citizen science datasets and is queried and filtered to return a list of those birds reported as 
occurring in the 10km grid cell(s) which your project intersects, and that have been identified as 
warranting special attention because they are a BCC species in that area, an eagle (Eagle Act 
requirements may apply), or a species that has a particular vulnerability to offshore activities or 
development.

Again, the Migratory Bird Resource list includes only a subset of birds that may occur in your 
project area. It is not representative of all birds that may occur in your project area. To get a list 
of all birds potentially present in your project area, please visit the Rapid Avian Information 
Locator (RAIL) Tool.

What does IPaC use to generate the probability of presence graphs for the migratory birds 
potentially occurring in my specified location? 
The probability of presence graphs associated with your migratory bird list are based on data 
provided by the Avian Knowledge Network (AKN). This data is derived from a growing 
collection of survey, banding, and citizen science datasets.

Probability of presence data is continuously being updated as new and better information 
becomes available. To learn more about how the probability of presence graphs are produced and 
how to interpret them, go the Probability of Presence Summary and then click on the "Tell me 
about these graphs" link.

How do I know if a bird is breeding, wintering or migrating in my area? 
To see what part of a particular bird's range your project area falls within (i.e. breeding, 
wintering, migrating or year-round), you may query your location using the RAIL Tool and look 
at the range maps provided for birds in your area at the bottom of the profiles provided for each 
bird in your results. If a bird on your migratory bird species list has a breeding season associated 
with it, if that bird does occur in your project area, there may be nests present at some point 
within the timeframe specified. If "Breeds elsewhere" is indicated, then the bird likely does not 
breed in your project area.

What are the levels of concern for migratory birds? 
Migratory birds delivered through IPaC fall into the following distinct categories of concern:

"BCC Rangewide" birds are Birds of Conservation Concern (BCC) that are of concern 
throughout their range anywhere within the USA (including Hawaii, the Pacific Islands, 
Puerto Rico, and the Virgin Islands);
"BCC - BCR" birds are BCCs that are of concern only in particular Bird Conservation 
Regions (BCRs) in the continental USA; and
"Non-BCC - Vulnerable" birds are not BCC species in your project area, but appear on 
your list either because of the Eagle Act requirements (for eagles) or (for non-eagles) 
potential susceptibilities in offshore areas from certain types of development or activities 
(e.g. offshore energy development or longline fishing).

http://www.avianknowledge.net/
http://www.avianknowledge.net/
https://data.pointblue.org/api/v3/annual-summaries-about-data-types.html
https://data.pointblue.org/api/v3/annual-summaries-about-data-types.html
https://www.fws.gov/program/eagle-management
https://data.pointblue.org/apps/rail/
https://data.pointblue.org/apps/rail/
https://avianknowledge.net/
https://data.pointblue.org/api/v3/annual-summaries-about-data-types.html
https://data.pointblue.org/apps/rail/
https://www.fws.gov/program/migratory-birds/species
https://www.fws.gov/birds/management/managed-species/bald-and-golden-eagle-information.php
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Although it is important to try to avoid and minimize impacts to all birds, efforts should be made, 
in particular, to avoid and minimize impacts to the birds on this list, especially eagles and BCC 
species of rangewide concern. For more information on conservation measures you can 
implement to help avoid and minimize migratory bird impacts and requirements for eagles, 
please see the FAQs for these topics.

Details about birds that are potentially affected by offshore projects 
For additional details about the relative occurrence and abundance of both individual bird species 
and groups of bird species within your project area off the Atlantic Coast, please visit the 
Northeast Ocean Data Portal. The Portal also offers data and information about other taxa besides 
birds that may be helpful to you in your project review. Alternately, you may download the bird 
model results files underlying the portal maps through the NOAA NCCOS Integrative Statistical 
Modeling and Predictive Mapping of Marine Bird Distributions and Abundance on the Atlantic 
Outer Continental Shelf project webpage.

Bird tracking data can also provide additional details about occurrence and habitat use 
throughout the year, including migration. Models relying on survey data may not include this 
information. For additional information on marine bird tracking data, see the Diving Bird Study 
and the nanotag studies or contact Caleb Spiegel or Pam Loring.

What if I have eagles on my list? 
If your project has the potential to disturb or kill eagles, you may need to obtain a permit to avoid 
violating the Eagle Act should such impacts occur.

Proper Interpretation and Use of Your Migratory Bird Report 
The migratory bird list generated is not a list of all birds in your project area, only a subset of 
birds of priority concern. To learn more about how your list is generated, and see options for 
identifying what other birds may be in your project area, please see the FAQ "What does IPaC 
use to generate the migratory birds potentially occurring in my specified location". Please be 
aware this report provides the "probability of presence" of birds within the 10 km grid cell(s) that 
overlap your project; not your exact project footprint. On the graphs provided, please also look 
carefully at the survey effort (indicated by the black vertical bar) and for the existence of the "no 
data" indicator (a red horizontal bar). A high survey effort is the key component. If the survey 
effort is high, then the probability of presence score can be viewed as more dependable. In 
contrast, a low survey effort bar or no data bar means a lack of data and, therefore, a lack of 
certainty about presence of the species. This list is not perfect; it is simply a starting point for 
identifying what birds of concern have the potential to be in your project area, when they might 
be there, and if they might be breeding (which means nests might be present). The list helps you 
know what to look for to confirm presence, and helps guide you in knowing when to implement 
conservation measures to avoid or minimize potential impacts from your project activities, 
should presence be confirmed. To learn more about conservation measures, visit the FAQ "Tell 
me about conservation measures I can implement to avoid or minimize impacts to migratory 
birds" at the bottom of your migratory bird trust resources page.

http://www.northeastoceandata.org/data-explorer/?birds
https://coastalscience.noaa.gov/project/statistical-modeling-marine-bird-distributions/
https://coastalscience.noaa.gov/project/statistical-modeling-marine-bird-distributions/
https://coastalscience.noaa.gov/project/statistical-modeling-marine-bird-distributions/
http://www.boem.gov/AT-12-02/
http://www.boem.gov/AT-13-01/
mailto:Caleb_Spiegel@fws.gov
mailto:Pamela_Loring@fws.gov
https://fwsepermits.servicenowservices.com/fws
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WETLANDS
Impacts to NWI wetlands and other aquatic habitats may be subject to regulation under Section 
404 of the Clean Water Act, or other State/Federal statutes.

For more information please contact the Regulatory Program of the local U.S. Army Corps of 
Engineers District.

Please note that the NWI data being shown may be out of date. We are currently working to 
update our NWI data set. We recommend you verify these results with a site visit to determine 
the actual extent of wetlands on site.

WETLAND INFORMATION WAS NOT AVAILABLE WHEN THIS SPECIES LIST WAS GENERATED. 
PLEASE VISIT HTTPS://WWW.FWS.GOV/WETLANDS/DATA/MAPPER.HTML OR CONTACT THE FIELD 
OFFICE FOR FURTHER INFORMATION.

http://www.fws.gov/wetlands/
http://www.usace.army.mil/Missions/CivilWorks/RegulatoryProgramandPermits.aspx
http://www.usace.army.mil/Missions/CivilWorks/RegulatoryProgramandPermits.aspx
https://www.fws.gov/wetlands/data/mapper.HTML
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IPAC USER CONTACT INFORMATION
Agency: Terracon
Name: Bridgette Zapalac
Address: 5307 Industrial Oaks Boulevard
City: Austin
State: TX
Zip: 78749
Email bridgette.zapalac@terracon.com
Phone: 5123589935
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1.0 INTRODUCTION 

 
 
 
 
 
 
 

Horizon conducted an updated Wetlands and Riparian Habitat Study (Study) for the Grand 
River Dam Authority (GRDA) on the Grand Lake O’ the Cherokees (Grand Lake) located in Craig, 
Delaware, Mayes, and Ottawa counties, Oklahoma, to evaluate the effects of anticipated 
operations of the Pensacola Hydroelectric Project (Project) operations to wetlands and riparian 
habitat areas based on the inundation maps generated by the Comprehensive Hydraulic Model 
(CHM). 

Inundation maps generated by the CHM were overlaid onto preliminary base maps that 
were developed using National Wetlands Inventory and other existing wetlands information and 
information related to the riparian habitat areas and Wildlife Management Areas (WMAs). The 
maps delineated the median areas inundated under baseline operations and the median areas to 
be inundated under anticipated operations during the growing season along with the current 
Project boundary. Horizon assessed the potential impacts to wetlands, riparian areas, and WMAs 
by identifying the extent, duration, and seasonality (timing) of inundation occurring in the Project 
boundary.  
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2.0  STUDY YEAR TWO ACTIVITIES 

 
 
 
 
 
 
 
 

2.1 DATABASE CONTENTS 

Project operations influence water levels of Grand Lake. These water level fluctuations 
have the potential to affect aquatic vegetation, wetlands, and riparian habitat, which can be 
important habitats for fish and wildlife. As such, Horizon was contracted to conduct a wetlands 
and riparian habitat study to quantify and refine the potential impacts associated with the 
anticipated change in Project operations under the new Federal Energy Regulatory Commission 
(FERC) license for the Project. Horizon used the National Wetlands Inventory (NWI) and CHM 
data to identify, display, and describe the composition of wetland and riparian communities (within 
the study area) in a geographic information systems (GIS) database. For this study, we utilized 
the CHM data to determine the median elevation for the baseline operation and the anticipated 
operation of the project during the growing season (March 30 to November 2) to develop wetland 
and riparian inundation areas.  

GRDA currently operates the Project’s conservation pool to target reservoir surface 
elevations to serve multiple purposes, including hydropower generation, water supply, public 
recreation, and wildlife enhancement. This operational scheme, referred to as the Project’s rule 
curve, is required by Article 401 of the license. Over the years, the rule curve has been adjusted 
several times by the FERC.  Even during the existing license term, the Article 401 rule curve 
requirements have been amended several times.  As recently as 2015, GRDA was required by 
the FERC to target a low elevation of 741 feet Pensacola Datum (PD) during the latter part of the 
growing season beginning September 1 through mid-October of each year.  The recent operations 
of the Project as modified by the FERC from time to time are generally considered in the 
established baseline operation. Under baseline Project operations, the median elevation as 
determined by the CHM has been 742.92 feet PD.   

Under the Project’s new license, GRDA does not anticipate Project operations in 
accordance with a rule curve. In 2019, Congress enacted the National Defense Authorization Act 
for Fiscal Year 2020 (NDAA 2020), which, among other things, granted GRDA autonomy in 
establishing reservoir levels within Grand Lake: 

“(A) IN GENERAL.—Except as may be required by the Secretary [of the Army] to carry 
out responsibilities under section 7 of the Flood Control Act of 1944 (33 U.S.C. 709), 
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the Commission or any other Federal or State agency shall not include in any 
license for the project any condition or other requirement relating to— 

(i) surface elevations of the conservation pool; or 

(ii) the flood pool (except to the extent it references flood control 
requirements prescribed by the Secretary). 

(B) EXCEPTION.—Notwithstanding subparagraph (A), the project shall remain 
subject to the Commission’s rules and regulations for project safety and protection 
of human health.” 

Pub. L. No. 116-92, § 7612(b)(2), 133 Stat. 1198, 2312 (2019).  

Based on authority granted to GRDA under NDAA 2020 and informed by the first season 
of relicensing studies, GRDA has determined that the following anticipated operational 
parameters will apply during the new license term: 

1. GRDA will no longer utilize a rule curve with seasonal target elevations. 

2. GRDA will maintain the conservation pool between elevations 742 and 745 feet 
PD for purposes of normal hydropower operations. While hydropower operations 
may occur when water surface elevations are outside this range (e.g., 
maintenance drawdowns and high-flow events), GRDA expects to generally 
maintain water surface elevations between 742 and 745 feet PD during normal 
Project operations. 

3. Instead of managing the Project to target a specified seasonal elevation, GRDA’s 
new operations may fluctuate reservoir levels within the elevational range of 742 
and 745 feet PD, for purposes of responding to grid demands, market conditions, 
and the public interest, such as environmental and recreational considerations. 

4. GRDA will continue to adhere to the Corps’ direction on flood control operations in 
accordance with the Water Control Manual, with no changes to existing operations. 

These anticipated Project operations under the new FERC license will result in a water 
level fluctuation between 742 to 745 feet PD, with a CHM predicted median elevation of 743.46 ft 
PD during the growing season. 

To meet the objectives of this study, median wetland and riparian inundation levels during 
baseline operations and anticipated operations were compared to the wetland and habitat types 
from the NWI database.  The NWI database was clipped below the baseline median elevation to 
remove erroneous areas of open water.  The analysis of the wetland acres that may be affected 
was then assessed between the baseline median and anticipated median inundation levels during 
the growing season.  

To determine the net change (increase) in wetland, riparian habitats, and WMAs between 
the baseline and anticipated median operational levels, Horizon assessed 160.78 acres of 
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wetland habitat types as defined by the NWI map layer and as reported in Table 1. As provided 
in Table 2,  the study area contains 2.70 acres of riparian habitat types.  As reported in Table 3, 
the study area contains 28.54 acres of WMAs. These data are also displayed graphically in a map 
set that is included in Attachment A.  It should be noted that the wetland and riparian areas that 
are listed in the tables below and illustrated in Attachment A are difficult to display due to the large 
geographical scope of the study and the narrow area between the baseline and anticipated 
operation water line.  The majority of the water line difference, in a horizontal direction, between 
the baseline and anticipated operation ranges between a few to several feet wide along the lake 
shoreline.   

Table 1.  Wetland Composition within Study Area 

Wetland Habitat Type Acres Within Study Area 
Freshwater Emergent Wetlands 

Palustrine, Emergent, Persistent, Scrub-Shrub, 
Broad-Leaved Deciduous, Seasonally Flooded, 
Diked/Impounded (PEM1/SS1Ch) 

0.23 

Palustrine, Emergent, Persistent, Temporary 
Flooded (PEM1A) 

0.02 

Palustrine, Emergent, Persistent, Seasonally 
Flooded (PEM1C) 

3.61 

Palustrine, Emergent, Persistent, Seasonally 
Flooded, Diked/Impounded (PEM1Ch) 

2.02 

Total Freshwater Emergent Wetlands Acres 5.88 
Freshwater Forested Wetland 

Palustrine, Forested, Broad-Leaved Deciduous, 
Emergent, Persistent, Seasonally Flooded, 
Diked/Impounded (PFO1/EM1Ch) 

0.80 

Palustrine, Forested, Broad-Leaved Deciduous, 
Scrub-Shrub, Broad-Leaved Deciduous, 
Temporary Flooded (PFO1/SS1A) 

0.55 

Palustrine, Forested, Broad-Leaved Deciduous, 
Scrub-Shrub, Broad-Leaved Deciduous, 
Temporary Flooded, Diked/Impounded 
(PFO1/SS1Ah) 

3.33 

Palustrine, Forested, Broad-Leaved Deciduous, 
Scrub-Shrub, Broad-Leaved Deciduous, 
Seasonally Flooded (PFO1/SS1C) 

0.36 

Palustrine, Forested, Broad-Leaved Deciduous, 
Scrub-Shrub, Broad-Leaved Deciduous, 
Seasonally Flooded, Diked/Impounded 
(PFO1/SS1Ch) 

22.12 

Palustrine, Forested, Broad-Leaved Deciduous, 
Unconsolidated Bottom, Semi-permanently 
Flooded, Diked/Impounded (PFO1/UBFh) 

3.28 

Palustrine, Forested, Broad-Leaved Deciduous, 
Temporary Flooded (PFO1A) 

11.32 

Palustrine, Forested, Broad-Leaved Deciduous, 
Temporary Flooded, Diked/Impounded (PFO1Ah) 

7.84 

Palustrine, Forested, Broad-Leaved Deciduous, 
Seasonally Flooded (PFO1C) 

9.52 
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Wetland Habitat Type Acres Within Study Area 
Palustrine, Forested, Broad-Leaved Deciduous, 
Seasonally Flooded, Diked/Impounded (PFO1Ch) 

51.31 

Palustrine, Forested, Broad-Leaved Deciduous, 
Semi-permanently Flooded, Diked/Impounded 
(PFO1Fh) 

7.98 

Palustrine, Forested, Dead, Broad-Leaved 
Deciduous, Semi-permanently Flooded, 
Diked/Impounded (PFO5/1Fh) 

0.83 

Total Freshwater Forested Wetland Acres 119.24 
Freshwater Scrub-Shrub Wetlands 

Palustrine, Scrub-Shrub, Broad-Leaved 
Deciduous, Emergent, Persistent, Temporary 
Flooded, Ditched (PSS1/EM1Ad) 

0.37 

Palustrine, Scrub-Shrub, Broad-Leaved 
Deciduous, Emergent, Persistent, Seasonally 
Flooded (PSS1/EM1C) 

0.73 

Palustrine, Scrub-Shrub, Broad-Leaved 
Deciduous, Emergent, Persistent, Seasonally 
Flooded, Diked/Impounded (PSS1/EM1Ch) 

6.13 

Palustrine, Scrub-Shrub, Broad-Leaved 
Deciduous, Unconsolidated Bottom, Semi-
permanently Flooded, Diked/Impounded 
(PSS1/UBFh) 

0.13 

Palustrine, Scrub-Shrub, Broad-Leaved 
Deciduous, Temporary Flooded (PSS1A) 

0.59 

Palustrine, Scrub-Shrub, Broad-Leaved 
Deciduous, Temporary Flooded, 
Diked/Impounded (PSS1Ah) 

0.11 

Palustrine, Scrub-Shrub, Broad-Leaved 
Deciduous, Seasonally Flooded (PSS1C) 

1.22 

Palustrine, Scrub-Shrub, Broad-Leaved 
Deciduous, Seasonally Flooded, 
Diked/Impounded (PSS1Ch) 

15.13 

Palustrine, Scrub-Shrub, Broad-Leaved 
Deciduous, Semi-permanently Flooded (PSS1F) 

0.07 

Palustrine, Scrub-Shrub, Broad-Leaved 
Deciduous, Semi-permanently Flooded, 
Diked/Impounded (PSS1Fh) 

9.21 

Total Freshwater Scrub-Shrub Wetlands Acres 33.69 
Freshwater Open Water 

Palustrine, Unconsolidated Bottom, Permanently 
Flooded, Diked/Impounded (PUBHh) 

1.84 

Palustrine, Unconsolidated Bottom, Permanently 
Flooded, Excavated (PUBHx) 

0.13 

Total Freshwater Open Water Acres 1.97 
Total Wetland Acres Within Study Area 160.78 
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Table 2.  Riparian Composition within Study Area 

Riparian Habitat Type Acres Within Study Area 
Riparian, Lotic, Forested, Deciduous (Rp1FO6) 2.49 
Riparian, Lentic, Forested, Deciduous (Rp2FO6) 0.21 
Total Riparian Habitat Acres 2.70 

 

Table 3.  Wildlife Management Areas within Study Area 

WMA Name Acres Within Study Area 
Connors Bridge 0.22 
Mallard Point 13.4 
West Spring River 14.92 
Total WMA Acres 28.54 

 

2.2 DISCUSSION AND CONCLUSION 

According to NWI and GRDA data, 160.78 acres of wetlands, 2.70 acres of riparian habitat, 
and 28.54 acres of WMAs were identified in the study area and will be periodically inundated more 
often under the anticipated operations than under the baseline operations (i.e, the median 
elevation is expected to be slightly higher under the anticipated operations than it is under current, 
baseline operations). 

In some areas of the reservoir far upstream, the stream channel had migrated to one side 
or the other from the location mapped in the original NWI data. The majority of these areas occur 
in portions of the reservoir where the median elevation differences are indistinguishable between 
the baseline and anticipated operations. Therefore, no major deviations from the preliminary 
wetland cover types required ground-truthing. 

 
Overall, GRDA’s anticipated operations under the new license will result in water level 

fluctuations ranging from 742 to 745 feet PD (or 3 feet), whereas baseline operations have 
resulted in frequent water level fluctuations ranging from 741 to 745 feet PD (or 4 feet).  As a 
result, fewer overall impacts to wetlands, riparian areas, and WMAs are expected under the 
anticipated operations than under baseline operations. Additional wetlands will experience 
permanent inundation between 741 and 742 feet PD under the anticipated operations.  

 
Historically, baseline operations enforced by the rule curve frequently resulted in an 

operational range between 741 and 745 feet PD (4 feet).  In comparison, the median baseline 
and anticipated reservoir elevations during the growing season (March 30 to November 2) yield 
elevations of 742.92 feet PD and 743.46 feet PD, respectively.  This increase of 0.54 feet is not 
likely to yield significant changes to wetlands in the affected areas.  Furthermore, the comparisons 
between the baseline and anticipated operations also include the historical and now-abandoned 
fall drawdown of the reservoir to 741 feet PD to expose mudflats. 
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Using historical data to represent normal events, including 1-year flood events, the output 
of the CHM produced a comparison of the median water surface elevation (WSEL) under baseline 
operations versus the median WSEL under anticipated operations for the growing season (March 
30 to November 2).  The mapped output when overlaid on other sources of data, including the 
NWI data, showed very small differences along shorelines that could result in a net increase or 
conversion to other types of wetlands, because the anticipated operations have a higher median 
elevation during the growing season than do the baseline operations. 
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1. INTRODUCTION 
As part of the relicensing of the Pensacola Hydroelectric Project (Project; FERC [Federal 
Energy Regulatory Commission] No. 1494), the Grand River Dam Authority (GRDA) filed a Pre-
Application Document (PAD) with FERC on February 1, 2017 (GRDA 2017). The GRDA filed its 
Proposed Study Plan (PSP) for the relicensing on April 27, 2018 (GRDA 2018a). Also, on April 
27, 2018, FERC released its Scoping Document 2 for the relicensing of the Project (FERC 
2018). In its PSP, GRDA did not include a specific study to investigate potential Project effects 
on aquatic resources. Based on comments received from federal and state resource agencies 
and other stakeholders, GRDA’s Revised Study Plan (RSP), filed on September 24, 2018, 
proposed an Aquatic Species of Concern Study to provide further details regarding how 
potential impacts to aquatic resources related to changing water levels due to Project operations 
will be assessed during the relicensing process.  
GRDA’s Aquatic Species of Concern Study proposed a phased approach to identify and 
analyze potential Project effects on aquatic species in the study area and focused on six 
species:  Neosho Mucket (Lampsilis rafinesqueana); Rabbitsfoot mussel (Quadrula cylindrical 
cylindrical); Winged Mapleleaf mussel (Quadrula fragosa); Neosho Madtom (Noturus placidus); 
Neosho Smallmouth Bass (Micropterus dolomieu velox); and Paddlefish (Polyodon spathula). In 
the RSP, GRDA’s Aquatic Species of Concern Study Plan generally proposed to use existing 
information and output from the Comprehensive Hydraulic Model (CHM) to assess potential 
impacts to these aquatic resources.  For the three Neosho River species (Neosho Mucket, 
Neosho Madtom, and Neosho Smallmouth Bass), GRDA also proposed to conduct field surveys 
in the second study season to develop rough estimates of species’ distribution in relevant 
reaches, if determined necessary. 
FERC issued its Study Plan Determination on November 8, 2018, which recommended the 
following refinements to GRDA’s proposed Aquatic Species of Concern Study: 

• For Paddlefish, FERC recommended that GRDA include estimating the proportion of 
Paddlefish spawning habitat affected by increasing the reservoir elevation, relative to 
available spawning habitat in the project vicinity. FERC explained that estimating the 
proportion of spawning habitat affected by increasing the reservoir elevation could be 
accomplished using GRDA’s proposed data gathering methodology. 
 

• For the three Neosho species, FERC recommended that GRDA address the need for 
species density information by: (1) including a review of existing density estimates in the 
Project vicinity for each species (for the first season of studies); and (2) including 
surveys designed to estimate each species’ density (in the second season of studies). 
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The review of existing information required by the FERC-approved Aquatic Species of Concern 
Study during the first season was summarized in an Initial Study Report (ISR) submitted in 
September 2021. Following agency comments and GRDA responses on this report, FERC 
issued a Year 2 Study Plan Determination in February 2022. This determination identified areas 
to be surveyed for Neosho Mucket and Neosho Madtom during Phase 2 studies in 2022, and 
directed GRDA to consult with EcoAnalysts, Tar Creek Trustee Council (TCTC), and USFWS on 
mussel survey design. A proposed mussel survey design was developed, shared with the above 
entities during spring 2022, and completed during the summer of 2022 (see Appendix). This 
comprehensive Aquatic Species of Concern Study Report summarizes results of the initial 
review of existing information and subsequent survey efforts and provides an analysis of the 
effects of anticipated project operations on each of the aquatic species of concern. 

1.1 Purpose of the Study 
The purpose of this study is to determine if GRDA’s anticipated operation has the potential to 
affect aquatic species of concern in Grand Lake O’ the Cherokees (Grand Lake) and the lower 
reaches of its tributaries. This study reports on information needed to assess the effects of the 
Project, if any, on these relevant species identified in the preceding paragraph as part of 
FERC’s analysis for the relicensing of the Project. Specifically, Section 3 summarizes existing 
and recently collected information on each of the six species identified above and based on that 
existing information, discusses the potential effects of baseline Project operations versus 
anticipated Project operations (if any) using hydraulic conditions predicted by the CHM during 
sensitive life stages. 

1.1.1  Species of Concern 
The Neosho Mucket, Rabbitsfoot, Winged Mapleleaf, Neosho Madtom, and Neosho Smallmouth 
Bass have been identified as species of concern that inhabit or have the potential to inhabit the 
areas affected by the anticipated Project operations. While Paddlefish is not a species of 
concern, it is an important resource in Grand Lake.  Project operations may influence water 
levels of the surrounding tributaries of the Pensacola Dam. These water level fluctuations have 
the potential to alter the habitat of the species of concern and Paddlefish. Understanding the 
spatial and temporal effects, if any, caused by anticipated Project operations on the study area 
will allow for characterization of potential impacts to these species.  
The following list details the dates when the above species were listed by the U.S. Fish and 
Wildlife Service (USFWS) as threatened or endangered under the federal Endangered Species 
Act (ESA): 

• Neosho Mucket was listed as endangered effective October 17, 2013 – listed wherever 
found (ECOS 2021a). 

• Rabbitsfoot mussel was listed as endangered effective October 17, 2013 – listed 
wherever found (ECOS 2021b). 
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• Winged Mapleleaf mussel was listed as endangered effective June 20, 1991, and 
experimental population, nonessential effective June 14, 2001– Endangered wherever 
found except where listed as an experimental population (ECOS 2021c). 

• Neosho Madtom was listed as threatened effective June 22, 1990 – listed wherever 
found (ECOS 2021d). 
 

Neosho Smallmouth Bass is not listed under the federal ESA. However, it was identified by 
Oklahoma Department of Wildlife Conservation (ODWC) in its July 24, 2018, PSP comment 
letter to FERC as a species of concern in the context of anticipated changes to water level 
management in Grand Lake.  
Paddlefish is not listed under the federal ESA, nor has it been identified by ODWC as a species 
of concern. Paddlefish use Grand Lake’s two primary headwaters (the Neosho River and Spring 
River) for spawning. However, stocks in Grand Lake and the Neosho and Spring Rivers support 
a prominent snag fishery, attracting anglers from throughout the United States during the spring 
spawning run (Jager and Schooley 2016). Although annual catch rates are variable depending 
on hydrologic conditions, thousands of mature Paddlefish are harvested from Grand Lake 
stocks during some years (Scarnecchia et al. 2013). Trip expenditures from Paddlefish angling 
in Oklahoma have an estimated economic impact of $18.2 million (Melstrom and Shideler 
2017), much of which is focused on the Grand Lake fishery.  

1.2 Project Background 
Based on the information in the Shoreline Management Plan (SMP; GRDA 2008) the existing 
Project consists of the following:  

1. A main dam, which has a maximum height of 147 feet (ft) and is comprised of (a) 
a 53.5-ft-long non-overflow abutment section on the western end, (b) a 4,284-ft 
long multiple-arch section with a crest elevation of 757-ft Pensacola Datum (PD), 
(c) an 861-ft long main spillway section, which has a crest elevation of 730-ft PD 
and is controlled by 21 Taintor gates, each of which is 36-ft long by 25-ft high, (d) 
a 451-ft long non overflow gravity section on the eastern end, and (e) a 300-ft 
long non overflow abutment section consisting of a concrete core wall;  

2. Two auxiliary spillways with approximate lengths of 464-ft and 422-ft about 1.0 
mile east of the main dam, which consist of concrete gravity overflow type 
spillways with crest elevations of 740-ft PD controlled by a total of 21 Taintor 
gates, each of which is 37-ft long by 15-ft high;  

3. Grand Lake, which has a surface area of 46,500 acres (ac) and a storage volume 
of 1,680,000 acre-feet at the maximum power pool of 745-ft PD;  

4. A 27-ft by 246-ft intake structure;  



GRDA Pensacola Hydroelectric Project Aquatic Species of Concern Study 

September 2022 

  4 

5. A powerhouse with dimensions of 87.75-ft by 279.0-ft located immediately 
downstream of the western end of the dam, which contains seven turbine 
generator units with a total nameplate capacity of 86,900 kilowatts (kW); and 

6. Other pertinent equipment and facilities. 
Under the Flood Control Act of 1944, the NDAA (National Defense Authorization Act for Fiscal 
Year 2020), and other federal legislation and regulations, the U.S. Army Corps of Engineers 
(USACE) has control of the basin wide system of flood control and navigation projects. Flood 
storage at the Project is when the elevation is expected rise above 745--ft PD.  

1.3 Study Area 
Grand Lake is located in portions of Craig, Mayes, Delaware, and Ottawa counties, Oklahoma. 
The study area for the Aquatic Species of Concern review corresponds to those counties 
associated with the Hydrologic and Hydraulic (H&H) Study (see Section 3 Methodology of the 
H&H Study Plan: GRDA 2018b). The study area extends upstream from Pensacola Dam along 
the Neosho River to within approximately 3 miles of the Kansas state line, upstream along the 
Spring River to within 6.5 miles of the Kansas state line, upstream along the Elk River to the 
extent dictated by the H&H model, and along Tar Creek to just upstream of the U.S. Geological 
Survey (USGS) gage at 22nd Avenue Bridge (Figure 1). The study area also encompasses the 
bays/coves within Grand Lake associated with tributaries flowing into the lake.  
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Figure 1. Study Area for the Aquatic Species of Concern 
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2. PHASES OF STUDY 
2.1 Phase I: Review of Existing information 
Phase I of this study involved a detailed exploration of existing information, including ODWC 
reports, peer-reviewed scientific publications, and, to the extent possible, unpublished 
information gathered by researchers from ODWC, Sam Nobel Museum, OSU invertebrate 
collection, Oklahoma Water Resource Board, academic institutions, and other entities. As part 
of the Phase I activities, Olsson coordinated with ODWC to obtain verbal feedback (i.e., 
documented personal communications) regarding the distributions of the species of interest in 
reaches that have the potential to be affected by Project operations (study area). Reaches 
within the study area were identified based on maps generated by the CHM as part of the H&H 
Study. Habitat preferences for each life-history stage of the species of concern identified in this 
study report are based on literature review and professional judgment. 

2.2 Phase II and Phase III: Field Studies to Document Distribution 
of the Species of Concern and Anticipated Project Effects 
Discussion 

Under GRDA’s RSP for the Aquatic Species of Concern Study, if the information gathered 
during Phase I for any species is of sufficient quality to conduct an effects analysis, then Phase 
II actions (e.g., fieldwork) were not undertaken for that species. If existing records were 
inadequate for estimating a species’ distribution, the FERC-approved study plan provided for 
targeted field surveys to be conducted to develop a rough estimate of the species’ distribution in 
the reaches of concern (i.e., reaches of reservoir inundation identified by the CHM). Phase II 
fieldwork included the following: 

1) A review of existing density estimates in the study area for each species and  
2) Surveys designed to estimate each species’ distribution and density for select species 

based on the results of the Phase I study. 
 As stated in the previous section, habitat preferences have been based on information taken 
from the scientific literature and collaboration with agency experts; no field data was collected 
during Phase II to characterize habitat use. Phase II data has been analyzed and Phase III 
incorporated project effects in the discussion sections of this report.  

3. EXISTING AND RECENTLY COLLECTED INFORMATION 
The following section reviews the habitat preference, distribution, and occurrence of all six 
species, listed above, that are the subject of this Aquatic Species of Concern Study.  
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3.1  Neosho Mucket (Lampsilis rafinesqeana) 
3.1.1 Habitat and Conservation Status 
The life history for the Neosho Mucket, similar to most freshwater mussels in North America, is 
not fully understood. In general, freshwater mussels siphon water across gills for respiration and 
food collection. Mussels are known to forage on detritus, algae, dissolved organic carbon, and 
other microscopic organisms (Strayer et al. 2004). Adult mussels tend to orient themselves on 
the surfaces of substrate to take in food and oxygen from the water column (The Neosho 
Mucket Recovery Team 2018). The Neosho Mucket reproduces with the release of sperm from 
male mussels into the water column where females can draw it in through their siphon (Barnhart 
2003). Reproductive success is often a function of water flow conditions and species density. 
Neosho muckets spawn in late April and May and female brooding of glochidia occurs through 
the month of August (Barnhart 2003). It has been demonstrated the Neosho Mucket glochidia 
are obligate parasites of black bass species, including the Largemouth (Micropterus salmoides), 
Smallmouth (Micropterus dolomieu) and Spotted Bass (Mocropterus punctulatus) (Barnhart and 
Roberts 1997; Service 2005).  
Habitat requirements for the Neosho Mucket are not adequately understood and sometimes 
contradictory depending on the reporting survey and the drainage where found. Previous 
research has demonstrated an association of Neosho muckets and shallow riffles and runs with 
moderate to swift-moving water. In Shoal Creek and the Illinois River, Oklahoma, it prefers 
nearshore areas or areas out of the main current (Oesch 1984; Obermeyer 2000). It is believed 
the Neosho Mucket does not occur in reservoirs lacking riverine characteristics (Obermeyer et 
al. 1997). In the Illinois River, Neosho Muckets seem to concentrate in areas outside of the main 
river channel near the shore (ODWC 2021b), often in mucky and/or slack-water habitats 
(Olsson 2019).  
As of its 5-year status review conducted by USFWS in 2020, the conservation status of the 
Neosho Mucket remains unchanged and exists in isolated populations with low abundance 
except in the Spring River critical habitat locations (USFWS 5 Year Review). Threats to 
conservation vary by river system within the study area. In the Neosho River upstream of Grand 
Lake, 12 low head dams and 3 federal dams exist, which alter the hydrologic and water quality 
conditions along the Neosho River North of the project area. Obermeyer (1996) found mussel 
richness and diversity negatively affected by the presence of low head dams both upstream and 
downstream on the Neosho River in Kansas. In the Spring River, the historic mining of lead and 
zinc within the tri-state mining district (TSMD) has caused contamination of waterways within 
the project area at levels above TSMD sediment quality guidelines in the Spring River (Morrison 
et. al., 2019). Angelo et al (2007) noted that unionid mussel species richness declined with 
increasing sediment metals concentrations within the Spring River and TSMD. Overall, threats 
to the species include impoundment, sedimentation, chemical contaminants, mining, the 
inadequacy of existing regulatory mechanisms, population fragmentation and isolation, invasive 
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nonindigenous species, and degradation of water quality. Climate change is also likely to have 
adverse effects on the species because of the alteration of hydrologic cycles of rivers that 
support Neosho Mucket, but the extent or magnitude of this threat has not been quantified at 
this time (USFWS 2018). 

3.1.2  Distribution and Occurrence 
The Neosho Mucket is an endemic and federally endangered freshwater mussel species with a 
distribution found in the Arkansas River System (Gordon 1981; Harris and Gordon 1987; Mather 
1990; Obermeyer 1996). Historically, this species of mussel has been observed in seventeen 
streams within the Neosho, Illinois, and Verdigris River basins (USFWS 2018). With respect to 
this relicensing project and discrete study area, rivers within the Neosho River 
basin with known populations of Neosho Mucket include the Neosho River, Spring River, and 
Elk River. In a USFWS 5-year review (2020) of the Neosho Mucket, the population status was 
found to be declining in the Neosho River (Last Observed 2014), and Stable in the Spring and 
Elk Rivers (Last Observed 2017). While the species is considered endangered wherever 
found, critical habitat are summarized in Table 1 for the Neosho, Spring and Elk Rivers.  
Table 1. Critical habitat for Neosho Mucket 

Critical Habitat Unit Number  River  Within Study Area 
NM7  Neosho  No  
NM5  Spring  No  
NM4  Spring  No  
NM3  Spring  No  
NM2  Elk  Yes  

  
Critical Habitat found within project modeling extent is located on the Elk River with 
the general description as follows:    
Unit NM2 includes 12.6 mi of the Elk River from Missouri Highway 59 at Noel, McDonald 
County, Missouri, to the confluence of Buffalo Creek immediately downstream of the Oklahoma 
and Missouri State line, Delaware County, Oklahoma (USFWS 2021).  
The occurrence of the Neosho Mucket within the study area has been described as extremely 
rare in the Oklahoma portions of the Spring and Neosho Rivers (USFWS Biological Opinion 
2015). On the Elk River, species occurrences have been documented primarily on the Missouri 
side of the state line (USFWS 2018). However, some of these locations appear to fall within the 
study area. While personal contacts with ODWC suggests no formal mussel surveys have been 
conducted within the Neosho, Spring, and Elk Rivers (Curtis Tacket; Personal Communication) 
data does exist in various agency reports, primary literature, and communications that 
is germane to this process. These data are summarized in Table 2.  
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Table 2. Summary of Neosho Mucket Locations within and adjacent to the Project Area.  
River  Date (Years)  Agency/Tribe/Entity  Location/Result  Citation(s)  
Neosho  1990 ODWC  4 Sites from Neosho River 3 Miles WNW of 

Miami to Kansas State Line/8 Relic Shells 
Found  

Mater, C.M. 1990. Status Survey of the 
Western Fanshell and the Neosho Mucket. Report to 
the Oklahoma Department of Wildlife Conservation.  

1994-1997  ODWC/OU  Neosho River, State Line to Stepp’s Ford 
Bridge (estimate)/No Live Neosho 
Muckets/29% of sites had Relic Neosho 
Mucket Shells  

Vaughn CC. Determination of the status and habitat 
preference of the Neosho Mucket in Oklahoma. 
Oklahoma City, OK: Oklahoma Biological Survey; 
1998. 17 pp.  

2006-2007  Peoria Tribe  Gravel Bars 4, 7, and 8/ Six Relict Shells  USFWS Neosho Mucket 5-year review: Summary and 
Evaluation.  

2014  Peoria Tribe  Stepp’s Ford Bridge/ 1 Live and 1 Relict Shell  USFWS Neosho Mucket 5-year review: Summary and 
Evaluation USFWS Memorandum, Biological Opinion, 
May 12, 2015.  

2018  EcoAnaysts, Inc.  19.5 km upstream to 1.5 km downstream of 
the Interstate 44 Bridge near Miami 
Oklahoma/No live or Relic Neosho Mucket 
Found  

USFWS Neosho Mucket 5-year review: Summary and 
Evaluation. 

Spring  1990 ODWC  3 Sites North from Devils Promenade Bridge 
to the State Line/1 relict shell collected  

Mater, C.M. 1990. Status Survey of the 
Western Fanshell and the Neosho Mucket. Report to 
the Oklahoma Department of Wildlife Conservation  

1994-1997  ODWC/OU  Spring River, E57 Rd Bridge to State Line, 10 
Sites, 60% of sites had relic shells. Authors 
Note Fresh Shells found at 2 sites and may 
have come down the river from known/healthy 
populations in Kansas/Missouri.  

Vaughn CC. Determination of the status and habitat 
preference of the Neosho Mucket in Oklahoma. 
Oklahoma City, OK: Oklahoma Biological Survey; 
1998. 17 pp.  

2003/11/05  
2006/08/03  

KDHE  Spr7: 36.96145, -94.72203,  
Dead Weathered Neosho Mucket Shell  
  
Spr8: 36.93439, -94.74520,   
Dead (Recent) Neosho Mucket Shell  
  
Spr9: 36.87474, -94.76269  
None Found  

Angelo, R.T., M.S. Cringan, D. L. Chamberlain, A. J. 
Stahl, S. G. Haslouer, and C. A. Goodrich. 2007. 
Residual effects of lead and zinc mining on freshwater 
mussels in the Spring River basin (Kansas, Missouri, 
and Oklahoma, USA). Science of the Total 
Environment 384: 467-496.  

2018  EcoAnaysts, Inc.  Found live Neosho Mucket from 8 of 15 sites 
in Missouri, Kansas, and Oklahoma. They 
documented changes in in the mussel 
community since Angelo 2007 with previously 
inhabited sites uninhabited.  

USFWS Neosho Mucket 5-year review: Summary and 
Evaluation.  
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River  Date (Years)  Agency/Tribe/Entity  Location/Result  Citation(s)  
Elk  1978-1995    23 Neosho Muckets collected in Missouri from 

two sites. (Location Undisclosed)  
USFWS Neosho Mucket 5-year review: Summary and 
Evaluation.  

1992 & 1998    Reports of Brooding Neosho 
Mucket Females and Juveniles present at two 
sites (Location Undisclosed)  

USFWS Neosho Mucket 5-year review: Summary and 
Evaluation.  

2016-2017    45 Live Muckets collected from 4 locations 
near Noel and HWY DD, McDonald County, 
MO  

USFWS Neosho Mucket 5-year review: Summary and 
Evaluation.  
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4. PHASE II STUDY 
4.1.1   Study Methodology 
Based off historical mussel survey data from 1990-2017, and the 5 year species reviews 
compiled by USFWS for the Neosho Mucket a data gap was identified in the records regarding 
the presence or absence of endangered mussel species within the Elk River portion of the 
GRDA project boundary.  
On the Neosho River, the most recent mussel survey completed by Eco Analysts Inc. (2018) in 
2017 found no live or relic shells of Neosho Mucket within or upstream of the study area. While 
one live specimen of Neosho Mucket was found during a bridge construction project in 2014, 
the body of available data within the Neosho River arm of the project suggests that the Neosho 
Mucket and other federally listed mussel species are unlikely to occur in the project boundary of 
the Neosho River arm. On the Spring River, previous surveys from the Kansas/Oklahoma State 
line to the project boundary have similarly been unable to locate live Neosho Mucket, 
suggesting that these species are unlikely to occur in this area of the project.  
The Elk River portion for the GRDA project boundary was listed in 2015 as critical habitat for the 
Neosho Mucket. The most recent survey data recounted in the 5 Year Review of the Neosho 
Mucket status suggests that a population of mussels may exist within the project boundary of 
Grand Lake as evidenced by recent surveys that recovered live specimens only a few river 
miles upstream. Per the description in the Code of Federal Regulations (CFR) for critical habitat 
NM2, a roughly one mile stretch of critical habitat occurs within the current project boundary and 
no data was identified during the Phase I Study regarding the presence or absence of the 
Neosho Mucket, or other federally listed unionid species in this area. 
Based on the analysis of existing data from Phase 1 Aquatic Studies presented in the ISR along 
with the subsequent agency comment responses and FERC’s study plan determination, Phase 
2 mussel surveys were conducted for Neosho Mucket (Lampsilis rafinesqueana) in select 
portions of the Elk, Spring, and Neosho rivers. Specifically, these areas were:  

• The portion of the Elk River from the Missouri/Oklahoma state line to the confluence with 
Buffalo Creek (approximately 1.0 river mile); 

• The portion of the Spring River from Warren Branch to the confluence with the Neosho 
River (approximately 10.5 river miles); and 

• The portion of the Neosho River from the City of Miami [Riverview Park] to the 
confluence with the Spring River (approximately 13 miles). 

A three-phase mussel survey methodology was developed by the study team and reviewed by 
USFWS, EcoAnalysts, and the TCTC. Phase 1 of the methodology included identification and 
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mapping of any potential Neosho Mucket habitat. Phase 2 included qualitative sampling to 
evaluate the presence of Neosho Mucket in any areas of potential habitat identified. Lastly, 
Phase 3 included quantitative quadrat sampling to estimate density of Neosho Mucket in any 
areas where the species was detected. 
The initial Phase 1 habitat assessment identified potential habitat consistent with previous 
mussel survey efforts and habitat descriptions for Neosho Mucket. Freshwater mussels are 
typically most abundant and diverse within stable fluvial habitats (riffles/runs) of riverine 
environments (Haag 2012, EcoAnalysts 2018). Specifically, Neosho Muckets have been 
collected from a variety of habitats but are typically described to have an association with 
moderately flowing shallow water over gravel or intermixed gravel and sand substrates 
(McMurray et al. 2012; Oesch 1984) and are not thought to inhabit reservoirs (Obermeyer et al. 
1997). Therefore, potential habitat for Neosho Mucket was considered to be flowing water riffles 
and runs over gravel or intermixed gravel and sand substrates. Limited amounts of potentially 
suitable Neosho Mucket habitat were identified within the study areas. Therefore, additional 
mussel survey sites (Community Assessment Sites) were added to characterize the mussel 
community within other portions of the study area. 
Qualitative surveys via timed visual/tactile search methods (hand-grubbing into the top 1-4 
inches of substrate to increase detection of more deeply buried mussels) were utilized to 
efficiently assess occurrence of Neosho Mucket. A qualitative survey approach is an efficient 
search method to establish a list of taxa, as well as increase the detection probability of rare 
species (Vaughn et al. 1997; Strayer and Smith 2003). To ensure suitable habitat was 
adequately sampled, following the same methodology, divers used surface-supplied air from a 
Brownies Third Lung Hookah Dive System to reach deeper areas. Surveyors conducted a 
minimum of three person-hours using mask and snorkel (or dive gear, where appropriate). All 
live mussels were placed in mesh bags and submerged in the stream. If no live mussels were 
collected by the end of the third person-hour, the site was considered complete. If live mussels 
were located, an additional two person-hours of search effort were conducted. Since Neosho 
Mucket (or other listed mussels) were not detected at any point during Phase 2 surveys, Phase 
3 quantitative surveys were not necessary (see Section 3.4.2).  
Upon completion of surveys at each site, all mussels were identified to species by federally 
permitted biologists, enumerated, and returned to the approximate location of collection. 
Voucher photographs were taken of each species collected. At each survey location substrate 
composition was recorded. Substrate categories included: bedrock, boulder, cobble, gravel, 
sand, silt, and clay. 
 



GRDA Pensacola Hydroelectric Project Aquatic Species of Concern Study 

September 2022 

  13 

4.1.2  Results 
Surveys were conducted during the week of July 18th, 2022. Overall, 193 mussels representing 
13 species were collected from 13 sites during 57 person-hours of total survey effort (Figure 2). 
Bluefer (Potamilus purpuratus) was the most abundant species, with 108 individuals collected. 
The next most abundant species was Fragile Papershell (Leptodea fragilis), with 23 individuals 
collected. Threehorn Wartyback (Obliquaria reflexa) and Pink Papershell (Potamilus ohiensis) 
were the next most abundant species overall, with nineteen (19) and seventeen (17) individuals 
collected, respectively. No Neosho Muckets were collected during this study (Table 3). 
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Figure 2. Survey Locations. 
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Table 3. Mussel Abundance in the Elk, Spring and Neosho Rivers 

  
Species 

Elk Spring Neosho Total 
Individuals Relative 

abundance Individuals Relative 
abundance Individuals Relative 

abundance Individuals Relative 
abundance 

Anodonta suborbiculata 0 0 5 0.12 0 0 5 0.03 
Lampsilis cardium 1 1 4 0.09 0 0 5 0.03 
Lampsilis teres 0 0 0 0 3 0.020 3 0.02 
Lasmigona complanata 0 0 0 0 1 0.007 1 0.01 
Obliquaria reflexa 0 0 5 0.13 14 0.094 19 0.10 
Potamilus fragilis 0 0 2 0.05 21 0.141 23 0.12 
Potamilus ohiensis 0 0 9 0.24 8 0.054 17 0.09 
Potamilus purpuratus 0 0 11 0.29 91 0.611 102 0.53 
Quadrula 0 0 1 0.03 0 0 1 0.01 
Toxolasma parvum 0 0 0 0 1 0.01 1 0.01 
Tritogonia verrucosa 0 0 1 0.03 4 0.03 5 0.03 
Utterbackia imbecillis 0 0 0 0 1 0.01 1 0.01 
Utterbackiana suborbiculata 0 0 5 0.13 5 0.03 10 0.05 
Species Richness 1   9   10   13   
Total Raw Abundance 1   43   149   193  
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Elk River Results 
On July 18th, three sites of potential Neosho Mucket habitat (E1, E3, and E5) and two additional 
community assessment sites (E2 and E4) were identified and surveyed on the Elk River for a 
total of 17 person-hours (Figure 3). Habitats identified and sampled in the Elk River included 
shallow riffles and runs with a complex substrate mixture of gravel, sand, silt, cobble, and 
bedrock. The substrate observed at the Elk River sites varied from bedrock to silt. The substrate 
at sites E1 and E2 varied, ranging from bedrock to silt. The substrate at sites E3, E4, and E5 
was predominantly gravel, sand, and silt. All sites were searched for at least three person-
hours, except for E-4 which was searched for five person-hours due to the presence of live 
mussels. Only one live mussel was collected in the Elk River, a Plain Pocketbook (Lampsilis 
cardium) at site E4 (Table 4).  
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Figure 3. Elk River Survey Sites 
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Table 4. Mussel Abundance at Elk River Sites 

Species 
Common 

Name Elk River 1 Elk River 2* Elk River 3 Elk River 4 Elk River 5* Total 
Lampsilis 
cardium 

Plain 
Pocketbook - - - 1 - 1 

Total  0 0 0 1 0 1 
*Community Assessment Site  

Spring River Results 
At the Spring River on July 19th, two sites of potential Neosho Mucket habitat were identified 
and sampled, and two additional community assessment sites were surveyed to evaluate the 
mussel community within lentic habitats of the study area (Figure 4). All sites on the Spring 
River were searched for 5 person-hours due to the presence of live mussels at each site. 
Habitat at the two most-upstream Spring River sites (S3 and S4) was characterized by shallow 
runs and riffles with complex substrates composed of gravel, sand, bedrock, and silt. Hence, 
these areas were identified as potential Neosho Mucket habitat. The remainder of the study 
area was characterized by deeper, slower moving water with silt and clay substrates. Two sites 
were conducted within these areas (S1 and S2) to characterize the mussel community within 
lentic portions of the study area. 
In the Spring River, 20 person-hours of total survey time resulted in collection of 43 individuals 
belonging to 9 species. The most abundant species was the Bluefer, with 11 individuals. Pink 
Papershell was the next most abundant species collected, with 9 individuals (Table 5).  
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Figure 4. Spring River Survey Sites 
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Table 5. Mussel Abundance at Spring River Sites 

  
Species 

Spring River – 1* Spring River – 2* Spring River - 3 Spring River - 4 Total 

Individuals Relative 
abundance Individuals Relative 

abundance Individuals Relative 
abundance Individuals Relative 

abundance Individuals Relative 
abundance 

Anodonta suborbiculata 0 0 5 0.5 0 0 0 0 5 0.12 
Lampsilis cardium 0 0 0 0 1 0.07 3 0.43 4 0.09 
Obliquaria reflexa 0 0 0 0 4 0.29 1 0.14 5 0.12 
Potamilus fragilis 0 0 0 0 2 0.14 0 0 2 0.05 
Potamilus ohiensis 9 0.75 0 0 0 0 0 0 9 0.21 
Potamilus purpuratus 2 0.17 0 0 6 0.43 3 0.43 11 0.26 
Quadrula quadrula 1 0.08 0 0 0 0 0 0 1 0.02 
Tritogonia verrucosa 0 0 0 0 1 0.07 0 0 1 0.02 
Utterbackiana suborbiculata 0 0 5 0.5 0 0 0 0 5 0.12 
Species Richness 3   2   5   2   8   
Total Raw Abundance 12   10   14   7   43   

*Community Assessment Site  
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Neosho River Results 
On July 20, the habitat assessment identified no potentially suitable habitat for Neosho Mucket 
within the Neosho River study area. No shallow rifles or runs were present within this area. 
Instead, the habitat was dominated by deep slow-moving lentic waters. However, to 
characterize the mussel community present, four community assessment sites were surveyed 
within the Neosho River study area (Figure 5). All the sites were searched for five person-hours, 
as live mussels were detected at each site. Substrates at N1 and N2 were 100% silt. At N3, 
there was 10% cobble, 20% gravel, 50% silt, and 20% clay with rip-rap present associated with 
a bridge crossing. Finally, at N4, the substrate was 50% silt and 30% clay with minor amounts of 
gravel (15%) and cobble (5%). 
During 20 person-hours of survey effort in the Neosho River, 149 individuals were collected 
belonging to 10 species. The most abundant species was the Bluefer, with 91 individuals. The 
next two most abundant species were the Fragile Papershell and the Threehorn Wartyback, 
represented by 21 and 14 individuals, respectively (Table 6).  
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Figure 5. Neosho River Survey Sites 
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Table 6. Mussel Abundance at Neosho River Sites 

  
Species 

Neosho River – 1* Neosho River – 2* Neosho River – 3* Neosho River – 4* Total 

Individuals Relative 
abundance Individuals Relative 

abundance Individuals Relative 
abundance Individuals Relative 

abundance Individuals Relative 
abundance 

Lampsilis teres 1 0.020 0 0 2 0.05 0 0 3 0.02 
Lasmigona complanata 0 0 0 0 0 0 1 0.02 1 0.01 
Obliquaria reflexa 7 0.14 0 0 3 0.08 4 0.07 14 0.09 
Potamilus fragilis 0 0 0 0 18 0.46 3 0.05 21 0.14 
Potamilus ohiensis 6 0.12 0 0 0 0 2 0.04 8 0.05 
Potamilus purpuratus 33 0.67 0 0 14 0.36 44 0.79 91 0.61 
Toxolasma parvum 1 0.02 0 0 0 0 0 0 1 0.01 
Tritogonia verrucosa 0 0 0 0 2 0.05 2 0.04 4 0.03 
Utterbackia imbecillis 1 0.02 0 0 0 0 0 0 1 0.01 
Utterbackiana 
suborbiculata 0 0 5 1 0 0 0 0 5 0.03 
Species Richness 6  1  5  6  10  
Total Raw Abundance 49  5  39  56  149  

*Community Assessment Site 
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4.1.3  Discussion 
Overall, the habitat assessment identified potentially suitable Neosho Mucket habitat in the Elk 
River study area and upper portions of the Spring River study area. However, large portions of 
the Spring River study area and the entire Neosho River study area were dominated by deep 
lentic reservoir areas. Mussel surveys were targeted to areas identified as potential Neosho 
Mucket habitat but were also conducted in other portions of the study areas to document the 
community present and confirm suspected habitat associations. These targeted habitat-specific 
surveys and additional community assessment surveys within the study areas of the Elk, Spring, 
and Neosho Rivers documented 188 individual mussels of 12 species during 57 person-hours of 
total survey effort at 13 locations. Of these species collected, the majority were generalist or 
lentic-adapted species such as the Bleufer, Fragile Papershell, Threehorn Wartyback, Pink 
Papershell, and Flat Floater (Anodonta suborbiculata). Flat Floater was not documented by 
previous surveys which focused on riverine habitats upstream. No Neosho Muckets were 
observed. 
Based on habitat descriptions for Neosho Mucket from the literature discussed in section 3.1.2, 
Phase 2 mussel surveys identified limited potentially suitable habitat within the study area. 
Three areas of potentially suitable habitat were identified and surveyed by the study team in the 
Elk River study area and two areas of potentially suitable habitat were identified and surveyed 
within the Spring River study area. No potentially suitable habitat was identified within the 
Neosho River study area. Despite the lack of potentially suitable Neosho Mucket habitat within 
the Neosho River study area and the lower Spring River study area (downstream of Hwy 10 
bridge), additional surveys were conducted in these lentic areas to provide a more complete 
characterization of the mussel community present.  
Using hydraulic models developed as part of the relicensing project, section-averaged velocities 
were calculated for cross-sections extracted at each mussel sampling location under both the 
baseline Project operations and anticipated Project operations scenarios (Table 7). The 
difference in section-averaged velocity at these cross-sections ranged from 0.00 to -0.22 ft/s 
(average = -0.06 ft/s). 
Additionally, lentic/lotic maps were generated from the CHM to evaluate changes to inundation 
relative to Project operations. These maps demonstrate a minor increase in inundation under 
the anticipated project operations that is expected to have minimal, if any, impact to freshwater 
mussels in the study areas. 
Given that no Neosho Muckets were observed in the project area, minor changes in inundation 
are expected, and the relatively minimal change in velocity predicted to occur, no impacts to 
Neosho Mucket populations are expected to occur due to anticipated changes in Project 
operations. 
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Table 7. Baseline and Anticipated Operation Velocities at Mussel Survey Locations 

Site Latitude  Longitude RM 
1D or 
2D 

Section-averaged 
velocity (ft/s) 

 
Difference 
in Velocity 
(ft/s) 

Previous 
Operations 

Proposed 
Operations 

Elk 1 36.624261 -94.617709 12.03 1D 1.06 1.05 -0.01 
Elk 2 36.625842 -94.621131 11.81 1D 0.61 0.61 0.00 
Elk 3 36.629460 -94.625396 11.41 1D 0.53 0.52 -0.01 
Elk 4 36.632643 -94.628038 11.24 1D 0.55 0.54 -0.01 
Elk 5 36.634090 -94.631331 11.01 1D 1.22 1.00 -0.22 

Neosho 1 36.803739 -94.769177 123.46 1D 0.62 0.58 -0.04 
Neosho 2 36.805637 -94.832343 127.47 1D 1.14 1.10 -0.04 
Neosho 3 36.852565 -94.857317 133.88 2D 1.77 1.72 -0.05 
Neosho 4 36.857480 -94.873648 134.92 1D 2.07 1.98 -0.09 
Spring 1 36.820170 -94.742590 2.26 1D 0.21 0.20 -0.01 
Spring 2 36.839876 -94.728731 3.79 1D 0.26 0.26 0.00 
Spring 3 36.876963 -94.747551 9.30 1D 0.59 0.56 -0.03 
Spring 4 36.891539 -94.729085 10.94 1D 1.65 1.43 -0.22 

 

4.2  Rabbitsfoot (Quadrula cylindrica) 
4.2.1  Habitat and Conservation Status 
The Rabbitsfoot is a freshwater mussel typically found in small-to-medium-sized rivers that have 
a moderate current and clear, relatively shallow water. It prefers river bottoms that are a mixture 
of sand and gravel substrates (Watters 1988). The Rabbitsfoot spawns from May to June 
(Yeager and Neves 1986). Six species of minnows have been determined to be suitable hosts 
for the Rabbitsfoot larval stage: blacktail shiner (Cyprinella venusta), red shiner (Cyprinella 
lutrensis), bluntface shiner (Cyprinella camura), cardinal shiner (Luxilus cardinalis), whitetail 
shiner (Cyprinella galctura), spotfin shiner (Cyprinella spiloptera), and bigeyed chub (Hybopsis 
amblops). Based on records received from the OWRB, none of the host species have been 
present at sampling events in the Neosho, Spring, and Elk rivers draining into the project area 
from 2003-2018. 
As with other headwater-inhabiting species of mussel, the combination of river impoundments 
and the ecological requirements of the Rabbitsfoot predict a series of isolated populations in the 
headwater streams throughout the species range. Because adults do not typically burrow into 
sediment but rather lie horizontally on the streambed surface (Watters 1988), flow refuges may 
decrease the likelihood of displacement into unsuitable habitat. The primary cause of population 
declines of the Rabbitsfoot is the construction of reservoirs and impoundments throughout its 
range (USFWS 2009). Direct disturbance by human recreational activities also can have a 
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negative impact on the species. Metal pollution in the Spring River was the consequence of 
metal inputs from the Tri-State Mining District, where extensive mining for Pb and Zn occurred 
during the mid-1800s through the 1950s (Barks 1986; Wildhaber et al. 1999b; 2000a; 
Brumbaugh et al. 2005) 

4.2.2  Distribution and Occurrence 
The Rabbitsfoot was historically found in the Verdigris, Neosho, Spring, Illinois, Blue, and Little 
rivers in Oklahoma. Populations currently remain in the Verdigris, Illinois, and Little rivers. 
Though Rabbitsfoot still exist in the Spring and Neosho rivers, they are considered very rare or 
extirpated in the Oklahoma portion (Curtis Tacket; personal communication; USWFS 2020b). 
Relic shells indicate that Rabbitsfoot formerly occurred extensively in the Verdigris, Fall, 
Cottonwood, Neosho, and Spring rivers in Kansas, and Spring River and Shoal Creek in 
Missouri, but recent records only identify a few individuals from a handful of sites in the Spring 
and Neosho rivers (EcoAnalysts 2018, Obermeyer et al. 1997). In 2016 and 2017, biologists 
surveyed 15 sites extending from 500 meters downstream of the confluence with the North Fork 
of the Spring River in Jasper County, Missouri, to 7.45 miles upstream of the confluence with 
the Neosho River in Ottawa County, Oklahoma (USFWS 2020b). Based on the five-year review 
(USFWC 2020b), two live specimens from two sites in Missouri and two live specimens from 
two sites in Kansas were reported but no specimens were found in Oklahoma during this survey 
period. This species is considered endangered wherever found with the closest critical habitat in 
Missouri 25 miles upstream (Table 8). 
Table 8. Critical habitat for Rabbitsfoot 

Critical Habitat Unit Number  River  Within Study Area 
RF1 Spring  No  

 

4.2.3   Discussion   
Through personal contact and data received from the Sam Nobel Museum, OSU invertebrate 
collection department, and ODWC suggest that no Rabbitsfoot mussel surveys have been 
conducted within the drainages leading up to the reservoir. The closet critical habitat is located 
25 miles upstream from the Project area in Jasper County Missouri on the Spring River. No live 
specimens have been found in Oklahoma segment of the river (EcoAnalysts 2018). The five-
year review (USFWS 2020b) acknowledges the Oklahoma segment of the river as historic 
range with no extant population. Therefore, based on the literature and data available, it is not 
likely that a population would occur within the study area. Rabbitsfoot mussels have not been 
found in any surveys, including the 2022 survey.  
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4.3  Winged Mapleleaf (Quadrula fragosa) 
4.3.1  Habitat and Conservation Status 
The Winged Mapleleaf is a freshwater mussel found in areas that have high water quality in 
stream beds varying from sand, cobble, or rubble (USFWS 2011, ODWC 2021c). The Winged 
Mapleleaf is often found in dense and diverse mussel beds where the large number of mussel 
species may stabilize the riverbed and improve the habitat for rare mussel species (Allen and 
Vaughn 2008).  
The Winged Mapleleaf has been found to be a fall tachytictic or short-term brooder (Heath et al. 
2000). Habitat degradation is the primary cause of this species decline. Dams, channelization, 
and dredging increase siltation, physically alter habitat conditions, and block the movements of 
fish hosts (ODWC 2021c). Other factors could include narrow range, sparse population and low 
reproduction, and the probability of inbreeding, which could weaken the species genetically 
(Hornbach et al.1996). Of the five remaining populations, three are subject to threats from 
restricted populations and isolation from other populations. The low flows associated with 
droughts have been found to pose a high degree of threat to the Little River population (Hove et 
al. 2012). 

4.3.2  Distribution and Occurrence 
Historically, the Winged Mapleleaf is known to occur in the Boggy, Kiamichi, Neosho, and Little 
rivers of Oklahoma. The only known population to still occur in Oklahoma is found in the Little 
River, though its status in other river systems is generally unknown (USWFS 2011).    

Winged Mapleleaf is known to exist in Missouri, Wisconsin, Arkansas, and Oklahoma. Known 
populations closest to the Project include those in the Bourbeuse River in Missouri, the Ouachita 
River in Arkansas, the Saline River in Arkansas, and the Little River in Arkansas and Oklahoma. 
In the Little River, the Winged Mapleleaf has been found in 12 sites since 2005 (Galbraith et al. 
2008). In 2008 (Allen and Vaughn 2008), sampled six mussel beds and located Winged 
Mapleleaf in four of those beds. No critical habitat is currently designated for this species. 

4.3.3  Discussion  
Personal contact with the Sam Nobel Museum, OSU invertebrate collection department and 
ODWC indicate that no Winged Mapleleaf specimens have been previously found within the 
Neosho, Spring, and Elk Rivers or surrounding drainages leading up to the Project reservoir. 
The only recognized population in Oklahoma is within the Little River which is 175 miles from 
the study area. It is not likely that there is a population within the study area. Winged Mapleleaf 
mussels have not been found in any surveys, including the 2022 survey.  
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4.4 Neosho Madtom (Noturus placidus) 
4.4.1  Habitat and Conservation Status  
Neosho Madtoms have been found in the highest numbers during daylight in riffles in late 
summer and early fall, after young of the year are estimated to have recruited to the population 
(Moss 1983; Luttrell et al. 1992; Fuselier and Edds 1994). Neosho Madtoms prefer the 
interstitial spaces of unconsolidated pebbles and gravel, moderate-to-slow flows, and depths 
averaging 0.23 meter (Wildhaber et al. 2000). Adults hide in the interstices of loose gravel riffles 
during the day and feed nocturnally on the aquatic insects (Cross and Collins 1995). Young of 
the year are said to inhabit slower flowing waters downstream from riffles and use pools and 
backwaters as nursery areas (Fuselier and Edds 1994). Where contamination has occurred, 
Neosho Madtoms seem to be limited primarily by the presence of contaminants associated with 
the Spring River acting directly (via mortality or avoidance) or indirectly (by suppressing and/or 
contaminating) on the benthic invertebrate food base (Cross and Collins 1995). 

4.4.2  Distribution and Occurrence 
The Neosho Madtom is a small catfish commonly 1.75–2.75 inches long; the maximum is about 
3 inches long (Wenke 1991). This species is native to the Illinois River in Oklahoma, the Neosho 
River (Kansas & Oklahoma), the Cottonwood River (Kansas), and the Spring River (Kansas, 
Oklahoma, and Missouri), where it inhabits riffles and bar habitats with loose pebble and gravel 
substrate, moderate to high water velocities, and relatively shallow depths (Ernsting et al. 1989; 
Wilkinson et al. 1996; Wilkinson and Fuselier 1997; Wildhaber et al. 2000). The density of 
Neosho Madtom populations is much greater in the Neosho system (i.e., the Neosho and 
Cottonwood rivers combined) than in the Spring River (Moss 1983; Wilkinson et al. 1996). The 
Tar Creek superfund site is located with portions of the range of the Neosho Madtom within the 
Neosho and Spring rivers watersheds and the superfund site is a known source of heavy metal 
contamination (lead, cadmium, and zinc). Where metals contamination is minimal, Neosho 
Madtom densities seem to be limited primarily by physical and chemical habitat quality and 
availability. Extant Oklahoma populations of the Neosho Madtom are restricted to the Neosho 
River upstream from Grand Lake. A population documented in 1946 in the lower Illinois River is 
now presumed to be extirpated (Moss 1981). 

4.4.3  Phase II and Phase III Recommendations  
Neosho madtoms have been found in the drainages of the study area from 1969-2007; the last 
sampling attempts near the project area occurred in 2016 and were conducted by the OWRB 
(Figure 6). The closest collection point within the study area was conducted in 2007. Because of 
the five-year data gap, it is proposed that sampling efforts take place within the Neosho River 
branch of the study area including sampling select locations upstream to determine habitat 
quality. Determining habitat quality outside of the project area will allow for appropriate 
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mitigation if management practices limit suitable habitat within the study area. All previous 
madtom locations have been within this branch of the river and it is the most likely area to have 
a stable population.  
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Figure 6. Known Locations of Neosho Madtom – data provided by OWRB and Sam Noble 
Museum. 
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Based on the Phase 1 literature review, agency comments, and the subsequent FERC Study 
Plan Determinations (2018 and 2022) the need for Phase 2 Neosho Madtom surveys were 
identified in select portions of the Spring and Neosho rivers. In the Neosho River, surveys were 
conducted from the Craig/Ottawa County border south to near the Hwy 60 bridge. In the Spring 
River, surveys were conducted from the I44 bridge downstream to the Hwy 10 bridge. Surveys 
were limited to areas with potential suitable habitat. Madtom sampling was conducted in July 
and August of 2022 at selected sites where riffles and gravel bars were identified during the 
time of surveys.  
At each site, five points were surveyed by kick-seining (4.6 m x 1.8 m seine with 3.2 mm mesh) 
where at least two surveyors thoroughly disturbed the substrate beginning at least four meters 
upstream from a stationary seine and then kicked in a downstream direction to the seine’s lead 
line. All fishes captured were identified to species, measured for total length (TL) to the nearest 
millimeter, and enumerated.  
Lastly, substrate and mean water-column velocity were quantified to characterize habitat 
conditions at each site and were measured near the center of each sampling point. Substrate 
samples were collected and sieved using a series of sieves (38 mm, 19 mm, 9.5 mm, and 2 
mm) to determine the particle size distribution. Sites where substrates were not compacted and 
contained over 50% of gravel 8-16 mm in diameter were considered high quality habitat for 
Neosho Madtom as defined by Moss (1981). 
Spring River surveys were completed on July 19th, 2022 at a discharge of 605 cubic feet per 
second (cfs) according to the USGS Spring River near Quapaw Oklahoma gage. Median 
discharge for this date is about 725 cfs.  
Neosho River surveys were initiated on July 20, 2022 at flows of 2,190 cfs (according to the 
USGS Commerce Oklahoma gage. Median flows for this time of year and location were 
expected to be about 1,100 cfs. These elevated flows inundated much of the appropriate 
Neosho Madtom habitat with swift flowing water and made sampling swift flowing riffles difficult. 
As a result, the study team made the decision to postpone sampling until flow conditions were 
more appropriate for sampling using the kick seining method. Surveys were completed on 
August 16, 2022 when flows reached 171 cfs at the Commerce gage.  

4.4.3.1 Results 
Twenty-eight fish species were collected from 11 riffle/gravel bars in the Neosho and Spring 
Rivers (Figure 7). Neosho Madtoms were collected at five of the seven sites on the Neosho 
River and were not observed in the four sites sampled on Spring River (Table 9). 
4.4.3.1.1 Neosho River 
A total of twenty-one species of fish were collected at the Neosho River survey sites with the 
Red Shiner (Cyprinella lutrensis), Emerald Shiner (Notropis atherinoides), and White Bass 
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(Morone chrysops) being the most abundant species (421, 246, and 119 individuals, 
respectively) accounting for 73% of the individuals collected (Figure 8, Table 9). Neosho 
Madtoms were collected from five of nine sites surveyed, N1, N2, N3, N4, and N6 (Table 9) and 
were more abundant at sites within the upstream portions of the study area. Average velocity for 
all the survey sites in the Neosho River was 1.7 ft/s and ranged from 0.6 to 3.4 ft/s. Sites with 
Neosho Madtoms had an average flow of 1.9 ft/s (Table 10).  
On the Neosho River, the substrate composition varied from a relatively even mixture of 
substrates to those with predominantly larger particles having smaller average substrate size 
farther downstream. The largest particles sizes (38 mm and 19 mm) comprised greater that 
40% in the upstream most sites (Neosho 1 and Neosho 2) and less than 5% of the samples in 
the remaining sites and being completely absent in the 2 farthest downstream sites (Neosho 6 
and Neosho 7). (Table 11). 
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Figure 7. Neosho Madtom Survey Sites
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Table 9. Overall Survey Results 

Species Survey Sites  

Scientific Name Common Name N1 N2 N3 N4 N5 N6 N7 S1 S2 S3 S4 Total 
Relative 

Abundance 
Dorosoma petense Threadfin Shad 0 0 0 0 0 0 0 1 0 0 0 1 <0.01 
Campastoma 
anomalum Central Stoneroller 1 0 0 0 0 0 0 2 0 0 0 3 <0.01 
Cyprinella lutrensis Red Shiner 50 11 34 8 32 46 28 27 47 12 7 302 0.33 
Erimystax x-punctatus Gravel Chub 2 0 1 3 0 0 0 4 19 1 6 36 0.04 
Luxilus cardinalis Cardinal Shiner 0 0 0 0 0 0 0 7 4 4 1 16 0.02 
Notropis athernoides Emerald Shiner 20 52 30 9 12 18 44 35 13 2 1 236 0.26 
Notropis buchanani Ghost Shiner 0 0 0 0 1 0 0 0 0 0 0 1 <0.01 
Notropis percobromus Carmine Shiner 0 0 0 0 0 0 0 0 2 0 3 5 <0.01 
Notropis vollucellus Mimic Shiner 0 0 0 0 0 0 0 0 0 0 1 1 <0.01 
Phenocobius mirabilis Suckermouth 

Minnow 0 1 0 8 0 1 2 0 0 0 0 12 0.01 
Pimephales notatus Bluntnose Minnow 0 1 0 2 0 0 0 0 0 0 0 3 <0.01 
Ictalurus furcatus Blue Catfish 0 0 33 0 1 0 0 0 0 0 0 34 <0.04 
Ictalurus punctatus Channel Catfish 13 0 22 8 0 6 0 1 0 0 0 50 <0.05 
Noturus flavus Stonecat 2 0 1 0 0 1 0 0 0 0 1 5 0.01 
Noturus miurus Brindled Madtom 0 0 0 0 0 1 0 0 0 0 0 1 <0.01 
Noturus placidus Neosho Madtom 4 1 3 2 0 3 0 0 0 0 0 13 0.01 
Plyodictus olivaris Flathead Catfish 0 0 0 0 0 0 0 0 0 1 0 1 <0.01 
Menidia audens Mississippi 

Silverside 0 0 0 1 1 3 0 0 5 0 0 10 0.01 
Morone chrysops White Bass 0 2 1 5 0 1 0 1 27 15 64 116 0.13 
Lepomis cyanellus Green Sunfish 0 0 0 0 0 1 0 0 0 0 0 1 <0.01 
Lepomis macrochirus Bluegill 0 0 0 1 0 0 0 0 0 0 0 1 <0.01 
Micropterus punctatus Spotted Bass 0 0 0 0 0 0 0 0 0 0 1 1 <0.01 
Etheostoma whipplei Redfin Darter 1 0 0 0 0 0 0 0 0 0 0 1 <0.01 
Percina caprodes Logperch 1 1 0 0 0 0 0 0 1 0 0 3 <0.01 
Percina phoxocephala Slenderhead Darter 3 2 1 0 1 4 3 7 0 0 0 21 0.02 
Percina shumardi River Darter 0 0 2 2 0 6 9 10 3 0 7 39 0.04 
Aplodinotus grunniens Freshwater Drum 0 0 0 4 0 1 0 0 0 0 0 5 0.01 

Species Richness 10 8 10 12 6 13 5 10 9 6 10 27 - 
Total Abundance 97 71 128 53 48 92 86 95 121 35 92 918 - 
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Table 10. Substrate/Habitat Results (%) and Velocity (ft/s) 

 Site  
Mesh size 

(mm) 
Spring 

1 
Spring 

2 
Spring 

3 
Spring 

4 
Neosho 

1 
Neosho 

2 
Neosho 

3 
Neosho 

4 
Neosho 

5 
Neosho 

6 
Neosho 

7 
38 25 25 15 5 40 60 5 5 5 0 0 
19 25 30 45 40 20 20 65 15 35 50 5 
9.5 25 20 10 20 15 10 15 10 30 30 50 
2 25 25 30 35 25 10 15 70 30 20 45 

Velocity (ft/s) 2.0 3.2 3.1 2.6 1.8 1.9 1.5 1.3 0.6 3.4 1.4 
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Figure 8. Neosho River Survey Sites 
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Table 11. Neosho River Site Results 

Species Survey Sites   

Scientific Name Common Name N1 N2 N3 N4 N5 N6 N7 Total Relative 
Abundance CPUE 

Campastoma anomalum Central Stoneroller 1 0 0 0 0 0 0 1 0.00 0.02 
Cyprinella lutrensis Red Shiner 50 11 34 8 32 46 28 209 0.36 3.80 
Erimystax x-punctatus Gravel Chub 2 0 1 3 0 0 0 6 0.01 0.11 
Notropis athernoides Emerald Shiner 20 52 30 9 12 18 44 185 0.32 3.36 
Notropis buchanani Ghost Shiner 0 0 0 0 1 0 0 1 0.00 0.02 
Phenocobius mirabilis Suckermouth 

Minnow 0 1 0 8 0 1 2 12 0.02 0.22 
Pimephales notatus Bluntnose Minnow 0 1 0 2 0 0 0 3 0.01 0.05 
Ictalurus furcatus Blue Catfish 0 0 33 0 1 0 0 34 0.06 0.62 
Ictalurus punctatus Channel Catfish 13 0 22 8 0 6 0 49 0.09 0.89 
Noturus flavus Stonecat 2 0 1 0 0 1 0 4 0.01 0.07 
Noturus miurus Brindled Madtom 0 0 0 0 0 1 0 1 0.00 0.02 
Noturus placidus Neosho Madtom 4 1 3 2 0 3 0 13 0.02 0.24 
Menidia audens Mississippi 

Silverside 0 0 0 1 1 3 0 5 0.01 0.09 
Morone chrysops White Bass 0 2 1 5 0 1 0 9 0.02 0.16 
Lepomis cyanellus Green Sunfish 0 0 0 0 0 1 0 1 0.00 0.02 
Lepomis macrochirus Bluegill 0 0 0 1 0 0 0 1 0.00 0.02 
Etheostoma whipplei Redfin Darter 1 0 0 0 0 0 0 1 0.00 0.02 
Percina caprodes Logperch 1 1 0 0 0 0 0 2 0.00 0.04 
Percina phoxocephala Slenderhead 

Darter 3 2 1 0 1 4 3 14 0.02 0.25 
Percina shumardi River Darter 0 0 2 2 0 6 9 19 0.03 0.35 
Aplodinotus grunniens Freshwater Drum 0 0 0 4 0 1 0 5 0.01 0.09 

Species Richness 10 8 10 12 6 13 5 21   
Total Abundance 97 71 128 53 48 92 86 575   

Catch Per Unit Effort (CPUE) 19.40 14.20 25.60 10.60 9.60 18.40 17.20 16.43   
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4.4.3.1.2 Spring River Results  
Seventeen species of fish were collected from four sites in the Spring River (Figure 9). Neosho 
Madtoms were not observed (Table 12). The average velocity at survey sites in the Spring River 
was 2.7 ft/s and ranged from 2 to 3.1 ft/s (Table 13). The substrate size distribution ranged from 
5% to 40% with a trend for a more even distribution of particle sized in downstream sites (Table 
10). 
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Figure 9. Spring River Survey Sites 
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Table 12. Spring River Results 

Species Survey Sites   
Scientific Name Common Name S1 S2 S3 S4 Total Relative 

Abundance CPUE 

Dorosoma petense Threadfin Shad 1 0 0 0 1 0.003 0.05 
Campastoma anomalum Central Stoneroller 2 0 0 0 2 0.006 0.10 
Cyprinella lutrensis Red Shiner 27 47 12 7 93 0.271 4.65 
Erimystax x-punctatus Gravel Chub 4 19 1 6 30 0.087 1.50 
Luxilus cardinalis Cardinal Shiner 7 4 4 1 16 0.047 0.80 
Notropis athernoides Emerald Shiner 35 13 2 1 51 0.149 2.55 
Notropis percobromus Carmine Shiner 0 2 0 3 5 0.015 0.25 
Notropis vollucellus Mimic Shiner 0 0 0 1 1 0.003 0.05 
Ictalurus punctatus Channel Catfish 1 0 0 0 1 0.003 0.05 
Noturus flavus Stonecat 0 0 0 1 1 0.003 0.05 
Noturus miurus Brindled Madtom 0 0 0 0 0 0.000 0.00 
Noturus placidus Neosho Madtom 0 0 0 0 0 0.000 0.00 
Plyodictus olivaris Flathead Catfish 0 0 1 0 1 0.003 0.05 
Menidia audens Mississippi Silverside 0 5 0 0 5 0.015 0.25 
Morone chrysops White Bass 1 27 15 64 107 0.312 5.35 
Micropterus punctatus Spotted Bass 0 0 0 1 1 0.003 0.05 
Percina caprodes Logperch 0 1 0 0 1 0.003 0.05 
Percina phoxocephala Slenderhead Darter 7 0 0 0 7 0.020 00.35 
Percina shumardi River Darter 10 3 0 7 20 0.058 1.00 

Species Richness 10 9 6 10 17     
Total Abundance 95 121 35 92 343     

Catch Per Unit Effort (CPUE) 19.00 24.20 7.00 18.40  17.15    
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4.4.3.2   Discussion 
As documented during previous surveys (see Section 3.4.1), Neosho Madtom were found within 
the Neosho River study area but were not located in the Spring River study area of Oklahoma. 
Within the Neosho River study area, they were most common at upstream sites near the 
Craig/Ottawa County line, and occurrence decreased at downstream sites. Substrate particle 
size also decreased from upstream to downstream, suggesting a potential relationship between 
larger particle sizes and Neosho Madtom occurrence. Also, it should be noted that velocities 
documented at sampling sites in the Neosho River were similar to those reported in the 
literature for Neosho Madtom (Moss 1983), whereas velocities documented at Spring River sites 
were generally lower.  
Using hydraulic models developed as part of the relicensing project, section-averaged velocities 
were calculated for cross-sections extracted at each madtom sampling location under both the 
baseline operations and anticipated operations scenarios (Table 13). The difference in section-
averaged velocity at these cross-sections ranged from -0.01 to -0.22 ft/s (average = -0.05 ft/s). 
The average velocity changes at Neosho Madtoms sites were -0.02 ft/s and ranged from -0.01 
to -0.04 ft/s (Table 13).  
Additionally, lentic/lotic maps were generated from the CHM to evaluate changes to inundation 
relative to Project operations. These maps demonstrate a slight increase in inundation during 
the period of May 15 to July 8, with most of this change occurring in areas of close proximity to 
the reservoir. There is essentially no discernable change to inundation in the sections of the 
mainstem Neosho River occupied by Neosho Madtoms under the two scenarios.  

While Neosho Madtoms were observed at five of the eleven survey sites, no material impacts to 
Neosho Madtoms populations are expected to occur due to changes in project operations. 
Anticipated changes to inundation will have minimal, if any, influence on upstream areas of the 
Neosho River mainstem where Neosho Madtom were most common. Additionally, the change in 
the velocity predicted to occur is relatively minimal (-0.02 ft/s) compared to the range of 
velocities predicted at occupied sites (max:3.4 ft/s, min: 1.3, range: - 2.1 ft/s; Table 13).
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Table 13. Previous and Anticipated Velocities at Neosho Madtom Sampling Locations 

Site Latitude Longitude RM 1D or 2D 

Section-averaged velocity 
(ft/s) 

Difference in 
velocity (ft/s) 

Previous 
Operations 

Proposed 
Operations 

Spring 1 36.891539 -94.729085 10.94 1D 1.65 1.43 -0.22 

Spring 2 36.903907 -94.72943 11.83 1D 1.46 1.40 -0.06 

Spring 3 36.912914 -94.731908 12.43 1D 2.98 2.91 -0.07 

Spring 4 36.891539 -94.729085 10.94 1D 1.65 1.43 -0.22 
Neosho 1 36.93597 -94.99258 148.72 2D 3.87 3.86 -0.01 
Neosho 2 36.93336 -94.95569 145.79 2D 4.47 4.46 -0.01 
Neosho 3 36.92761 -94.96014 145.26 2D 3.65 3.63 -0.02 
Neosho 4 36.91657 -94.96173 144.45 2D 3.65 3.63 -0.02 
Neosho 5 36.90761 -94.95527 143.69 2D 3.43 3.41 -0.02 
Neosho 6 36.90008 -94.953251 143.13 2D 3.02 2.99 -0.04 
Neosho 7 36.87222 -94.93223 139.47 2D 3.92 3.81 -0.10 



GRDA Pensacola Hydroelectric Project  Aquatic Species of Concern Study 

September 2022 

  43 

4.5 Neosho Smallmouth Bass 
4.5.1  Habitat and Conservation Status 
The Neosho Smallmouth Bass is found in streams that have watersheds with coarse-textured 
soils (Brewer et al. 2007, Brewer and Long 2015, Dauwalter et al 2007) within the Ozark and 
Boston Mountain ecoregions. Generally, smallmouth bass are found in clear streams, but the 
Neosho Smallmouth Bass can persist in some streams that are often spring fed and have 
relatively high sediment loads (Nigh and Shroeder 2002; Brewer and Long 2015). Though 
Neosho Smallmouth Bass are found in pool habitats, larger streams that have various channel 
units, including runs and riffles, are necessary for abundant populations (Dauwalter et al. 2007, 
Brewer 2013). 
Spawning habitat for the Neosho Smallmouth Bass consists of low-velocity, nearshore waters 
that are close to cover. The Neosho Smallmouth Bass also prefers to construct nests in areas 
that have fine sediment substrates and avoids areas that have thick layers or silts and clays 
(Dauwalter et al. 2007). In years that have low stream flows, low water velocity at the nest site 
was found to be important for nest success (Dauwalter et al. 2007). In years that have elevated 
discharge events, nest success was influenced by streamflow, temperature, and distance to 
shore (Dauwalter et al. 2007).  
However, available biology and ecology data suggest that Neosho Smallmouth Bass possess 
local adaptations to warmer climates and intermittent stream flows (Brewer and Long 2015). 
Moreover, the Neosho Smallmouth Bass inhabits stream systems but lack impact to 
impoundment fisheries (Stark and Echelle 1998; Malloy 2001), underscoring the unique fluvial 
ecology of this subspecies compared with nonnative Smallmouth Bass that thrive in 
impoundments following stocking. Conservation of the Neosho Smallmouth Bass subspecies, 
and the population-level diversity within the subspecies, would thus provide a “diversified 
portfolio” that would contribute to maintaining the overall adapt-ability of Smallmouth Bass to 
future climate change or habitat-related stressors (Schindler et al. 2010). Nonnative black bass 
are typically stocked in impoundments to bolster sportfishing opportunities, and native 
congeners often experience introgression, widespread admixture, or complete replacement 
within impoundments (Avise et al. 1997; Barwick et al. 2006). 

4.5.2  Distribution and Occurrence 
The Neosho Smallmouth Bass is a genetically distinct subspecies of smallmouth bass (Stark 
and Echelle 1998, Tayler et al. 2018). The Neosho Smallmouth Bass is found in the western 
extent of the Ozark Highlands ecoregion (Nigh and Schroeder 2002) and is known to occur in 
the Spring River, the Elk River, the Neosho River, Spavinaw Creek, Spring Creek, the Illinois 
River, Baron Fork, Sallisaw Creek, Lee Creek, Clear Creek, the Mulberry River, Big Piney 
Creek, and the Illinois Bayou (Brewer and Long 2015). Taylor et al. (2018) identified Neosho 
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Smallmouth Bass in Sycamore Creek, the Elk River, and Honey Creek all which feed into Grand 
Lake.  

4.5.3    Discussion  
Several records show that a smallmouth bass population is present within the drainages of the 
study area (Figure 10), but during the sampling there was no determination that the Neosho 
subspecies was identified. It is likely that all records of smallmouth bass from OWRB and the 
Sam Nobel Museum are not of the Neosho strain (Curtis Tacket; personal communication) 
because the smallmouth bass that may occur within Grand Lake and the stretches of the 
Neosho, Spring, and Elk rivers in Oklahoma are likely to be reservoir-strain fish. ODWC 
sampling efforts (locations not disclosed), which looked for both the Neosho and reservoir 
subspecies, did not detect the Neosho subspecies of the smallmouth bass within this project 
area or surrounding drainages; the latest surveys occurred in 2019 (Curtis Tacket; personal 
communication). Based on these data indicating that the Neosho Smallmouth Bass does not 
occur within the study area, no additional surveys for Neosho Smallmouth Bass occurred in 
2022. Furthermore, due to their absence within the study area, Project Operations should not 
impact the Neosho Smallmouth Bass 
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Figure 10. Known Locations of Neosho Smallmouth Bass – data provided by OWRB and Sam 
Noble Museum. 
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4.6 Paddlefish 
4.6.1  Habitat and Conservation Status 
Adult Paddlefish inhabit deep slow-moving pools of large rivers and associated lakes and 
reservoirs, where they use special electrical receptors on their rostrum to detect zooplankton 
that are filtered from the water with specialized gill rakers (Jennings and Zigler 2009). They 
typically inhabit areas with depths greater than 9.8 ft and current velocities below 1.6 feet per 
second (ft/s) in reservoirs (Rosen et al. 1982; Zigler et al. 2003). Appropriate spawning habitats 
are more specific and require riverine habitats. Paddlefish spawning occurs in aggregations 
over hard substrates such as washed cobble within river environments during March – June, 
depending on latitude (Jennings and Zigler 2009; Schooley and O’Donnell 2016). In Oklahoma, 
spawning peaks in late March and early April (Scarnecchia et al. 2013). Spawning appears to 
be episodic, often initiated by rising water levels and occurring during periods of high flow, and 
year-class recruitment is often highest in years that have extended high flow conditions during 
the spring spawning period (O’Keefe et al. 2007; Jennings and Zigler 2009; Scarnecchia et al. 
2013). Paddlefish spawn demersal eggs that become adhesive upon fertilization and stick to the 
substrate (Purkett 1961; Yeager and Wallus 1982). Hard substrates such as gravel and cobble 
are key to spawning success because eggs that fall on sand or silt may have reduced survival 
(Schooley and O’Donnell 2016).  
Previous research by ODWC biologists has quantified the amount of hard spawning substrates 
within the Neosho and Spring rivers upstream of Grand Lake to the first migration barriers and 
evaluated how changes in flows influence the availability of spawning habitat in these rivers 
(Schooley and O’Donnnel 2016; Schooley and Neely 2018). Because changes to reservoir 
elevations could potentially influence the availability of spawning substrates, Phase I of this 
study included compilation of this data and development of maps to evaluate the amount and 
spatial distribution of Paddlefish spawning substrate within the Project area. 
To perform this evaluation, spatially explicit depth and hardness data from the above studies 
provided by Jason Schooley (ODWC Senior Biologist, Paddlefish Research Center) and Ben 
Neely (Kansas Department of Wildlife, Parks, and Tourism) were compiled and formatted into a 
geographic information system (GIS) platform. Details on data collection and analysis used to 
generate this dataset and differentiate substrate types are provided in Schooley and O’Donnell 
(2016) and Schooley and Neely (2018). The study area for this dataset includes 38.5 miles of 
the Neosho River upstream to a dam at Chetopa, Kansas, and 22.4 miles of the Spring River 
upstream to a barrier at Baxter Springs, Kansas. Within this study area, the amount of usable 
spawning substrate changes with flow in each system because higher flows generally inundate 
more usable substrate. At the maximum flows evaluated, a total of approximately 2,647 ac of 
potential habitat occurs, of which 1,701 ac (64 percent) consist of hard substrates presumably 
suitable for Paddlefish spawning (Table 14). Specifically, 997 ac of Paddlefish spawning 
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substrates (69 percent of available) were identified within the Neosho River and 704 ac (59 
percent of available) were identified in the Spring River. The availability of hard substrates 
generally increases moving upstream from the river/reservoir interface. Within the project 
boundary, approximately 696 ac of Paddlefish spawning substrate was identified within the 
Neosho River and 493 ac of spawning substrate was observed within the Spring River (Table 
14; Figures 11-13). Therefore, 70 percent of the available spawning substrate within both the 
Neosho River and the Spring River falls within the Project boundary.  
Due to hydrology differences between the two river systems, modeling of proportional habitat 
availability under varying flow rates suggests that the Neosho River has greater value for 
Paddlefish reproduction than the Spring River (Schooley and Neely 2018). Additionally, studies 
using dentary bone microchemistry to identify natal river found that 87% of fish analyzed were of 
Neosho River origin, whereas only 7% were of Spring River origin (Whitledge and Schooley 
2019). Taken together, this demonstrates that the Neosho River has much greater value to 
Paddlefish reproduction than the Spring River. 
Table 14. Area of Paddlefish Spawning Substrate in Acres (ac) as Quantified by Schooley 
and O’Donnell (2016) in Relation to their Study Area and the Project.  

  Neosho 
River 

Spring 
River 

Overall 

Study Area (ac) 1,444 1,203 2,647 
Paddlefish Spawning Habitat (ac) 997 704 1,701 
Paddlefish Spawning Habitat within Project (ac) 696 493 1,189 
Percent of Paddlefish Spawning Habitat within 
Project  

70% 70% 70% 
 
The area below the confluence of the two rivers, in the Grand River near the river/reservoir 
interface, was not evaluated for spawning habitat. Spawning activity in this section is unlikely 
because this area is a transitional zone used by staging Paddlefish in the late winter and early 
spring as they wait for high-flow pulses to move upriver into the Spring or Neosho rivers and 
begin spawning (Schooley and O’Donnell 2016). Occurrence of such high-flow pulses which 
stimulate upstream migration within the spring spawning period are the major determinant of 
Paddlefish spawning success, and likely have a much greater influence on Paddlefish 
recruitment than reservoir levels.  
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Figure 11. Potential Paddlefish Spawning Substrate as Defined by Schooley and O’Donnell 
(2016) within the Project Boundary on the Neosho River downstream of Miami, OK. 
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Figure 12. Potential Paddlefish Spawning Substrate as Defined by Schooley and O’Donnell 
(2016) within the Project Boundary on the Neosho River upstream of Miami, Oklahoma. 
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Figure 13. Potential Paddlefish Spawning Substrate as Defined by Schooley and O’Donnell 
(2016) within the Project Boundary on the Spring River.  
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4.6.2  Distribution and Occurrence 
Paddlefish are native to large rivers and lakes of the Mississippi River drainage and nearby gulf 
slope drainages from the San Jacinto River in the southwest to the Tombigbee and Alabama 
rivers in the southeast. At the northern extent of their range, Paddlefish extend as far west as 
the Missouri and Yellowstone rivers of Montana to the Ohio and Allegheny rivers of the 
northeast (Jennings and Zigler 2009). In Oklahoma, Paddlefish were originally present in most 
large rivers of the Arkansas system including the Neosho and Grand rivers, the Little River, and 
the Red River (Miller and Robison 2004).  
Paddlefish stocks in Grand Lake and the Neosho and Spring rivers support a prominent snag 
fishery, attracting anglers from throughout the United States during the spring spawning run 
(Jager and Schooley 2016). Although annual catch rates are variable depending on hydrologic 
conditions, thousands of mature Paddlefish are harvested from Grand Lake stocks during some 
years (Scarnecchia et al. 2013). Trip expenditures from Paddlefish angling in Oklahoma have 
an estimated economic impact of 18.2 million dollars (Melstrom and Shideler 2017), much of 
which is focused on the Grand Lake fishery. Since 2015, good water years (years with extended 
high springtime flows) have resulted in good Paddlefish recruitment in the Neosho watershed. 
The impacts of a large recruitment event in 2015 are now being realized as the males have 
reached sexual maturity and the females will in 2022-2023 (personal communication via email 
on Sep. 13, 2021, Jason Schooley, ODWC Paddlefish Research Center). 

4.6.3  Discussion 
As documented above, a large percentage of available Paddlefish spawning habitat occurs 
within upstream portions of the Project area in the Neosho and Spring Rivers. However, 
inundation maps from the CHM demonstrate a non-discernable change in inundation of 
upstream Paddlefish spawning areas under anticipated operations. Regardless of the 
anticipated future operation of the Project, the magnitude and timing of inflow events will 
continue to be the main determinant of hydraulic conditions necessary to facilitate successful 
Paddlefish spawning. Therefore, based on the abundance of potential spawning substrates 
available in upstream areas, the anticipated change in Project operations is not expected to 
adversely impact Paddlefish. 
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Aquatic Species of Concern Study 

Phase 2 Freshwater Mussel Sampling Protocols 

6. INTRODUCTION 
The Grand River Dam Authority (GRDA) is relicensing the Pensacola Hydroelectric Project 
following the Integrated Licensing Process (ILP) as designated by the Federal Energy 
Regulatory Commission (FERC). One component of this process is an Aquatic Species of 
Concern Study to gather information on multiple potential aquatic species of concern and 
assess any potential effects of the Project on these species. As outlined in the Revised Study 
Plan, this study included three phases. Phase 1 (completed in 2021) consisted of a review of 
existing information to determine if further evaluation was needed; Phase 2 included potential 
field surveys to document distribution and density of the species of concern; and Phase 3 was 
an assessment of potential impacts of project operation, if any, for relevant species. The Phase 
1 review of existing information was summarized in the Initial Study Report (ISR) filed by GRDA 
on September 30, 2021 and proposed 2022 Phase 2 surveys for Neosho Mucket (Lampsilis 
rafinesqueana) in the Elk River portion of the study area, among other tasks. Both FERC and 
United States Fish and Wildlife Service (USFWS) provided comments on GRDA’s proposed 
Phase 2 study plan related to Neosho Mucket and GRDA filed an official Response to 
Comments with FERC on December 29, 2021. On February 24, 2022, FERC released a Study 
Plan Determination on Study Year 2. This Study Plan Determination recommended that GRDA 
conduct targeted freshwater mussel surveys for Neosho Mucket in USFWS-recommended 
portions of the Spring River and Neosho River, after consultation with USFWS, EcoAnalysts, 
and the Tar Creek Trustee Council (TCTC) on survey design.  
This document describes the proposed survey design for conducting Phase 2 targeted mussel 
surveys for Neosho Mucket in recommended portions of the Elk River, Spring River, and 
Neosho River. It aggregates survey locations and methods proposed by GRDA in the 
September 2021 ISR, modifications associated with the December 2021 Response to 
Comments, as well as FERC recommendations in the February 2022 Study Plan Determination. 
Goals of these surveys are to provide the information needed to determine whether Neosho 
Mucket are present and to provide habitat information to assess the potential effects of project 
operation on Neosho Mucket that are present within the targeted survey locations. 



 

   

7. SURVEY AREAS 
As defined by the process described above, three areas have been identified for targeted 
mussel surveys to assess the distribution and site-specific density of Neosho Mucket in the 
Project vicinity. These areas are: 

• the portion of the Elk River from the Missouri/Oklahoma state line to the 
confluence with Buffalo Creek1 (approximately 1.0 river mile); 

• the portion of the Spring River from Warren Branch to the confluence with the 
Neosho River2 (approximately 10.5 river miles); and 

• the portion of the Neosho River from the City of Miami [Riverview Park] to the 
confluence with the Spring River3 (approximately 13 miles). 

8. SURVEY METHODOLOGY 
Within each of the three survey reaches outlined above, the following three-phase survey 
methodology will be implemented. These surveys are planned for June-August 2022 with exact 
timing depending upon appropriate flow and weather conditions. The surveys will be conducted 
under the supervision of qualified personnel with appropriate permits and knowledge of mussel 
survey methods and procedures for handling endangered mussel species. Resumes of key 
team members are provided. 

8.1 Phase 1 – Identify and Map Any Potential Neosho Mucket 
Habitat 

Surveys are intended to target Neosho Mucket. Phase 1 of surveys will involve identifying and 
mapping appropriate habitat for this species within the previously defined survey reaches. To do 
this, experienced malacologists will traverse the entire study area by boat and/or canoe/kayak to 
examine habitat conditions. Any areas of potential Neosho Mucket habitat will be georeferenced 
by creating polygons around areas of potential habitat with a GPS.  
Potential habitat will be identified consistent with previous mussel survey efforts and habitat 
descriptions for Neosho Mucket. Freshwater mussels are typically most abundant and diverse 
within stable fluvial habitats (riffles/runs) of riverine environments (Haag 2012, EcoAnalysts 
2018). Specifically, Neosho Muckets have been collected from a variety of habitats but are 
typically described to have an association with moderately flowing shallow water over gravel or 
intermixed gravel and sand substrates (McMurray et al. 2012; Oesch 1984) and are not thought 
to inhabit reservoirs (Obermeyer et al. 1997). Therefore, potential habitat for Neosho Mucket will 
be considered flowing water riffles and runs over gravel or intermixed gravel and sand 

 
1 As outlined in the Initial Study Report submitted September 30, 2021. 
2 Requested modification in FERC Study Plan Determination-Season II-02242022. 
3 Requested modification in FERC Study Plan Determination-Season II-02242022. 



 

   

substrates4. Depth, benthic current velocity, and percent substrate composition (visually 
classified based on the modified Wentworth scale) will be recorded at each area of potential 
habitat delineated and reference photographs will be taken. 

8.2 Phase 2 – Qualitative Surveys 
Within each delineated area of potential habitat, qualitative surveys via timed visual/tactile 
search methods (hand-grubbing into the top 1-4 inches of substrate to increase detection of 
more-deeply buried mussels) will be utilized to efficiently assess occurrence of Neosho Mucket. 
A qualitative survey approach is an efficient search method to establish a list of taxa, as well as 
increase the detection probability of rare species (Vaughn et al. 1997; Strayer and Smith 2003). 
Surveyors will select a shoreline and begin searching from downstream to upstream moving 
back and forth across the stream, ensuring that all the delineated search area of potential 
habitat is sufficiently covered. Surveyors will conduct a minimum of three one-person-hour 
searches using mask and snorkel. All live mussels and shell material will be collected, placed in 
mesh bags submerged in the stream, and aggregated by person-hour. If no live mussels are 
collected by the end of the third person-hour, the site will be considered complete. If live 
mussels are located, an additional two person-hours of search effort will be conducted. If a 
previously undetected mussel species is collected in the fifth person-hour, additional one-
person-hour searches will be conducted until no new species are collected. If Neosho Mucket 
(or other listed mussels) are detected at any point during Phase 2 surveys, qualitative methods 
will immediately cease, and sampling will immediately transition to Phase 3 quantitative surveys.  
Upon completion of qualitative surveys, all mussels will be identified to species by a qualified 
malacologist, enumerated, and returned to the approximate location of collection. Voucher 
photographs will be taken of each species collected. Shell material will also be collected, 
identified to species (when possible), and classified as fresh dead (FD; intact periostracum and 
lustrous nacre), weathered dead (WD; intact periostracum, weathered and chalky nacre); or 
subfossil (SF; shell chalky, no periostracum). 

8.3 Phase 3 – Quantitative Surveys 
Phase 3 quantitative surveys will be conducted at all sites where Neosho Mucket are located 
during Phase 2 qualitative surveys. A single 100 m2 quantitative sampling area will be 
delineated encompassing the area where Neosho Mucket were located. Within this 100 m2 
quantitative sampling area, systematic sampling will be incorporated using three random starts 
with a minimum of 10 0.25 m2 quadrats conducted at each 100 m2 site (Strayer and Smith 
2003). Visual/tactile search methods will be used to remove larger mussels and each quadrat 

 
4 In the initial study report, it was stated “Additional, randomly selected quadrat points will be available to replace 
locations that do not provide mussel habitat (e.g., too close to shore, water depth, poor substrate).”  Such areas are 
now being excluded from the 100 m2 sampling area.  Therefore, additional randomly selected quadrat points are no 
longer necessary. 



 

   

will then be excavated to a depth of 20 cm and sieved, as this increases the likelihood of 
detecting juvenile mussels. Data will be used to generate an estimate of Neosho Mucket density 
within each 100 m2 site with each random start serving as an independent replicate.  
Upon completion of quantitative surveys, all mussels will be identified to species by a qualified 
malacologist, enumerated, and returned to the approximate location of collection. All Neosho 
Mucket collected will also be measured to the nearest millimeter shell length. Shell material will 
also be collected, identified to species (when possible), and classified as fresh dead (FD; intact 
periostracum and lustrous nacre), weathered dead (WD; intact periostracum, weathered and 
chalky nacre); or subfossil (SF; shell chalky, no periostracum). 

9. SUMMARY 
The above three-phase survey methodology addresses the goals of the project by identifying 
and mapping any potentially appropriate habitat for Neosho Mucket within the proposed survey 
areas, using qualitative timed searches to most-efficiently evaluate occurrence of the target 
species, and using quantitative surveys to provide an estimate of site-specific density of Neosho 
Mucket in the areas where it is detected. 
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Response Table:  
USFWS Comment Response 

1 

The Protocol identifies three principal areas for the surveys. These reflect prior input provided by 
the Service, which recommended making use of existing information collected on mussel 
resources of the Project area. We agree largely with the three identified areas, although we 
recommend expansion of the Elk River area.  Presently, the Protocol proposes surveying a 1.0-
mile portion of the Elk River between the Missouri/Oklahoma state line and the confluence with 
Buffalo Creek. Although sensitive mussel species such as the Neosho mucket are not likely to 
occur much farther downstream than Buffalo Creek, it is plausible that they could occur 
upstream of the state line. Future management actions that may be taken by the GRDA include 
scenarios in which lentic (pooled) waters would inundate presently flowing habitats, including 
extending pooled waters upstream of the state line. Such change may impact the Neosho mucket 
and other sensitive mussels. It creates a justification for expanding the Elk River survey area, 
minimally to include the extent of river habitat likely to be affected by future pool changes. 

The project boundary extends to 
approximately the Oklahoma/Missouri 
state line, so the proposed survey area 
includes all habitats within the influence of 
the project.   This proposed survey area 
was included in the ISR and received no 
comments in FERC's Study Plan 
Determination.  

2 

The qualitative survey procedure states that surveyors will conduct a minimum of three one-
person-hour searches (of each survey area), using mask and snorkel. The quantitative survey 
procedure states that surveyors will sample a minimum of ten 0.25 m2 quadrats (within each 
survey area), without specifying surveyor gear. GRDA surveyors need to be prepared to dive 
using SCUBA or surface-supplied air to complete the surveys. While it is correct that typical 
Neosho mucket habitat is often described as flowing riffles and runs over gravel or gravel/sand 
substrates, Neosho muckets can occupy greater depths than cannot be surveyed efficiently by 
snorkeling. Potential habitats that will be encountered by the surveyors in the survey areas 
include extensive areas that are too deep to survey by snorkeling, even at base flows. We 
recommend that the Protocol state SCUBA or hookah diving will be employed in the surveys to 
sample deeper habitats. 

We will add divers using surface-supplied-
air to sample deeper habitats. 

3 

The qualitative survey procedure states that if Neosho muckets or other listed mussels are 
detected at any point of surveying, qualitative methods will immediately cease, and sampling 
will transition to quantitative methods. This provision disregards the greater effectiveness of 
qualitative searches for detecting the variety of species present, including rare species. Under the 
proposed Protocol, a random encounter with a listed mussel very early in qualitative sampling 
could result in under-detection of an area’s mussel species.  We recommend that the Protocol be 
revised to state that detection of a listed species will result in a transition to quantitative 
surveying, after which qualitative surveying will be completed. 

As stated, the only reason to continue 
qualitative surveys is to document mussel 
assemblage composition, which is not the 
goal of this study. The goal of this study is 
to document if Neosho Mucket occur in 
the survey area, and if so, to estimate their 
densities in specific occupied habitats. The 
downside of additional qualitative 
sampling is that mussels 
collected/disturbed during qualitative 
surveys will influence density calculations 
from subsequent quantitative surveys. 
Given this, and the specific goals of the 
study, it is best to initiate quantitative 



 

   

sampling immediately upon detection of 
the target species. Other mussel protocols 
usually use a similar 
qualitative/quantitative transition. 

4 

The qualitative survey procedure states that voucher photographs will be taken of each species 
collected. The quantitative survey procedure does not address photo-documentation but does 
state that shell length of all Neosho muckets collected will be recorded in millimeters. We 
recommend that the Protocol be revised to state that voucher photographs/images shall be taken 
of all specimens of all listed mussel species collected and of at least one specimen of all other 
mussel species collected. The photographs/images must be of sufficient quality to support expert 
confirmation of species identifications. In addition, we recommend that the Protocol be revised 
to state that shell lengths of all listed mussel specimens collected shall be recorded in 
millimeters. We also recommend that for non-listed mussel species collected, the range of shell 
lengths be recorded and reported to demonstrate population recruitment. 

We will take individual photos and length 
measurements of all listed mussels 
collected. For non-listed mussels, we will 
record min and max length and measure a 
subset of individuals. 

5 

The Protocol proposes to accomplish quantitative surveying using systematic sampling, as 
described by Strayer and Smith (2003). Sampling is to be performed within 100 m2 sampling 
areas using 3 random starts and a minimum of ten 0.25 m2 quadrats. The target minimum of ten 
sampling units would provide a relatively data-poor sample, especially with the use of 0.25 m2 
quadrats.  Length and width of the sampling area are not specified, and perhaps are to be varied 
to fit site habitats, but in most configurations will call for more than ten quadrats.  We believe 
that setting/completing a higher target, such as a minimum of 15 sampling units, would result in 
better quantitative assessments. 

We will revise protocols to include 15 0.25 
m2 quadrats per quantitative sampling 
area. 

6 

The Protocol does not describe how the data collected are to be analyzed or presented, but we 
assume reports will be produced and made available to the Service, which include logical 
compilations and analyses of all pertinent data. Data on any occurrences of the Neosho mucket or 
other federally-listed species are most important, but data on other mussel species dependent on 
high quality lotic habitats also will be pertinent to assessing Project impacts.  We recommend 
that plans for data analysis and reporting be described. 

Data analysis will be presented in the USR. 

7 

Recommendations for sampling locations were based on assumptions that information from past 
surveys (the Service assisted in identifying this for the GRDA) will be used in composing an 
overall picture of mussel resources in the Project area. The Protocol does not describe if 
previously collected information was found to be sufficient for the relicensing analysis or would 
need to be supplemented in various respects. We recommend that this be addressed prior to 
conduct of the Phase 2 surveying. 

Previous data was summarized and 
addressed in the ISR and this sampling 
plan was developed in response to that. 

EcoAnalysts Comment Response 

1 

In Phase 1- working in this basin, we found many of the mussels in back channels or in outside 
bends of pools. So, I would suggest that although unionids are typically in shallow runs above 
and below riffles (not in riffles), they can also be in flowing parts of pools and secondary 
channels. In the Spring River in particular, we found the main part of the channel to be high 
energy and unstable. Most of the mussels we found were in secondary channels, along the edges 

We will sample flowing-water areas in 
main-channel and side-channel areas and 
look for areas with the complex substrate 
(sand/gravel/cobble/clay mix) that is 
described here. 



 

   

of islands. If substrate was “spongy” (sand/gravel/cobble over a clay base) there were typically 
mussels. In the Neosho in particular, more mussels were found in cracks in the bedrock or in 
silt/clay substrate along banks. 

2 Phase 2 mentions using mask and snorkel. Even during low water, we had to dive many of the 
areas with Neosho mucket. 

We will add divers using surface-supplied-
air to sample deeper habitats. 

3 

Phase 3- 10 quantitative samples may be insufficient if the objective is to obtain a density 
estimate of Neosho mucket. 10 samples can be used as a pilot to estimate density and standard 
deviation from which an adequate sample size can be calculated. An error objective should be 
established (+/- x% of the mean). I typically use a 25 to 30% precision unless this is a long-term 
monitoring that you want to compare over time, then you might want a more precise estimate. 
However, as precision increases, sample size increases substantially. 

Based on input from USFWS, we will 
increase to 15 quadrat samples per 
quantitative sampling area. 

TCTC Comment Response 

1 

In general, the Council recommends the sampling plan be revised to follow the U.S. Fish and 
WildHfe Service and Texas Parks and Wildlife Department, Texas Freshwater Mussel Sampling 
Protocol (October 2021) - https://www. fws.govllibrary/collections/texas-freshwater-mussel-
sampling-protocol. 

The Texas Freshwater Mussel Sampling 
Protocols referenced are designed for 
mussel relocation projects in Texas. Their 
goal is to collect mussels and relocate them 
from areas of direct impact related to 
instream construction projects. Our goals 
are different, and therefore, we should 
follow a protocol designed specifically to 
address these goals. Specifically, our goals 
are to identify if Neosho Mucket occur in 
the proposed sampling areas, and if so, at 
what approximate densities. Therefore, we 
should focus our efforts specifically in 
areas of potential Neosho Mucket habitat, 
initially use qualitative searches which are 
best at identifying the presence of rare 
species (Neosho Mucket) and follow with 
quantitative surveys in areas where the 
target species is detected. Others (Heidi 
Dunn with EcoAnalysts) have confirmed 
the appropriateness of this three-phase 
sampling approach. The protocols 
referenced in this comment are designed 
for construction projects in Texas and are 
not appropriate for the specific goals of our 
study. 

2 Increase the amount of qualitative survey hours A minimum of 5 person-hours of 
qualitative survey effort will be conducted 



 

   

at each sampling location. This will 
provide a thorough search effort which is 
comparable to or greater than most other 
previous survey efforts. Qualitative survey 
effort during previous surveys in the study 
area (EcoAnalyst 2018) ranged from 0.5 - 
6.0 person-hours per site and averaged less 
than 1.5 person-hours per site. 

3 

Identify the maximum effort at a given location (minimum identified currently) As described in the survey protocol, a 
minimum of 5 person-hours of qualitative 
survey will be conducted at each location. 
If new species are found on the last person-
hour, additional 1 person-hr searches will 
be conducted until no new species are 
encountered. Although this leaves the 
maximum amount of effort somewhat 
undetermined, it ensures that the team 
samples until no new species are being 
collected. 

4 Include dive teams to ensure that all habitats are surveys and reduce sampling bias We will add divers using surface-supplied-
air to sample deeper habitats. 

5 
Increase number of quadrats to increase statistical strength Based on input from USFWS, we will 

increase to 15 quadrat samples per 
quantitative sampling area. 

6 Take photos of all individual muckets that are found, and any other sensitive/rare species found We will photograph each individual listed 
mussel encountered. 

7 Include a description of how the data will be presented and how previous studies will be included Data analysis will be presented in the USR. 

8 

In the final report, include sized classes of all mussels found to help determine reproduction at 
each location 

We will include at least the minimum and 
maximum size of each species collected in 
the final report. We will include size class 
distributions for listed species. 

  



 

   

USFWS COMMENTS: 

The U. S. Fish and Wildlife Service (Service) has reviewed the proposed Phase 2, 
Freshwater Mussel Sampling Protocol (Protocol) prepared by the Grand River Dam 
Authority (GRDA) in regard to ongoing relicensing of the Pensacola Hydroelectric 
Project (Project).  We submit the following comments for your consideration. 

1. The Protocol identifies three principal areas for the surveys. These reflect prior 
input provided by the Service, which recommended making use of existing 
information collected on mussel resources of the Project area. We agree largely 
with the three identified areas, although we recommend expansion of the Elk 
River area.  Presently, the Protocol proposes surveying a 1.0-mile portion of the 
Elk River between the Missouri/Oklahoma state line and the confluence with 
Buffalo Creek. Although sensitive mussel species such as the Neosho mucket 
are not likely to occur much farther downstream than Buffalo Creek, it is plausible 
that they could occur upstream of the state line. Future management actions that 
may be taken by the GRDA include scenarios in which lentic (pooled) waters 
would inundate presently flowing habitats, including extending pooled waters 
upstream of the state line. Such change may impact the Neosho mucket and 
other sensitive mussels. It creates a justification for expanding the Elk River 
survey area, minimally to include the extent of river habitat likely to be affected by 
future pool changes. 

2. Response: Survey area expanded to include all suitable mussel habitat   
 downstream of the Kansas State line. 

 .  
3. The qualitative survey procedure states that surveyors will conduct a minimum of 

three one-person-hour searches (of each survey area), using mask and snorkel. 
The quantitative survey procedure states that surveyors will sample a minimum 
of ten 0.25 m2 quadrats (within each survey area), without specifying surveyor 
gear. GRDA surveyors need to be prepared to dive using SCUBA or surface-
supplied air to complete the surveys. While it is correct that typical Neosho 
mucket habitat is often described as flowing riffles and runs over gravel or 
gravel/sand substrates, Neosho muckets can occupy greater depths than cannot 
be surveyed efficiently by snorkeling. Potential habitats that will be encountered 
by the surveyors in the survey areas include extensive areas that are too deep to 
survey by snorkeling, even at base flows. We recommend that the Protocol state 
SCUBA or hookah diving will be employed in the surveys to sample deeper 
habitats. 

4. The qualitative survey procedure states that if Neosho muckets or other listed 
mussels are detected at any point of surveying, qualitative methods will 
immediately cease, and sampling will transition to quantitative methods. This 
provision disregards the greater effectiveness of qualitative searches for 
detecting the variety of species present, including rare species. Under the 



 

   

proposed Protocol, a random encounter with a listed mussel very early in 
qualitative sampling could result in under-detection of an area’s mussel species.  
We recommend that the Protocol be revised to state that detection of a listed 
species will result in a transition to quantitative surveying, after which qualitative 
surveying will be completed. 

5. The qualitative survey procedure states that voucher photographs will be taken of 
each species collected. The quantitative survey procedure does not address 
photo-documentation but does state that shell length of all Neosho muckets 
collected will be recorded in millimeters. We recommend that the Protocol be 
revised to state that voucher photographs/images shall be taken of all specimens 
of all listed mussel species collected and of at least one specimen of all other 
mussel species collected. The photographs/images must be of sufficient quality 
to support expert confirmation of species identifications. In addition, we 
recommend that the Protocol be revised to state that shell lengths of all listed 
mussel specimens collected shall be recorded in millimeters. We also 
recommend that for non-listed mussel species collected, the range of shell 
lengths be recorded and reported to demonstrate population recruitment. 

6. The Protocol proposes to accomplish quantitative surveying using systematic 
sampling, as described by Strayer and Smith (2003). Sampling is to be 
performed within 100 m2 sampling areas using 3 random starts and a minimum of 
ten 0.25 m2 quadrats. The target minimum of ten sampling units would provide a 
relatively data-poor sample, especially with the use of 0.25 m2 quadrats.  Length 
and width of the sampling area are not specified, and perhaps are to be varied to 
fit site habitats, but in most configurations will call for more than ten quadrats.  
We believe that setting/completing a higher target, such as a minimum of 15 
sampling units, would result in better quantitative assessments. 

7. The Protocol does not describe how the data collected are to be analyzed or 
presented, but we assume reports will be produced and made available to the 
Service, which include logical compilations and analyses of all pertinent data. 
Data on any occurrences of the Neosho mucket or other federally-listed species 
are most important, but data on other mussel species dependent on high quality 
lotic habitats also will be pertinent to assessing Project impacts.  We recommend 
that plans for data analysis and reporting be described. 

8. Recommendations for sampling locations were based on assumptions that 
information from past surveys (the Service assisted in identifying this for the 
GRDA) will be used in composing an overall picture of mussel resources in the 
Project area. The Protocol does not describe if previously collected information 
was found to be sufficient for the relicensing analysis or would need to be 
supplemented in various respects. We recommend that this be addressed prior 
to conduct of the Phase 2 surveying. 
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SECTION 1 BACKGROUND 

This report serves as an update to the 2021 Initial Study Report (ISR) re: beetles and bats.  
 
The purpose of the American Burying Beetle (Nicrophorus americanus; ABB) portion of this report 
is to provide a comparison of distributions of beetles to inundation maps generated by the 
Comprehensive Hydraulic Model (CHM) to characterize the effects of anticipated operations of 
the Pensacola Hydroelectric Project (Project) operations.  
 
The purpose of the bat portion of this report is to assess the degree to which anticipated Project 
operations under the new license would inundate the main entrance to Beaver Dam Cave and 
compare the frequency of inundation with that associated with baseline operations. Grand River 
Dam Authority (GRDA) has determined whether the secondary exit suffices to provide an 
alternative access by gray bats (Myotis grisescens) to the cave (during times of inundation under 
anticipated Project operations).   
 
Access to cave DL-2 (Beaver Dam Cave) and cave DL-91 (Twin Cave) has the potential to be 
affected by anticipated Project operations. Data generated by the CHM as part of the H&H Study 
were used and analyzed with respect to the gray bat to determine potential effects of anticipated 
Project operations to the species. 
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SECTION 2  AMERICAN BURYING BEETLE 

Horizon conducted a 2021 and 2022 American burying beetle (Nicrophorus americanus; ABB) 
presence/absence survey in accordance with the USFWS American Burying Beetle Range-Wide 
Presence/Absence Survey Guidance, dated May 2018 (Guidance). Communication with Kevin 
Stubbs (USFWS) (Appendix C) ensured Horizon that our Project Area sufficiently covered beetle 
habitat types including those located in GRDA’s Wildlife Management Areas (WMA). The Project 
Area is located within the range of the federally threatened ABB, but outside of any conservation 
priority area (CPA) (Appendix A). 
 
ABBs are habitat generalists and may use a variety of habitats that provide friable, moist soils 
and contain leaf litter and a variety of native vegetation above 8 inches in height to both retain soil 
moisture and support prey species. The USFWS provides guidance for what is considered 
unsuitable ABB habitat in their American Burying Beetle Conservation Strategy for the 
Establishment, Management, and Operation of Mitigation Lands for Impacts that Occur in 
Oklahoma guidance document, dated 1 September 2019. 
 
ABB Habitat Exclusions 
 
While the ABB uses a wide variety of habitats, the USFWS currently believes that areas exhibiting 
the following characteristics will not be of conservation value to ABBs and will not be credited as 
mitigation, except as possible buffer credits described below under the Crediting Method section. 
Areas exhibiting these characteristics should be excluded from mitigation lands because they are 
considered unfavorable for use by ABBs based on disturbance regime, vegetation structure, 
unsuitable soil conditions, and carrion availability: 

1. Land that is tilled on a regular basis, planted in monoculture, and does not contain 
native vegetation. 

2. Pasture or grassland that has been maintained through frequent mowing, grazing, or 
herbicide application at a height of 20 cm (8 inches) or less. 

3. Land that has already been developed and no longer exhibits topsoil, leaf litter, or 
vegetation. 

4. Urban areas with maintained lawns, paved surfaces, or roadways. 
5. Stockpiled soil without vegetation. 
6. Wetlands or permanent waterbodies with standing water or saturated soils. Areas 

adjacent to wetlands and/or riparian areas are not considered unfavorable for the ABB, 
as they may be important for ABBs seeking moist soils during dry conditions. 

2.1 ABB Study Year One 

As reported in the ISR, six traps were deployed within suitable, representative terrain within the 
Project Area. Trap sites were selected based on suitable habitat and capture of the most 
significant in size terrestrial areas within the study area boundary in Delaware and Ottawa 
counties. Surveys were conducted between 18 July and 23 July 2021 with valid weather 
conditions through the duration of the survey effort. No ABBs were found during the 2021 
presence/absence survey (Figure 1). 
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2.2 ABB Study Year Two  

Six baited pitfall bucket traps were deployed within suitable, representative terrain on 9 June 2022 
in Delaware and Ottawa counties. This presence/absence survey was conducted as an early 
season survey in accordance with the approved study plan. Trap placement was also selected 
based on discussion and advisement of USFWS staff, in email communication dated 25 March 
2022. Mr. Stubbs requested that the traps be placed within the best suitable habitat including 
designated WMAs and the Coal Creek wetland mitigation site (Figure 2). 
 
The survey continued with five nights of valid weather parameters. Guidance defines valid 
weather parameters as: 

1. Nighttime temperature during the survey period above 60º F (15.5 C)  

2. Wind speed no greater than 10 mph in excess of 20% of the time (1 hour 24 
minutes) between 9:00 p.m. and 4:00 a.m.,  

3. Precipitation less than 0.5 inches between 9:00 p.m. and 4:00 a.m. 

Weather conditions were valid throughout the course of the survey effort.  No ABBs were 
captured or observed during this survey. These negative survey findings indicate that the ABB is 
not active within the Project Area; thus, take (defined by the Endangered Species Act [ESA] as 
“to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect any threatened or 
endangered species”) is not expected as a result of this project.
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SECTION 3 BATS 

Based on the respective roosting habitats of the two bat species and known patterns of cave use 
adjacent to Grand Lake, the federally threatened northern long-eared bat (Myotis septentrionalis) 
is unlikely to be affected by alterations in cave access associated with Project operations. As a 
result, for this objective, GRDA will focus its efforts on federally endangered gray bats (Myotis 
grisescens) in the caves which they are known to use. 
 
Cave DL-2 (Beaver Dam Cave) in Delaware County is adjacent to Drowning Creek, a tributary of 
Grand Lake, and is within the maximum inundation area on the lentic conversion maps (Figures 
3 and 4). The cave passage is <65 meters (m) long with a single historical roost site for gray bats 
located 4 m above a persistent stream and about 5 m from the entrance to the cave.   Complete 
inundation of the cave passage occurs at 752 feet in elevation. The roost was first documented 
as housing a colony of gray bats in 1981 when the colony was estimated to be 13,700 bats.  
Except during major flood events, based on recent exit and capture surveys at the entrance, the 
size and status (lactating females) of the colony remains relatively constant for the past 25 years.    
 
Cave DL-91 (Twin Cave) is also located in Delaware County about 1 kilometer (km) from Grand 
Lake with an elevation (840 feet) precluding any threat of inundation.  It is also outside of the 
maximum inundation area on the lentic conversion maps (Figures 3 and 5).  The cave has a 
mapped passage of 803 m and has historical records of nine roost sites for gray bats.  Prior to 
1973, DL-91 historically housed the largest colony of gray bats in Oklahoma, estimated to be as 
many as 113,000 bats (Martin et al. 2000).  Recent population estimates of the summer colony 
have been as high as 31,962 bats.  

 
3.1 Procedures in 2021 Maternity Season 

Infrared (IR)-illuminated entrance and night vision optics were used to conduct non-intrusive exit 
surveys and population estimates of gray bat colonies exiting caves DL-2 and DL-91 in the 2021 
summer maternity and post-maternity season.  Such surveys are used to document habitation, 
assist in estimating colony size at the respective caves, and monitor movements of the colony 
during potential high water and flood events on Grand Lake.   
 
Exit surveys were conducted at cave DL-2 on 22 June and at cave DL-91 on 24 June and again 
on 16 July 2021 (Table 1). The post-maternity colony population estimate at cave DL-91 during 
late summer 2021 (Table 1) was within the range of 10,000 to 29,905 bats (average =18,245) 
over the past decade (Table 3).   
 
Table 1: Population estimates of gray bat colonies at caves DL-2 and DL-91 in Delaware 
County, OK in the 2021 maternity season  
 

Date Survey Method 
Population at Cave 

DL-2 
Population at Cave 

DL-91 

6/22/2021 Exit Survey 11,800  

6/24/2021 Exit Survey  510 
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Date Survey Method 
Population at Cave 

DL-2 
Population at Cave 

DL-91 

7/16/2021 Exit Survey  20,440 

 
1  Gray bat colony size estimates are based on exit surveys using infrared-illuminated entrances 

and night vision optics during summer 2021.     

3.2 Procedures in 2022 Maternity Season 

An IR-illuminated entrance and night vision optics were used to conduct non-intrusive exit surveys 
and population estimates of gray bat colonies exiting caves DL-2 and DL-91 in the 2022 summer 
maternity and post-maternity season.  Such surveys are used to document habitation, assist in 
estimating colony size at the respective caves, and monitor movements of the colony during 
potential high water and flood events on Grand Lake.   
 
Exit surveys were conducted at cave DL-2 on 27 June and at cave DL-91 on 10 May during a 
high-water event, and 22 June and 4 August (Table 1). The post-maternity colony population 
estimate at cave DL-91 during late summer 2022 (Table 2) was within the range of 10,000 to 
29,905 bats (average =19,877) over the past decade (Table 3).   

  Table 2: Population estimates of gray bat colonies1 at caves DL-2 and DL-91 in Delaware 
County, OK in the 2022 maternity season   
 

Date Survey Method 
Population at Cave 

DL-2 
Population at Cave 

DL-91 

5/10/2022 Exit Survey  20,620 

6/22/2022 Exit Survey  6,600 

6/27/2022 Exit Survey 13,300  

8/4/2022 Exit Survey  23,877 

 
1  Gray bat colony size estimates are based on exit surveys using infrared-illuminated entrances 

and night vision optics during summer 2022.     
 

Table 3: Ten-year post-maternity population2 estimates of the colony of gray bats using 
caves DL-2 and Dl-91 in Delaware County, Oklahoma 
 

Date 
Population at Cave 

DL-91 

8/22/2013 29,905 

9/11/2014 18,015 

8/5/2015 20,585 

7/21/2016 16,520 

9/12/2017 19,340 
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Date 
Population at Cave 

DL-91 

8/30/2018 18,000 

5/21/2019 15,200 

8/25/2020 16,883 

7/16/2021 20,440 

8/4/2022 23,877 
 

2  The post-maternity colony is historically found at cave DL-91.   
    
Cave abandonment may result from high water events, or late-season migration after young 
become volant as often occurs in other areas of the species’ range.  Under favorable conditions, 
the colony ultimately vacates the maternity cave at DL-2 entirely in mid-summer and migrates to 
cave DL-91 located <5 km away (Grigsby et al. 1993; Martin et al. 2000) where the colony tends 
to remain until migration to hibernacula in November.  Although cave DL-91 has intermittently 
served as a favorable maternity location, it is possible that it provides suboptimal climate 
conditions for a maternity colony compared to cave DL-2 with respect to microclimate and 
proximity to an abundant food source for developing young.  Annual mid-summer migration 
phenomena are intriguing because migration of any type elicits its own inherent effects on animal 
populations that are exacerbated in young and reproductive adults.  
 
During a high-water event in early May 2022 the exit survey at DL-91 was greater than 20,000 
bats indicating the colony successfully vacated DL-2 prior to passage inundation by the rising 
Grand Lake levels.  In review of surveys since 2007 there have now been 10 such high-water 
events resulting in the colony’s successful relocation to cave DL-91.  This leads to a trend of the 
colony using each cave on average about the same number of years as the maternity colony 
roost, and the ecological importance of management and monitoring of both sites. Historically 
when flooding events have occurred early in the spring followed by receding lake levels (April and 
early May), it is not unusual for the colony to return to cave DL-2 for the maternity period.  This 
phenomenon was verified again on 27 June 2022 when the population was observed in cave DL-
2 for the maternity period (Table 2). Observations from the 2022 season once again supports 
historical evidence that during high water or flood events during the maternity season, the 
maternity colony of the endangered gray bat can successfully vacate cave DL-2 and migrate to 
cave DL-91.     
 
Complete inundation of the cave passage of DL-2 occurs at about elevation 752 feet Pensacola 
Datum (PD).  When Grand Lake is at about elevation 751 feet PD, only about one foot of flyway 
exists between the top of the water in the cave and the rock ceiling of the flyway, likely resulting 
in a significant to normal behavior including feeding, rearing of young, and sheltering, and possibly 
forcing evacuation of the colony to the alternative cave (Table 4).  Forcing the colony to vacate 
during critical maternity periods (March through July) likely adversely affects pregnant or lactating 
females, and non-volant or newly volant young.  If bats become trapped in cave DL-2, they could 
survive only a limited amount of time due to the high energy demands of raising young.  Other 
potential adverse effects include the stress of being trapped, drowning, and, if adults are trapped 
outside the cave, stress and mortality of non-volant young.                 
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In October 2008 a small, high passage within cave DL-2 was identified and minimally excavated 
and enlarged.  Enlarging this passage was suspected to provide an alternative escape route for 
exiting bats, particularly during high water.  Additional excavation and enlargement of this second-
high passage was completed in October 2013.  The length of the high passage was about 5m 
and was widened to about 0.40 meters wide by 0.50 meters tall.  An inspection of the passage 
following a flood event in summer 2015, and again during this project period in 2022, revealed 
scattered guano in the enlarged passage indicating use by bats.  The post-inundation monitoring 
visit to the cave on 27 June 2022 failed to give any indication that take had occurred as a result 
of inundation in early May 2022.    

Table 4: Records of highwater events3 where the elevation of Grand Lake exceeded 
elevation 750.00 feet PD from 2005-2022  
 

Year 
Date 

Beginning 
Date Ending 

Maximum 
Elevation (ft) 

Total 
Duration 

Impact on 
Colony 

2007 3 July 16 July 754.54 14 days 
Successfully 

Vacated 

2008 11 April 20 April 753.04 10 days 
 Successfully 

Vacated 

2008 13 June 26 June 752.48 14 days 
 Successfully 

Vacated 

2011 27 April 28 April 750.80 2 days 
 Successfully 

Vacated 

2011 25 May 26 May 751.71 2 days 
 Successfully 

Vacated 

2015 27 May 22 June 754.89 27 days 
 Successfully 

Vacated 

2017 30 April 25 May 754.77 26 days 
 Successfully 

Vacated 

2019 14 May 15 July 755.02 63 days 
 Successfully 

Vacated 

2022 7 May 10 May 753.30 3 days 
Successfully 

Vacated 

 
3  At elevation 752 feet PD, the existing flyway inside cave DL-2 is inundated preventing colony 
exit and re-entry. 
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SECTION 4 ANALYSIS 

In support of the Terrestrial Species Study, GRDA performed additional simulations that were 
used to assess operational impact to specific terrestrial species. One product of the simulations 
specific to the ABB analysis was the development of maps showing areas of potential lentic or 
lotic conversion which could impact the habits of specific terrestrial species.  
 
The seasonal period identified by the Terrestrial Species Study team was the entire calendar year, 
January 1 to December 31 because ABBs could be impacted during both their active and inactive 
or hibernation periods each year.  
 
For both anticipated operations and baseline operations, the seasonal median operational level 
and inflows were simulated in the CHM. Results and maps were provided to the Terrestrial 
Species Study team.    
 
In accordance with Section 2.6 of the Terrestrial Species Revised Study Plan, maximum 
inundation was also identified on all terrestrial maps created.  The maximum inundation was 
virtually identical for anticipated and baseline operations because the maximum inundation 
boundary occurs when the USACE is in flood control operations, and it is not an effect of GRDA 
baseline or anticipated operations. Therefore, to analyze the impacts of the baseline versus the 
anticipated Project operations, the normal (median) inundations are used because they occur on 
such a regular basis that a habitat conversion can occur versus just a regular inundation.  
 
See Appendix A, Figures 6.1 – 6.23 for the Terrestrial Species Lentic Conversion Maps. 
 
The second product of the CHM for the Terrestrial Species Study was specific to the gray bat 
analysis and provided the percentage of time the reservoir would be above the key reservoir 
elevations of 746 feet PD, 751 feet PD, and 752 feet PD for both the baseline and anticipated 
Project operations during the key season for gray bats of April 1 to July 31 each year. 
 
The results are presented in Table 5. 
 
Table 5: Percentage of time Grand Lake Reservoir is above key elevations 
 

Percentage of Time Above 
Reservoir Elevation 

Baseline 
Operations 

Anticipated 
Operations 

Percentage 
Increase 

746 feet PD 16.5% 16.9% 0.4% 
751 feet PD 2.9% 2.7% (0.2%) 
752 feet PD 1.9% 1.9% 0% 

        

4.1 ABB 

The comparison of the baseline and anticipated Project operations yielded 2.79% terrestrial 
habitat may become aquatic habitat as a result of the anticipated operations (Figures 6.1 – 6.23).  
 
Much of this area is comprised of unsuitable ABB habitat such as rocky and/or sandy shoreline 
devoid of vegetation. Further, no ABBs have been located within the two years of project-specific 
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study efforts nor have any ABBs been found within Delaware or Ottawa Counties in historical 
records provided by the USFWS spanning 1979 – 2018 (Figure 7). As a result, despite the 
expectation that some suitable ABB habitat may be converted to aquatic habitat, there is no 
reasonable expectation that ABBs are or have been using the habitat and thus, the impact, if any, 
is negligible. 

4.2 Bats 

The CHM analysis shows under the anticipated operations of the Project, the Grand Lake 
Reservoir will exceed 746 feet PD, the reservoir elevation at which water flows into the entrance 
of cave DL-2 (Beaver Dam) 16.5% under baseline operations and 16.9% under anticipated 
operations.  The anticipated operations will cause this situation to occur 0.4% more frequently.  
 
Evacuation of DL-2 generally does not begin to occur until Grand Lake reaches an elevation of 
approximately 751 feet PD. According to the CHM analysis, under the anticipated operations of 
the Project, the Grand Lake Reservoir will exceed 751 feet PD, 2.9% under baseline operations 
and 2.7% under anticipated operations.  The anticipated operations will cause this situation to 
occur 0.2% less frequently. 
 
A Grand Lake Reservoir elevation of 752 feet PD results in a complete inundation of the cave 
passage in DL-2 forcing evacuation.  According to the CHM analysis, under the anticipated 
operations of the Project, the Grand Lake Reservoir will exceed 752 feet PD, 1.9% under baseline 
operations and 1.9% under anticipated operations.  The anticipated operations will cause this 
situation to occur the same percentage of time as the baseline operations. 
 
The average post-maternity colony size illustrates relative consistency, ranging from 15,200 to 
29,905 bats with an average colony size of 19,877 gray bats for the past 10 years. (Table 2).  
Efforts should be concentrated on maintaining strong ties with the landowner of the access to 
cave DL-2, so that similar security efforts can continue there for the long-term.   
 
In sum, the gray bat colony sharing caves DL-2 and DL-91 each summer appears to maintain a 
stable population size.   
 
The CHM analysis shows very little increase (0.4%) in the potential for water to enter the cave 
opening of DL-2 at an elevation of 746 feet PD and very little decrease in the potential for water 
to enter the cave to an elevation of 751 feet PD that possibly forces and evacuation of the colony 
to the alternative cave.  Lastly, the CHM results indicate there is no change in the percentage of 
time the passage in cave DL-2 becomes entirely submerged at an elevation of 752 feet PD under 
the anticipated operations.       
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SECTION 5 CONCLUSIONS 

5.1 ABB 

Much of the habitat within the Project area is shoreline, and as such, is largely unsuitable for the 
ABB (rocky and/or sandy shoreline devoid of vegetation). Further, no ABBs have been located 
within the two years of project-specific study efforts nor have any ABBs been found within 
Delaware or Ottawa Counties, nor within the vicinity of the project area within Craig and Mayes 
Counties in historical records provided by the USFWS spanning 1979 – 2018. As a result, despite 
the expectation that some suitable ABB habitat could be converted to aquatic habitat, there is no 
reasonable expectation that ABBs are or have been using the habitat and thus, the impact, if any, 
is negligible and no further coordination with the USFWS is recommended. 

5.2 Bats 

The findings of the gray bat study indicate the secondary exit suffices to provide an alternative 
access by gray bats in cave DL-2.  Regardless of the efficacy of the alternative access, the 
entrance to cave DL-2 does not become completely inundated to elevations 751 feet PD and 
greater (complete inundation is 752 feet PD) any more frequently under the anticipated Project 
operations than it becomes inundated under the baseline Project operations.  Therefore, the 
impact to gray bats is negligible.   
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APPENDIX B 
American Burying Beetle Pensacola Hydroelectric Project Survey Report 2022 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

30 August 2022  
 
Jacklyn Jaggars 
Director of Hydropower Projects 
Grand River Dam Authority 
420 OK-28 
Langley, OK 74350 
918-981-8473 Office 
Jacklyn.Jaggars@grda.com 
 
RE: American Burying Beetle Presence/Absence Survey for the Pensacola 

Hydroelectric Project (Project; FERC [Federal Energy Regulatory Commission] No. 
1494); Craig, Delaware, Mayes and Ottawa Counties, Oklahoma 

 
Dear Ms. Jaggers: 
 
Horizon Environmental Services, Inc. (Horizon) appreciates the opportunity to provide 
environmental support services to the Grand River Dam Authority (GRDA) for the Pensacola 
Hydroelectric Project (Project; FERC [Federal Energy Regulatory Commission] No. 1494), 
spanning Craig, Delaware, Mayes & Ottawa Counties, Oklahoma (Project Area).  
 
As part of the relicensing of the Pensacola Hydroelectric Project the GRDA filed a preapplication 
document with FERC on February 1, 2017 (GRDA 2017). The GRDA filed its Proposed Study 
Plan (PSP) for the relicensing on April 27, 2018 (GRDA 2018a). Also, on April 27, 2018, FERC 
released its Scoping Document 2 for the relicensing of the Project (FERC 2018).  
 
In support of the relicensing effort, Horizon was contracted to conduct two years of 
presence/absence surveys for the American burying beetle (Nicrophorus americanus; ABB) to 
determine whether the ABB, a federally threatened species, may be present within the proposed 
Project Area. The Project Area is located within the ABB’s current range, but outside of any 
conservation priority area (CPA) as defined by the US Fish and Wildlife Service (USFWS) (see 
attached Vicinity Map). The 2021 ABB survey was concluded in July 2021 with negative findings 
for all six survey locations. The 2022 ABB survey was completed in June 2022 with negative 
findings for all six survey locations. 
 
On 9 June 2022, Horizon ABB Specialist Stephanie Rainwater (permit number TE-00284A) 
placed six (6) traps to cover a representative sample of all suitable habitat types within the Project 
Area (see attached Trap Maps), as well as covering the largest surface areas of potential 
terrestrial impact from potential water level fluctuations determined by the output from the 
Comprehensive Hydraulic Model (CHM) developed from as part of the Hydrologic and Hydraulic 
Modeling Study (H&H Study) associated with this project.  The traps were designed, baited and 
checked following the guidelines of the American Burying Beetle Range-wide Presence/Absence 
Survey Guidance (USFWS, 2018). Trap locations were oriented in Delaware and Ottawa Counties 
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only, but confirmed with Kevin Stubbs, USFWS National Species Lead via email as sufficiently 
representative of the overall four county Project Area. 
 
The six traps were checked daily for a total of five nights with valid weather parameters and 
yielded no positive ABB findings. The survey effort concluded on 14 June 2022 (see attached 
Data Collection Forms). The results of this survey will remain valid until the conclusion of the 2022 
ABB active season. These negative survey findings indicate that the ABB is not active within the 
Project Area; thus, take (defined by the Endangered Species Act [ESA] as “to harass, harm, 
pursue, hunt, shoot, wound, kill, trap, capture, or collect any threatened or endangered species”) 
is not expected as a result of this project.  
 
If you have any questions or concerns, please do not hesitate to contact me. 
 
Sincerely, 
 
 
Stephanie Rainwater 
Project Manager/Biologist (USFWS Permit Number TE-00284A) 
Horizon Environmental Services, Inc. 
321 S. Boston Ave., Suite 300 
Tulsa, OK 74103 
918-219-9951 
srainwater@horizon-esi.com 
 
Attachments:  
 
1. Maps 
2. Data Collection Forms 
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6 Survey Night:

Trap Type: Above Ground Date Checked1:

Grand River Dam Authority Bait Type: Aged Chicken
Trap Cover Size 24" Month Date Year

TE-00284A June 14 2022

Vegetation
Trap No. Latitude Longitude Township Range Section Gen Location County State Type Area

1 36.86497 -94.912339 28N 22E 35 Miami Ottawa OK Forest 521 MIAM
2 36.805691 -94.823145 27N 23E 21 Wyandotte Ottawa OK Forest 521 MIAM
3 36.853037 -94.730515 27N 24E 4 Wyandotte Ottawa OK Forest 521 MIAM
4 36.751592 -94.729234 26N 24E 9 Wyandotte Ottawa OK Forest 521 MIAM

Daytime Temps 65.59 84.04 Survey Period Temps 65.84 71.42 Humidity 63.92 94.13
(min.) (max.) (min.) (max.) (min.) (max.)

Wind>10mph?6 No Heavy Rain?5
No Soil Moisture4

1.5556
(Yes/No)

Necrophilia Necrodes Other

Trap No. Disturbed (Y=1/N=0) americanus orbicollis tomentosus pustulatus marginatus carolinus sayi americana surinamensis

1 0 0 0 0 0 0 0 0 0 0 2 1 7:00
2 0 0 0 0 0 0 0 0 2 5 0 1 7:49
3 0 0 0 0 0 1 0 0 0 2 3 1 7:26
4 0 0 0 1 1 0 0 0 2 0 5 1 8:20

Totals 0 0 0 1 1 1 0 0 4 7 10 4

0 0 # Valid Trap Nights: 4
(No=0/Yes=1)

ABB 
Number

Caught in Trap 
No. Male Female Unknown Sex Male New9 Male Old9

Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead
Pronotum 

Width (mm)

Picture 
(Yes=1/No=0

) Recapture10
Newly 

Marked11

0 0 0 0 0 0 0 0 0 0 NA 0

Comments:

Survey End Date:

Weather 
Station 

Trap Location Data

Weather Data

Trap Coordinates

Osage-Verdigris complex
Clarksville stony silt loam

Automated Total

List the individual ABB METRICS below and complete the appropriate columns. You will then COPY each row and PASTE into Individual ABB Capture Form BEGINNING at Cell A442 on Pg 6.

silt loam
silt loam

Appendix A:  Data Collection Forms***    American Burying Beetle Nicrophorus americanus Presence/Absence Live-trapping Survey Guidance

AMERICAN BURYING BEETLE SURVEY DATA COLLECTION FORM (April 2017)

ENTER DATA IN COLOR-SHADED CELLS ONLY IN CELLS THAT REQUIRE DATA ENTRY - DO NOT ENTER DATA IN WHITE CELLS OR HEADER ROWS

June 10, 2022
1

Nicrophorus speciesCapture Data

Survey Company:
TE Permit #:

No. of Transects Deployed:

Permittee:

Project Name:

Primary Soil Name
Osage silty clay
Dennis silt loam

Project Description:

Soil Description
silt clay

silt loam

Pensacola Relicensing

Stephanie Rainwater

Horizon Environmental Services, Inc.

Time 
Checked1:

Trap Night 
Valid        

(No=0/Yes=1)

Action Agency/Proponent:

Hydroelectric Relicensing

Legal Description

No. of disturbed traps and/or bait (D): Additional survey night required because of weather?8



Pensacola Relicensing Trap Type: Above Ground Survey Night:

Hydroelectric Relicensing Bait Type: Aged Chicken Date Checked1:
Grand River Dam Authority Trap Cover Size 24" Permittee:

TE Permit #:
Survey Company:

Daytime Temps 66.79 90.27 Survey Period Temps 68.36 78.26 62.29 97.88
(min.) (max.) (min.) (max.) (min.) (max.)

Wind>10mph?6 No Heavy Rain?5
No Soil Moisture4

1.5619
(Yes/No)

Necrophilia Necrodes Other
Trap No. Disturbed (Y=1/N=0) americanus orbicollis tomentosus pustulatus marginatus carolinus sayi americana surinamensis

1 0 0 0 0 0 0 0 0 0 2 7 1 6:55
2 0 0 0 0 0 0 0 0 4 2 6 1 7:45
3 0 0 0 1 0 1 0 0 0 2 8 1 7:22
4 0 0 0 0 0 0 0 0 0 4 5 1 8:15

Totals 0 0 0 1 0 1 0 0 4 10 26 4

0 0 # Valid Trap Nights: 4
(No=0/Yes=1)

ABB 
Number

Caught in Trap 
No. Male Female Unknown Sex Male New9 Male Old9

Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead
Pronotum 

Width (mm)

Picture 
(Yes=1/No=0

) Recapture10
Newly 

Marked11

0 0 0 0 0 0 0 0 0 0 NA 0
Comments:

Pensacola Relicensing Trap Type: Above Ground Survey Night:

Hydroelectric Relicensing Bait Type: Aged Chicken Date Checked1:
Grand River Dam Authority Trap Cover Size 24" Permittee:

TE Permit #:
Survey Company:

Daytime Temps 77.56 93.67 Survey Period Temps 78.26 81.5 Humidity 57.59 89.56
(min.) (max.) (min.) (max.) (min.) (max.)

Wind>10mph?6 No Heavy Rain?5
No Soil Moisture4

1.5681
(Yes/No)

Necrophilia Necrodes Other
Trap No. Disturbed (Y=1/N=0) americanus orbicollis tomentosus pustulatus marginatus carolinus sayi americana surinamensis

1 0 0 0 0 0 0 0 0 0 4 6 1 7:02
2 0 0 0 0 1 0 0 0 3 8 7 1 7:50
3 0 0 0 0 0 1 0 0 0 2 7 1 7:25
4 0 0 0 1 1 0 0 0 2 1 4 1 8:25

Totals 0 0 0 1 2 1 0 0 5 15 24 4

0 0 # Valid Trap Nights: 4
(No=0/Yes=1)

ABB 
Number

Caught in Trap 
No. Male Female Unknown Sex Male New9 Male Old9

Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead
Pronotum 

Width (mm)

Picture 
(Yes=1/No=0

) Recapture10
Newly 

Marked11

0 0 0 0 0 0 0 0 0 0 NA 0
Comments:

List the individual ABB METRICS below and complete the appropriate columns. You will then COPY each row and PASTE into Individual ABB Capture Form on Pg 6.

Automated Total

List the individual ABB METRICS below and complete the appropriate columns. You will then COPY each row and PASTE into Individual ABB Capture Form on Pg 6.

No. of disturbed traps and/or bait (D):

Weather Data

Project Description:
Action Agency/Proponent:

Additional survey night required because of weather?8

Capture Data Nicrophorus species

Horizon Environmental Services, Inc.

Capture Data Nicrophorus species

Weather Data

Project Name:

Trap Night 
Valid        

(No=0/Yes=1)

Trap Night 
Valid        

(No=0/Yes=1)

Additional survey night required because of weather?8

AMERICAN BURYING BEETLE SURVEY DATA COLLECTION FORM

No. of disturbed traps and/or bait (D):

3
June 12, 2022

Stephanie Rainwater

Automated Tot.

TE-00284A

Project Name:

Bait refreshed

Time 
Checked1:

Time 
Checked1:

Project Description:

2

Horizon Environmental Services, Inc.
TE-00284A

Stephanie Rainwater
June 11, 2022

AMERICAN BURYING BEETLE SURVEY DATA COLLECTION FORM

Action Agency/Proponent:



Pensacola Relicensing Trap Type: Above Ground Survey Night:

Hydroelectric Relicensing Bait Type: Aged Chicken Date Checked1:
Grand River Dam Authority Trap Cover Size 24" Permittee:

TE Permit #:
Survey Company:

Daytime Temps 78.75 93.22 80.6 85.64 Humidity 55.13 77.42
(min.) (max.) (min.) (max.) (min.) (max.)

Wind>10mph?6 No Heavy Rain?5
No Soil Moisture4

1.6401
(Yes/No)

Necrophilia Necrodes Other
Trap No. Disturbed (Y=1/N=0) americanus orbicollis tomentosus pustulatus marginatus carolinus sayi americana surinamensis

1 0 0 1 0 2 0 0 0 0 4 3 1 7:10
2 0 0 0 0 0 1 0 0 0 5 6 1 8:00
3 0 0 2 0 0 0 0 0 5 6 5 1 7:35
4 0 0 0 1 0 2 0 0 1 3 4 1 8:29

Totals 0 0 3 1 2 3 0 0 6 18 18 4

0 0 # Valid Trap Nights: 4
(No=0/Yes=1)

ABB 
Number

Caught in Trap 
No. Male Female Unknown Sex Male New9 Male Old9

Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead
Pronotum 

Width (mm)

Picture 
(Yes=1/No=0

) Recapture10
Newly 

Marked11

0 0 0 0 0 0 0 0 0 0 NA 0
Comments:

Pensacola Relicensing Trap Type: Above Ground Survey Night:

Hydroelectric Relicensing Bait Type: Aged Chicken Date Checked1:
Grand River Dam Authority Trap Cover Size 24" Permittee:

TE Permit #:
Survey Company:

Daytime Temps 78.08 89.56 Survey Period Temps 78.98 82.04 Humidity 52.05 77.04
(min.) (max.) (min.) (max.) (min.) (max.)

Wind>10mph?6 No Heavy Rain?5
No Soil Moisture4

1.8303
(Yes/No)

Necrophilia Necrodes Other
Trap No. Disturbed (Y=1/N=0) americanus orbicollis tomentosus pustulatus marginatus carolinus sayi americana surinamensis

1 0 0 0 0 2 0 0 0 0 4 4 1 6:45
2 0 0 0 0 0 0 0 0 5 5 6 1 7:40
3 0 0 0 1 0 0 0 0 0 3 8 1 7:13
4 0 0 0 2 0 1 0 0 2 4 4 1 8:35

Totals 0 0 0 3 2 1 0 0 7 16 22 4

0 0 # Valid Trap Nights: 4
(No=0/Yes=1)

ABB 
Number

Caught in Trap 
No. Male Female Unknown Sex Male New9 Male Old9

Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead
Pronotum 

Width (mm)

Picture 
(Yes=1/No=0

) Recapture10
Newly 

Marked11

0 0 0 0 0 0 0 0 0 0 NA 0

Comments:

List the individual ABB METRICS below and complete the appropriate columns. You will then COPY each row and PASTE into Individual ABB Capture Form on Pg 6.

List the individual ABB METRICS below and complete the appropriate columns. You will then COPY each row and PASTE into Individual ABB Capture Form on Pg 6.

No. of disturbed traps and/or bait (D):

No. of disturbed traps and/or bait (D):

Action Agency/Proponent:
Project Description:

Horizon Environmental Services, Inc.

Action Agency/Proponent:

Project Name:

Survey concluded, trap pulled.

5
June 14, 2022

Automated Tot.

Automated Tot.

Nicrophorus species

Stephanie Rainwater
TE-00284A

AMERICAN BURYING BEETLE SURVEY DATA COLLECTION FORM

Capture Data

Project Name:

Project Description:

Additional survey night required because of weather?8

Weather Data

Weather Data

Capture Data Nicrophorus species

Stephanie Rainwater
TE-00284A

Trap Night 
Valid        

(No=0/Yes=1)

Trap Night 
Valid        

(No=0/Yes=1)

Additional survey night required because of weather?8

AMERICAN BURYING BEETLE SURVEY DATA COLLECTION FORM

Horizon Environmental Services, Inc.

4
June 13, 2022

Time 
Checked1:

Time 
Checked1:



Total Number of Traps: 6

Trap No. Disturbed (0/1) americanus orbicollis tomentosus pustulatus marginatus carolinus sayi Necrophilia Necrodes Other
1 0 0 1 0 4 0 0 0 0 14 22 5
2 0 0 0 0 1 1 0 0 14 25 25 5
3 0 0 2 2 0 3 0 0 5 15 31 5
4 0 0 0 5 2 3 0 0 7 12 22 5
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0

Totals 0 0 3 7 7 7 0 0 26 66 100 20

No. of disturbed traps and/or bait (D): 0 0

ABB 
Number

Caught in Trap 
No. Male Female Unknown Sex Male New9 Male Old9

Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead
Pronotum 

Width (mm)

Picture 
(Yes=1/No=0

) Recapture10
Newly 

Marked11

Total ABB 0 0 0 0 0 0 0 0 0 0 0 NA 0 0 0
Comments:

Total Number of Traps: 1

Trap No. Total ABB Male Female Unknown Sex Male New9 Male Old9
Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead

Total 
Trap/Bait 
Disturbed Recapture10

Newly 
Marked11

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Totals 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Min Max Min Max Min Max
1 65.59 84.04 65.84 71.42 63.92 94.13
2 66.79 90.27 68.36 78.26 62.29 97.88
3 77.56 93.67 78.26 81.5 57.59 89.56
4 78.75 93.22 80.6 85.64 55.13 77.42
5 78.08 89.56 78.98 82.04 52.05 77.04
6 0 0 0 0 0 0
7 0 0 0 0 0 0
8 0 0 0 0 0 0

1. Date and time refer to when trap is checked;

2. Check that legal description fits decimal degrees location. Lat/long MUST be in decimal degrees, NAD 83

3. Max/Min temp from 9 pm to 4 am prior to checking traps, must use data from www.wunderground.com

4. Soil moisture must be obtained by obtaining the TR-05 report from http://www.mesonet.org/index.php/weather/daily_data_retrieval.

5. Rain from 9 pm to 4 am, must use data from www.wunderground.com

6. Wind exceeds 10 mph > than 20% of time between 9 pm to 4 am

7. Additional trapping required if any metrics exceed the allowable thresholds.

8. Determine total number of disturbed traps over all 5 survey nights. Any disturbance to 5-gallon traps requires an additional night of survey effort.

9. OLD=breeding adult; NEW=newly enclosed adult; UNK=age cannot be determined.

10. Recaptures refer to color and number of bee tag on beetles that have been previously marked.

11. Newly marked males and females refers to color, number of bee tag, and age of beetle (e.g. R54[old]).

Heavy Rain is defined by the World Meteorological Organization (http://severe.worldweather.org/raindoc.html) as “Rainfall greater than or equal to 50 mm [1.9685 inches] in the

past 24 hours.”

Last updated April 2017

*** - For surveys involving more than 10 transects, the surveyor should complete additional data forms.  Project title information should remain the same, however the transect number(s) should continue in  sequential order, i.e. 
Trap 11, 12…20.

!!!!!!DO NOT ENTER ANY DATA IN THIS DATA BLOCK!!!!!

COPY the INDIVIDUAL ABB Capture Data from Nightly Survey Forms and PASTE into the appropriate ROW BY  ABB Number.

DATA AUTOMATICALLY CALCUATED - DO NOT ENTER DATA IN BLOCKS 1, 3, OR 4
DATA ENTRY IS ONLY REQUIRED IN DATA BLOCK 2

Additional survey night required because of weather?8

BLOCK 2 - Individual ABB Capture Data - DATA ENTRY IS  REQUIRED IN THIS BLOCK

BLOCK 1 - INDIVIDUAL TRAP CAPTURE DATA TOTALS BY SPECIES

BLOCK 4 - Cumulative Survey Period Weather Data Summary - NO DATA ENTRY REQUIRED IN THIS BLOCK
Daytime Temp Range Survey Period Temp Range Daily Humidity Range

Trap Night

!!!!!DATA ENTRY IN THIS BLOCK NOT REQUIRED!!!!!! Total Trap 
Nights

BLOCK 3 - Total ABB Capture Data by Trap / Transect - Data from THIS BLOCK autopopulates into the Survey Summary Form



6 Survey Night:

Trap Type: Above Ground Date Checked1:

Grand River Dam Authority Bait Type: Aged Chicken
Trap Cover Size 24" Month Date Year

TE-00284A June 14 2022

Vegetation
Trap No. Latitude Longitude Township Range Section Gen Location County State Type Area

5 36.663097 -94.659122 25N 25E 7 Turkey Ford Delaware OK Forest 521 JAYX
6 36.5446 -94.75535 24N 24E 20 Jay Delaware OK Mixed 521 JAYX

Daytime Temps 65.05 82.4 Survey Period Temps 65.3 68.36 -996 -996
(min.) (max.) (min.) (max.) (min.) (max.)

Wind>10mph?6 No Heavy Rain?5
No Soil Moisture4

1.4622
(Yes/No)

Necrophilia Necrodes Other

Trap No. Disturbed (Y=1/N=0) americanus orbicollis tomentosus pustulatus marginatus carolinus sayi americana surinamensis

5 0 0 2 0 1 0 0 0 5 18 3 1 9:00
6 0 0 0 0 0 0 0 0 2 5 5 1 9:30

Totals 0 0 2 0 1 0 0 0 7 23 8 2

0 0 # Valid Trap Nights: 2
(No=0/Yes=1)

ABB 
Number

Caught in Trap 
No. Male Female Unknown Sex Male New9 Male Old9

Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead
Pronotum 

Width (mm)

Picture 
(Yes=1/No=0

) Recapture10
Newly 

Marked11

0 0 0 0 0 0 0 0 0 0 NA 0

Comments:

Action Agency/Proponent:

Hydroelectric Relicensing

Legal Description

No. of disturbed traps and/or bait (D): Additional survey night required because of weather?8

Pensacola Relicensing

Stephanie Rainwater

Horizon Environmental Services, Inc.

Time 
Checked1:

Trap Night 
Valid        

(No=0/Yes=1)

Appendix A:  Data Collection Forms***    American Burying Beetle Nicrophorus americanus Presence/Absence Live-trapping Survey Guidance

AMERICAN BURYING BEETLE SURVEY DATA COLLECTION FORM (April 2017)

ENTER DATA IN COLOR-SHADED CELLS ONLY IN CELLS THAT REQUIRE DATA ENTRY - DO NOT ENTER DATA IN WHITE CELLS OR HEADER ROWS

June 10, 2022
1

Nicrophorus speciesCapture Data

Survey Company:
TE Permit #:

No. of Transects Deployed:

Permittee:

Project Name:

Primary Soil Name
Healing silt loam

Britwater silt loam

Project Description:

Soil Description
silt loam
silt loam

Weather 
Station 

Trap Location Data

Weather Data

Trap Coordinates

Automated Total

List the individual ABB METRICS below and complete the appropriate columns. You will then COPY each row and PASTE into Individual ABB Capture Form BEGINNING at Cell A442 on Pg 6.

Survey End Date:



Pensacola Relicensing Trap Type: Above Ground Survey Night:

Hydroelectric Relicensing Bait Type: Aged Chicken Date Checked1:
Grand River Dam Authority Trap Cover Size 24" Permittee:

TE Permit #:
Survey Company:

Daytime Temps 67.08 89.19 Survey Period Temps 68.36 73.04 Humidity -996 -996
(min.) (max.) (min.) (max.) (min.) (max.)

Wind>10mph?6 No Heavy Rain?5
No Soil Moisture4

1.4573
(Yes/No)

Necrophilia Necrodes Other
Trap No. Disturbed (Y=1/N=0) americanus orbicollis tomentosus pustulatus marginatus carolinus sayi americana surinamensis

5 0 0 4 0 4 0 0 0 6 25 5 1 9:05
6 0 0 0 1 0 0 0 0 3 4 3 1 9:37

Totals 0 0 4 1 4 0 0 0 9 29 8 2

0 0 # Valid Trap Nights: 2
(No=0/Yes=1)

ABB 
Number

Caught in Trap 
No. Male Female Unknown Sex Male New9 Male Old9

Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead
Pronotum 

Width (mm)

Picture 
(Yes=1/No=0

) Recapture10
Newly 

Marked11

0 0 0 0 0 0 0 0 0 0 NA 0
Comments:

Pensacola Relicensing Trap Type: Above Ground Survey Night:

Hydroelectric Relicensing Bait Type: Aged Chicken Date Checked1:
Grand River Dam Authority Trap Cover Size 24" Permittee:

TE Permit #:
Survey Company:

Daytime Temps 77.29 93.27 77.9 80.6 Humidity -996 -996
(min.) (max.) (min.) (max.) (min.) (max.)

Wind>10mph?6 No Heavy Rain?5
No Soil Moisture4

1.5315
(Yes/No)

Necrophilia Necrodes Other
Trap No. Disturbed (Y=1/N=0) americanus orbicollis tomentosus pustulatus marginatus carolinus sayi americana surinamensis

5 0 0 3 0 2 0 0 0 3 15 6 1 8:59
6 0 0 0 2 2 0 0 0 4 6 4 1 9:31

Totals 0 0 3 2 4 0 0 0 7 21 10 2

0 0 # Valid Trap Nights: 2
(No=0/Yes=1)

ABB 
Number

Caught in Trap 
No. Male Female Unknown Sex Male New9 Male Old9

Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead
Pronotum 

Width (mm)

Picture 
(Yes=1/No=0

) Recapture10
Newly 

Marked11

0 0 0 0 0 0 0 0 0 0 NA 0
Comments:

Time 
Checked1:

Time 
Checked1:

Project Description:

2

Horizon Environmental Services, Inc.
TE-00284A

Stephanie Rainwater
June 11, 2022

AMERICAN BURYING BEETLE SURVEY DATA COLLECTION FORM

Action Agency/Proponent:

Additional survey night required because of weather?8

AMERICAN BURYING BEETLE SURVEY DATA COLLECTION FORM

No. of disturbed traps and/or bait (D):

3
June 12, 2022

Stephanie Rainwater

Automated Tot.

TE-00284A

Project Name:

Bait refreshed

Weather Data

Project Name:

Trap Night 
Valid        

(No=0/Yes=1)

Trap Night 
Valid        

(No=0/Yes=1)

Capture Data Nicrophorus species

Weather Data

Project Description:
Action Agency/Proponent:

Additional survey night required because of weather?8

Capture Data Nicrophorus species

Horizon Environmental Services, Inc.

No. of disturbed traps and/or bait (D):

List the individual ABB METRICS below and complete the appropriate columns. You will then COPY each row and PASTE into Individual ABB Capture Form on Pg 6.

Automated Total

List the individual ABB METRICS below and complete the appropriate columns. You will then COPY each row and PASTE into Individual ABB Capture Form on Pg 6.



Pensacola Relicensing Trap Type: Above Ground Survey Night:

Hydroelectric Relicensing Bait Type: Aged Chicken Date Checked1:
Grand River Dam Authority Trap Cover Size 24" Permittee:

TE Permit #:
Survey Company:

Daytime Temps 78.48 91.49 Survey Period Temps 80.42 85.46 Humidity -996 -996
(max.) (min.) (max.) (min.) (max.)

Wind>10mph?6 No Heavy Rain?5
No Soil Moisture4

1.8307
(Yes/No)

Necrophilia Necrodes Other
Trap No. Disturbed (Y=1/N=0) americanus orbicollis tomentosus pustulatus marginatus carolinus sayi americana surinamensis

5 0 0 2 0 0 0 0 0 5 22 7 1 9:07
6 0 0 1 2 0 0 0 0 2 5 6 1 9:40

Totals 0 0 3 2 0 0 0 0 7 27 13 2

0 0 # Valid Trap Nights: 2
(No=0/Yes=1)

ABB 
Number

Caught in Trap 
No. Male Female Unknown Sex Male New9 Male Old9

Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead
Pronotum 

Width (mm)

Picture 
(Yes=1/No=0

) Recapture10
Newly 

Marked11

0 0 0 0 0 0 0 0 0 0 NA 0
Comments:

Pensacola Relicensing Trap Type: Above Ground Survey Night:

Hydroelectric Relicensing Bait Type: Aged Chicken Date Checked1:
Grand River Dam Authority Trap Cover Size 24" Permittee:

TE Permit #:
Survey Company:

Daytime Temps 76.6 88.11 Survey Period Temps 78.44 82.04 Humidity -996 -996
(min.) (max.) (min.) (max.) (min.) (max.)

Wind>10mph?6 No Heavy Rain?5
No Soil Moisture4

2.0404
(Yes/No)

Necrophilia Necrodes Other
Trap No. Disturbed (Y=1/N=0) americanus orbicollis tomentosus pustulatus marginatus carolinus sayi americana surinamensis

5 0 0 1 0 2 0 0 0 6 17 6 1 9:20
6 0 0 0 1 2 0 0 0 2 4 8 1 9:55

Totals 0 0 1 1 4 0 0 0 8 21 14 2

0 0 # Valid Trap Nights: 2
(No=0/Yes=1)

ABB 
Number

Caught in Trap 
No. Male Female Unknown Sex Male New9 Male Old9

Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead
Pronotum 

Width (mm)

Picture 
(Yes=1/No=0

) Recapture10
Newly 

Marked11

0 0 0 0 0 0 0 0 0 0 NA 0

Comments:

Time 
Checked1:

Time 
Checked1:

Additional survey night required because of weather?8

AMERICAN BURYING BEETLE SURVEY DATA COLLECTION FORM

Horizon Environmental Services, Inc.

4
June 13, 2022

Trap Night 
Valid        

(No=0/Yes=1)

Trap Night 
Valid        

(No=0/Yes=1)

AMERICAN BURYING BEETLE SURVEY DATA COLLECTION FORM

Capture Data

Project Name:

Project Description:

Additional survey night required because of weather?8

Weather Data

Weather Data

Capture Data Nicrophorus species

Stephanie Rainwater
TE-00284A

Action Agency/Proponent:

Project Name:

Survey concluded, trap pulled.

5
June 14, 2022

Automated Tot.

Automated Tot.

Nicrophorus species

Stephanie Rainwater
TE-00284A

No. of disturbed traps and/or bait (D):

No. of disturbed traps and/or bait (D):

Action Agency/Proponent:
Project Description:

Horizon Environmental Services, Inc.

List the individual ABB METRICS below and complete the appropriate columns. You will then COPY each row and PASTE into Individual ABB Capture Form on Pg 6.

List the individual ABB METRICS below and complete the appropriate columns. You will then COPY each row and PASTE into Individual ABB Capture Form on Pg 6.



Total Number of Traps: 1

Trap No. Disturbed (0/1) americanus orbicollis tomentosus pustulatus marginatus carolinus sayi Necrophilia Necrodes Other
5 0 0 12 0 9 0 0 0 25 97 27 5
6 0 0 1 6 4 0 0 0 13 24 26 5
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0

Totals 0 0 13 6 13 0 0 0 38 121 53 10

No. of disturbed traps and/or bait (D): 0 0

ABB 
Number

Caught in Trap 
No. Male Female Unknown Sex Male New9 Male Old9

Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead
Pronotum 

Width (mm)

Picture 
(Yes=1/No=0

) Recapture10
Newly 

Marked11

Total ABB 0 0 0 0 0 0 0 0 0 0 0 NA 0 0 0
Comments:

Total Number of Traps: 6

Trap No. Total ABB Male Female Unknown Sex Male New9 Male Old9
Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead

Total 
Trap/Bait 
Disturbed Recapture10

Newly 
Marked11

5 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Totals 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Min Max Min Max Min Max
1 65.05 82.4 65.3 68.36 -996 -996
2 67.08 89.19 68.36 73.04 -996 -996
3 77.29 93.27 77.9 80.6 -996 -996
4 78.48 91.49 80.42 85.46 -996 -996
5 76.6 88.11 78.44 82.04 -996 -996
6 0 0 0 0 0 0
7 0 0 0 0 0 0
8 0 0 0 0 0 0

1. Date and time refer to when trap is checked;

2. Check that legal description fits decimal degrees location. Lat/long MUST be in decimal degrees, NAD 83

3. Max/Min temp from 9 pm to 4 am prior to checking traps, must use data from www.wunderground.com

4. Soil moisture must be obtained by obtaining the TR-05 report from http://www.mesonet.org/index.php/weather/daily_data_retrieval.

5. Rain from 9 pm to 4 am, must use data from www.wunderground.com

6. Wind exceeds 10 mph > than 20% of time between 9 pm to 4 am

7. Additional trapping required if any metrics exceed the allowable thresholds.

8. Determine total number of disturbed traps over all 5 survey nights. Any disturbance to 5-gallon traps requires an additional night of survey effort.

9. OLD=breeding adult; NEW=newly enclosed adult; UNK=age cannot be determined.

10. Recaptures refer to color and number of bee tag on beetles that have been previously marked.

11. Newly marked males and females refers to color, number of bee tag, and age of beetle (e.g. R54[old]).

Heavy Rain is defined by the World Meteorological Organization (http://severe.worldweather.org/raindoc.html) as “Rainfall greater than or equal to 50 mm [1.9685 inches] in the

past 24 hours.”

Last updated April 2017

Daytime Temp Range Survey Period Temp Range Daily Humidity Range
Trap Night

!!!!!DATA ENTRY IN THIS BLOCK NOT REQUIRED!!!!!! Total Trap 
Nights

BLOCK 3 - Total ABB Capture Data by Trap / Transect - Data from THIS BLOCK autopopulates into the Survey Summary Form

BLOCK 4 - Cumulative Survey Period Weather Data Summary - NO DATA ENTRY REQUIRED IN THIS BLOCK

Additional survey night required because of weather?8

BLOCK 2 - Individual ABB Capture Data - DATA ENTRY IS  REQUIRED IN THIS BLOCK

BLOCK 1 - INDIVIDUAL TRAP CAPTURE DATA TOTALS BY SPECIES

*** - For surveys involving more than 10 transects, the surveyor should complete additional data forms.  Project title information should remain the same, however the transect number(s) should continue in  sequential order, i.e. 
Trap 11, 12…20.

!!!!!!DO NOT ENTER ANY DATA IN THIS DATA BLOCK!!!!!

COPY the INDIVIDUAL ABB Capture Data from Nightly Survey Forms and PASTE into the appropriate ROW BY  ABB Number.

DATA AUTOMATICALLY CALCUATED - DO NOT ENTER DATA IN BLOCKS 1, 3, OR 4
DATA ENTRY IS ONLY REQUIRED IN DATA BLOCK 2



           
 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX C 
USFWS Correspondence Re: Trap Placement 
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Stephanie Rainwater

From: Stubbs, Kevin <kevin_stubbs@fws.gov>
Sent: Wednesday, March 23, 2022 1:55 PM
To: Stephanie Rainwater
Subject: Re: [EXTERNAL] GRDA Pensacola Relicensing Project - ABB Trap Placement

[EXTERNAL EMAIL] 

That will work. Just put the traps in the best habitat that is available (more open grassland or mix with timber). 
 
Kevin 
918-695-6769 

From: Stephanie Rainwater <srainwater@horizon-esi.com> 
Sent: Monday, March 21, 2022 5:39 PM 
To: Stubbs, Kevin <kevin_stubbs@fws.gov> 
Subject: RE: [EXTERNAL] GRDA Pensacola Relicensing Project - ABB Trap Placement  
  
Kevin, 
  
Good evening! I have attached a pdf map as well as a kmz showing the Coal Creek mitigation area and the wildlife 
management areas. I have overlaid five proposed trap sites which cover the four wildlife management areas and the 
mitigation site. We placed the 6th trap in a far southeastern area that has a somewhat significant terrestrial area 
between the project boundary and the shoreline. Please let me know if you concur these traps sites provide sufficient 
coverage in the proper areas for this project. 
  
Thanks! 
  
Stephanie Rainwater 
Project Manager 
  
Horizon Environmental Services, Inc. 
www.horizon-esi.com | An LJA Company 
  
LJA Environmental Services, LLC  
www.ljaenv.com 
  
321 S. Boston, Suite 300, Tulsa, OK 74103 
O: 918.553.3232 | C: 918.219.9951 
  
  

From: Stubbs, Kevin <kevin_stubbs@fws.gov>  
Sent: Monday, March 14, 2022 3:07 PM 
To: Stephanie Rainwater <srainwater@horizon-esi.com> 
Subject: Re: [EXTERNAL] GRDA Pensacola Relicensing Project - ABB Trap Placement 
  
[EXTERNAL EMAIL] 

The new project boundary will include all wildlife management and wetland mitigation areas Like the Coal 
Creek site. So I would put traps at those sites and any other sites with the best available habitat. 
  
Kevin 
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918-695-6769 

From: Stephanie Rainwater <srainwater@horizon-esi.com> 
Sent: Monday, March 14, 2022 1:25 PM 
To: Stubbs, Kevin <kevin_stubbs@fws.gov> 
Subject: [EXTERNAL] GRDA Pensacola Relicensing Project - ABB Trap Placement  
  
  

 This email has been received from outside of DOI - Use caution before clicking on links, opening attachments, or 
responding.   

  

Kevin, 
  
Good afternoon! I’m currently trying to plan the 2022 ABB survey effort for the GRDA Pensacola Relicensing Project and 
would like to get your input. As a refresher, when I placed the six 2021 survey traps, I positioned them in areas that 
provided the most terrestrial coverage within the presumed project area which was defined at that time by the 
upstream extents model (see attached kmz titled “ABB_Trap_Project.kmz”). The boundary has since been reduced 
based on the results of the H&H study (see attached kmz titled “Project_Boundary_NEW_10012021.kmz”). As there a 
very few areas of significant terrestrial acreage between the shoreline and the project boundary for me to use the same 
site selection methodology, I was wondering if you would recommend the six locations that you would consider provide 
sufficient representation with respect to the project. You can just send me the lat/longs or drop pins in a kmz, whichever 
works best for you. 
  
Thanks so much! 
  
Stephanie Rainwater 
Project Manager 
  
Horizon Environmental Services, Inc. 
www.horizon-esi.com | An LJA Company 
  
LJA Environmental Services, LLC  
www.ljaenv.com 
  
321 S. Boston, Suite 300, Tulsa, OK 74103 
O: 918.553.3232 | C: 918.219.9951 
  
  
  
  
  
[EXTERNAL EMAIL] Exercise caution. Do not open attachments or click links from unknown senders or unexpected email 

[EXTERNAL EMAIL] Exercise caution. Do not open attachments or click links from unknown senders or unexpected email 
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INTRODUCTION: 

 
Bats are considered by biologists as excellent indicators of general environmental health and integrity 
on many scales of habitat assessment.  Their volant lifestyle allows them to utilize multiple community 
resources for their diversity of roosting and foraging habits, and a wide variety of ecological factors 
influence these life-history habits (Fenton 1997; Williams et al. 2006).  The volant nature of their 
nightly and seasonal migratory movements, allows them access to multiple habitats, and in some cases 
multiple landscapes, decreasing their dependence on any single habitat (Findley 1993; Fenton 1997; 
Williams et al. 2006).      

 
This study was an assessment of species utilization of colonies of the endangered gray bat (Myotis 
grisescens) in caves DL-2 and DL-91, in Delaware County, Oklahoma.  In Oklahoma, gray bats 
represent a contingent in North America that are year-round, obligate cave dwelling species.  All North 
American bats that are endangered or threatened can be classified as cave-dwelling species or 
subspecies (McCracken 1989, Harvey et al. 1999, Pierson 1999), and 13 are obligate cave-dwellers 
year-round (McCracken 1989).    
 
Historical accounts of the cave-dwelling habits of the gray bat are well documented (Grigsby and 
Puckette 1984; U.S. Fish and Wildlife Service 1982; 1983; Grigsby et al. 1993; Martin et al. 2000, 
2003).  Since the gray bat is an obligate cave-dwelling species, its distribution is limited to karst-
producing geographic regions of the southeastern and eastern U.S.  Its prey consists mostly of night 
flying insects that have aquatic larval stages including mayflies, beetles, flies, stoneflies, and 
caddisflies (Best et al. 1997).  Gray bats select foraging areas where these insects are abundant.  
Optimal foraging habitat includes open bodies of water such as a stream, river, or reservoir, with 
nearby wooded riparian areas.  Gray bats forage over open water, and within the riparian areas near the 
water body.  Based on recapture data, gray bats travel on average about 12.5-14.3 km each night while 
foraging (American Society of Mammalogists 1992).   
  
 
STUDY AREA:   

The study area in northeastern Oklahoma occurs within the Ozark Biotic District (Blair and Hubbell 
1938) along the western limit of the Boston Mountains of the Ozark Plateau.  The Plateau covers about 
103,000 km2 in the central United States; elevations are 260−460 m above mean sea level (Huffman 
1959).  The area is dominated by outcrops of alternating layers of limestone and flint and sandstone.  
Vegetation on mountain slopes is predominantly blackjack oak (Quercus marilandica), post oak 
(Quercus stellata), black hickory (Carya texana), and winged elm (Ulmus alata).   Coralberry 
(Symphoricarpus orbiculatus) and sassafras (Sassafras albidum) comprise a sparse shrubby 
understory.  Riparian areas occur in lowlands and are dominated by silver maple (Acer saccharium), 
river birch (Betula nigra), American elm (Ulmus americana), cottonwood (Populus deltoides), 
sycamore  (Platanus occidentalis), and various oak species (Quercus spp.).  Sporadic openings of 
managed grasslands are used for various types of agriculture (Blair and Hubbell 1938; Harvey et al. 
1981). 
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Cave DL-2 is located in Section 17 of T23N R23E in Delaware County, OK adjacent to Drowning 
Creek, a tributary of Grand Lake.  The cave passage is <65m long with a single historical roost site for 
gray bats located 4m above a persistent stream and about 5m inside the entrance to the cave.   The 
floor of the vertical entrance to the cave is <745 ft elevation with backflow into the cave from Grand 
Lake at 746 ft elevation.  Complete inundation of the cave passage occurs at 752 ft elevation.  The 
roost was first documented as housing a colony of gray bats in 1981 when the colony was estimated to 
be 13,700 bats.  Except during major flood events (Table 1), based on recent exit and capture surveys 
at the entrance, the size and status (lactating females) of the colony remains relatively constant for the 
past 25 years.    
 
Cave DL-91 is located in the Section 13 of T23N R22E in Delaware County, OK.  The cave’s location 
from Grand Lake (1 km) and elevation (840 ft) preclude any threat of inundation.  The cave has a 
mapped passage of 803m and has historical records of nine roost sites for gray bats.  Prior to 1973, 
DL-91 historically housed the largest colony of gray bats in Oklahoma estimated to be as many as 
113,000 bats.  Recent population estimates of the summer colony have been as high as 31,962 bats.   
Aquatic pools throughout the passage of the cave and provide documented habitat for the Ozark 
cavefish (Troglichthys rosae), and Delaware County cave crayfish (Cambarus subterraneus).       
 
PROCEDURES:  

IR-illuminated entrance and night vision optics were used to conduct non-intrusive exit surveys and 
population estimates of gray bat colonies exiting caves DL-2 and DL-91 in the 2021 summer maternity 
and post-maternity season.  Such surveys are used to document habitation, assist in estimating colony 
size at the respective caves, and monitor movements of the colony during potential high water and 
flood events on Grand Lake.   
 
Exit surveys were conducted at cave DL-2 on 22 June and at cave DL-91 on 24 June and again on 16 
July 2021 (Table 1). The post-maternity colony population estimate at cave DL-91 during late summer 
2021 (Table 1) was within the range of 10,000 to 29,905 bats (ave.=18,245) over the past decade 
(Table 2).   
 
Table 1.   Population estimates of gray bat colonies at caves DL-2 and DL-91 in Delaware County, 

OK.  Gray bat colony size estimates are based on exit surveys using infrared-illuminated 
entrances and night vision optics during summer 2021.     

       
 Survey Population at  Population at 

Date Method Cave DL-2 Cave DL-91 

6/22/2021 Exit Survey 11,800  
6/24/2021 Exit Survey  510 
7/16/2021 Exit Survey  20,440 
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Table 2. Population estimates of the colony of gray bats using caves DL-2 and Dl-91 in Delaware 
County, Oklahoma.  Average post-maternity colony size ranged from 15,200 to 29,905 bats, with 
an average colony size of 19,288 gray bats for the past 10 years. 

 
 Population at  Population at 

Date Cave DL-2 Cave DL-91 
8/20/2012 1 18,000 

8/22/2013 0 29,905 

9/11/2014 0 18,015 

8/5/2015 0 20,585 

7/21/2016 0 16,520 

9/12/2017 0 19,340 

8/30/2018 NA 18,000 

5/21/2019 NA 15,200 

8/25/2020 NA 16,883 

7/16/2021 NA 20,440 
 
 
DISCUSSION: 
 
Cave ecosystems harbor a variety of unique and sensitive organisms, many of which are cave 
obligates.  Unique characteristics common to North American subterranean fauna render them 
vulnerable to anthropogenic activities and underscore the importance of monitoring sensitive 
populations.  Subsurface habitats typically display decreased diversity in community complexity and 
reduced species abundance relative to above ground ecosystems translating to fewer species and 
individuals in subterranean habitats than in surface habitats (Holsinger 1988). Processes that isolate 
subterranean populations of organisms, and evolutionary adaptation of those species to their 
environments, can produce extreme patterns of endemism (Barr and Holsinger 1985; Culver et al., 
2000).  Within the United States, subterranean fauna constitutes more than 50% of the G1-G2 species 
recorded in the Natural Heritage Program; however, less than 4% have received federal protection 
(Culver et al. 2000).     
 
Cave abandonment may result from high water events, or late-season migration after young become 
volant as often occurs in other areas of the species’ range.  Under favorable conditions, the colony 
ultimately vacates the maternity cave at DL-2 entirely in late summer and migrates to cave DL-91 
located <5 km away (Grigsby et al. 1993; Martin et al. 2000) where the colony tends to remain until 
migration to hibernacula in November.  Although cave DL-91 has intermittently served as a favorable 
maternity location, it is possible that it provides suboptimal climate conditions for a maternity colony 
compared to cave DL-2 with respect to microclimate and proximity to an abundant food source for 
developing young.  Annual late-summer migration phenomena are intriguing because migration of any 
type elicits its own inherent effects on animal populations that are exacerbated in young and 
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reproductive adults. Observations from previous exit surveys support historical evidence that during 
high water or flood events during the maternity season, a maternity colony of the endangered gray bat 
vacates cave DL-2—whose passage lies within the flood pool of Grand Lake—and migrates to cave 
DL-91.   
 
Persistent threat of inundation increases the likelihood of “take” of adults and young. The U. S. Fish 
and Wildlife Service defines take as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or 
collect or attempt to engage in any such conduct.  The determination of take was first made in their 
March 26, 1992, Biological Opinion prepared for the Federal Energy Regulatory Commission for the 
proposed re-licensing of the Pensacola Hydropower Project.  Complete inundation of the cave passage 
of DL-2 occurs at about elevation 752 feet Pensacola Datum (PD).  When Grand Lake is at about 
elevation 751 feet PD, only about one foot of flyway exists between the top of the water in the cave 
and the rock ceiling of the flyway, likely resulting in a significant disruption to normal behavior 
including feeding, rearing of young, and sheltering, and possibly forcing evacuation of the colony to 
the alternative cave (Table 3).   
 
Forcing the colony to vacate during critical maternity periods (March through July) likely adversely 
affects pregnant or lactating females, and non-volant or newly volant young.  If bats become trapped in 
cave DL-2, they could survive only a limited amount of time due to the high energy demands of raising 
young.  Other potential adverse effects include the stress of being trapped, drowning, and, if adults are 
trapped outside the cave, stress and mortality of non-volant young.                 
 
In October 2008 a small, high passage within cave DL-2 was identified and minimally excavated and 
enlarged.  Enlarging this passage was suspected to provide an alternative escape route for exiting bats, 
particularly during high water.  Additional excavation and enlargement of this second-high passage 
was completed in October 2013.  The length of the high passage was about 5m and was widened to 
about 0.40 meters wide by 0.50 meters tall.  An inspection of the passage following a flood event in 
summer 2015 revealed scattered guano in the enlarged passage indicating use by bats.  The post-
inundation monitoring visit to the cave on 30 July 2019 failed to give any indication that take had 
occurred as a result of inundation.    
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Table 3.  Records of highwater events where the elevation of Grand Lake exceeded elevation 750.00 
feet PD from 2005-2019.  At elevation 752 feet PD, the existing flyway inside cave DL-2 is 
completely inundated preventing colony exit and re-entry.     

 
 

 Date Date Maximum  Total Effect on 
Year Beginning Ending Elevation (ft) Duration  Colony 
2007 3-Jul 16-Jul 754.54 14 days Successfully Vacated 
2008 11-Apr 20-Apr 753.04 10 days  Successfully Vacated 
2008 13-Jun 26-Jun 752.48 14 days  Successfully Vacated 
2011 27-Apr 28-Apr 750.80 2 days  Successfully Vacated 
2011 25-May 26-May 751.71 2 days  Successfully Vacated 
2015 27 May 22 June 754.89 27 days  Successfully Vacated 
2017 30 April 25 May 754.77 26 days  Successfully Vacated 
2019 14 May 15 July 755.02 63 days  Successfully Vacated 

 
 

SUMMARY/RECOMMENDATIONS:    

Management efforts at cave DL-91 over the past 40 years have improved the security and potential for 
the colony’s persistence.  The average post-maternity colony size illustrates relative consistency, 
ranging from 15,200 to 29,905 bats with an average colony size of 19,288 gray bats for the past 10 
years. (Table 2).  Efforts should be concentrated on maintaining strong ties with the landowner of cave 
DL-2 who owns the property access, so that similar security efforts can continue there for the long-
term.  To assist in the long-term management decisions for appropriate entities relative to gray bat 
conservation efforts at caves DL-2 and DL-91 the following recommendations are proposed: 

 
1) Continue monitoring emergence surveys in caves DL-2 and DL-91 to maintain consistent data 

relative to habitation, population size, movement, and composition of bat colonies. 
2) Considering the importance of site DL-91 as alternative and favorable habitat for a maternity 

colony of gray bats during flooding events of Grand Lake, and as a post-maternity colony 
during normal elevation, periodically inspect the structural integrity of respective gate/grill 
systems inside cave DL-91 to limit or prevent human entry.   

3) Monitor elevation changes in Grand Lake during high water events and any subsequent 
movement of the gray bat colony in DL-2 to alternative habitable sites.  

4) Continue to effectively engage with the current landowner of cave DL-2, maintaining current 
contact information and appropriate access to the cave for future monitoring.    

 
In sum, the gray bat colony sharing caves DL-2 and DL-91 each summer appears to maintain a stable 
population size.  Persistent protection is being afforded the internal habitat and other sensitive and 
imperiled species at cave DL-91 through the integrity of the internal gating system.  Consistent and 
effective landowner engagement at cave DL-2 is appropriate at present.         
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Table 1. Locations used to evaluate changes to water velocity for Neosho
Madtom and Neosho Mucket effects analysis.

Sampling Site Latitude Longitude River Mile

Elk 1 36.62426 -94.6177 12.03

Elk 2 36.62584 -94.6211 11.81

Elk 3 36.62946 -94.6254 11.41

Elk 4 36.63264 -94.628 11.24

Elk 5 36.63409 -94.6313 11.01

Spring 1 36.82017 -94.7426 2.26

Spring 2 36.83988 -94.7287 3.79

Spring 3 36.87696 -94.7476 9.3

Spring 4 36.89154 -94.7291 10.94

Spring 5 36.90391 -94.7294 11.83

Spring 6 36.91291 -94.7319 12.43

Spring 7 36.91864 -94.7364 12.82

Neosho 1 36.93597 -94.9926 148.72

Neosho 2 36.93336 -94.9557 145.79

Neosho 3 36.92761 -94.9601 145.26

Neosho 4 36.91657 -94.9617 144.45

Neosho 5 36.90761 -94.9553 143.69

Neosho 6 36.90008 -94.9533 143.13

Neosho 7 36.87222 -94.9322 139.47
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Table 2. Summary of 10th, 50th, and 90th percentile river discharge and dam
stage used for the effects analysis.

10th 50th 90th

USGS Inflows (cfs)

Neosho River 72 6697 11500

Spring River 242 1851 5450

Elk River 104 459 1670

Tar Creek 2 9 91

Pensacola Dam Stages (ft, PD)

Current Operations 742.00 744.14 744.62

Anticipated Operations 742.31 744.73 745.35

`



Draft Biological Assessment   
GRDA Pensacola Hydroelectric Project 
FERC Project No. 1494 

 

 

 Facilities  |  Environmental  |  Geotechnical  |  Materials 

 

 

 

 

 

 

 

 

APPENDIX D 

LIST OF PREPARERS  

 

 

 

 

 

 

 

 

 

 

 

 



Draft Biological Assessment   

GRDA Pensacola Hydroelectric Project 

FERC Project No. 1494 
 

 

Facilities  |  Environmental  |  Geotechnical  |  Materials 
1 

 

LIST OF PREPARERS 

 
 

▪ Christina Bienz (Terracon Consultants, Inc.) 

M.S. Environmental Science 
B.S. Wildlife Science 
Years of Applicable Experience: 8 
Responsible for: Report Authoring, Subject Matter Expert: Bats 
 

▪ Ruben Castillo (Terracon Consultants, Inc.)  
B.A. Anthropology  
Years of Applicable Experience: 5   
Responsible for: GIS Exhibits 
 

▪ Jeffrey T. Jenkerson (Terracon Consultants, Inc.)  
Threatened and Endangered Species, CWB® 
Years of Applicable Experience: 9  

Responsible for: Project Management, Quality Assurance/Quality Control, Report Authoring, 
Subject Matter Expert: Alligator Snapping Turtle 
 

▪ Brad Littrell (Bio-West, Inc.) 
M.S. Aquatic Biology 
B.S. Aquatic Biology 

Years of Applicable Experience: 18 
Responsible for: Report Authoring, Subject Matter Expert: Aquatics 
 

▪ Jennifer T. Peters (Terracon Consultants, Inc.) 
B.S. Environmental Science 
Years of Applicable Experience: 22 
Responsible for: Quality Assurance/Quality Control 

 

▪ John N. Rathgeber, Senior Staff Scientist (Terracon Consultants, Inc.) 
Natural Resource Practitioner 
Years of Applicable Experience: 15 
Responsible for: Report Authoring, Subject Matter Expert: American Burying Beetle  
 

▪ Kirsten Smith (Terracon Consultants, Inc.) 

M.S. Conservation Science 

B.S. Natural Resources Management 

Years of Applicable Experience: 2 

Responsible for: Report Authoring 

 

▪ Kyle Sullivan (Bio-West, Inc.) 

M.S. Biology 

B.S. Environmental Science 

Years of Applicable Experience: 10 

Responsible for: Report Authoring, Subject Matter Expert: Aquatics 

 

▪ Bridgette Zapalac (Terracon Consultants, Inc.) 
B.A. Bioenvironmental Science 
Years of Applicable Experience: 5 
Responsible for: Report Authoring 

 



Draft Biological Assessment   
GRDA Pensacola Hydroelectric Project 
FERC Project No. 1494 

 

 

 Facilities  |  Environmental  |  Geotechnical  |  Materials 

 

 

 

 

 

 

 

 

APPENDIX E  

FORESTED AND WETLAND AREAS MAPS 

 



Jay

Miami

Wyandotte

Grove

M0 1.5 3 4.5 60.75
Miles

Forested and Wetland Areas Map
Pensacola Dam

GRAND RIVER DAM AUTHORITY
May 2023

Overview Map Legend

Contour Band 742.92 - 743.46 ft PD

USA NLCD Land Cover
ClassName

Deciduous Forest

Evergreen Forest

Mixed Forest

Dwarf Scrub

Shrub/Scrub

Woody Wetlands

Developed Low Intensity

Developed Medium Intensity

Developed High Intensity

Municipality

Unincorporated

Map Notes
Data Sources for Maps:

1. World topographic map images from https://cdn.arcgis.com/sharing/rest/content/items/7dc6cea0b1764a1f9af2e679f642f0f5/
resources/styles/root.json
2. Landuse Data from the National Land Cover Database (NLCD) provided by ESRI at https://landscape10.arcgis.com/arcgis/services/
USA_NLCD_Land_Cover/ImageServer
3. Contour data derived from LiDAR and H&H modeling (Mead & Hunt, Inc.)

Forested and Woody Wetland Mapping Explanation
Mapping shows the extent of inundation calculated using the H&H Study Operations Model and Upstream Hydraulic
Model. Estimated inundation extent for elevation 742.92 to 743.46 ft PD.

0 500 1,000 1,500 2,000250
Feet

GRAND LAKE



59

Mud Cr
eek

N
eosh

o
R
iver

Neosho River

Russell Creek

0 1,000 2,000 3,000 4,000500
Feet

M
1 inch = 2,000 feet

PENSACOLA DAM
GRAND RIVER DAM AUTHORITY

CRAIG, DELAWARE, MAYES, AND
OTTAWA COUNTIES, OKLAHOMA

FERC No. 1494
May 2023

MAP: A1

A
2

B1 B2

A1 A2 A3 A5 A6

B1 B2 B3 B4 B5 B6

C2 C3 C4 C5 C6

D5 D6

E3 E4 E5 E6 E7 E8

F3 F4 F5 F6 F8

G2
G3 G4 G5 G6

H1 H2
H4

FORESTED AND WOODY
WETLAND AREAS

USA NLCD Land Cover

Deciduous Forest

Evergreen Forest

Mixed Forest

Dwarf Scrub

Shrub/Scrub

Woody Wetlands

Developed Low Intensity

Developed Medium
Intensity

Developed High Intensity

Contour Band 742.92 -
743.46 ft PD

1. Aerial imagery basemap from NAIP at https://gis.apfo.usda.gov/arcgis/services/NAIP/USDA_CONUS_PRIME/
ImageServer
2. Land Cover Data from the National Land Cover Database (NLCD) provided by ESRI at https://
landscape10.arcgis.com/arcgis/services/USA_NLCD_Land_Cover/ImageServer
3. Contour data derived from LiDAR and H&H modeling (Mead & Hunt, Inc.)
4. See Overview Map for further information and notes on data sources.

MAP AND LEGEND NOTES



SquawCreek

Fourmile Cr eek

Neosho River

Neo
sh

o
R
iv
e
r

Neosho River

N
eo
sh
o
R
iv
er

Mud Cr
eek

Squa
w Cree

k

0 1,000 2,000 3,000 4,000500
Feet

M
1 inch = 2,000 feet

PENSACOLA DAM
GRAND RIVER DAM AUTHORITY

CRAIG, DELAWARE, MAYES, AND
OTTAWA COUNTIES, OKLAHOMA

FERC No. 1494
May 2023

MAP: A2

A
1

A
3

B2B1 B3

A1 A2 A3 A5 A6

B1 B2 B3 B4 B5 B6

C2 C3 C4 C5 C6

D5 D6

E3 E4 E5 E6 E7 E8

F3 F4 F5 F6 F8

G2
G3 G4 G5 G6

H1 H2
H4

FORESTED AND WOODY
WETLAND AREAS

USA NLCD Land Cover

Deciduous Forest

Evergreen Forest

Mixed Forest

Dwarf Scrub

Shrub/Scrub

Woody Wetlands

Developed Low Intensity

Developed Medium
Intensity

Developed High Intensity

Contour Band 742.92 -
743.46 ft PD

1. Aerial imagery basemap from NAIP at https://gis.apfo.usda.gov/arcgis/services/NAIP/USDA_CONUS_PRIME/
ImageServer
2. Land Cover Data from the National Land Cover Database (NLCD) provided by ESRI at https://
landscape10.arcgis.com/arcgis/services/USA_NLCD_Land_Cover/ImageServer
3. Contour data derived from LiDAR and H&H modeling (Mead & Hunt, Inc.)
4. See Overview Map for further information and notes on data sources.

MAP AND LEGEND NOTES



0 1,000 2,000 3,000 4,000500
Feet

M
1 inch = 2,000 feet

PENSACOLA DAM
GRAND RIVER DAM AUTHORITY

CRAIG, DELAWARE, MAYES, AND
OTTAWA COUNTIES, OKLAHOMA

FERC No. 1494
May 2023

MAP: A3

A
2

A
4

B3B2 B4

A1 A2 A3 A5 A6

B1 B2 B3 B4 B5 B6

C2 C3 C4 C5 C6

D5 D6

E3 E4 E5 E6 E7 E8

F3 F4 F5 F6 F8

G2
G3 G4 G5 G6

H1 H2
H4

FORESTED AND WOODY
WETLAND AREAS

USA NLCD Land Cover

Deciduous Forest

Evergreen Forest

Mixed Forest

Dwarf Scrub

Shrub/Scrub

Woody Wetlands

Developed Low Intensity

Developed Medium
Intensity

Developed High Intensity

Contour Band 742.92 -
743.46 ft PD

1. Aerial imagery basemap from NAIP at https://gis.apfo.usda.gov/arcgis/services/NAIP/USDA_CONUS_PRIME/
ImageServer
2. Land Cover Data from the National Land Cover Database (NLCD) provided by ESRI at https://
landscape10.arcgis.com/arcgis/services/USA_NLCD_Land_Cover/ImageServer
3. Contour data derived from LiDAR and H&H modeling (Mead & Hunt, Inc.)
4. See Overview Map for further information and notes on data sources.

MAP AND LEGEND NOTES



OP137

69A

0 1,000 2,000 3,000 4,000500
Feet

M
1 inch = 2,000 feet

PENSACOLA DAM
GRAND RIVER DAM AUTHORITY

CRAIG, DELAWARE, MAYES, AND
OTTAWA COUNTIES, OKLAHOMA

FERC No. 1494
May 2023

MAP: A5

A
4

A
6

B5B4 B6

A1 A2 A3 A5 A6

B1 B2 B3 B4 B5 B6

C2 C3 C4 C5 C6

D5 D6

E3 E4 E5 E6 E7 E8

F3 F4 F5 F6 F8

G2
G3 G4 G5 G6

H1 H2
H4

FORESTED AND WOODY
WETLAND AREAS

USA NLCD Land Cover

Deciduous Forest

Evergreen Forest

Mixed Forest

Dwarf Scrub

Shrub/Scrub

Woody Wetlands

Developed Low Intensity

Developed Medium
Intensity

Developed High Intensity

Contour Band 742.92 -
743.46 ft PD

1. Aerial imagery basemap from NAIP at https://gis.apfo.usda.gov/arcgis/services/NAIP/USDA_CONUS_PRIME/
ImageServer
2. Land Cover Data from the National Land Cover Database (NLCD) provided by ESRI at https://
landscape10.arcgis.com/arcgis/services/USA_NLCD_Land_Cover/ImageServer
3. Contour data derived from LiDAR and H&H modeling (Mead & Hunt, Inc.)
4. See Overview Map for further information and notes on data sources.

MAP AND LEGEND NOTES



69A

44
Spri

ng Ri
ver

0 1,000 2,000 3,000 4,000500
Feet

M
1 inch = 2,000 feet

PENSACOLA DAM
GRAND RIVER DAM AUTHORITY

CRAIG, DELAWARE, MAYES, AND
OTTAWA COUNTIES, OKLAHOMA

FERC No. 1494
May 2023

MAP: A6

A
5

B6B5

A1 A2 A3 A5 A6

B1 B2 B3 B4 B5 B6

C2 C3 C4 C5 C6

D5 D6

E3 E4 E5 E6 E7 E8

F3 F4 F5 F6 F8

G2
G3 G4 G5 G6

H1 H2
H4

FORESTED AND WOODY
WETLAND AREAS

USA NLCD Land Cover

Deciduous Forest

Evergreen Forest

Mixed Forest

Dwarf Scrub

Shrub/Scrub

Woody Wetlands

Developed Low Intensity

Developed Medium
Intensity

Developed High Intensity

Contour Band 742.92 -
743.46 ft PD

1. Aerial imagery basemap from NAIP at https://gis.apfo.usda.gov/arcgis/services/NAIP/USDA_CONUS_PRIME/
ImageServer
2. Land Cover Data from the National Land Cover Database (NLCD) provided by ESRI at https://
landscape10.arcgis.com/arcgis/services/USA_NLCD_Land_Cover/ImageServer
3. Contour data derived from LiDAR and H&H modeling (Mead & Hunt, Inc.)
4. See Overview Map for further information and notes on data sources.

MAP AND LEGEND NOTES



OP2

OP10
59

59

Co

wCreek

Mud
Cr

eek

0 1,000 2,000 3,000 4,000500
Feet

M
1 inch = 2,000 feet

PENSACOLA DAM
GRAND RIVER DAM AUTHORITY

CRAIG, DELAWARE, MAYES, AND
OTTAWA COUNTIES, OKLAHOMA

FERC No. 1494
May 2023

MAP: B1

A1 A2

B2

C1 C2

A1 A2 A3 A5 A6

B1 B2 B3 B4 B5 B6

C2 C3 C4 C5 C6

D5 D6

E3 E4 E5 E6 E7 E8

F3 F4 F5 F6 F8

G2
G3 G4 G5 G6

H1 H2
H4

FORESTED AND WOODY
WETLAND AREAS

USA NLCD Land Cover

Deciduous Forest

Evergreen Forest

Mixed Forest

Dwarf Scrub

Shrub/Scrub

Woody Wetlands

Developed Low Intensity

Developed Medium
Intensity

Developed High Intensity

Contour Band 742.92 -
743.46 ft PD

1. Aerial imagery basemap from NAIP at https://gis.apfo.usda.gov/arcgis/services/NAIP/USDA_CONUS_PRIME/
ImageServer
2. Land Cover Data from the National Land Cover Database (NLCD) provided by ESRI at https://
landscape10.arcgis.com/arcgis/services/USA_NLCD_Land_Cover/ImageServer
3. Contour data derived from LiDAR and H&H modeling (Mead & Hunt, Inc.)
4. See Overview Map for further information and notes on data sources.

MAP AND LEGEND NOTES



59

M

ud

Cree k

Cow Cree
k

Neosho River

Neosho R
ive

r

N
e
o
sh
o
R
iver

0 1,000 2,000 3,000 4,000500
Feet

M
1 inch = 2,000 feet

PENSACOLA DAM
GRAND RIVER DAM AUTHORITY

CRAIG, DELAWARE, MAYES, AND
OTTAWA COUNTIES, OKLAHOMA

FERC No. 1494
May 2023

MAP: B2

A2A1 A3

B1
B3

C2C1 C3

A1 A2 A3 A5 A6

B1 B2 B3 B4 B5 B6

C2 C3 C4 C5 C6

D5 D6

E3 E4 E5 E6 E7 E8

F3 F4 F5 F6 F8

G2
G3 G4 G5 G6

H1 H2
H4

FORESTED AND WOODY
WETLAND AREAS

USA NLCD Land Cover

Deciduous Forest

Evergreen Forest

Mixed Forest

Dwarf Scrub

Shrub/Scrub

Woody Wetlands

Developed Low Intensity

Developed Medium
Intensity

Developed High Intensity

Contour Band 742.92 -
743.46 ft PD

1. Aerial imagery basemap from NAIP at https://gis.apfo.usda.gov/arcgis/services/NAIP/USDA_CONUS_PRIME/
ImageServer
2. Land Cover Data from the National Land Cover Database (NLCD) provided by ESRI at https://
landscape10.arcgis.com/arcgis/services/USA_NLCD_Land_Cover/ImageServer
3. Contour data derived from LiDAR and H&H modeling (Mead & Hunt, Inc.)
4. See Overview Map for further information and notes on data sources.

MAP AND LEGEND NOTES



59

69

59

Wi n dy Cre
ek

Coal Cree k

Neosho
River

C ow Creek

Neosho River

0 1,000 2,000 3,000 4,000500
Feet

M
1 inch = 2,000 feet

PENSACOLA DAM
GRAND RIVER DAM AUTHORITY

CRAIG, DELAWARE, MAYES, AND
OTTAWA COUNTIES, OKLAHOMA

FERC No. 1494
May 2023

MAP: B3

A3A2 A4

B2
B4

C3C2 C4

A1 A2 A3 A5 A6

B1 B2 B3 B4 B5 B6

C2 C3 C4 C5 C6

D5 D6

E3 E4 E5 E6 E7 E8

F3 F4 F5 F6 F8

G2
G3 G4 G5 G6

H1 H2
H4

FORESTED AND WOODY
WETLAND AREAS

USA NLCD Land Cover

Deciduous Forest

Evergreen Forest

Mixed Forest

Dwarf Scrub

Shrub/Scrub

Woody Wetlands

Developed Low Intensity

Developed Medium
Intensity

Developed High Intensity

Contour Band 742.92 -
743.46 ft PD

1. Aerial imagery basemap from NAIP at https://gis.apfo.usda.gov/arcgis/services/NAIP/USDA_CONUS_PRIME/
ImageServer
2. Land Cover Data from the National Land Cover Database (NLCD) provided by ESRI at https://
landscape10.arcgis.com/arcgis/services/USA_NLCD_Land_Cover/ImageServer
3. Contour data derived from LiDAR and H&H modeling (Mead & Hunt, Inc.)
4. See Overview Map for further information and notes on data sources.

MAP AND LEGEND NOTES



OP10

OP69A

OP125

69

69

69

44

Tar Creek

L
itt

le E
lm

C
re
ek

Neosho
River

0 1,000 2,000 3,000 4,000500
Feet

M
1 inch = 2,000 feet

PENSACOLA DAM
GRAND RIVER DAM AUTHORITY

CRAIG, DELAWARE, MAYES, AND
OTTAWA COUNTIES, OKLAHOMA

FERC No. 1494
May 2023

MAP: B4

A4A3 A5

B3
B5

C4C3 C5

A1 A2 A3 A5 A6

B1 B2 B3 B4 B5 B6

C2 C3 C4 C5 C6

D5 D6

E3 E4 E5 E6 E7 E8

F3 F4 F5 F6 F8

G2
G3 G4 G5 G6

H1 H2
H4

FORESTED AND WOODY
WETLAND AREAS

USA NLCD Land Cover

Deciduous Forest

Evergreen Forest

Mixed Forest

Dwarf Scrub

Shrub/Scrub

Woody Wetlands

Developed Low Intensity

Developed Medium
Intensity

Developed High Intensity

Contour Band 742.92 -
743.46 ft PD

1. Aerial imagery basemap from NAIP at https://gis.apfo.usda.gov/arcgis/services/NAIP/USDA_CONUS_PRIME/
ImageServer
2. Land Cover Data from the National Land Cover Database (NLCD) provided by ESRI at https://
landscape10.arcgis.com/arcgis/services/USA_NLCD_Land_Cover/ImageServer
3. Contour data derived from LiDAR and H&H modeling (Mead & Hunt, Inc.)
4. See Overview Map for further information and notes on data sources.
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1. Aerial imagery basemap from NAIP at https://gis.apfo.usda.gov/arcgis/services/NAIP/USDA_CONUS_PRIME/
ImageServer
2. Land Cover Data from the National Land Cover Database (NLCD) provided by ESRI at https://
landscape10.arcgis.com/arcgis/services/USA_NLCD_Land_Cover/ImageServer
3. Contour data derived from LiDAR and H&H modeling (Mead & Hunt, Inc.)
4. See Overview Map for further information and notes on data sources.
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1. Aerial imagery basemap from NAIP at https://gis.apfo.usda.gov/arcgis/services/NAIP/USDA_CONUS_PRIME/
ImageServer
2. Land Cover Data from the National Land Cover Database (NLCD) provided by ESRI at https://
landscape10.arcgis.com/arcgis/services/USA_NLCD_Land_Cover/ImageServer
3. Contour data derived from LiDAR and H&H modeling (Mead & Hunt, Inc.)
4. See Overview Map for further information and notes on data sources.
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1. Aerial imagery basemap from NAIP at https://gis.apfo.usda.gov/arcgis/services/NAIP/USDA_CONUS_PRIME/
ImageServer
2. Land Cover Data from the National Land Cover Database (NLCD) provided by ESRI at https://
landscape10.arcgis.com/arcgis/services/USA_NLCD_Land_Cover/ImageServer
3. Contour data derived from LiDAR and H&H modeling (Mead & Hunt, Inc.)
4. See Overview Map for further information and notes on data sources.
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1. Aerial imagery basemap from NAIP at https://gis.apfo.usda.gov/arcgis/services/NAIP/USDA_CONUS_PRIME/
ImageServer
2. Land Cover Data from the National Land Cover Database (NLCD) provided by ESRI at https://
landscape10.arcgis.com/arcgis/services/USA_NLCD_Land_Cover/ImageServer
3. Contour data derived from LiDAR and H&H modeling (Mead & Hunt, Inc.)
4. See Overview Map for further information and notes on data sources.
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1. Aerial imagery basemap from NAIP at https://gis.apfo.usda.gov/arcgis/services/NAIP/USDA_CONUS_PRIME/
ImageServer
2. Land Cover Data from the National Land Cover Database (NLCD) provided by ESRI at https://
landscape10.arcgis.com/arcgis/services/USA_NLCD_Land_Cover/ImageServer
3. Contour data derived from LiDAR and H&H modeling (Mead & Hunt, Inc.)
4. See Overview Map for further information and notes on data sources.
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1. Aerial imagery basemap from NAIP at https://gis.apfo.usda.gov/arcgis/services/NAIP/USDA_CONUS_PRIME/
ImageServer
2. Land Cover Data from the National Land Cover Database (NLCD) provided by ESRI at https://
landscape10.arcgis.com/arcgis/services/USA_NLCD_Land_Cover/ImageServer
3. Contour data derived from LiDAR and H&H modeling (Mead & Hunt, Inc.)
4. See Overview Map for further information and notes on data sources.
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1. Aerial imagery basemap from NAIP at https://gis.apfo.usda.gov/arcgis/services/NAIP/USDA_CONUS_PRIME/
ImageServer
2. Land Cover Data from the National Land Cover Database (NLCD) provided by ESRI at https://
landscape10.arcgis.com/arcgis/services/USA_NLCD_Land_Cover/ImageServer
3. Contour data derived from LiDAR and H&H modeling (Mead & Hunt, Inc.)
4. See Overview Map for further information and notes on data sources.
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1. Aerial imagery basemap from NAIP at https://gis.apfo.usda.gov/arcgis/services/NAIP/USDA_CONUS_PRIME/
ImageServer
2. Land Cover Data from the National Land Cover Database (NLCD) provided by ESRI at https://
landscape10.arcgis.com/arcgis/services/USA_NLCD_Land_Cover/ImageServer
3. Contour data derived from LiDAR and H&H modeling (Mead & Hunt, Inc.)
4. See Overview Map for further information and notes on data sources.
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1. Aerial imagery basemap from NAIP at https://gis.apfo.usda.gov/arcgis/services/NAIP/USDA_CONUS_PRIME/
ImageServer
2. Land Cover Data from the National Land Cover Database (NLCD) provided by ESRI at https://
landscape10.arcgis.com/arcgis/services/USA_NLCD_Land_Cover/ImageServer
3. Contour data derived from LiDAR and H&H modeling (Mead & Hunt, Inc.)
4. See Overview Map for further information and notes on data sources.
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1. Aerial imagery basemap from NAIP at https://gis.apfo.usda.gov/arcgis/services/NAIP/USDA_CONUS_PRIME/
ImageServer
2. Land Cover Data from the National Land Cover Database (NLCD) provided by ESRI at https://
landscape10.arcgis.com/arcgis/services/USA_NLCD_Land_Cover/ImageServer
3. Contour data derived from LiDAR and H&H modeling (Mead & Hunt, Inc.)
4. See Overview Map for further information and notes on data sources.
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1. Aerial imagery basemap from NAIP at https://gis.apfo.usda.gov/arcgis/services/NAIP/USDA_CONUS_PRIME/
ImageServer
2. Land Cover Data from the National Land Cover Database (NLCD) provided by ESRI at https://
landscape10.arcgis.com/arcgis/services/USA_NLCD_Land_Cover/ImageServer
3. Contour data derived from LiDAR and H&H modeling (Mead & Hunt, Inc.)
4. See Overview Map for further information and notes on data sources.
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1. Aerial imagery basemap from NAIP at https://gis.apfo.usda.gov/arcgis/services/NAIP/USDA_CONUS_PRIME/
ImageServer
2. Land Cover Data from the National Land Cover Database (NLCD) provided by ESRI at https://
landscape10.arcgis.com/arcgis/services/USA_NLCD_Land_Cover/ImageServer
3. Contour data derived from LiDAR and H&H modeling (Mead & Hunt, Inc.)
4. See Overview Map for further information and notes on data sources.
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1. Aerial imagery basemap from NAIP at https://gis.apfo.usda.gov/arcgis/services/NAIP/USDA_CONUS_PRIME/
ImageServer
2. Land Cover Data from the National Land Cover Database (NLCD) provided by ESRI at https://
landscape10.arcgis.com/arcgis/services/USA_NLCD_Land_Cover/ImageServer
3. Contour data derived from LiDAR and H&H modeling (Mead & Hunt, Inc.)
4. See Overview Map for further information and notes on data sources.
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1. Aerial imagery basemap from NAIP at https://gis.apfo.usda.gov/arcgis/services/NAIP/USDA_CONUS_PRIME/
ImageServer
2. Land Cover Data from the National Land Cover Database (NLCD) provided by ESRI at https://
landscape10.arcgis.com/arcgis/services/USA_NLCD_Land_Cover/ImageServer
3. Contour data derived from LiDAR and H&H modeling (Mead & Hunt, Inc.)
4. See Overview Map for further information and notes on data sources.
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1. Aerial imagery basemap from NAIP at https://gis.apfo.usda.gov/arcgis/services/NAIP/USDA_CONUS_PRIME/
ImageServer
2. Land Cover Data from the National Land Cover Database (NLCD) provided by ESRI at https://
landscape10.arcgis.com/arcgis/services/USA_NLCD_Land_Cover/ImageServer
3. Contour data derived from LiDAR and H&H modeling (Mead & Hunt, Inc.)
4. See Overview Map for further information and notes on data sources.
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SECTION 1 BACKGROUND 

This report serves as an update to the 2021 Initial Study Report (ISR) re: beetles and bats.  
 
The purpose of the American Burying Beetle (Nicrophorus americanus; ABB) portion of this report 
is to provide a comparison of distributions of beetles to inundation maps generated by the 
Comprehensive Hydraulic Model (CHM) to characterize the effects of anticipated operations of 
the Pensacola Hydroelectric Project (Project) operations.  
 
The purpose of the bat portion of this report is to assess the degree to which anticipated Project 
operations under the new license would inundate the main entrance to Beaver Dam Cave and 
compare the frequency of inundation with that associated with baseline operations. Grand River 
Dam Authority (GRDA) has determined whether the secondary exit suffices to provide an 
alternative access by gray bats (Myotis grisescens) to the cave (during times of inundation under 
anticipated Project operations).   
 
Access to cave DL-2 (Beaver Dam Cave) and cave DL-91 (Twin Cave) has the potential to be 
affected by anticipated Project operations. Data generated by the CHM as part of the H&H Study 
were used and analyzed with respect to the gray bat to determine potential effects of anticipated 
Project operations to the species. 
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SECTION 2  AMERICAN BURYING BEETLE 

Horizon conducted a 2021 and 2022 American burying beetle (Nicrophorus americanus; ABB) 
presence/absence survey in accordance with the USFWS American Burying Beetle Range-Wide 
Presence/Absence Survey Guidance, dated May 2018 (Guidance). Communication with Kevin 
Stubbs (USFWS) (Appendix C) ensured Horizon that our Project Area sufficiently covered beetle 
habitat types including those located in GRDA’s Wildlife Management Areas (WMA). The Project 
Area is located within the range of the federally threatened ABB, but outside of any conservation 
priority area (CPA) (Appendix A). 
 
ABBs are habitat generalists and may use a variety of habitats that provide friable, moist soils 
and contain leaf litter and a variety of native vegetation above 8 inches in height to both retain soil 
moisture and support prey species. The USFWS provides guidance for what is considered 
unsuitable ABB habitat in their American Burying Beetle Conservation Strategy for the 
Establishment, Management, and Operation of Mitigation Lands for Impacts that Occur in 
Oklahoma guidance document, dated 1 September 2019. 
 
ABB Habitat Exclusions 
 
While the ABB uses a wide variety of habitats, the USFWS currently believes that areas exhibiting 
the following characteristics will not be of conservation value to ABBs and will not be credited as 
mitigation, except as possible buffer credits described below under the Crediting Method section. 
Areas exhibiting these characteristics should be excluded from mitigation lands because they are 
considered unfavorable for use by ABBs based on disturbance regime, vegetation structure, 
unsuitable soil conditions, and carrion availability: 

1. Land that is tilled on a regular basis, planted in monoculture, and does not contain 
native vegetation. 

2. Pasture or grassland that has been maintained through frequent mowing, grazing, or 
herbicide application at a height of 20 cm (8 inches) or less. 

3. Land that has already been developed and no longer exhibits topsoil, leaf litter, or 
vegetation. 

4. Urban areas with maintained lawns, paved surfaces, or roadways. 
5. Stockpiled soil without vegetation. 
6. Wetlands or permanent waterbodies with standing water or saturated soils. Areas 

adjacent to wetlands and/or riparian areas are not considered unfavorable for the ABB, 
as they may be important for ABBs seeking moist soils during dry conditions. 

2.1 ABB Study Year One 

As reported in the ISR, six traps were deployed within suitable, representative terrain within the 
Project Area. Trap sites were selected based on suitable habitat and capture of the most 
significant in size terrestrial areas within the study area boundary in Delaware and Ottawa 
counties. Surveys were conducted between 18 July and 23 July 2021 with valid weather 
conditions through the duration of the survey effort. No ABBs were found during the 2021 
presence/absence survey (Figure 1). 
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2.2 ABB Study Year Two  

Six baited pitfall bucket traps were deployed within suitable, representative terrain on 9 June 2022 
in Delaware and Ottawa counties. This presence/absence survey was conducted as an early 
season survey in accordance with the approved study plan. Trap placement was also selected 
based on discussion and advisement of USFWS staff, in email communication dated 25 March 
2022. Mr. Stubbs requested that the traps be placed within the best suitable habitat including 
designated WMAs and the Coal Creek wetland mitigation site (Figure 2). 
 
The survey continued with five nights of valid weather parameters. Guidance defines valid 
weather parameters as: 

1. Nighttime temperature during the survey period above 60º F (15.5 C)  

2. Wind speed no greater than 10 mph in excess of 20% of the time (1 hour 24 
minutes) between 9:00 p.m. and 4:00 a.m.,  

3. Precipitation less than 0.5 inches between 9:00 p.m. and 4:00 a.m. 

Weather conditions were valid throughout the course of the survey effort.  No ABBs were 
captured or observed during this survey. These negative survey findings indicate that the ABB is 
not active within the Project Area; thus, take (defined by the Endangered Species Act [ESA] as 
“to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect any threatened or 
endangered species”) is not expected as a result of this project.
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SECTION 3 BATS 

Based on the respective roosting habitats of the two bat species and known patterns of cave use 
adjacent to Grand Lake, the federally threatened northern long-eared bat (Myotis septentrionalis) 
is unlikely to be affected by alterations in cave access associated with Project operations. As a 
result, for this objective, GRDA will focus its efforts on federally endangered gray bats (Myotis 
grisescens) in the caves which they are known to use. 
 
Cave DL-2 (Beaver Dam Cave) in Delaware County is adjacent to Drowning Creek, a tributary of 
Grand Lake, and is within the maximum inundation area on the lentic conversion maps (Figures 
3 and 4). The cave passage is <65 meters (m) long with a single historical roost site for gray bats 
located 4 m above a persistent stream and about 5 m from the entrance to the cave.   Complete 
inundation of the cave passage occurs at 752 feet in elevation. The roost was first documented 
as housing a colony of gray bats in 1981 when the colony was estimated to be 13,700 bats.  
Except during major flood events, based on recent exit and capture surveys at the entrance, the 
size and status (lactating females) of the colony remains relatively constant for the past 25 years.    
 
Cave DL-91 (Twin Cave) is also located in Delaware County about 1 kilometer (km) from Grand 
Lake with an elevation (840 feet) precluding any threat of inundation.  It is also outside of the 
maximum inundation area on the lentic conversion maps (Figures 3 and 5).  The cave has a 
mapped passage of 803 m and has historical records of nine roost sites for gray bats.  Prior to 
1973, DL-91 historically housed the largest colony of gray bats in Oklahoma, estimated to be as 
many as 113,000 bats (Martin et al. 2000).  Recent population estimates of the summer colony 
have been as high as 31,962 bats.  

 
3.1 Procedures in 2021 Maternity Season 

Infrared (IR)-illuminated entrance and night vision optics were used to conduct non-intrusive exit 
surveys and population estimates of gray bat colonies exiting caves DL-2 and DL-91 in the 2021 
summer maternity and post-maternity season.  Such surveys are used to document habitation, 
assist in estimating colony size at the respective caves, and monitor movements of the colony 
during potential high water and flood events on Grand Lake.   
 
Exit surveys were conducted at cave DL-2 on 22 June and at cave DL-91 on 24 June and again 
on 16 July 2021 (Table 1). The post-maternity colony population estimate at cave DL-91 during 
late summer 2021 (Table 1) was within the range of 10,000 to 29,905 bats (average =18,245) 
over the past decade (Table 3).   
 
Table 1: Population estimates of gray bat colonies at caves DL-2 and DL-91 in Delaware 
County, OK in the 2021 maternity season  
 

Date Survey Method 
Population at Cave 

DL-2 
Population at Cave 

DL-91 

6/22/2021 Exit Survey 11,800  

6/24/2021 Exit Survey  510 
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Date Survey Method 
Population at Cave 

DL-2 
Population at Cave 

DL-91 

7/16/2021 Exit Survey  20,440 

 
1  Gray bat colony size estimates are based on exit surveys using infrared-illuminated entrances 

and night vision optics during summer 2021.     

3.2 Procedures in 2022 Maternity Season 

An IR-illuminated entrance and night vision optics were used to conduct non-intrusive exit surveys 
and population estimates of gray bat colonies exiting caves DL-2 and DL-91 in the 2022 summer 
maternity and post-maternity season.  Such surveys are used to document habitation, assist in 
estimating colony size at the respective caves, and monitor movements of the colony during 
potential high water and flood events on Grand Lake.   
 
Exit surveys were conducted at cave DL-2 on 27 June and at cave DL-91 on 10 May during a 
high-water event, and 22 June and 4 August (Table 1). The post-maternity colony population 
estimate at cave DL-91 during late summer 2022 (Table 2) was within the range of 10,000 to 
29,905 bats (average =19,877) over the past decade (Table 3).   

  Table 2: Population estimates of gray bat colonies1 at caves DL-2 and DL-91 in Delaware 
County, OK in the 2022 maternity season   
 

Date Survey Method 
Population at Cave 

DL-2 
Population at Cave 

DL-91 

5/10/2022 Exit Survey  20,620 

6/22/2022 Exit Survey  6,600 

6/27/2022 Exit Survey 13,300  

8/4/2022 Exit Survey  23,877 

 
1  Gray bat colony size estimates are based on exit surveys using infrared-illuminated entrances 

and night vision optics during summer 2022.     
 

Table 3: Ten-year post-maternity population2 estimates of the colony of gray bats using 
caves DL-2 and Dl-91 in Delaware County, Oklahoma 
 

Date 
Population at Cave 

DL-91 

8/22/2013 29,905 

9/11/2014 18,015 

8/5/2015 20,585 

7/21/2016 16,520 

9/12/2017 19,340 
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Date 
Population at Cave 

DL-91 

8/30/2018 18,000 

5/21/2019 15,200 

8/25/2020 16,883 

7/16/2021 20,440 

8/4/2022 23,877 
 

2  The post-maternity colony is historically found at cave DL-91.   
    
Cave abandonment may result from high water events, or late-season migration after young 
become volant as often occurs in other areas of the species’ range.  Under favorable conditions, 
the colony ultimately vacates the maternity cave at DL-2 entirely in mid-summer and migrates to 
cave DL-91 located <5 km away (Grigsby et al. 1993; Martin et al. 2000) where the colony tends 
to remain until migration to hibernacula in November.  Although cave DL-91 has intermittently 
served as a favorable maternity location, it is possible that it provides suboptimal climate 
conditions for a maternity colony compared to cave DL-2 with respect to microclimate and 
proximity to an abundant food source for developing young.  Annual mid-summer migration 
phenomena are intriguing because migration of any type elicits its own inherent effects on animal 
populations that are exacerbated in young and reproductive adults.  
 
During a high-water event in early May 2022 the exit survey at DL-91 was greater than 20,000 
bats indicating the colony successfully vacated DL-2 prior to passage inundation by the rising 
Grand Lake levels.  In review of surveys since 2007 there have now been 10 such high-water 
events resulting in the colony’s successful relocation to cave DL-91.  This leads to a trend of the 
colony using each cave on average about the same number of years as the maternity colony 
roost, and the ecological importance of management and monitoring of both sites. Historically 
when flooding events have occurred early in the spring followed by receding lake levels (April and 
early May), it is not unusual for the colony to return to cave DL-2 for the maternity period.  This 
phenomenon was verified again on 27 June 2022 when the population was observed in cave DL-
2 for the maternity period (Table 2). Observations from the 2022 season once again supports 
historical evidence that during high water or flood events during the maternity season, the 
maternity colony of the endangered gray bat can successfully vacate cave DL-2 and migrate to 
cave DL-91.     
 
Complete inundation of the cave passage of DL-2 occurs at about elevation 752 feet Pensacola 
Datum (PD).  When Grand Lake is at about elevation 751 feet PD, only about one foot of flyway 
exists between the top of the water in the cave and the rock ceiling of the flyway, likely resulting 
in a significant to normal behavior including feeding, rearing of young, and sheltering, and possibly 
forcing evacuation of the colony to the alternative cave (Table 4).  Forcing the colony to vacate 
during critical maternity periods (March through July) likely adversely affects pregnant or lactating 
females, and non-volant or newly volant young.  If bats become trapped in cave DL-2, they could 
survive only a limited amount of time due to the high energy demands of raising young.  Other 
potential adverse effects include the stress of being trapped, drowning, and, if adults are trapped 
outside the cave, stress and mortality of non-volant young.                 
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In October 2008 a small, high passage within cave DL-2 was identified and minimally excavated 
and enlarged.  Enlarging this passage was suspected to provide an alternative escape route for 
exiting bats, particularly during high water.  Additional excavation and enlargement of this second-
high passage was completed in October 2013.  The length of the high passage was about 5m 
and was widened to about 0.40 meters wide by 0.50 meters tall.  An inspection of the passage 
following a flood event in summer 2015, and again during this project period in 2022, revealed 
scattered guano in the enlarged passage indicating use by bats.  The post-inundation monitoring 
visit to the cave on 27 June 2022 failed to give any indication that take had occurred as a result 
of inundation in early May 2022.    

Table 4: Records of highwater events3 where the elevation of Grand Lake exceeded 
elevation 750.00 feet PD from 2005-2022  
 

Year 
Date 

Beginning 
Date Ending 

Maximum 
Elevation (ft) 

Total 
Duration 

Impact on 
Colony 

2007 3 July 16 July 754.54 14 days 
Successfully 

Vacated 

2008 11 April 20 April 753.04 10 days 
 Successfully 

Vacated 

2008 13 June 26 June 752.48 14 days 
 Successfully 

Vacated 

2011 27 April 28 April 750.80 2 days 
 Successfully 

Vacated 

2011 25 May 26 May 751.71 2 days 
 Successfully 

Vacated 

2015 27 May 22 June 754.89 27 days 
 Successfully 

Vacated 

2017 30 April 25 May 754.77 26 days 
 Successfully 

Vacated 

2019 14 May 15 July 755.02 63 days 
 Successfully 

Vacated 

2022 7 May 10 May 753.30 3 days 
Successfully 

Vacated 

 
3  At elevation 752 feet PD, the existing flyway inside cave DL-2 is inundated preventing colony 
exit and re-entry. 
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SECTION 4 ANALYSIS 

In support of the Terrestrial Species Study, GRDA performed additional simulations that were 
used to assess operational impact to specific terrestrial species. One product of the simulations 
specific to the ABB analysis was the development of maps showing areas of potential lentic or 
lotic conversion which could impact the habits of specific terrestrial species.  
 
The seasonal period identified by the Terrestrial Species Study team was the entire calendar year, 
January 1 to December 31 because ABBs could be impacted during both their active and inactive 
or hibernation periods each year.  
 
For both anticipated operations and baseline operations, the seasonal median operational level 
and inflows were simulated in the CHM. Results and maps were provided to the Terrestrial 
Species Study team.    
 
In accordance with Section 2.6 of the Terrestrial Species Revised Study Plan, maximum 
inundation was also identified on all terrestrial maps created.  The maximum inundation was 
virtually identical for anticipated and baseline operations because the maximum inundation 
boundary occurs when the USACE is in flood control operations, and it is not an effect of GRDA 
baseline or anticipated operations. Therefore, to analyze the impacts of the baseline versus the 
anticipated Project operations, the normal (median) inundations are used because they occur on 
such a regular basis that a habitat conversion can occur versus just a regular inundation.  
 
See Appendix A, Figures 6.1 – 6.23 for the Terrestrial Species Lentic Conversion Maps. 
 
The second product of the CHM for the Terrestrial Species Study was specific to the gray bat 
analysis and provided the percentage of time the reservoir would be above the key reservoir 
elevations of 746 feet PD, 751 feet PD, and 752 feet PD for both the baseline and anticipated 
Project operations during the key season for gray bats of April 1 to July 31 each year. 
 
The results are presented in Table 5. 
 
Table 5: Percentage of time Grand Lake Reservoir is above key elevations 
 

Percentage of Time Above 
Reservoir Elevation 

Baseline 
Operations 

Anticipated 
Operations 

Percentage 
Increase 

746 feet PD 16.5% 16.9% 0.4% 
751 feet PD 2.9% 2.7% (0.2%) 
752 feet PD 1.9% 1.9% 0% 

        

4.1 ABB 

The comparison of the baseline and anticipated Project operations yielded 2.79% terrestrial 
habitat may become aquatic habitat as a result of the anticipated operations (Figures 6.1 – 6.23).  
 
Much of this area is comprised of unsuitable ABB habitat such as rocky and/or sandy shoreline 
devoid of vegetation. Further, no ABBs have been located within the two years of project-specific 
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study efforts nor have any ABBs been found within Delaware or Ottawa Counties in historical 
records provided by the USFWS spanning 1979 – 2018 (Figure 7). As a result, despite the 
expectation that some suitable ABB habitat may be converted to aquatic habitat, there is no 
reasonable expectation that ABBs are or have been using the habitat and thus, the impact, if any, 
is negligible. 

4.2 Bats 

The CHM analysis shows under the anticipated operations of the Project, the Grand Lake 
Reservoir will exceed 746 feet PD, the reservoir elevation at which water flows into the entrance 
of cave DL-2 (Beaver Dam) 16.5% under baseline operations and 16.9% under anticipated 
operations.  The anticipated operations will cause this situation to occur 0.4% more frequently.  
 
Evacuation of DL-2 generally does not begin to occur until Grand Lake reaches an elevation of 
approximately 751 feet PD. According to the CHM analysis, under the anticipated operations of 
the Project, the Grand Lake Reservoir will exceed 751 feet PD, 2.9% under baseline operations 
and 2.7% under anticipated operations.  The anticipated operations will cause this situation to 
occur 0.2% less frequently. 
 
A Grand Lake Reservoir elevation of 752 feet PD results in a complete inundation of the cave 
passage in DL-2 forcing evacuation.  According to the CHM analysis, under the anticipated 
operations of the Project, the Grand Lake Reservoir will exceed 752 feet PD, 1.9% under baseline 
operations and 1.9% under anticipated operations.  The anticipated operations will cause this 
situation to occur the same percentage of time as the baseline operations. 
 
The average post-maternity colony size illustrates relative consistency, ranging from 15,200 to 
29,905 bats with an average colony size of 19,877 gray bats for the past 10 years. (Table 2).  
Efforts should be concentrated on maintaining strong ties with the landowner of the access to 
cave DL-2, so that similar security efforts can continue there for the long-term.   
 
In sum, the gray bat colony sharing caves DL-2 and DL-91 each summer appears to maintain a 
stable population size.   
 
The CHM analysis shows very little increase (0.4%) in the potential for water to enter the cave 
opening of DL-2 at an elevation of 746 feet PD and very little decrease in the potential for water 
to enter the cave to an elevation of 751 feet PD that possibly forces and evacuation of the colony 
to the alternative cave.  Lastly, the CHM results indicate there is no change in the percentage of 
time the passage in cave DL-2 becomes entirely submerged at an elevation of 752 feet PD under 
the anticipated operations.       
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SECTION 5 CONCLUSIONS 

5.1 ABB 

Much of the habitat within the Project area is shoreline, and as such, is largely unsuitable for the 
ABB (rocky and/or sandy shoreline devoid of vegetation). Further, no ABBs have been located 
within the two years of project-specific study efforts nor have any ABBs been found within 
Delaware or Ottawa Counties, nor within the vicinity of the project area within Craig and Mayes 
Counties in historical records provided by the USFWS spanning 1979 – 2018. As a result, despite 
the expectation that some suitable ABB habitat could be converted to aquatic habitat, there is no 
reasonable expectation that ABBs are or have been using the habitat and thus, the impact, if any, 
is negligible and no further coordination with the USFWS is recommended. 

5.2 Bats 

The findings of the gray bat study indicate the secondary exit suffices to provide an alternative 
access by gray bats in cave DL-2.  Regardless of the efficacy of the alternative access, the 
entrance to cave DL-2 does not become completely inundated to elevations 751 feet PD and 
greater (complete inundation is 752 feet PD) any more frequently under the anticipated Project 
operations than it becomes inundated under the baseline Project operations.  Therefore, the 
impact to gray bats is negligible.   
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APPENDIX B 
American Burying Beetle Pensacola Hydroelectric Project Survey Report 2022 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

30 August 2022  
 
Jacklyn Jaggars 
Director of Hydropower Projects 
Grand River Dam Authority 
420 OK-28 
Langley, OK 74350 
918-981-8473 Office 
Jacklyn.Jaggars@grda.com 
 
RE: American Burying Beetle Presence/Absence Survey for the Pensacola 

Hydroelectric Project (Project; FERC [Federal Energy Regulatory Commission] No. 
1494); Craig, Delaware, Mayes and Ottawa Counties, Oklahoma 

 
Dear Ms. Jaggers: 
 
Horizon Environmental Services, Inc. (Horizon) appreciates the opportunity to provide 
environmental support services to the Grand River Dam Authority (GRDA) for the Pensacola 
Hydroelectric Project (Project; FERC [Federal Energy Regulatory Commission] No. 1494), 
spanning Craig, Delaware, Mayes & Ottawa Counties, Oklahoma (Project Area).  
 
As part of the relicensing of the Pensacola Hydroelectric Project the GRDA filed a preapplication 
document with FERC on February 1, 2017 (GRDA 2017). The GRDA filed its Proposed Study 
Plan (PSP) for the relicensing on April 27, 2018 (GRDA 2018a). Also, on April 27, 2018, FERC 
released its Scoping Document 2 for the relicensing of the Project (FERC 2018).  
 
In support of the relicensing effort, Horizon was contracted to conduct two years of 
presence/absence surveys for the American burying beetle (Nicrophorus americanus; ABB) to 
determine whether the ABB, a federally threatened species, may be present within the proposed 
Project Area. The Project Area is located within the ABB’s current range, but outside of any 
conservation priority area (CPA) as defined by the US Fish and Wildlife Service (USFWS) (see 
attached Vicinity Map). The 2021 ABB survey was concluded in July 2021 with negative findings 
for all six survey locations. The 2022 ABB survey was completed in June 2022 with negative 
findings for all six survey locations. 
 
On 9 June 2022, Horizon ABB Specialist Stephanie Rainwater (permit number TE-00284A) 
placed six (6) traps to cover a representative sample of all suitable habitat types within the Project 
Area (see attached Trap Maps), as well as covering the largest surface areas of potential 
terrestrial impact from potential water level fluctuations determined by the output from the 
Comprehensive Hydraulic Model (CHM) developed from as part of the Hydrologic and Hydraulic 
Modeling Study (H&H Study) associated with this project.  The traps were designed, baited and 
checked following the guidelines of the American Burying Beetle Range-wide Presence/Absence 
Survey Guidance (USFWS, 2018). Trap locations were oriented in Delaware and Ottawa Counties 
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21021-001ABB Pensacola Hydroelectric Project ABB Survey Report 2022 

only, but confirmed with Kevin Stubbs, USFWS National Species Lead via email as sufficiently 
representative of the overall four county Project Area. 
 
The six traps were checked daily for a total of five nights with valid weather parameters and 
yielded no positive ABB findings. The survey effort concluded on 14 June 2022 (see attached 
Data Collection Forms). The results of this survey will remain valid until the conclusion of the 2022 
ABB active season. These negative survey findings indicate that the ABB is not active within the 
Project Area; thus, take (defined by the Endangered Species Act [ESA] as “to harass, harm, 
pursue, hunt, shoot, wound, kill, trap, capture, or collect any threatened or endangered species”) 
is not expected as a result of this project.  
 
If you have any questions or concerns, please do not hesitate to contact me. 
 
Sincerely, 
 
 
Stephanie Rainwater 
Project Manager/Biologist (USFWS Permit Number TE-00284A) 
Horizon Environmental Services, Inc. 
321 S. Boston Ave., Suite 300 
Tulsa, OK 74103 
918-219-9951 
srainwater@horizon-esi.com 
 
Attachments:  
 
1. Maps 
2. Data Collection Forms 
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Burying Beetle: Additional Information. ABB Range Map and Conservation Priority 
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6 Survey Night:

Trap Type: Above Ground Date Checked1:

Grand River Dam Authority Bait Type: Aged Chicken
Trap Cover Size 24" Month Date Year

TE-00284A June 14 2022

Vegetation
Trap No. Latitude Longitude Township Range Section Gen Location County State Type Area

1 36.86497 -94.912339 28N 22E 35 Miami Ottawa OK Forest 521 MIAM
2 36.805691 -94.823145 27N 23E 21 Wyandotte Ottawa OK Forest 521 MIAM
3 36.853037 -94.730515 27N 24E 4 Wyandotte Ottawa OK Forest 521 MIAM
4 36.751592 -94.729234 26N 24E 9 Wyandotte Ottawa OK Forest 521 MIAM

Daytime Temps 65.59 84.04 Survey Period Temps 65.84 71.42 Humidity 63.92 94.13
(min.) (max.) (min.) (max.) (min.) (max.)

Wind>10mph?6 No Heavy Rain?5
No Soil Moisture4

1.5556
(Yes/No)

Necrophilia Necrodes Other

Trap No. Disturbed (Y=1/N=0) americanus orbicollis tomentosus pustulatus marginatus carolinus sayi americana surinamensis

1 0 0 0 0 0 0 0 0 0 0 2 1 7:00
2 0 0 0 0 0 0 0 0 2 5 0 1 7:49
3 0 0 0 0 0 1 0 0 0 2 3 1 7:26
4 0 0 0 1 1 0 0 0 2 0 5 1 8:20

Totals 0 0 0 1 1 1 0 0 4 7 10 4

0 0 # Valid Trap Nights: 4
(No=0/Yes=1)

ABB 
Number

Caught in Trap 
No. Male Female Unknown Sex Male New9 Male Old9

Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead
Pronotum 

Width (mm)

Picture 
(Yes=1/No=0

) Recapture10
Newly 

Marked11

0 0 0 0 0 0 0 0 0 0 NA 0

Comments:

Survey End Date:

Weather 
Station 

Trap Location Data

Weather Data

Trap Coordinates

Osage-Verdigris complex
Clarksville stony silt loam

Automated Total

List the individual ABB METRICS below and complete the appropriate columns. You will then COPY each row and PASTE into Individual ABB Capture Form BEGINNING at Cell A442 on Pg 6.

silt loam
silt loam

Appendix A:  Data Collection Forms***    American Burying Beetle Nicrophorus americanus Presence/Absence Live-trapping Survey Guidance

AMERICAN BURYING BEETLE SURVEY DATA COLLECTION FORM (April 2017)

ENTER DATA IN COLOR-SHADED CELLS ONLY IN CELLS THAT REQUIRE DATA ENTRY - DO NOT ENTER DATA IN WHITE CELLS OR HEADER ROWS

June 10, 2022
1

Nicrophorus speciesCapture Data

Survey Company:
TE Permit #:

No. of Transects Deployed:

Permittee:

Project Name:

Primary Soil Name
Osage silty clay
Dennis silt loam

Project Description:

Soil Description
silt clay

silt loam

Pensacola Relicensing

Stephanie Rainwater

Horizon Environmental Services, Inc.

Time 
Checked1:

Trap Night 
Valid        

(No=0/Yes=1)

Action Agency/Proponent:

Hydroelectric Relicensing

Legal Description

No. of disturbed traps and/or bait (D): Additional survey night required because of weather?8



Pensacola Relicensing Trap Type: Above Ground Survey Night:

Hydroelectric Relicensing Bait Type: Aged Chicken Date Checked1:
Grand River Dam Authority Trap Cover Size 24" Permittee:

TE Permit #:
Survey Company:

Daytime Temps 66.79 90.27 Survey Period Temps 68.36 78.26 62.29 97.88
(min.) (max.) (min.) (max.) (min.) (max.)

Wind>10mph?6 No Heavy Rain?5
No Soil Moisture4

1.5619
(Yes/No)

Necrophilia Necrodes Other
Trap No. Disturbed (Y=1/N=0) americanus orbicollis tomentosus pustulatus marginatus carolinus sayi americana surinamensis

1 0 0 0 0 0 0 0 0 0 2 7 1 6:55
2 0 0 0 0 0 0 0 0 4 2 6 1 7:45
3 0 0 0 1 0 1 0 0 0 2 8 1 7:22
4 0 0 0 0 0 0 0 0 0 4 5 1 8:15

Totals 0 0 0 1 0 1 0 0 4 10 26 4

0 0 # Valid Trap Nights: 4
(No=0/Yes=1)

ABB 
Number

Caught in Trap 
No. Male Female Unknown Sex Male New9 Male Old9

Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead
Pronotum 

Width (mm)

Picture 
(Yes=1/No=0

) Recapture10
Newly 

Marked11

0 0 0 0 0 0 0 0 0 0 NA 0
Comments:

Pensacola Relicensing Trap Type: Above Ground Survey Night:

Hydroelectric Relicensing Bait Type: Aged Chicken Date Checked1:
Grand River Dam Authority Trap Cover Size 24" Permittee:

TE Permit #:
Survey Company:

Daytime Temps 77.56 93.67 Survey Period Temps 78.26 81.5 Humidity 57.59 89.56
(min.) (max.) (min.) (max.) (min.) (max.)

Wind>10mph?6 No Heavy Rain?5
No Soil Moisture4

1.5681
(Yes/No)

Necrophilia Necrodes Other
Trap No. Disturbed (Y=1/N=0) americanus orbicollis tomentosus pustulatus marginatus carolinus sayi americana surinamensis

1 0 0 0 0 0 0 0 0 0 4 6 1 7:02
2 0 0 0 0 1 0 0 0 3 8 7 1 7:50
3 0 0 0 0 0 1 0 0 0 2 7 1 7:25
4 0 0 0 1 1 0 0 0 2 1 4 1 8:25

Totals 0 0 0 1 2 1 0 0 5 15 24 4

0 0 # Valid Trap Nights: 4
(No=0/Yes=1)

ABB 
Number

Caught in Trap 
No. Male Female Unknown Sex Male New9 Male Old9

Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead
Pronotum 

Width (mm)

Picture 
(Yes=1/No=0

) Recapture10
Newly 

Marked11

0 0 0 0 0 0 0 0 0 0 NA 0
Comments:

List the individual ABB METRICS below and complete the appropriate columns. You will then COPY each row and PASTE into Individual ABB Capture Form on Pg 6.

Automated Total

List the individual ABB METRICS below and complete the appropriate columns. You will then COPY each row and PASTE into Individual ABB Capture Form on Pg 6.

No. of disturbed traps and/or bait (D):

Weather Data

Project Description:
Action Agency/Proponent:

Additional survey night required because of weather?8

Capture Data Nicrophorus species

Horizon Environmental Services, Inc.

Capture Data Nicrophorus species

Weather Data

Project Name:

Trap Night 
Valid        

(No=0/Yes=1)

Trap Night 
Valid        

(No=0/Yes=1)

Additional survey night required because of weather?8

AMERICAN BURYING BEETLE SURVEY DATA COLLECTION FORM

No. of disturbed traps and/or bait (D):

3
June 12, 2022

Stephanie Rainwater

Automated Tot.

TE-00284A

Project Name:

Bait refreshed

Time 
Checked1:

Time 
Checked1:

Project Description:

2

Horizon Environmental Services, Inc.
TE-00284A

Stephanie Rainwater
June 11, 2022

AMERICAN BURYING BEETLE SURVEY DATA COLLECTION FORM

Action Agency/Proponent:



Pensacola Relicensing Trap Type: Above Ground Survey Night:

Hydroelectric Relicensing Bait Type: Aged Chicken Date Checked1:
Grand River Dam Authority Trap Cover Size 24" Permittee:

TE Permit #:
Survey Company:

Daytime Temps 78.75 93.22 80.6 85.64 Humidity 55.13 77.42
(min.) (max.) (min.) (max.) (min.) (max.)

Wind>10mph?6 No Heavy Rain?5
No Soil Moisture4

1.6401
(Yes/No)

Necrophilia Necrodes Other
Trap No. Disturbed (Y=1/N=0) americanus orbicollis tomentosus pustulatus marginatus carolinus sayi americana surinamensis

1 0 0 1 0 2 0 0 0 0 4 3 1 7:10
2 0 0 0 0 0 1 0 0 0 5 6 1 8:00
3 0 0 2 0 0 0 0 0 5 6 5 1 7:35
4 0 0 0 1 0 2 0 0 1 3 4 1 8:29

Totals 0 0 3 1 2 3 0 0 6 18 18 4

0 0 # Valid Trap Nights: 4
(No=0/Yes=1)

ABB 
Number

Caught in Trap 
No. Male Female Unknown Sex Male New9 Male Old9

Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead
Pronotum 

Width (mm)

Picture 
(Yes=1/No=0

) Recapture10
Newly 

Marked11

0 0 0 0 0 0 0 0 0 0 NA 0
Comments:

Pensacola Relicensing Trap Type: Above Ground Survey Night:

Hydroelectric Relicensing Bait Type: Aged Chicken Date Checked1:
Grand River Dam Authority Trap Cover Size 24" Permittee:

TE Permit #:
Survey Company:

Daytime Temps 78.08 89.56 Survey Period Temps 78.98 82.04 Humidity 52.05 77.04
(min.) (max.) (min.) (max.) (min.) (max.)

Wind>10mph?6 No Heavy Rain?5
No Soil Moisture4

1.8303
(Yes/No)

Necrophilia Necrodes Other
Trap No. Disturbed (Y=1/N=0) americanus orbicollis tomentosus pustulatus marginatus carolinus sayi americana surinamensis

1 0 0 0 0 2 0 0 0 0 4 4 1 6:45
2 0 0 0 0 0 0 0 0 5 5 6 1 7:40
3 0 0 0 1 0 0 0 0 0 3 8 1 7:13
4 0 0 0 2 0 1 0 0 2 4 4 1 8:35

Totals 0 0 0 3 2 1 0 0 7 16 22 4

0 0 # Valid Trap Nights: 4
(No=0/Yes=1)

ABB 
Number

Caught in Trap 
No. Male Female Unknown Sex Male New9 Male Old9

Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead
Pronotum 

Width (mm)

Picture 
(Yes=1/No=0

) Recapture10
Newly 

Marked11

0 0 0 0 0 0 0 0 0 0 NA 0

Comments:

List the individual ABB METRICS below and complete the appropriate columns. You will then COPY each row and PASTE into Individual ABB Capture Form on Pg 6.

List the individual ABB METRICS below and complete the appropriate columns. You will then COPY each row and PASTE into Individual ABB Capture Form on Pg 6.

No. of disturbed traps and/or bait (D):

No. of disturbed traps and/or bait (D):

Action Agency/Proponent:
Project Description:

Horizon Environmental Services, Inc.

Action Agency/Proponent:

Project Name:

Survey concluded, trap pulled.

5
June 14, 2022

Automated Tot.

Automated Tot.

Nicrophorus species

Stephanie Rainwater
TE-00284A

AMERICAN BURYING BEETLE SURVEY DATA COLLECTION FORM

Capture Data

Project Name:

Project Description:

Additional survey night required because of weather?8

Weather Data

Weather Data

Capture Data Nicrophorus species

Stephanie Rainwater
TE-00284A

Trap Night 
Valid        

(No=0/Yes=1)

Trap Night 
Valid        

(No=0/Yes=1)

Additional survey night required because of weather?8

AMERICAN BURYING BEETLE SURVEY DATA COLLECTION FORM

Horizon Environmental Services, Inc.

4
June 13, 2022

Time 
Checked1:

Time 
Checked1:



Total Number of Traps: 6

Trap No. Disturbed (0/1) americanus orbicollis tomentosus pustulatus marginatus carolinus sayi Necrophilia Necrodes Other
1 0 0 1 0 4 0 0 0 0 14 22 5
2 0 0 0 0 1 1 0 0 14 25 25 5
3 0 0 2 2 0 3 0 0 5 15 31 5
4 0 0 0 5 2 3 0 0 7 12 22 5
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0

Totals 0 0 3 7 7 7 0 0 26 66 100 20

No. of disturbed traps and/or bait (D): 0 0

ABB 
Number

Caught in Trap 
No. Male Female Unknown Sex Male New9 Male Old9

Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead
Pronotum 

Width (mm)

Picture 
(Yes=1/No=0

) Recapture10
Newly 

Marked11

Total ABB 0 0 0 0 0 0 0 0 0 0 0 NA 0 0 0
Comments:

Total Number of Traps: 1

Trap No. Total ABB Male Female Unknown Sex Male New9 Male Old9
Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead

Total 
Trap/Bait 
Disturbed Recapture10

Newly 
Marked11

1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Totals 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Min Max Min Max Min Max
1 65.59 84.04 65.84 71.42 63.92 94.13
2 66.79 90.27 68.36 78.26 62.29 97.88
3 77.56 93.67 78.26 81.5 57.59 89.56
4 78.75 93.22 80.6 85.64 55.13 77.42
5 78.08 89.56 78.98 82.04 52.05 77.04
6 0 0 0 0 0 0
7 0 0 0 0 0 0
8 0 0 0 0 0 0

1. Date and time refer to when trap is checked;

2. Check that legal description fits decimal degrees location. Lat/long MUST be in decimal degrees, NAD 83

3. Max/Min temp from 9 pm to 4 am prior to checking traps, must use data from www.wunderground.com

4. Soil moisture must be obtained by obtaining the TR-05 report from http://www.mesonet.org/index.php/weather/daily_data_retrieval.

5. Rain from 9 pm to 4 am, must use data from www.wunderground.com

6. Wind exceeds 10 mph > than 20% of time between 9 pm to 4 am

7. Additional trapping required if any metrics exceed the allowable thresholds.

8. Determine total number of disturbed traps over all 5 survey nights. Any disturbance to 5-gallon traps requires an additional night of survey effort.

9. OLD=breeding adult; NEW=newly enclosed adult; UNK=age cannot be determined.

10. Recaptures refer to color and number of bee tag on beetles that have been previously marked.

11. Newly marked males and females refers to color, number of bee tag, and age of beetle (e.g. R54[old]).

Heavy Rain is defined by the World Meteorological Organization (http://severe.worldweather.org/raindoc.html) as “Rainfall greater than or equal to 50 mm [1.9685 inches] in the

past 24 hours.”

Last updated April 2017

*** - For surveys involving more than 10 transects, the surveyor should complete additional data forms.  Project title information should remain the same, however the transect number(s) should continue in  sequential order, i.e. 
Trap 11, 12…20.

!!!!!!DO NOT ENTER ANY DATA IN THIS DATA BLOCK!!!!!

COPY the INDIVIDUAL ABB Capture Data from Nightly Survey Forms and PASTE into the appropriate ROW BY  ABB Number.

DATA AUTOMATICALLY CALCUATED - DO NOT ENTER DATA IN BLOCKS 1, 3, OR 4
DATA ENTRY IS ONLY REQUIRED IN DATA BLOCK 2

Additional survey night required because of weather?8

BLOCK 2 - Individual ABB Capture Data - DATA ENTRY IS  REQUIRED IN THIS BLOCK

BLOCK 1 - INDIVIDUAL TRAP CAPTURE DATA TOTALS BY SPECIES

BLOCK 4 - Cumulative Survey Period Weather Data Summary - NO DATA ENTRY REQUIRED IN THIS BLOCK
Daytime Temp Range Survey Period Temp Range Daily Humidity Range

Trap Night

!!!!!DATA ENTRY IN THIS BLOCK NOT REQUIRED!!!!!! Total Trap 
Nights

BLOCK 3 - Total ABB Capture Data by Trap / Transect - Data from THIS BLOCK autopopulates into the Survey Summary Form



6 Survey Night:

Trap Type: Above Ground Date Checked1:

Grand River Dam Authority Bait Type: Aged Chicken
Trap Cover Size 24" Month Date Year

TE-00284A June 14 2022

Vegetation
Trap No. Latitude Longitude Township Range Section Gen Location County State Type Area

5 36.663097 -94.659122 25N 25E 7 Turkey Ford Delaware OK Forest 521 JAYX
6 36.5446 -94.75535 24N 24E 20 Jay Delaware OK Mixed 521 JAYX

Daytime Temps 65.05 82.4 Survey Period Temps 65.3 68.36 -996 -996
(min.) (max.) (min.) (max.) (min.) (max.)

Wind>10mph?6 No Heavy Rain?5
No Soil Moisture4

1.4622
(Yes/No)

Necrophilia Necrodes Other

Trap No. Disturbed (Y=1/N=0) americanus orbicollis tomentosus pustulatus marginatus carolinus sayi americana surinamensis

5 0 0 2 0 1 0 0 0 5 18 3 1 9:00
6 0 0 0 0 0 0 0 0 2 5 5 1 9:30

Totals 0 0 2 0 1 0 0 0 7 23 8 2

0 0 # Valid Trap Nights: 2
(No=0/Yes=1)

ABB 
Number

Caught in Trap 
No. Male Female Unknown Sex Male New9 Male Old9

Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead
Pronotum 

Width (mm)

Picture 
(Yes=1/No=0

) Recapture10
Newly 

Marked11

0 0 0 0 0 0 0 0 0 0 NA 0

Comments:

Action Agency/Proponent:

Hydroelectric Relicensing

Legal Description

No. of disturbed traps and/or bait (D): Additional survey night required because of weather?8

Pensacola Relicensing

Stephanie Rainwater

Horizon Environmental Services, Inc.

Time 
Checked1:

Trap Night 
Valid        

(No=0/Yes=1)

Appendix A:  Data Collection Forms***    American Burying Beetle Nicrophorus americanus Presence/Absence Live-trapping Survey Guidance

AMERICAN BURYING BEETLE SURVEY DATA COLLECTION FORM (April 2017)

ENTER DATA IN COLOR-SHADED CELLS ONLY IN CELLS THAT REQUIRE DATA ENTRY - DO NOT ENTER DATA IN WHITE CELLS OR HEADER ROWS

June 10, 2022
1

Nicrophorus speciesCapture Data

Survey Company:
TE Permit #:

No. of Transects Deployed:

Permittee:

Project Name:

Primary Soil Name
Healing silt loam

Britwater silt loam

Project Description:

Soil Description
silt loam
silt loam

Weather 
Station 

Trap Location Data

Weather Data

Trap Coordinates

Automated Total

List the individual ABB METRICS below and complete the appropriate columns. You will then COPY each row and PASTE into Individual ABB Capture Form BEGINNING at Cell A442 on Pg 6.

Survey End Date:



Pensacola Relicensing Trap Type: Above Ground Survey Night:

Hydroelectric Relicensing Bait Type: Aged Chicken Date Checked1:
Grand River Dam Authority Trap Cover Size 24" Permittee:

TE Permit #:
Survey Company:

Daytime Temps 67.08 89.19 Survey Period Temps 68.36 73.04 Humidity -996 -996
(min.) (max.) (min.) (max.) (min.) (max.)

Wind>10mph?6 No Heavy Rain?5
No Soil Moisture4

1.4573
(Yes/No)

Necrophilia Necrodes Other
Trap No. Disturbed (Y=1/N=0) americanus orbicollis tomentosus pustulatus marginatus carolinus sayi americana surinamensis

5 0 0 4 0 4 0 0 0 6 25 5 1 9:05
6 0 0 0 1 0 0 0 0 3 4 3 1 9:37

Totals 0 0 4 1 4 0 0 0 9 29 8 2

0 0 # Valid Trap Nights: 2
(No=0/Yes=1)

ABB 
Number

Caught in Trap 
No. Male Female Unknown Sex Male New9 Male Old9

Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead
Pronotum 

Width (mm)

Picture 
(Yes=1/No=0

) Recapture10
Newly 

Marked11

0 0 0 0 0 0 0 0 0 0 NA 0
Comments:

Pensacola Relicensing Trap Type: Above Ground Survey Night:

Hydroelectric Relicensing Bait Type: Aged Chicken Date Checked1:
Grand River Dam Authority Trap Cover Size 24" Permittee:

TE Permit #:
Survey Company:

Daytime Temps 77.29 93.27 77.9 80.6 Humidity -996 -996
(min.) (max.) (min.) (max.) (min.) (max.)

Wind>10mph?6 No Heavy Rain?5
No Soil Moisture4

1.5315
(Yes/No)

Necrophilia Necrodes Other
Trap No. Disturbed (Y=1/N=0) americanus orbicollis tomentosus pustulatus marginatus carolinus sayi americana surinamensis

5 0 0 3 0 2 0 0 0 3 15 6 1 8:59
6 0 0 0 2 2 0 0 0 4 6 4 1 9:31

Totals 0 0 3 2 4 0 0 0 7 21 10 2

0 0 # Valid Trap Nights: 2
(No=0/Yes=1)

ABB 
Number

Caught in Trap 
No. Male Female Unknown Sex Male New9 Male Old9

Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead
Pronotum 

Width (mm)

Picture 
(Yes=1/No=0

) Recapture10
Newly 

Marked11

0 0 0 0 0 0 0 0 0 0 NA 0
Comments:

Time 
Checked1:

Time 
Checked1:

Project Description:

2

Horizon Environmental Services, Inc.
TE-00284A

Stephanie Rainwater
June 11, 2022

AMERICAN BURYING BEETLE SURVEY DATA COLLECTION FORM

Action Agency/Proponent:

Additional survey night required because of weather?8

AMERICAN BURYING BEETLE SURVEY DATA COLLECTION FORM

No. of disturbed traps and/or bait (D):

3
June 12, 2022

Stephanie Rainwater

Automated Tot.

TE-00284A

Project Name:

Bait refreshed

Weather Data

Project Name:

Trap Night 
Valid        

(No=0/Yes=1)

Trap Night 
Valid        

(No=0/Yes=1)

Capture Data Nicrophorus species

Weather Data

Project Description:
Action Agency/Proponent:

Additional survey night required because of weather?8

Capture Data Nicrophorus species

Horizon Environmental Services, Inc.

No. of disturbed traps and/or bait (D):

List the individual ABB METRICS below and complete the appropriate columns. You will then COPY each row and PASTE into Individual ABB Capture Form on Pg 6.

Automated Total

List the individual ABB METRICS below and complete the appropriate columns. You will then COPY each row and PASTE into Individual ABB Capture Form on Pg 6.



Pensacola Relicensing Trap Type: Above Ground Survey Night:

Hydroelectric Relicensing Bait Type: Aged Chicken Date Checked1:
Grand River Dam Authority Trap Cover Size 24" Permittee:

TE Permit #:
Survey Company:

Daytime Temps 78.48 91.49 Survey Period Temps 80.42 85.46 Humidity -996 -996
(max.) (min.) (max.) (min.) (max.)

Wind>10mph?6 No Heavy Rain?5
No Soil Moisture4

1.8307
(Yes/No)

Necrophilia Necrodes Other
Trap No. Disturbed (Y=1/N=0) americanus orbicollis tomentosus pustulatus marginatus carolinus sayi americana surinamensis

5 0 0 2 0 0 0 0 0 5 22 7 1 9:07
6 0 0 1 2 0 0 0 0 2 5 6 1 9:40

Totals 0 0 3 2 0 0 0 0 7 27 13 2

0 0 # Valid Trap Nights: 2
(No=0/Yes=1)

ABB 
Number

Caught in Trap 
No. Male Female Unknown Sex Male New9 Male Old9

Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead
Pronotum 

Width (mm)

Picture 
(Yes=1/No=0

) Recapture10
Newly 

Marked11

0 0 0 0 0 0 0 0 0 0 NA 0
Comments:

Pensacola Relicensing Trap Type: Above Ground Survey Night:

Hydroelectric Relicensing Bait Type: Aged Chicken Date Checked1:
Grand River Dam Authority Trap Cover Size 24" Permittee:

TE Permit #:
Survey Company:

Daytime Temps 76.6 88.11 Survey Period Temps 78.44 82.04 Humidity -996 -996
(min.) (max.) (min.) (max.) (min.) (max.)

Wind>10mph?6 No Heavy Rain?5
No Soil Moisture4

2.0404
(Yes/No)

Necrophilia Necrodes Other
Trap No. Disturbed (Y=1/N=0) americanus orbicollis tomentosus pustulatus marginatus carolinus sayi americana surinamensis

5 0 0 1 0 2 0 0 0 6 17 6 1 9:20
6 0 0 0 1 2 0 0 0 2 4 8 1 9:55

Totals 0 0 1 1 4 0 0 0 8 21 14 2

0 0 # Valid Trap Nights: 2
(No=0/Yes=1)

ABB 
Number

Caught in Trap 
No. Male Female Unknown Sex Male New9 Male Old9

Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead
Pronotum 

Width (mm)

Picture 
(Yes=1/No=0

) Recapture10
Newly 

Marked11

0 0 0 0 0 0 0 0 0 0 NA 0

Comments:

Time 
Checked1:

Time 
Checked1:

Additional survey night required because of weather?8

AMERICAN BURYING BEETLE SURVEY DATA COLLECTION FORM

Horizon Environmental Services, Inc.

4
June 13, 2022

Trap Night 
Valid        

(No=0/Yes=1)

Trap Night 
Valid        

(No=0/Yes=1)

AMERICAN BURYING BEETLE SURVEY DATA COLLECTION FORM

Capture Data

Project Name:

Project Description:

Additional survey night required because of weather?8

Weather Data

Weather Data

Capture Data Nicrophorus species

Stephanie Rainwater
TE-00284A

Action Agency/Proponent:

Project Name:

Survey concluded, trap pulled.

5
June 14, 2022

Automated Tot.

Automated Tot.

Nicrophorus species

Stephanie Rainwater
TE-00284A

No. of disturbed traps and/or bait (D):

No. of disturbed traps and/or bait (D):

Action Agency/Proponent:
Project Description:

Horizon Environmental Services, Inc.

List the individual ABB METRICS below and complete the appropriate columns. You will then COPY each row and PASTE into Individual ABB Capture Form on Pg 6.

List the individual ABB METRICS below and complete the appropriate columns. You will then COPY each row and PASTE into Individual ABB Capture Form on Pg 6.



Total Number of Traps: 1

Trap No. Disturbed (0/1) americanus orbicollis tomentosus pustulatus marginatus carolinus sayi Necrophilia Necrodes Other
5 0 0 12 0 9 0 0 0 25 97 27 5
6 0 0 1 6 4 0 0 0 13 24 26 5
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0

Totals 0 0 13 6 13 0 0 0 38 121 53 10

No. of disturbed traps and/or bait (D): 0 0

ABB 
Number

Caught in Trap 
No. Male Female Unknown Sex Male New9 Male Old9

Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead
Pronotum 

Width (mm)

Picture 
(Yes=1/No=0

) Recapture10
Newly 

Marked11

Total ABB 0 0 0 0 0 0 0 0 0 0 0 NA 0 0 0
Comments:

Total Number of Traps: 6

Trap No. Total ABB Male Female Unknown Sex Male New9 Male Old9
Female 
New9 Female Old9

Male 
Unknown Age9

Female 
Unknown Age9

Dead

Total 
Trap/Bait 
Disturbed Recapture10

Newly 
Marked11

5 0 0 0 0 0 0 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Totals 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Min Max Min Max Min Max
1 65.05 82.4 65.3 68.36 -996 -996
2 67.08 89.19 68.36 73.04 -996 -996
3 77.29 93.27 77.9 80.6 -996 -996
4 78.48 91.49 80.42 85.46 -996 -996
5 76.6 88.11 78.44 82.04 -996 -996
6 0 0 0 0 0 0
7 0 0 0 0 0 0
8 0 0 0 0 0 0

1. Date and time refer to when trap is checked;

2. Check that legal description fits decimal degrees location. Lat/long MUST be in decimal degrees, NAD 83

3. Max/Min temp from 9 pm to 4 am prior to checking traps, must use data from www.wunderground.com

4. Soil moisture must be obtained by obtaining the TR-05 report from http://www.mesonet.org/index.php/weather/daily_data_retrieval.

5. Rain from 9 pm to 4 am, must use data from www.wunderground.com

6. Wind exceeds 10 mph > than 20% of time between 9 pm to 4 am

7. Additional trapping required if any metrics exceed the allowable thresholds.

8. Determine total number of disturbed traps over all 5 survey nights. Any disturbance to 5-gallon traps requires an additional night of survey effort.

9. OLD=breeding adult; NEW=newly enclosed adult; UNK=age cannot be determined.

10. Recaptures refer to color and number of bee tag on beetles that have been previously marked.

11. Newly marked males and females refers to color, number of bee tag, and age of beetle (e.g. R54[old]).

Heavy Rain is defined by the World Meteorological Organization (http://severe.worldweather.org/raindoc.html) as “Rainfall greater than or equal to 50 mm [1.9685 inches] in the

past 24 hours.”

Last updated April 2017

Daytime Temp Range Survey Period Temp Range Daily Humidity Range
Trap Night

!!!!!DATA ENTRY IN THIS BLOCK NOT REQUIRED!!!!!! Total Trap 
Nights

BLOCK 3 - Total ABB Capture Data by Trap / Transect - Data from THIS BLOCK autopopulates into the Survey Summary Form

BLOCK 4 - Cumulative Survey Period Weather Data Summary - NO DATA ENTRY REQUIRED IN THIS BLOCK

Additional survey night required because of weather?8

BLOCK 2 - Individual ABB Capture Data - DATA ENTRY IS  REQUIRED IN THIS BLOCK

BLOCK 1 - INDIVIDUAL TRAP CAPTURE DATA TOTALS BY SPECIES

*** - For surveys involving more than 10 transects, the surveyor should complete additional data forms.  Project title information should remain the same, however the transect number(s) should continue in  sequential order, i.e. 
Trap 11, 12…20.

!!!!!!DO NOT ENTER ANY DATA IN THIS DATA BLOCK!!!!!

COPY the INDIVIDUAL ABB Capture Data from Nightly Survey Forms and PASTE into the appropriate ROW BY  ABB Number.

DATA AUTOMATICALLY CALCUATED - DO NOT ENTER DATA IN BLOCKS 1, 3, OR 4
DATA ENTRY IS ONLY REQUIRED IN DATA BLOCK 2



           
 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX C 
USFWS Correspondence Re: Trap Placement 

 

 

 

 

 



1

Stephanie Rainwater

From: Stubbs, Kevin <kevin_stubbs@fws.gov>
Sent: Wednesday, March 23, 2022 1:55 PM
To: Stephanie Rainwater
Subject: Re: [EXTERNAL] GRDA Pensacola Relicensing Project - ABB Trap Placement

[EXTERNAL EMAIL] 

That will work. Just put the traps in the best habitat that is available (more open grassland or mix with timber). 
 
Kevin 
918-695-6769 

From: Stephanie Rainwater <srainwater@horizon-esi.com> 
Sent: Monday, March 21, 2022 5:39 PM 
To: Stubbs, Kevin <kevin_stubbs@fws.gov> 
Subject: RE: [EXTERNAL] GRDA Pensacola Relicensing Project - ABB Trap Placement  
  
Kevin, 
  
Good evening! I have attached a pdf map as well as a kmz showing the Coal Creek mitigation area and the wildlife 
management areas. I have overlaid five proposed trap sites which cover the four wildlife management areas and the 
mitigation site. We placed the 6th trap in a far southeastern area that has a somewhat significant terrestrial area 
between the project boundary and the shoreline. Please let me know if you concur these traps sites provide sufficient 
coverage in the proper areas for this project. 
  
Thanks! 
  
Stephanie Rainwater 
Project Manager 
  
Horizon Environmental Services, Inc. 
www.horizon-esi.com | An LJA Company 
  
LJA Environmental Services, LLC  
www.ljaenv.com 
  
321 S. Boston, Suite 300, Tulsa, OK 74103 
O: 918.553.3232 | C: 918.219.9951 
  
  

From: Stubbs, Kevin <kevin_stubbs@fws.gov>  
Sent: Monday, March 14, 2022 3:07 PM 
To: Stephanie Rainwater <srainwater@horizon-esi.com> 
Subject: Re: [EXTERNAL] GRDA Pensacola Relicensing Project - ABB Trap Placement 
  
[EXTERNAL EMAIL] 

The new project boundary will include all wildlife management and wetland mitigation areas Like the Coal 
Creek site. So I would put traps at those sites and any other sites with the best available habitat. 
  
Kevin 



2

918-695-6769 

From: Stephanie Rainwater <srainwater@horizon-esi.com> 
Sent: Monday, March 14, 2022 1:25 PM 
To: Stubbs, Kevin <kevin_stubbs@fws.gov> 
Subject: [EXTERNAL] GRDA Pensacola Relicensing Project - ABB Trap Placement  
  
  

 This email has been received from outside of DOI - Use caution before clicking on links, opening attachments, or 
responding.   

  

Kevin, 
  
Good afternoon! I’m currently trying to plan the 2022 ABB survey effort for the GRDA Pensacola Relicensing Project and 
would like to get your input. As a refresher, when I placed the six 2021 survey traps, I positioned them in areas that 
provided the most terrestrial coverage within the presumed project area which was defined at that time by the 
upstream extents model (see attached kmz titled “ABB_Trap_Project.kmz”). The boundary has since been reduced 
based on the results of the H&H study (see attached kmz titled “Project_Boundary_NEW_10012021.kmz”). As there a 
very few areas of significant terrestrial acreage between the shoreline and the project boundary for me to use the same 
site selection methodology, I was wondering if you would recommend the six locations that you would consider provide 
sufficient representation with respect to the project. You can just send me the lat/longs or drop pins in a kmz, whichever 
works best for you. 
  
Thanks so much! 
  
Stephanie Rainwater 
Project Manager 
  
Horizon Environmental Services, Inc. 
www.horizon-esi.com | An LJA Company 
  
LJA Environmental Services, LLC  
www.ljaenv.com 
  
321 S. Boston, Suite 300, Tulsa, OK 74103 
O: 918.553.3232 | C: 918.219.9951 
  
  
  
  
  
[EXTERNAL EMAIL] Exercise caution. Do not open attachments or click links from unknown senders or unexpected email 

[EXTERNAL EMAIL] Exercise caution. Do not open attachments or click links from unknown senders or unexpected email 
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Ordering paragraph I of the Federal Energy Regulatory Commission’s (FERC) Order Modifying and 

Approving Shoreline Management Plan (SMP) issued on October 17, 2013, required Grand River Dam 

Authority (GRDA) to complete and file an updated SMP within six years of the order.  The updated plan 

was to include provisions for (1) quantifying the effects of permitted vegetation removal and mitigating the 

effects in other areas; (2) provisions for identifying existing wetlands potentially affected by proposed 

shoreline activities, evaluating their functions and values, assessing the probable effects of proposed 

activities on wetland, and addressing adverse effects on wetland from permitted activities through 

appropriate mitigation; and (3) provisions for identifying wildlife habitats potentially affected by proposed 

shoreline activities and evaluating their functions and values, assessing the probable effects of proposed 

activities on wildlife habitats, and addressing adverse effects on wildlife habitats from permitted activities 

through appropriate mitigation.  The SMP update must also include a discussion of the new provisions 

and any resulting modification to other provisions of the SMP, and other necessary modifications to the 

SMP, a summary of how the SMP was revised and a plan and schedule for filing future updates to the 

plan (Federal Energy Regulatory Commission, 2013). 

 

Ordering paragraph D of the Order extending License Term, Modifying Relicensing Process Plan and 

Schedule, Granting Extensions of Time, and Amending Storm Adaptive Management Plan issued on 

September 9, 2019 extended the deadline for filing the plan until January 1, 2023 to coincide with the 

deadline for filing the Draft License Application (Federal Energy Regulatory Commission, 2019). 

 

This updated SMP has been prepared in compliance with the Commission’s 2013 and 2019 Orders. 

 

Vegetation Management Provisions 

Vegetation management provisions are discussed in Section 10.5.  A summary of vegetation 

management activities taking place between 2017 and 2021 are discussed.  Due to the limited number of 

vegetation management permits issued for activities such as new lawn development or view corridors that 

may change the character of vegetation within the Project boundary, GRDA does not believe vegetation 

mitigation is warranted at this time.  GRDA is proposing to continue tracking all vegetation management 

permits issued in the Responsible Growth Shoreline Management Classification (SMC) and reassess the 

need for vegetation mitigation measures during the next SMP update in six years following the approval 

of this SMP.  GRDA will continue to report the number of permits issued and will provide additional 

information regarding the number of permits and acreage of area for permits issued for vegetation 

management in its annual report.  

 

In order to address the potential for a large increase in vegetation management permits between SMP 

updates, GRDA is also proposing to continue the current practice of consulting with the Oklahoma 

Department of Wildlife Conservation (ODWC) and the United States Fish and Wildlife Service (USFWS) 

in the event more than 100 vegetation management permits are issued in the Responsible Growth SMC 

in any year, or in the event vegetation removal is proposed in an individual project where over 100 feet of 

shoreline has vegetation removed. 

 

Vegetation management permits issued in Responsible-Growth Sensitive, Wildlife, and Stewardship 

require consultation with the ODWC and USFWS prior to issuance.  During this consultation, the resource 

agencies may request that vegetation mitigation be incorporated into any permits issued. 
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GRDA has also added information in the enforcement section of the SMP to allow for the ability to require 

vegetation mitigation for any unauthorized vegetation management activities. 

 

Wetland Impact Provisions 

Section 10.6 Wetland Impacts has been added to the updated SMP.  GRDA does not typically allow SMP 

activities within wetland areas and already requires that appropriate erosion and sediment control 

measures be implemented for all permits issued that involve ground disturbing activities.  This 

requirement avoids impacts to wetlands and the Project reservoir. 

 

GRDA is proposing to begin documenting potential wetland impacts by tracking all permits that may 

impact wetlands.  The number of permits issued, wetland acreage impacted, wetland type, and functional 

value of wetlands will be recorded.  This information will be compiled in an annual report that is submitted 

to ODWC, USFWS, and FERC annually.  GRDA will assess the need for wetland mitigation measures 

during the next SMP update in six years following the approval of this SMP. 

 

GRDA has also added information in the enforcement section of the SMP to allow for the ability to require 

wetland mitigation for any unauthorized vegetation management permits. 

 

Wildlife Habitat Provisions 

Section 10.7 Wildlife Habitat Impacts has been added to the updated SMP.  Since the wildlife habitat for 

common species within the Project is typical of the entire Project vicinity, GRDA does not believe that 

SMP-authorized activities will adversely impact species that may utilize similar habitat in areas adjacent to 

the Project. 

 

GRDA is instead proposing to focus its wildlife habitat provisions on threatened and endangered species 

(TE Species) habitat.  GRDA is proposing to evaluate each permit’s potential impact to TE Species and 

require the implementation of mitigation measures to minimize or avoid impacts to TE Species as permit 

conditions.  If the project applicant is unwilling to implement required mitigation measures, the permit will 

be denied.  Since any appropriate mitigation measures will be incorporated into any permit issued, no 

additional tracking of TE Species habitat is currently being proposed.  

 

Other Modifications to the SMP 

• Section 2.3 Structure of SMP was updated to incorporate new provisions and other updates. 

• Section 4.2 SMP Update Public Participation and Agency Consultation was updated to 

incorporate public outreach associated with the SMP update. 

• Section 5.2 Pensacola Project Description was updated based on information from the most 

recent Supporting Technical Information Document (STID) and current rule curve. 

• Section 5.4 Water Quality was updated to incorporate current water quality standards and recent 

testing results. 

• Section 5.5 Fish and Wildlife Species was updated to incorporate more recent fish and wildlife 

information than was available at the time the original SMP was written. 

• Section 5.6 Threatened and Endangered Species was updated to incorporate information from 

the Information for Planning and Consultation (IPaC) Official Species List and information from 

relicensing studies. 

• Section 5.8 Wetlands was updated to incorporate information from the Wetlands and Riparian 
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Habitat relicensing study. 

• Section 5.9 Land Use was updated to include current permitting information and information from 

the Socioeconomic Study relicensing study. 

• Section 5.11 Cultural Resources was updated to discuss ongoing relicensing studies and identify 

tribes that were consulted with regarding the SMP update. 

• Section 5.12 Socioeconomic Resources was updated to incorporate information from the 

Socioeconomic Study conducted for relicensing. 

• Section 6 Summary of Recreation in the Project Vicinity was updated to include information from 

the Recreation Study conducted for relicensing. 

• Section 7.1.6 Responsible Growth-Sensitive was updated to combine the former Responsible 

Growth-Wetland and Responsible Growth-Sensitive SMC areas. 

• Section 7.2.1 Commercial Uses and Section 7.2.2 Residential Uses were updated to identify that 

no new gravel mining or new private wastewater treatment facilities would be permitted on any 

GRDA owned lands within the Project boundary. 

• Section 7.3 Shoreline Classification Mapping was updated with current SMC maps to incorporate 

changes in classifications since the last SMP maps were approved (i.e., lands reclassified as 

Stewardship due to results of wetland delineations, etc.).  The maps also combined the 

Responsible Growth-Wetland and Responsible Growth-Sensitive classifications in the existing 

SMP.  A comparison of the amount of shoreline included in each SMC in the updated SMP versus 

the existing SMP was also completed. 

• Section 10.8.1 Habitable Structures has been updated to include information on the development 

of Habitable Structure standards and information regarding annual reporting. 

• Section 10.8.2 Dredging/Excavation Policy has been updated to restrict the requirement that 

requires sediment sampling for all dredging permits issued, to only require sediment sampling in 

the upper portion of the reservoir, upstream of the Highway 59 bridge (Sailboat Bridge) due to the 

higher levels of zinc, lead, and cadmium that are present in higher concentrations than in the 

lower portions of the reservoir. 

• Section 10.8.7 Licenses to Encroach has been updated to discuss the procedures used to identify 

and address encroachments, describes the annual reporting requirements, and summarizes the 

most recent annual report. 

• Section 11.1.2 Actions Available for Enforcement was revised to include provisions allowing 

GRDA to require mitigation for unauthorized activities regarding vegetation management, that 

caused a wetland impact, or impacted TE Species habitat. 

• Section 12.1 Tracking Non-Project Use was revised to include information regarding tracking of 

vegetation management permits in the responsible growth SMC, permits issued that may impact 

wetlands, and requirements to submit annual reports to ODWC, USFWS, and FERC. 

 

Plan and Schedule for Future Updates 

GRDA is proposing to update the SMP within six years from the date FERC approves the current update. 
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1.1 Introduction 

This SMP applies to property within the Project boundary either owned in fee by GRDA or where GRDA 

holds flowage easements.  It does not control the use of lands outside the Project boundary.  The Project 

boundary is defined by the Exhibit G drawings incorporated into the license and may or may not be 

determined by reference to any particular contour elevation.1  Therefore, questions on whether a 

particular piece of land is subject to the SMP can only be answered after review of a survey conducted by 

a licensed surveyor, review of the exhibit G drawings, and any flowage right documents.  This SMP does 

not grant GRDA any rights that it does not already hold.  

 

The Project is located on the Grand River in northeastern Oklahoma.  The Grand River begins in Kansas 

as the Neosho River and flows into Oklahoma where it joins the Spring River to form the Grand River.  The 

Pensacola Project is located between river miles (RM) 77 and 143 on the Grand River and lies within 

Craig, Delaware, Mayes, and Ottawa counties (Federal Energy Regulatory Commission, 1991).  

Pensacola Dam, which forms a reservoir known as Grand Lake O’ the Cherokees (Grand Lake), is located 

between the towns of Langley and Disney.  The Grand River flows south from the Pensacola Dam to its 

confluence with the Arkansas River near Muskogee, Oklahoma (Grand River Dam Authority, 2008a). 

 

The Pensacola Project was the first hydroelectric project constructed in Oklahoma.  Construction began 

in 1938 and concluded when the spillway gates were closed in March 1940, forming Grand Lake.  GRDA 

has operated and maintained the Project since August 1946 when, pursuant to an act of Congress, the 

United States returned the Project to GRDA following World War II.  In addition to adjustment and 

settlement of financial obligations regarding the Project, the 1946 act retained—for flood control 

purposes—all lands or interests in lands of the United States above elevation 750 feet mean sea level 

(msl), necessary or desirable for operation of the Project at a pool elevation of 755 feet msl.  Also for 

flood control purposes, the 1946 act granted the Department of the Interior flowage rights on all of 

GRDA’s lands or interests therein above elevation 750 feet msl which are necessary or desirable for 

operation of the Project.2  In addition to Grand Lake, the Project works consist of a main dam, two 

auxiliary spillways, an intake structure, a powerhouse containing six turbine generator units, and other 

equipment and facilities (Grand River Dam Authority, 2008a). 

 

GRDA is an agency of the State of Oklahoma, created by the Oklahoma Legislature in 1935 to be a 

“conservation and reclamation district for the waters of the Grand River.”  GRDA owns lands within the 

Project boundary and has authority to prescribe and enforce rules and regulations for commercial and 

recreational use of the lake.  GRDA manages the shoreline via this SMP, which establishes a permitting 

system and uses GRDA law enforcement personnel to enforce regulations. 

 

GRDA shares water storage and release operations with the U.S. Army Corps of Engineers (Corps or 

USACE) as part of a basin-wide system of flood control and navigation projects.  GRDA controls Project 

operations of the conservation pool.3  Under various acts of Congress, the Corps has exclusive 

 
1 At the time of the submittal of this SMP, the Project boundary is currently in the process of being finalized.  Therefore, the Project 
boundary as shown on any of the enclosed exhibits is subject to minor change.  The Project boundary to which the SMP 
requirements apply is the Exhibit G incorporated into the new license. 
2 60 Stat. 79th Cong., 2nd Sess-CHS.709,710-July 31, 1946 
3 The conservation pool includes all water within the Project reservoir up to elevation 745 Pensacola Datum (PD). Unless otherwise 
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jurisdiction over flood control at the Project.4  Pursuant to the Corps’ Water Control Manual for Grand 

Lake, when the Project reservoir levels approach or rise into the flood pool, which begins at elevation 745 

feet Pensacola Datum, the Tulsa District of the Corps directs water releases from the Pensacola Dam 

(Federal Energy Regulatory Commission, 2022).  

 

1.2 Background 

On July 21, 2008 GRDA voluntarily filed a proposed SMP for Commission approval.  The original filing 

was supplemented with additional information on December 23, 2008, January 26, 2009, and February 

23, 2009.  The SMP was developed to provide for GRDA’s comprehensive management of the Project, 

ensuring that reservoir and shoreline are managed in a manner consistent with license requirements and 

Project purposes.  The SMP provides for reasonable residential and commercial development at the 

Project, while protecting the Project’s environmental, public recreation, cultural, and scenic values (Grand 

River Dam Authority, 2008a).   

 

The towns of Afton, Bernice, Cleora, Disney, Dotyville, Grand Lake Towne, Grove, Ketchum, Langley, 

Miami, Peoria, Wyandotte, and Zena are located within the Project vicinity.  In the early years of Project 

operation, shoreline development primarily consisted of agricultural and small seasonal, private 

developments.  But over the years, Grand Lake has become a focal point of residential and commercial 

development in northeast Oklahoma.  The majority of the development to date has occurred on the 

central and southern portions of the reservoir, with both residential and commercial uses interspersed 

adjacent to and within the Project boundary (Grand River Dam Authority, 2008a).  A map showing the 

Pensacola Project vicinity is located in Figure 1.2-1. 

 

 

 

  

 

noted, all elevations are referenced relative to PD.  PD elevations can be converted to National Geodetic Vertical Datum of 1929 
(NGVD) by adding 1.07 feet and to the North American Vertical Datum of 1988 (NAVD) by adding 1.4 feet. 
4 E.g., 33 U.S.C. § 709; National Defense Authorization Act for Fiscal Year 2020, Pub. L. No. 116-92, § 7612, 133 Stat. 1198, 2312 

(2019). 
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Figure 1.2-1 Pensacola Project Vicinity 

 

  



4 

 

 

On October 17, 2013, FERC issued an order modifying and approving the SMP.  The order included 

specific conditions requiring revised Shoreline Management Classification (SMC) maps, comprehensive 

reports on encroachments and habitable structures, provisions to assess and minimize disturbance of 

contaminated sediments, provisions to monitor and protect water quality, shoreline vegetation and 

wildlife species; and provisions to assess and mitigate impacts on wetlands and wildlife resources; 

recreation site location information; and required an updated SMP within six years, by October 17, 2019 

(Federal Energy Regulatory Commission, 2013).  FERC approved the revised SMC maps on June 27, 

2017 (Federal Energy Regulatory Commission, 2017a).  

On May 21, 2019, GRDA requested an extension of time to extend the Project’s license, modify the 

Project’s Integrated Licensing Process (ILP) plan and schedule, modify the approved relicensing study 

plan, extend the filing date for the updated SMP, and extend the filing date for revised Exhibit G 

drawings.  FERC granted this request on September 9, 2019.  This order extended the deadline to file 

this updated SMP to January 1, 2023, concurrent with GRDA’s extended deadline for filing its Draft 

License Application (DLA).  This extension allowed GRDA the opportunity to address comments and 

recommendations received from stakeholders on the draft SMP.  This final Updated SMP has been 

included as part of the Final License Application (FLA). 
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2.1 Introduction 

This SMP is designed to guide GRDA’s management actions in conformance with the Project’s license.  

This document includes strategies to manage and enhance the environmental and socio-economic values 

of the Project.  These strategies include protecting environmental resources while providing public access 

and maintaining consistency with other jurisdictional polices and plans relevant to the area (Grand River 

Dam Authority, 2008a). 

 

This SMP was developed considering all of the existing and reasonably foreseeable future uses of the 

Project, resources currently protected by law (e.g., rare, threatened, and endangered species, and 

wetland sites), public interests, and FERC regulations and guidelines.  When this SMP was initially 

developed, interested stakeholders, including adjacent property owners, commercial operators, local 

realtors, and resource agency staff provided valuable assistance in the original development of the SMP 

through their involvement in the Stakeholder Working Group (SWG) and public hearings, by submitting 

written comments and through direct consultation.  Stakeholders provided valuable insight to daily life on 

the lake, local knowledge of specific environmental resources, expectations of recreational users, 

adjacent property owners and business owners, as well as individual perspectives on potential 

management strategies and actions (Grand River Dam Authority, 2008a).  Stakeholders were also able to 

provide input into the SMP update through participation in public meetings and by providing comments on 

the draft document. 

 

2.2 Territorial Jurisdiction 

This SMP applies to property within the Project boundary either owned in fee by GRDA or where GRDA 

holds flowage easements.  It does not control the use of lands outside the Project boundary.  The Project 

boundary is defined by the Exhibit G drawings incorporated into the license5 and may or may not be 

determined by reference to any particular contour elevation.  Therefore, questions on whether a particular 

piece of land is subject to the SMP can only be answered after review of a survey conducted by a 

licensed surveyor, review of the exhibit G drawings, and any flowage right documents.  This SMP does 

not grant GRDA any rights that it does not already hold. 

 

2.3 Structure of SMP 

FERC guidelines recommend that a SMP use existing resource information to designate SMC and to 

develop guidelines that provide a framework for determining appropriate proposed shoreline use in 

relation to existing uses and environmental resources.  A SMP may identify areas afforded additional 

protection or that may require additional scrutiny before permitting new uses.  Similarly, a SMP may also 

identify shoreline segments that are suitable for future use and that may not require as much scrutiny 

before development.  Most importantly, a SMP provides a management linkage between the Project’s 

license and FERC’s obligations under the Federal Power Act (FPA) (Grand River Dam Authority, 2008a). 

 

The general structure and definition of what is included in each section of the SMP is shown below.  

 

 
5 At the time of the submittal of this SMP, the Project boundary is currently in the process of being finalized.  Therefore, the Project 
boundary as shown on any of the enclosed exhibits is subject to minor change.  The Project boundary to which the SMP 
requirements apply is the Exhibit G incorporated into the new license. 
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• Section 1 - Provides an introduction and brief overview of the Project. 

• Section 2 - Provides the purpose and scope of the SMP. 

• Section 3 - Summarizes GRDA’s management goals and objectives. 

• Section 4 - Outlines public participation during the development of the SMP and the SMP update. 

• Section 5 - Provides an inventory of existing environmental, cultural, and socioeconomic resources. 

• Section 6 - Provides a summary of recreation in the Project vicinity. 

• Section 7 - Defines the SMCs and identifies resource management goals, allowable uses, and      

prohibited uses for each classification. 

• Section 8 - Describes adaptive management strategies to monitor ongoing shoreline development. 

• Section 9 - Identifies the process used by GRDA to determine what activities require a permit. 

• Section 10 - Details GRDA’s permitting standards and requirements. 

• Section 11 - Outlines the enforcement policies as related to the SMP. 

• Section 12 - Addresses when it is necessary to update the SMP. 

• Section 13 - Identifies sources for more detailed information. 

• Appendix A Contains the documentation of consultation regarding the SMP update. 

• Appendix B Contains the EBird Checklist showing bird species documented at Cherokee State Park. 

• Appendix C Contains maps showing vegetation in the Pensacola Project vicinity. 

• Appendix D Contains maps showing wetlands in the Pensacola Project boundary. 

• Appendix E Contains updated Shoreline Management Classification maps. 

• Appendix F Contains suggested BMPs for use on non-project lands including identifying monarch 

butterfly habitat. 
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This SMP for Grand Lake is a comprehensive plan designed to guide management of the multiple 

resources and uses of the Project’s shoreline in a manner consistent with the FERC license and Project 

purposes.  The SMP formalized many of the processes and criteria that GRDA historically used to manage 

and balance the private and public uses of the Project’s shoreline with environmental resources and 

hydroelectric generation.  The SMP provides support and rationale of consistent land management policies 

and permitting decisions, both in the short term and over the life of the Project’s new license.  This 

document serves as a planning tool to guide in the protection and enhancement of the Project’s 

environmental, recreational, and other values.  It also provides the background to support permitting 

decisions and other activities undertaken by GRDA within the Project (Grand River Dam Authority, 2008a).  

 

SMP Objectives 

• Establish SMC and allowable use categories to guide the management of non-Project uses of 

GRDA’s Project lands; 

• Establish an equitable and reasonable balance between private and public uses, overall 

maintenance of existing natural and cultural resources, and hydroelectric generation; 

• Provide a reference and/or linkage to other Project-related studies, management plans, and 

permitting regulations; 

• Provide a summary of the types and locations of existing recreational opportunities and future 

recreational enhancements; 

• Provide support and rationale for permitting processes and regulations within the Project 

boundary; and 

• Describe the SMP amendment and monitoring process (Grand River Dam Authority, 2008a). 
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4.1 Original SMP Development Public Participation and Agency Consultation 

 Public Listening Sessions 

Development of the original SMP began with a series of three public listening sessions in the Grand Lake 

vicinity.  The sessions allowed an opportunity for stakeholders to voice their comments, concerns, and 

questions regarding management of Project lands and to solicit volunteers to serve on the SWG (Grand 

River Dam Authority, 2008a). 

 

 Stakeholder Working Group Meetings 

The SWG was designed as a volunteer advisory committee to provide opinion, advice, and their personal 

or group experiences at Grand Lake, so that local insight and information could be considered and used in 

the development of the SMP.  An effort was made to ensure representation of a wide range of private and 

commercial interests as well as a regionally diverse group.  The SWG was comprised of three committees 

with distinct tasks and objectives.  Working in an advisory role, the Land Use Classification and Allowable 

Use committees each met five times, and the Permitting committee met four times (Grand River Dam 

Authority, 2008a).  

 

 Agency Consultation on Draft SMP 

As part of the consultation process, GRDA solicited comments from twenty-seven federal, state, county, 

tribal, and local municipal resource agencies.  Further, it delayed the final GRDA Board of Directors (GRDA 

Board) approval of the SMP to engage in additional meaningful dialog with the US Fish and Wildlife Service 

(USFWS) and Oklahoma Department of Wildlife Conservation (ODWC).  GRDA made several changes to 

the SMP as a result of discussions with the resource agencies (Grand River Dam Authority, 2008a).   

 

These changes included: 

• Creation of a distinct SMC for Wildlife Management Areas; 

• Consolidation and relocation of areas designated as Stewardship Areas to maximize the benefits 

of resource management efforts; 

• Clear identification of factors to be considered prior to permitting new uses; and 

• Requirements for public hearing prior to permitting new uses (Grand River Dam Authority, 2008a). 

 

 Public Comments on Draft SMP 

Between February 8, 2007 and March 6, 2007, GRDA hosted five public hearings to provide stakeholders 

with an opportunity to comment on the working draft of the SMP (Working Draft).  The events were 

publicized through press releases, newspaper advertisements, the GRDA website, and emails to 

stakeholders.  Approximately 724 people attended the hearings.  In addition to comments at the hearings, 

GRDA also received input from the public though written correspondence and petitions.  Approximately 

345 letters and emails, and petitions containing approximately 2,713 signatures were received.  A review 

of comments received showed that there was little public support for the Working Draft.  The Vegetation 

Management Plan and SMC were the greatest areas of concern for the public (Grand River Dam 

Authority, 2008a). 

 

Based on comments on the Working Draft, GRDA revised the SMP (Revised Draft).  Two additional public 

hearings were held on October 2, 2007 and October 4, 2007 to allow the public to comment on the 
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Revised Draft.  Comments received on the Revised Draft were largely supportive of the changes made to 

the SMP (Grand River Dam Authority, 2008a). 

 

 FERC Approval of SMP 

GRDA submitted the SMP to FERC for approval on July 21, 2008.  GRDA supplemented the SMP 

application with additional information on December 23, 2008, January 26, 2009, and February 23, 2009.  

FERC issued an order on October 17, 2013 amending and approving the SMP.  This order required that 

the GRDA complete and file an updated SMP within six years of the order.  The updated plan was also 

required to include the following items: 

• Provisions to quantify the effects of permitted vegetation removal and to mitigate the effects 

through enhancement or protection of vegetation in other areas; 

• Provisions to identify existing wetlands potentially affected by proposed shoreline activities and 

evaluate their functions and values, assess probable effects on wetlands, and address adverse 

effects through appropriate mitigation;  

• Provisions to identify wildlife habitats potentially affected by shoreline activities, assess their 

probable effects, and addressing adverse effects through appropriate mitigation; 

• Any other necessary modifications to the SMP; 

• A summary of revisions to the approved SMP; and 

• A plan and schedule for filing future updates (Federal Energy Regulatory Commission, 2013). 

 

GRDA submitted a request to FERC requesting an extension to filing the SMP update to January 1, 2023, 

to coincide with GRDA’s extended deadline for filing its Draft License Application.  On September 9, 2019 

FERC issued an order extending the deadline to file the draft updated SMP to January 1, 2023.  This 

extension allowed GRDA the opportunity to address comments and recommendations received from 

stakeholders on the draft SMP (Federal Energy Regulatory Commission, 2019)..  This final updated SMP 

has been included as part of the FLA. 

 

4.2 SMP Update Public Participation and Agency Consultation 

The following sections describe the public and agency consultation conducted during the SMP update. 

 

 Public Meeting 

On February 24, 2022, GRDA held a public meeting to discuss the SMP update and solicit stakeholder 

input.  The meeting was scheduled to be held at Shangri La Resort and Hotel on Monkey Island, but due to 

inclement weather on the date of the meeting, stakeholders who had RSVP’d for the event were sent 

information to attend virtually to avoid travelling in the icy conditions.  Information regarding the meeting 

was provided on the GRDA website, distributed at boat shows, sent to private and commercial permittees 

and resource agencies.  Public notices were also published in the Vinita Daily Journal on February 16 and 

23 and the Miami News Record and Grove Sun on February 15, 2022. 

 

A total of eleven interested members of the public and nine representatives affiliated with GRDA attended 

the meeting.  No resource agencies representatives attended the meeting.  No written comments from 

any meeting participants were received.  A copy of the proof of publication for each of the public notices, 

the outline sent to stakeholders prior to the meeting, the PowerPoint presentation from the meeting, a list 

of meeting participants, and a brief description of comments received and GRDAs responses are included 

in Appendix A. 
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 Stakeholder Consultation 

The draft SMP was distributed to the Pensacola relicensing distribution list as part of the Draft 

License Application. 

 

Comments received from the resource agencies and other stakeholders and GRDA’s responses will be 

addressed in the FLA. 
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5.1 Grand River Basin 

The Pensacola Project is located on the Grand River, a tributary of the Arkansas River.  The Grand River 

begins as the Neosho River in east central Kansas, just north of the city of Council Grove.  The Neosho 

River flows generally southeast through Kansas for approximately 300 miles into Oklahoma.  The Grand 

River begins at the Neosho’s confluence with the Spring River, southeast of Miami, Oklahoma.  

Pensacola Dam is located at river mile 77 and impounds water upstream approximately 66 miles, 

extending upstream to the confluence of the Neosho River and Spring River approximately 14 miles up 

the Neosho River and 10 miles up the Spring River (Federal Energy Regulatory Commission, 1991).  At 

flood pool, when the river is under Corps control, the water is impounded further upstream into the 

tributaries (Grand River Dam Authority, 2008a). 

 

Principal tributaries of the Grand River are the Cottonwood, Elk, and Spring rivers and Big Cabin, Labette, 

Lightning, and Spavinaw creeks.  The Project occupies portions of Craig, Delaware, Mayes, and Ottawa 

Counties in northeast Oklahoma (Federal Energy Regulatory Commission, 1991).   

 

There are two dams downstream of the Project on the Grand River.  These include the Markham Ferry 

Hydroelectric Project Dam (FERC No. 2183) and the Fort Gibson Dam.  The Markham Ferry Dam is also 

owned and operated by GRDA.  The Fort Gibson Dam is owned and operated by the Corps.  From the 

Fort Gibson Dam the Grand River flows southwest to its confluence with the Arkansas River in 

Muskogee, Oklahoma. 

 

The river basin has a total area of 12,520 square miles, of which approximately 6,220 square miles are in 

Kansas, 2,960 are in Missouri, 2,930 are in Oklahoma, and 410 are in Arkansas.  The river basin ranges 

in elevation from approximately 1,500 feet mean sea level (msl) in the upper basin in Kansas to about 

500 feet msl in the lower basin in Oklahoma (Federal Energy Regulatory Commission, 1991). 

 

The climate in Delaware and Ottawa counties, where much of the Project is located, is temperate with 

average annual temperatures of 58.9 degrees Fahrenheit (°F) and 57.8 °F and an average annual 

precipitation of 46.68 inches and 46.02 inches, respectively (Oklahoma Climatological Survey, n.d.a).  

Warm moist air moving northward from the Gulf of Mexico often influences weather, especially in the 

southern and eastern portion of the state resulting in increased humidity, cloudiness, and precipitation 

(Oklahoma Climatological Survey, n.d.b). 

 

Land use in the Grand River Basin is devoted primarily to agriculture, mining, and recreation.  Corn, small 

grains, sorghum, alfalfa, fruits, and vegetables are the principal crops produced.  Coal, clay, lead, zinc, 

lime, petroleum, and natural gas are mined in the basin (Federal Energy Regulatory Commission, 1991). 

 

5.2 Pensacola Project Description 

The Pensacola Project consists of the Pensacola dam with a gated main spillway, middle gated spillway, 

east gated spillway, powerhouse, tailrace, electrical switching station, transmission, Grand Lake, arch toe 

pump station, and surrounding land extending landward to an approximate elevation of 750 feet PD. 
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5.2.1  Pensacola Dam 

The Pensacola Project’s dam is a multi-section structure.  The different sections, from right to left looking 

downstream, consist of: West Non-Overflow Section, Multiple Arch Section, Main Spillway Section, East 

Non-Overflow Section, Middle Spillway Section, and East Spillway Section.  

 

5.2.1.1 West Non-Overflow Section 

The west abutment is connected to the west end of the west non-overflow section of the dam which is 

a concrete gravity section approximately 28 feet long.  The east side of the west non-overflow section 

is connected to the multiple arch section.  The cross-sectional width is approximately 43 feet and the 

height from the base of the section to the top of the roadbed is approximately 75 feet.  The width and 

height measurements are scaled from the Exhibit F drawings. 

 

5.2.1.2 Multiple Arch Section 

The main portion of the dam is a reinforced concrete multiple-arch structure consisting of 52 

buttresses spaced 84 feet apart.  The buttresses are hollow except for the first and last.  There are 51 

free span concrete arches resulting in an approximate length of 4,284 feet.  A typical buttress has a 

length of 84 feet.  The dam has a crest elevation of 757 feet PD.  An arch section has a cross 

sectional width varying from approximately 185 to 130 feet.  The height from the base of the section 

to the top of the roadbed varies from approximately 100 to 155 feet.  The width and height 

measurements are scaled from the Exhibit F drawings. 

 

5.2.1.3 Main Spillway Section 

The main spillway section is integral to the dam on its west end and connected to the east non-

overflow section at the other end.  The structure is mass concrete with an ogee-shaped spillway with 

a crest elevation of 730 feet PD.  The spillway is comprised of 21 radial gates that are 36 feet wide by 

25 feet tall resulting in a structure length of approximately 860 feet.  The top of the gate elevation is 

755 feet PD.  The approximate cross-sectional width is 90 feet and height from the base of the 

section to the top of the roadbed of a typical section of the spillway is 100 feet.  The width and height 

measurements are scaled from the Exhibit F drawings.  The gates are operated by two traveling gate 

hoists located above the main spillway.  Water flows into the main spillway channel below the 

spillway.  The spillway channel merges with the east spillway channel and flows into the tailrace 

further downstream. 

 

5.2.1.4 East Non-Overflow Section 

The east end of the main spillway is connected to the east non-overflow section of the dam which is a 

concrete gravity section approximately 451 feet long.  The east side of the non-overflow is connected 

to the east abutment.  The section has a cross sectional width varying from approximately 70 feet to 

40 feet.  The height from the base of the section to the top of the roadbed varies from approximately 

85 feet to 55 feet.  The width and height measurements are scaled from the Exhibit F drawings. 

 

5.2.1.5 Middle Spillway Section 

The middle spillway section is situated about 0.9 miles east of the dam’s east abutment.  The 

structure is mass concrete with an ogee-shaped spillway, which has a crest elevation of 740 feet PD.  

The spillway is comprised of 11 radial gates that are 37 feet wide and 15 feet tall resulting in a 

structure length of approximately 450 feet.  The typical cross-sectional width and height of the middle 
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spillway from the base of the section to the top of the roadbed is approximately 45 feet and 40 feet, 

respectively.  The width and height measurements are scaled from the Exhibit F drawings.  Gates are 

operated by a traveling hoist located at the middle spillway section.  Water flows for approximately 0.5 

miles within the middle spillway channel until it joins with the east spillway channel.  

 

5.2.1.6 East Spillway Section 

The east spillway section is located approximately 700 feet east of the middle spillway section.  The 

structure is mass concrete with an ogee-shaped spillway, which has a crest elevation of 740 feet PD.  

The east spillway is comprised of 10 radial gates that are 37 feet wide and 15 feet tall resulting in a 

structure length of approximately 410 feet.  The typical cross-sectional width and height of the east 

spillway from the base of the section to the top of the roadbed is approximately 45 feet and 40 feet 

respectively.  The width and height measurements are scaled from the Exhibit F drawings.  Gates are 

operated by a traveling hoist located at the east spillway section.  Water flows into the east spillway 

channel below the spillway.  The east spillway channel is approximately 1.5 miles long and 850 feet 

wide.  The east spillway channel merges with the tailrace further downstream. 

 

5.2.2 Bypass Flow Pipe 

A 30-inch diameter bypass flow pipe was included in the Project’s design to provide a means of releasing 

water from the Project at all times, even when none of the hydropower units are operating or spillway 

gates are open.  It is not needed for the operation of the Project (Grand River Dam Authority, 2021a). 

 

5.2.3 Powerhouse, Intake Structure, and Tailrace 

The powerhouse is located below Arches 2 through 4 of the Pensacola Dam (Arch 1 is the western-most 

arch).  The powerhouse is a multi-story, reinforced concrete building and is 87.75 feet wide in the 

upstream to downstream direction, 279 feet long in the west to east direction, and approximately 45 feet 

tall.  The elevation of the generator floor is 652.0 feet PD. 

 

The intake structure supplies water to the penstocks that supply flow to the powerhouse’s six hydropower 

units and the house unit.  The reinforced concrete structure is located on top of Arches 2 through 4.  The 

intake structure has a length of 246 feet, a cross-sectional width of 23 feet, and a height of 75 feet.  The 

minimum intake elevation is 682 feet PD and the top deck elevation is 757 feet PD.  The intake includes 

vertical trash racks that are 73 feet high with 3.75-inch spacing to catch debris and bulkhead gates that 

are used to isolate and dewater individual penstocks (Grand River Dam Authority, 2017a) (Grand River 

Dam Authority, 2021a).  The gates are operated by a traveling gantry crane mounted on the top deck on 

the intake structure.  

 

Six separate steel penstocks transfer flow from the intake structure to the powerhouse hydroelectric units.  

The length of the penstocks is approximately 195 feet long.  The six main penstocks have a 15-foot 

diameter and flow is controlled by wicket gates at the entrance of each turbine.  Two (2) draft tubes per 

hydroelectric unit located below the powerhouse discharge the flow in the tailrace.  The draft tubes are 12 

feet tall by 14 feet wide with an invert elevation of 602.5 feet PD.  Slots in the draft tube opening can be 

utilized to install stoplogs to dewater a unit using a traveling hoist.  A separate 3-foot diameter penstock 

transfers flow to the house unit.  

 

The draft tubes of the powerhouse discharge in the tailrace located below the powerhouse.  The tailrace 

is approximately 1.5 miles long and 300 feet wide.  The tailwater elevations for the Pensacola Project 
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typically range between 620 and 625 feet PD at normal reservoir elevations depending on the conditions 

at the downstream Lake Hudson Project.   

 

A bypass system, on the west end of the powerhouse, consists of a 30-inch diameter pipe.  The system 

has not been operated in years.  It is unknown if any flow could pass through the system due to 

sedimentation at the intake. 

 

5.2.4  Electrical Switching Station and Transmission Equipment 

The Pensacola Project’s switching station is located west of the powerhouse downstream of the arch 

dam.  The primary transmission lines terminate at 15 kV breakers at the switching station.  There are 6 

generator leads made of parallel 500k circular mils copper, medium voltage cable operating at 13.8 kV 

that vary in length for 450 to 650 feet (Grand River Dam Authority, 2017a).  The 13.8 kV disconnects are 

the point of interconnect for the Project.  

 

5.2.5  Grand Lake O’ the Cherokees (Reservoir) 

Grand Lake O’ the Cherokees (Grand Lake) is impounded by the Pensacola Dam and was created in 

1940 with the completion of the Pensacola Project.  During GRDA’s normal Project operations, GRDA 

anticipates operating the reservoir for power generation purposes between 742 and 745 feet PD during 

the new license term.  Pursuant to section 7 of the Flood Control Act of 1944 and section 7612 of the 

National Defense Authorization Act for Fiscal Year 2020, GRDA controls the operation of the Project until 

the reservoir elevation is expected to exceed 745 feet PD, at which time the USACE has exclusive 

jurisdiction over Project operations for purposes of flood control.  The reservoir contains approximately 

1.44 million acre-feet in water storage and has a surface area of approximately 45,056 acres at an 

elevation of 745 feet PD.  The reservoir contains approximately 1.31 million acre-feet in water storage 

and has a surface area of approximately 41,581 acres at an elevation of 742 feet PD (Hunter, S.L., et. al., 

2020).  The usable water storage between 742 and 745 feet PD is 130,000 acre-feet. 

 

5.2.6  Arch Toe Pump Station 

Seepage through the Pensacola Dam and runoff from the surrounding area result in standing water in the 

ditch at the toe of the dam.  The pump station is located outside of Arch 6, which consists of two 6-inch 

submersible pumps and a single 12-inch vertical turbine pump.  The pumps are connected to a 20-inch 

diameter pipe that discharges into the tailrace below the powerhouse.  

 

5.2.7 Project Operations 

Although Congress in NDAA 2020 granted GRDA independence in Project operations relative to surface 

elevations at Grand Lake, GRDA understands the need for the Commission under the National 

Environmental Policy Act of 1969 to evaluate the effects of its proposed action, i.e., the relicensing of the 

Project.  For purposes of accommodating the Commission’s environmental review, GRDA hereby 

presents its anticipated parameters during the new license term, as follows: 

 

• GRDA will no longer utilize a rule curve with seasonal target elevations. 

• GRDA will maintain the reservoir between elevations 742 and 745 feet PD for purposes of normal 

hydropower operations and until flood control operations are directed by the USACE. 

• GRDA will continue to adhere to the USACE’s direction on flood control operations in accordance 

with the Water Control Manual (US Army Corps of Engineers, 1992). 

• Hydraulic flow for hydropower operations is anticipated to take place as the first priority for 
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discharge when the USACE is directing operation under its exclusive jurisdiction over Grand Lake 

for flood control purposes. 

• Instead of managing the Project to target a specified seasonal elevation, GRDA’s anticipated 

operations may fluctuate reservoir levels within the elevational range of 742 and 745 feet PD for 

purposes of responding to grid demands, market conditions, and the public interest, such as 

environmental and recreational considerations. 

 

5.3 Geology and Soils 

The Project is bordered on the east by the Ozark Plateau and on the west by the Prairie Plans.  Bedrock 

in the Project vicinity includes limestone, chert, sandstone, and shale.  The Project dam is constructed on 

chert (Federal Energy Regulatory Commission, 1991). 

 

The southern and eastern portions of the Project (the lower portion of the reservoir) contain deep ravines and 

narrow valleys separated by broad, gently rolling uplands.  The shorelines of the lower portions of the reservoir 

are mostly limestone bluffs and steep rocky beaches (Federal Energy Regulatory Commission, 1991). 

 

The northern and western portions of the Project lie within the Prairies Plains, which are typified by gently 

rolling plains with occasional hills and ridges.  The shorelines in these portions of the reservoir generally 

have gentler slopes.  Wetlands are confined to inlets and coves along the numerous small tributaries that 

enter the reservoir and are more abundant along the upper, shallower reaches of the reservoir.  Extensive 

cave systems occur in some of the limestone formations along the reservoir (Federal Energy Regulatory 

Commission, 1991). 

 

5.4 Water Quality 

Oklahoma’s water quality standards are published in Oklahoma Administrative Code Title 785, Chapter 

45 and consist of designation of beneficial uses, water quality criteria to protect the designated uses, and 

antidegradation policies.  The beneficial uses designated for Grand Lake include public and private water 

supply, fish and wildlife propagation as a warm water aquatic community, agriculture irrigation, and 

primary body contact recreation (Oklahoma Water Resources Board, n.d.).   

 

The waters within the Project are divided into four different sections, each with a separate waterbody ID, 

in regard to whether the waterbody is meeting the designated water quality standards.  They include 

Grand Lake Upper, Grand Lake Middle, Grand Lake Lower, and Grand River (Neosho River) Below 

Pensacola Dam.  All three parts of Grand Lake are impaired for fish consumption due to the presence of 

lead in fish tissue.  Grand Lake Upper is also impaired due to turbidity impacting the warm water aquatic 

community.  Grand Lake Lower is also impaired due to low DO impacting the warm water aquatic 

community.  The Grand River below the Pensacola Dam is listed as impaired due to low DO impacting 

the warm water aquatic community and is listed for fish consumption (Oklahoma Department of 

Environmental Quality, 2020). 

   

 Temperature and Dissolved Oxygen 

Surface temperatures at Grand Lake typically range between 4°C And 28°C on an annual basis.  Grand 

Lake usually begins exhibiting thermal stratification in May and anoxic conditions begin to develop in the 

hypolimnion several weeks later.  As algae from the water surface waters die and fall to deeper water, 

they are degraded by bacteria in a process that consumes much of the oxygen.  These anoxic conditions 
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can be magnified by elevated levels of phosphorus which, in turn, encourages greater algal activity.  The 

downstream portions of the lake display stronger stratification than the upstream portions of the lake in 

terms of the length of stratification and extent of anoxia.  The stronger stratification in the lower section of 

the lake is likely due to increased water depths (Grand River Dam Authority, 2008a).   

 

Project operations may not cause the seasonal water temperature, for use in calculation of the allowable 

load, to exceed 25°C between April 1 and June 15 each year or exceed 32°C between June 16 and 

October 15 each year for use in calculation of the allowable load to protect fish and wildlife (Oklahoma 

Water Resources Board, n.d.).  Water sampling conducted between 2017 and 2021 indicates Project 

operations did not cause water temperatures to exceed the water temperature standards. 

 

Project operations may not increase the percentage of DO readings below 2.0 mg/l to more than 70% of 

the water column (Oklahoma Water Resources Board, n.d.).  Water sampling conducted by GRDA 

between the months of May and September 2021 indicated that Project operations did not cause any 

deviations from the requirements within the reservoir. 

 

GRDA has implemented a DO mitigation plan under the current license to improve DO levels in the 

tailrace downstream of the Pensacola dam.  GRDA installed air baffles and a vacuum breaker bypass 

valve on the turbines to allow GRDA to move water at both low and high wicket gates and successfully 

oxygenate the tailrace.  Continuous DO monitors are located downstream of the dam.  When DO levels 

reach the action limits set by ODWC, GRDA operates one of the turbines at full aeration to increase DO 

levels as directed in the plan.  OWRB noted in their Sample Year 2021 Annual Report, that since the 

mitigation plan was implemented, water quality standards have typically been met during the summer 

months.  DO values only drop below standards for short periods of time before mitigation efforts are able 

to increase the DO in the tailrace below the dam (Oklahoma Water Resources Board, 2022). 

 

 pH 

In order to maintain the state water quality criteria for fish and wildlife beneficial use, Project operations 

may not cause the pH levels within Grand Lake to change outside of 6.5 and 9.0 (Oklahoma Water 

Resources Board, n.d.).  During the summer stratification period, the deeper, hypolimnetic water 

generally has pH values near the lower end of the range, while surface waters remain more alkaline 

(Grand River Dam Authority, 2008a). 

 

Water sampling results conducted from 2017-2021 indicated Project operations did not cause pH levels to 

occur outside of the required range of 6.5 to 9.0. 

 

 Phosphorus 

The overall driver of phosphorus and other nutrient input into Grand Lake is the Neosho River, followed 

by the Spring and Elk rivers.  Internal phosphorus loading generally occurs from July through September 

and causes notable increases to phosphorus concentrations with the reservoir late summer upon 

thermocline erosion.  Based on the current nutrient levels, Grand Lake is classified as a eutrophic water 

body (Grand River Dam Authority, 2017a). 

 

Excessive phosphorus can lead to algae blooms, taste and odor issues for municipal drinking water, and 

general stress to aquatic communities.  Operation of the Pensacola Project does not affect the current 
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state of nutrient dynamics in Grand Lake or nutrient related algal growth.  Water quality within Grand Lake 

is largely a function of land use within the watershed.  Many nutrient sources come from runoff and 

discharge from agricultural activities (fertilizer, manure, etc.), municipal wastewater treatment, and 

industrial activities (e.g., poultry rendering) (Grand River Dam Authority, 2017a). 

 

 Sediments and Heavy Metal Contamination 

Agricultural practices in the watershed contribute to sedimentation from stormwater runoff.  Runoff 

associated with construction sites and roads also contribute to sedimentation.  The primary source of 

heavy metals is associated with historic mining operations from the Tri-State Mining District (TSMD).  The 

TSMD is a historic mining area containing the Tar Creek Superfund site and is recognized as the source 

for sediment-bound metals in Grand Lake.  Both the Neosho and Spring Rivers drain the TSMD 

watershed.  Past studies have determined that despite elevated concentrations of cadmium, lead, and 

zinc, no evidence of sediment toxicity had been observed.   

 

A 2017 study was conducted to assess whether TSMD-specific sediment toxicity thresholds (STTs) 

develop for small streams and tributaries draining the TSMD were predictive of biological effects in the 

greater Grand Lake body.  The study focused on determining trace metal distribution within the northern 

portion of Grand Lake, prioritizing shallow water areas of six feet or less in depth.  It also evaluated the 

effects of sediment disturbance on trace metal bioavailability and toxicity to two freshwater invertebrates.  

The study showed that there was no significant mortality or difference in growth for either invertebrate 

species during natural or disturbed sediment conditions, even when sediments exceeded McDonald 

general sediment quality guidelines or TSMD-specific STTs.  While the simulated disturbance event was 

sufficient to increase trace metal water concentrations and detection frequencies, no changes in the 

overall sediment load, bioavailability, or toxicity were observed (Oklahoma State University and Grand 

River Dam Authority, 2018).  

 

 Bacteria 

Fecal indicator bacteria are used to monitor water quality and protect recreational uses of water within the 

Project.  GRDA collects Escherichia coli (E. coli) samples during the summer recreation season (Grand 

River Dam Authority, 2017a).  Oklahoma water quality standards indicate that E. coli may not exceed a 

monthly geometric mean of 126 Most Probable Number (MPN)/100 ml based on a minimum of five 

samples over a thirty-day period or no more than 235/100 ml for any individual sample in lakes and high-

use waterbodies (Oklahoma Water Resources Board, n.d.). 

 

Sampling results indicate Project operations do not cause increased E. coli measurements. 

 

5.5 Fish and Wildlife Species 

 Aquatic (Fish) Species 

The Project reservoir supports a warm water fishery consisting of a diverse assemblage of species (Table 

5.5.1-1) and is similar to other reservoirs within the region.  The primary sport fish in the Project reservoir 

and its tailwaters is the largemouth bass (Micropterus salmoides), but other important sport fish include: 

spotted bass (Micropterus punctulatus), white bass (Morone chrysops), hybrid striped bass (Micropterus 

chyrsops x Micropterus saxatilis), white crappie (Pomoxis annularis), black crappie (Pomoxis 

nigromaculatus), blue catfish (Ictalurus furcatus), channel catfish (Ictalurus punctatus), flathead catfish 

(Pylodictis olivaris), and Paddlefish (Polyodon spathula) (Oklahoma Department of Wildlife Conservation, 
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2008).  Although not abundant in the reservoir, smallmouth Bass (Micropterus dolomieu) is also a sport 

fish of interest and is native to the watershed.  Specifically, the Neosho smallmouth bass (Micropterus 

dolomieu velox) is endemic to the watershed and represents one of the most divergent genetic lineages 

of smallmouth bass.  The ODWC regularly stock hybrid striped bass and paddlefish within the Project.  

Primary forage species include gizzard shad (Dorosoma cepedianum) and threadfin shad (Dorosoma 

petenense) (Oklahoma Department of Wildlife Conservation, 2008). 

 

Table 5.5.1-1. Common and Scientific Names of Fishes Known to Occur in the Project Vicinity. 

Common Name Scientific Name 

Black crappie Pomoxis nigromaculatus 

Blue catfish Ictalurus furcatus 

Blue sucker Cycleptus elongatus 

Bluegill Lepomis macrochirus 

Bullhead minnow Pimephales vigilax 

Brook silverside Labidesthes sicculus 

Carpsucker Carpoides carpio 

Channel catfish Ictalurus punctatus 

Common carp Cyprinus carpio 

Emerald shiner Notropis atherinoides 

Flathead catfish Pylodictus olivaris 

Freshwater drum Aplodinotus grunniens 

Ghost shiner Notropis buchanani 

Gizzard shad Dorosoma cepedianum 

Green sunfish Lepomis cyanellus 

Hybrid striped bass 
Morone saxatilis x M. 

chrysops 

Longear sunfish Lepomis megalotis 

Logperch Percina caprodes 

Largemouth bass Micropterus salmoides 

Longnose gar Lepisosteus osseus 

Neosho madtom Noturus placidus 

Ozark cavefish Amblyopsis rosea 

Paddlefish Polyodon spathula 

Red shiner Cyprinella lutrensis 

River shiner Notropis atherinoides 

River darter Percina shumardi 

River redhorse Moxostoma carinatum 

Smallmouth bass Micropterus dolomieu 

Smallmouth buffalo Ictiobus bubalus 

Silverband shiner Notropis shumardi 

Spotted bass Micropterus punctulatus 

Threadfin shad Dorosoma petenense 

White bass Morone chrysops 

White crappie Pomoxis annularis 

Warmouth Lepomis gulosus 

Source: (Grand River Dam Authority, 2017a)  
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 Avian Species 

According to the E-Bird Grand Lake O’ the Cherokees, Recreation Area No. 1 (Cherokee State Park) 

Checklist, there are a total of 130 avian species that have been identified at the Cherokee State Park in 

Mayes County, Oklahoma (eBird, n.d.).  The checklist is located in Appendix B.  The avian species most 

often observed at the Project according to the checklist included American coot (Fulica americana), 

Canada goose (Branta canadensis), American white pelican (Pelecanus erythrorhynchos), Bonaparte’s 

gull (Chroicocephalus philadelphia), gadwall (Mareca strepera), black vulture (Coragyps atratus), double-

crested cormorant (Phalacrocorax auratus), red-tailed hawk (Buteo jamaicensis), barn swallow (Hirundo 

rustica), and eared grebe (Podiceps nigricollis) (eBird, n.d.). 

 

Raptor species identified at the Project included bald eagle (Haliaeetus leucocephalus), American kestral 

(Falco sparvierius), Cooper’s hawk (Accipiter cooperii), Mississippi kite (Ictinia mississippiensis), osprey 

(Pandoin haliaetus), red shouldered hawk (Buteo lineatus), and red-tailed hawk (eBird, n.d.).   

 

Grand Lake is an over-wintering and migratory stop for many avian species.  Cormorants, gulls, pelicans, 

and herons are among the non-game birds that are present at the Project each year.  A diverse array of 

waterfowl such as geese, dabbling, diving, perching, sea, and stiff-tailed ducks are also present at the 

Project during migration.  Mallards (Anas platyrhynchos) are the only dabbling duck that over-winter on 

Grand Lake.  Canadian geese and wood ducks (Aix sponsa) are year-round residents (Grand River Dam 

Authority, 2008a).  

 

 Mammal Species 

There are a variety of mammal species in the Project vicinity.  Common mammal species in the upland 

deciduous forest areas include armadillo (Dasypus novemcinctus), eastern cottontail (Sylvilagus 

floridanus), fox squirrel (Sciurus niger), raccoon (Procyon lotor), red fox (Vulpes vulpes), striped skunk 

(Mephitis mephitis), Virginia opossum (Delphis virginiana), and white-tailed deer (Odocoileus virginianus).  

Common mammals in bottomland forest areas include all of these species, plus muskrats (Ondatra 

zibethicus) and beaver (Castor canadensis).  Common mammal species associated with grassland and 

savannah areas are the American badger (Taxidea taxus), black-tailed jackrabbit (Lepus californicus), 

deer mouse (Peromyscus maniculatus), and least shrew (Cryptotis parva) (Grand River Dam Authority, 

2008a).  Several rare bat species are also located in the Project vicinity.  Rare bat species are discussed 

in Section 5.6.  

 

 Reptile and Amphibian Species 

A review of the Oklahoma Biological Survey (OBS) Distribution of Oklahoma Amphibians and Reptiles by 

Recorded Siting (DOKKARS) database conducted in 2016, identified a total of 90 herptile species within 

the four counties the Pensacola Project is located (Grand River Dam Authority, 2017a).  

 

Common amphibian species include the American toad (Anaxyrus americanus), spadefoot toad 

(Scaphiopus spp.), gray tree frog (Hyla versicolor), and narrow-mouthed toad (Gastrophryne spp.).  

Common turtle species include snapping turtles (Chelydra serpentine), mud turtles (Kinosternon spp.), 

softshell turtles (Apalone spp.), common sliders (Trachemys scripta), map turtles (Gaptemys 

pseudogeographica), and box turtles (Terrapene spp.).  Common lizard species include western slender 

glass lizard (Ophisaurus attenuatus), collard lizard (Crotaphytus collaris), Texas horned lizard 

(Phrynosoma corundum), and several species of skinks (Eumeces spp.).  Common snake species include 
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western rat snakes (Pantherophis obsoletus), water snakes (Nerodia spp.), bullsnakes (Pituophis 

melanoleucus sayi), and venomous snakes such as copperhead (Agkistrodon contortrix), western 

cottonmouth (Agkistrodon piscivorus), timbre rattlesnakes (Crotalus horridus), and western pygmy 

rattlesnakes (Sistrurus miliarius) (Grand River Dam Authority, 2008a).  

 

 Current Fish and Waterfowl Habitat Management 

GRDA has developed a Fish and Waterfowl Habitat Management Plan (FWHMP), which was approved 

by the FERC on May 22, 2003.  Since the approval of the FWHMP, GRDA has worked with the Technical 

Committee to provide habitat mitigation measures at the Pensacola Project.  Some of the mitigation 

strategies used were less successful than anticipated.  In response to these challenges, GRDA and the 

Technical Committee began to explore alternative mitigation solutions that would meet the objectives of 

the FWHMP.  In January of 2016, an Interagency Agreement between ODWC and GRDA was signed, 

which allows GRDA to fulfill the requirements of the FWHMP through adjacent site restoration and 

wetland development and therefore eliminated the need to add a similar license article under the new 

license (Grand River Dam Authority, 2018). 

 

On May 24, 2018, GRDA filed the final implementation plan for the Coal Creek Wildlife Management Area 

(CCWMA) with FERC.  Once it is approved, the plan is intended to carry out the Interagency agreement 

by specifying the scope of activities that will be taken by GRDA and ODWC to use the mitigation fund 

pursuant to the FWHMP (Grand River Dam Authority, 2018).  

 

5.6 Threatened and Endangered Species 

In order to provide the most current information regarding threatened and endangered species (TE 

Species), GRDA accessed the USFWS IPaC website on October 14, 2022 to obtain an updated official 

species list for the Pensacola Project.  A total of thirteen species were identified in the Pensacola IPaC 

Official Species List and are shown in Table 5.6-1.  An evaluation of habitat requirements and potential 

SMP-related impacts for each of the species is included in the following sections.  For species where 

potential SMP-related impacts have been identified, proposed mitigation measures have been provided in 

Section 10.7. 

 

Table 5.6-1 Pensacola IPaC Official Species List 

Common Name6 Scientific Name Group Status 

Gray bat Myotis grisescens Mammal Endangered 

Indiana bat Myotis sodalis Mammal Endangered 

Northern long-eared bat Myotis septentrionalis Mammal Endangered 

Ozark Big-eared bat Corynorhinus townsendii igens Mammal Endangered 

Tricolored bat Perimyotis subflavus Mammal 
Proposed 
Endangered 

Piping plover Charadrius melodus Bird Threatened 

Rufa red knot Calidris canutus rufa Bird Threatened 

Alligator snapping turtle Macrochelys temminickii Reptile 
Proposed 
Threatened 

Neosho madtom Noturus placidus Fish Threatened 

 
6Rabbitsfoot (Quadrula cylindrical cylindrical) and winged mapleleaf (Quadrula fragosa) were identified in FERC’s 2018 official 
species list, but not in the updated 2022 official species list. 
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Common Name6 Scientific Name Group Status 

Ozark cavefish Amblyopsis rosae Fish Threatened 

Neosho mucket Lampsilis rafinesqueana Clam Endangered 

American burying beetle Nicrophorus americanus Insect Threatened 

Monarch butterfly Danaus plexippus Insect Candidate 

Source: USFWS, 2022 

 

 Gray Bat 

The gray bat is a federally endangered mammal.  Gray bats are reliant on limestone cave systems and 

are found in oak-hickory forests in the Ozark highlands of Oklahoma and use caves year-round for both 

raising young (maternity sites) and overwinter hibernation (hibernacula) (Oklahoma Department of Wildlife 

Conservation, n.d.a).  Gray bats feed primarily on insects that have an aquatic larval stage.  Therefore, 

maternity sites are often located within three miles of a large lake or river.  Two gray bat caves have been 

documented in the Project vicinity, outside of the Project boundary, and are utilized to varying degrees as 

maternity caves.  The land adjacent to one of the caves is owned and managed by the Nature 

Conservancy for the protection of the cave and its inhabitants (i.e., Ozark cavefish and gray bat) (Grand 

River Dam Authority, 2008a).  The other cave is located on private property (Federal Energy Regulatory 

Commission, 1991). 

 

Acoustic surveys conducted during 2015 and 2016 indicated that grey bats were the second most 

frequent species (after tricolored bat) detected on Grand Lake and were found in both developed and 

undeveloped areas.  The findings of the acoustic survey indicate that there is no specific well defined 

foraging area, rather, that the entire lake is used as a foraging area.  At a meeting on February 27, 2017 

with GRDA and USFWS, GRDA concluded that permitted vegetation management activities may affect, 

but are unlikely to adversely affect the gray bat.  USFWS concurred with the findings and recommended 

that GRDA consult with USFWS if a certain threshold of permits or acreage or distance of shoreline was 

to be disturbed.  GRDA agreed to consult with USFWS with respect to TE Species if over 100 vegetation 

management permits are issued in a particular year, or if any single project involved more than 100 feet 

of shoreline being cleared (Grand River Dam Authority, 2017b).  

 

Vegetation management activities involving removal of trees within 1/4 mile of a known hibernaculum or 

removal of trees greater than 3 inches in diameter during the bat’s active period has the potential to 

impact the species if proper conditions are not incorporated into shoreline permits. 

 

 Indiana Bat 

The Indiana bat is a federally endangered mammal.  Over 80 percent of the entire population hibernates 

in caves in Indiana, Missouri, and Kentucky.  Oklahoma is located on the southwestern edge of the bat’s 

range, and only a few Indiana bats have ever been recorded in the state.  Only one cave, located in 

LeFlore County, is known to be used regularly as a winter hibernacula for the species7 (Oklahoma 

Department of Wildlife Conservation, n.d.b).  The IPaC Official Species List did not identify any critical 

habitat for the species in the Project vicinity (US Fish and Wildlife Service, 2022a). 

 

During hibernation, the bats roost in caves.  In the summer they leave the caves to roost under the loose 

bark of trees and do not return until fall.  The bats mate in the fall before hibernation, but females undergo 

 
7 The only known winter hibernaculum is in a cave owned and protected from disturbance by the USFWS.  
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delayed reproductive development, which results in pups being born in the spring (Oklahoma Department 

of Wildlife Conservation, n.d.b).  Like most bats, the Indiana bat feeds on a variety of insects found flying 

near rivers, lakes, and uplands (US Fish and Wildlife Service, n.d.a).  

 

Critical habitat for the species has been identified, but none is located in Oklahoma.  The nearest critical 

habitat for the species is located in southeastern Missouri.  No Indiana bats were identified during the 2015 

and 2016 GRDA acoustic surveys (Grand River Dam Authority, 2016).  According to the ODWC publication, 

Bats of Oklahoma Field Guide, Indiana bats are only found in LeFlore and Pushmataha counties, outside of 

the Project vicinity (Oklahoma Department of Wildlife Conservation, 2013).  Since no Indiana bats were 

identified during acoustic surveys at the Project, and the bats are not known to be located in the Project 

vicinity, activities allowed under this SMP are not likely to adversely impact the species. 

 

 Northern Long-eared Bat 

The northern long-eared bat (NLEB) is a federally threatened mammal.  It occurs throughout portions of 

the Ozark highlands and Ouachita Mountains regions of eastern Oklahoma.  At least nine NLEB 

hibernacula are known in Oklahoma, though multiple individuals have been documented at additional 

cave locations.  The NLEB has been found using limestone caves in the Ozark highlands that are used by 

other listed bats, including the gray bat.  The NLEB, however, does not rely on caves for its entire life 

cycle (Oklahoma Department of Wildlife Conservation, n.d.c).  It roosts during the summer months 

underneath loose bark or in cavities or crevices of both live and dead trees.  Non-reproducing females 

and males may also roost in cool places such as caves or mines.  NLEB feed in the forest interior and 

hibernate in caves and mines during the winter (US Fish and Wildlife Service, n.d.b).  Unlike other bats, 

the NLEB does not gather in large colonies in winter and single bats and small groups will often hibernate 

in narrow cracks or crevices in caves (Oklahoma Department of Wildlife Conservation, n.d.c). 

 

USFWS issued its final rule reclassifying the NLEB as endangered under the Endangered Species Act 

(ESA) on November 30, 2022 (US Fish and Wildlife Service, 2022b).  The Pensacola Project is located 

within the bat’s range, and they were detected during acoustic surveys conducted by GRDA in the 

summers of 2015 and 2016.  NLEB accounted for 0.4% of the 273 bats identified during mobile surveys 

and 0.2% of the 34,319 bats identified during stationary surveys (Grand River Dam Authority, 2017b).  

 

Vegetation management activities involving removal of trees within 1/4 mile of a known hibernaculum or 

removal of trees greater than 3 inches in diameter during the bat’s active period has the potential to 

impact the species if proper conditions are not incorporated into shoreline permits. 

 

 Ozark Big-eared Bat 

The Ozark big-eared bat is a federally endangered mammal.  They historically occurred in at least five 

Oklahoma counties; but currently there are only known populations in Adair, Cherokee, and Sequoyah 

counties.  They live in limestone and sandstone talus caves found in oak-hickory forests of the Ozark 

highlands.  The bat relies on caves as both maternity sites for raising young and as hibernacula.  They 

forage within 1 to 5 miles of their caves.  Since the bat is not migratory, individuals often use the same 

caves each year.   

 

During certain periods in their life cycle, the species is very sensitive to disturbance.  Human visitation 

and vandalism of occupied caves can cause cave abandonment (Oklahoma Department of Wildlife 
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Conservation, n.d.d).  No Ozark big-eared bats were identified during 2015 and 2016 GRDA acoustic 

surveys (Grand River Dam Authority, 2016).  The IPaC Official Species List did not identify any critical 

habitat for the species in the Project vicinity.  According to the ODWC publication, Bats of Oklahoma Field 

Guide, Ozark bats only occur within three counties in the state (Adair, Cherokee and Sequoyah), all of 

which are outside of the Project vicinity.  Therefore, activities allowed under this SMP are not likely to 

adversely affect the species. 

 

 Tricolored Bat 

On September 13, 2022, USFWS proposed to list the tricolored bat as an endangered species under the 

ESA.  The bat faces extinction due to the impacts of white-nose syndrome, a deadly disease affecting 

cave-dwelling bats across the country (US Fish and Wildlife Service, n.d.d). 

 

The tricolored bat is one of the smallest bats native to North America and is typically 3 to 3.5 inches long.  

It varies in color from pale yellow to golden brown (Oklahoma Department of Wildlife Conservation, n.d.l).  

The bat is active from spring to fall, primarily roosting among live and dead leaf clusters of live or recently 

dead hardwood trees.  The bats have also been known to roost in other areas including among pine 

needles, eastern red cedar, and within artificial roosts like barns, bridges, concrete bunkers, and rarely 

within caves.  Female bats return to the same summer roosting locations year after year.  The bat 

typically hibernates in caves and mines during the winter.  Where caves are not common, it often 

hibernates in road culverts and sometimes in tree cavities and abandoned wells.  The tricolored bat 

typically returns to the same hibernaculum each year (US Fish and Wildlife Service, n.d.d). 

 

During acoustic surveys conducted by GRDA in the summers of 2015 and 2016, tricolored bats were the 

most frequently identified bat species.  They accounted for 75.2% of the 206 bats identified during 

mobile surveys and 74.0% of the 34,319 bats identified during stationary surveys (Grand River Dam 

Authority, 2017b). 

 

Vegetation management activities involving removal of trees within 1/4 mile of a known hibernaculum or 

involving removal of trees greater than three inches in diameter during the bat’s active period has the 

potential to impact the species if proper conditions are not incorporated into shoreline permits. 

 

 Piping Plover 

The piping plover is a federally endangered avian species.  The species typically breeds along shorelines 

of rivers and lakes from Kansas to Canada.  Only one nesting record exists in the Oklahoma panhandle.  

The bird overwinters on the Gulf Coast.  Many reservoirs throughout the state have harbored piping 

plovers for brief periods and single birds are usually documented at stopover sites.  Piping plovers often 

select mudflats and sandbars to forage for invertebrates.  The birds in Oklahoma are part of the Northern 

Great Plains Population (Oklahoma Department of Wildlife Conservation, n.d.e).  Piping plovers typically 

migrate alone or in small groups and are often seen along sandbars of major rivers, and mudflats of 

reservoirs.  They use sparsely vegetated or bare shorelines to forage for small invertebrates.  Piping 

plovers could occur in areas with suitable foraging habitat within the Project vicinity when migrating 

(Grand River Dam Authority, 2017a).  The IPaC Official Species List did not identify any critical habitat for 

the species in the Project vicinity (US Fish and Wildlife Service, 2022a). 
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Activities that could impact existing mudflats or sandbars have the potential to impact individuals during 

their migration through the area but are unlikely to adversely affect the species. 

 

 Rufa Red Knot 

The rufa red knot is listed as a federally threatened avian species.  The species breeds along the shores 

of the arctic and overwinters in Chile, and only travel through the state of Oklahoma.  They prefer to 

forage on mudflats and use their bills to probe the substrate for mollusks, invertebrates, and seeds.  

Oklahoma is not known as a critical breeding or staging area for the species and ideal foraging habitat for 

the species is limited within the state.  Less than five sightings of the species are reported in Oklahoma 

annually.  Of those, 85% have been reported during fall migration (Oklahoma Department of Wildlife 

Conservation, n.d.f).  The IPaC Official Species List did not identify any critical habitat for the species in 

the Project vicinity (US Fish and Wildlife Service, 2022a).   

 

Activities that could impact existing mudflats have the potential to impact individuals during their migration 

through the area but are unlikely to adversely impact the species. 

 

 Alligator Snapping Turtle 

The alligator snapping turtle (Macrochelys temminckii) is a proposed federally threatened reptile species.  

It is the largest turtle found in North America.  The turtles are found in river systems that flow into the Gulf 

of Mexico and are believed to be restricted to east central and southeastern lakes, rivers, and sloughs.  

They feed on a variety of foods including fish, crayfish, mussels, birds, mammals, and other reptiles 

(Oklahoma Department of Wildlife Conservation, n.d.k).  Females lay eggs in sandy soils or other dry 

substrates within approximately 650 feet (200 meters) from the water’s edge.  Juvenile turtles require 

small streams with mud and gravel bottoms with submerged structures (trees) that allow for foraging and 

predator protection.  Adult turtles require streams and rivers with submerged logs and undercut banks, 

clean water, and ample prey.   

 

In conjunction with the proposed listing, USFWS is also proposing a 4(d) rule that would allow incidental 

take associated with the following activities: 

 

• Construction, operation and maintenance activities that occur near or in a stream (such as 

installation of stream crossings, replacement of existing instream structures (e.g., bridges, 

culverts, water control structures, boat landings, etc.), operation and maintenance of existing 

flood control (or other existing structures) when implemented with industry and/or state-approved 

BMPs for construction;  

• Silviculture practices and forest management activities that use state-approved BMPs to protect 

water and sediment quality and stream or riparian habitat; or 

• Maintenance dredging activities that occur within the previously disturbed portion of the navigable 

waterway as long as activities do not encroach upon suitable turtle habitat outside the maintained 

portion of the channel (US Fish and Wildlife Service, 2021). 

 

Ground disturbing activities that could result in sediment runoff into the reservoir or dredging activities in 

areas of suitable habitat could impact the species if proper conditions are not incorporated into 

shoreline permits. 
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 Neosho Madtom 

The Neosho madtom is a federally endangered species.  The IPaC Official Species List did not identify 

any critical habitat for the species in the Project vicinity (US Fish and Wildlife Service, 2022a).  It is a 

small catfish that prefers areas of swiftly moving water over rocks or gravel.  The fish is nocturnal and 

hides under rocks and aquatic debris during the day and feeds on aquatic insect larvae and other 

invertebrates during the night.  They spawn during the summer and eggs are laid under rocks on the river 

bed.  The species historically occurred within the Illinois, Spring, and Neosho rivers in Oklahoma, but 

currently are only found in a 5-8 mile stretch of the Neosho and Spring rivers south of the 

Oklahoma/Kansas state line (Oklahoma Department of Wildlife Conservation, n.d.g). 

 

The fish is known to occur within the Pensacola Project in the Neosho River upstream of Grand Lake at a 

site periodically inundated when water levels are within the Corps flood control pool (Grand River Dam 

Authority, 2004).   

 

Ground disturbing activities that could result in sediment runoff into the Neosho River in areas of suitable 

habitat could impact the species if proper conditions are not incorporated into shoreline permits. 

 

 Ozark Cavefish 

The Ozark cavefish is a federally threatened fish species.  There is no designated critical habitat for the 

species in the Project vicinity (US Fish and Wildlife Service, 2022a).  The Ozark cavefish is a small fish 

that grows to a maximum length of two inches.  The fish lacks pigment, making it appear as a pinkish-

white color.  The fish is a cave organism and has only been documented in Ottawa and Delaware 

counties.  The fish feeds on small aquatic invertebrates and has also been reported to feed on bat guano, 

such as that of the gray bat (Oklahoma Department of Wildlife Conservation, n.d.h)  The Ozark cavefish is 

known to occupy 41 caves in Oklahoma, but only two caves (Jailhouse Cave and Twin Cave) are located 

near Grand Lake.  Jailhouse Cave is located on Summerfield Creek downstream of the dam and outside 

of the portion of the lake influenced by the rule curve.  Twin Cave is located approximately one mile south 

of Grand Lake at elevation 770 feet PD, well above the flood pool (Grand River Dam Authority, 2004).   

 

Since there are no known occurrences of Ozark cavefish in the Project boundary, it is not expected that 

there will be any adverse impacts to the species from SMP permitted activities.  

 

 Neosho Mucket 

The Neosho mucket is a federally endangered mussel species.  The species is associated with shallow 

riffles and runs with gravel substrates and moderate to swift currents.  They do not occur in reservoirs that 

lack riverine characteristics (US Fish and Wildlife Service, n.d.c). 

 

Critical habitat has been designated for the species, however it is restricted to portions of the Elk, 

Neosho, and Spring rivers.  Critical habitat within the Neosho and Spring rivers are located upstream of, 

and unaffected by operation of the Project.  The critical habitat located on the Elk River begins at the 

intersection of the Elk and Buffalo Rivers.  Although Critical Habitat Area NM2 in the Elk River is in the 

vicinity of Grand Lake, areas designated as Critical Habitat only occur in stream channels and not in 

areas inundated by lakes and reservoirs (US Fish and Wildlife Service, 2015).  Therefore, activities 

allowed under this SMP are not likely to adversely affect the species. 
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 American Burying Beetle 

On October 15, 2020, the USFWS published a final rule reclassifying the American burying beetle from a 

federally endangered to a federally threatened species.  The publication also included a final rule under 

the authority of Section 4(d) of the ESA that provides measures necessary and advisable to provide for 

the conservation of the species.  Outside of designated conservation lands8, incidental take of American 

burying beetles is allowed.  The rule notes that in the Southern Plains analysis area, land use changes 

such as urban development or conversion to agricultural lands are not considered a threat to the viability 

of the species (US Fish and Wildlife Service, 2020a).   

 

American burying beetles prefer open, oak-hickory forests with native grass cover but are also found in 

closed canopy forests and prairie areas.  The beetle is nocturnal and spends the daylight hours buried in 

loose soils.  It feeds on the carcasses of dead animals, especially small birds and rodents.  When a 

carcass is located it is buried in the soil.  The females lay eggs near the carcass.  When eggs hatch, the 

larvae feed on the carcass for about two months until they pupate and emerge as adults (Oklahoma 

Department of Wildlife Conservation, n.d.i).  There is suitable habitat for the species within the Project. 

 

American burying beetle surveys were conducted at the Project in coordination with relicensing.  No 

American burying beetles were identified during the surveys in 2021 and 2022.  Since no beetles were 

identified during relicensing surveys at the Project during relicensing studies and the existing 4(d) rule 

allows any incidental take of individuals that may be impacted by SMP authorized activities it is not likely 

that activities conducted under this SMP will adversely impact the species. 

 

 Monarch Butterfly 

On December 17, 2020, USFWS announced that the listing of the monarch butterfly as endangered or 

threatened was warranted but was precluded by higher priority listing actions.  The decision is the result 

of extensive status review of the species that compiled and assessed the monarch’s current and future 

status.  The monarch is now a candidate species under the ESA.  As a candidate species, its status will 

be reviewed annually until a listing decision is made (US Fish and Wildlife Service, 2020b). 

 

The monarch butterfly is one of the most recognized North American butterfly, 3.5 to 4 inches long with 

striking orange and black wings.  Two distinct populations of monarchs can be found in the United States.  

The western migratory population breeds in the western part of the country and winters near the 

California coast.  The eastern migratory population (which includes Oklahoma) breeds in the central and 

eastern part of the country and winters in Mexico.  Milkweed plants are very important for caterpillars, but 

adult butterflies feed on flowing plants like goldenrod, asters, and gayfeather (Oklahoma Department of 

Wildlife Conservation, n.d.j).   

 

Habitat for the species is located within the Project vicinity.  GRDA has not analyzed the Project effects 

on the species since it is unknown when or if the species will be reclassified and what conservation 

measures will be recommended by USFWS if it is reclassified. 

 

 
8 Designated conservation lands for the American Burying Beetle are limited to lands within the boundaries of Fort Chaffee in 
Arkansas and McAlester Army Ammunition Plant and Camp Gruber. Cherokee Wildlife Management Area in Oklahoma.  No lands 
within the Project vicinity are designated conservation lands. 



27 

 

 

5.7 Botanical Species 

Grand Lake is located in a transitional zone between the Ozark Highlands ecoregion and Central Plains 

ecoregion in Northeastern Oklahoma.  The majority of lands within the Project vicinity are located within 

the Ozark Highlands ecoregion where the oak-hickory, and oak-hickory-pine are the primary forested 

cover types in this ecological region.  Typical species on dry uplands and ridgetops include black oak 

(Quercus velutina), white oak (Quercus alba), blackjack oak (Quercus marilandica), post oak (Quercus 

stellate), winged elm (Ulmus alata), and several hickories (Carya spp.).  The oak-hickory-pine includes all 

of these species plus shortleaf pine (Pinus echinate).  Mesic forests include sugar maple (Acer 

saccharum), white oak, and northern red oak (Quercus rubra) are typical of north facing slopes and 

ravines.  Willows (Salix spp.), bottomland oaks (Quercus spp.), maples (Acer spp.), hickories (Carya 

spp.), birch (Betula spp.), American elm (Ulmus americana), and sycamore (Plantanus occidentalis) are 

typical on floodplains and low terraces (Grand River Dam Authority, 2008a). 

 

In the far northern portion of the Project, primarily within the Neosho River arm of Grand Lake, the oak-

hickory forests transition into the grassland/forest mosaic of the Central Irregular Plains ecoregion.  

Typical dominant species of the tallgrass prairie sites within the ecoregion include big bluestem 

(Andropogon gerardii), little bluestem (Schizachyrium scoparium), Indiangrass (Sorghastrum nutans), and 

switchgrass (Panicum virgatum).  Dry upland forests similar to the oak-hickory forests in the Ozark 

Highlands ecoregion are common on low rocky hills in the region.  Riparian corridors typically are forested 

with species including American elm, oaks, hackberry (Celtis occidentalis), black walnut (Juglans nigra), 

sycamore, and pecans (Carya illinoinensis).  Substantial portions of this ecoregion have been converted 

to agricultural croplands on plains and pasturelands on steeper slopes (Grand River Dam Authority, 

2008a).  Maps showing the vegetation communities surrounding Grand Lake are included in Appendix C. 

 

5.8 Wetlands 

Grand Lake and the surrounding areas contain numerous wetlands.  Wetlands are most abundant along 

the upper, shallow reaches of the reservoir.  In the reservoir’s lower reaches, shoreline areas consist 

primarily of limestone bluffs, with wetland restricted to coves and backwaters of inundated tributaries 

(Grand River Dam Authority, 2008a).  Acreages of the various wetland types within the current Project 

boundary as of 2014 are summarized in Table 5.8-1.  Maps showing the wetlands identified within the 

2014 Project boundary are included in Appendix D. 

 

Table 5.8-1 Wetlands Identified within the Pensacola Project Boundary 

Wetland Type  
Upstream of Dam Downstream of Dam 

Acres Percentage Acres Percentage 

Freshwater Emergent Wetlands  191.9 ac 0.41% 8.6 ac 1.44% 

Freshwater Forested Shrub 3,465.7 ac 7.43% 237.9 ac 39.7% 

Riparian Forested Shrub  564.1 ac 1.21% 0.0 ac 0.0% 

Freshwater Pond  109.1 ac 0.23% 7.9 ac 1.32% 

Lake  41,4867.0 ac 88.94% 317.8 ac 53.04% 

Riverine  829.8 ac 1.78% 27.0 ac 4.51% 

Total Wetlands  46,647.5 ac 100% 599.2 ac 100.1%*     

*Does not add to 100 percent due to rounding 
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5.9 Land Use 

Development along the shoreline of Grand Lake primarily consists of residential, light commercial, and 

business, and limited amounts of agricultural lands.  The lake is a popular location for recreation and 

residential development, particularly summer homes.  The scenic quality of the reservoir and surrounding 

landscape, quality recreational fishing, and proximity to major population centers in Arkansas, Kansas, 

Oklahoma, and Missouri contribute to the lake’s popularity.  The historic availability of land adjacent to the 

Project boundary for private ownership has also contributed to this popularity.  The majority of the 

shoreline above the 750-foot PD contour elevation is privately owned.  As a result, numerous residences 

and business have been constructed around the reservoir, adjacent to the Project boundary (Grand River 

Dam Authority, 2008a). 

 

The popularity of water-based recreation has resulted in significant economic development around Grand 

Lake, particularly in real estate, goods, and services.  There are marinas, resorts, and other commercial 

operations such as campgrounds and restaurants located around the shoreline of Grand Lake (Grand 

River Dam Authority, 2008a).   

 

Construction of private and commercial boat docks by adjacent landowners is allowed within the 

Pensacola Project boundary by application through GRDA’s existing SMP.  Approximately 4,735 private 

docks and 345 commercial boat docks have been permitted by GRDA, primarily on the lower section of 

the Lake, below Sailboat Bridge.  More information regarding boat docks on Grand Lake is provided in 

Section 6.4. 

 

A socioeconomic relicensing study completed for GRDA by Enercon, identified the land uses in the 

Pensacola Project’s region of influence (ROI), which includes the four counties the Project is located 

within.  Agricultural uses and forested lands cover approximately 86.2 percent of the land within the ROI 

(Grand River Dam Authority, 2021b).  Land cover and land uses in the Project vicinity are shown in 

Figure 5.9.-1.  Table 5.9-1 shows the amount of each land use category within the ROI.  Developed 

areas cover 6.3 percent of the land within the ROI (Grand River Dam Authority, 2021b).  

 

A review of lands adjacent to Grand Lake showed that 66.8 percent of lands adjacent to the lake are 

either forested or contain woody wetlands, 14.6 percent are designated as agricultural or crop lands, and 

9.6 percent are developed areas (Grand River Dam Authority, 2021b).  The higher amount of developed 

area adjacent to the lake is indicative of the increased amount of residential, commercial, and recreational 

development associated with the lake.  
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Figure 5.9-1 Land Uses and Land Cover in the Project Vicinity 

  
Source: (Grand River Dam Authority, 2021b) 
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Table 5.9-1 Land Uses in the Pensacola Project Region of Influence 

Land Use 
2019 

Percentage 
2001 

Percentage 

Barren Land 0.23 0.22 

Cultivated Crops 3.95 3.06 

Deciduous Forest 26.95 28.07 

Developed, Open Space 3.59 3.88 

Developed, Low Intensity 1.6 1.03 

Developed, Medium Intensity 0.79 0.34 

Developed, High Intensity 0.27 0.12 

Emergent Herbaceous Wetlands 0.14 0.11 

Evergreen Forest 0.27 0.12 

Hay/Pasture 52.86 54.88 

Herbaceous 2.49 1.92 

Mixed Forest 1.16 1.18 

Open Water 3.8 3.76 

Scrub/Shrub 0.89 0.24 

Source: (Grand River Dam Authority, 2021b) 

 

5.10 Aesthetics 

The lands adjacent to the northern and western shores of the Project reservoir are characterized by rolling 

plains with occasional hills and ridges.  The shoreline of Grand Lake in these areas has generally gentle 

slopes.  The lands adjacent to the southern and eastern shorelines are characterized by deep ravines and 

narrow valleys separated by broad, gently rolling uplands.  Shorelines in these areas are primarily steep 

rocky beaches and bluffs.  The vegetation along the shoreline of the Project reservoir ranges from forested 

to contiguous manicured lawns within areas of residential and commercial development.  The overall river 

basin is dominated by deciduous forests (Grand River Dam Authority, 2008a).  

 

The Project varies considerably in the amount of development along the shoreline between the upper and 

lower sections of Grand Lake.  The majority of the shoreline of the lower portion of the lake is highly 

developed.  The upper section of the lake has less development and exhibits a natural aesthetic (Grand 

River Dam Authority, 2008a). 

 

5.11 Cultural Resources 

GRDA is currently in the process of conducting extensive cultural studies within the Pensacola Project’s 

area of potential affect (APE) as part of the Project’s relicensing.  These studies include a cultural historic 

investigation, archaeological field investigations, and an ethnographic study.  The results of the studies 

are outlined in each study’s report.  Throughout this process, GRDA has consulted with tribes that are 

federally recognized tribes in Oklahoma and/or tribes that have expressed an interest in the Project.  

These tribes include the Alabama-Quassarte Tribal Town, Apache Tribe of Oklahoma, Caddo Nation of 

Oklahoma, Cherokee Nation, Delaware Nation, Eastern Shawnee Tribe of Oklahoma, Inter-Tribal Council, 

Iowa Tribe of Oklahoma, Kiowa Tribe, Little Traverse Bay Bands of Odawa Indians, Miami Tribe of 

Oklahoma, Modoc Tribe of Oklahoma, Muscogee (Creek) Nation, Osage Nation, Otoe-Missouria Tribe of 

Indians, Ottawa Tribe of Oklahoma, Peoria Tribe of Oklahoma, Quapaw Tribe of Oklahoma, Sac and Fox 

Nation of Oklahoma, Seneca-Cayuga Nation, Shawnee Tribe of Oklahoma, Tonkawa Tribe of Oklahoma, 

United Keetoowah Band of Cherokees, Wichita and Affiliated Tribes, and Wyandotte Tribe of Oklahoma 
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(Grand River Dam Authority, 2021c).  While GRDA consulted with the listed tribes, not all have been 

active in the relicensing process. 

 

Ground disturbing activities along the shorelines have the potential to adversely affect archaeological and 

other historic properties.  For that reason, any proposed development along the shoreline will be 

governed by the procedures outlined in the Historic Properties Management Plan, which is under 

development as part of the relicensing effort. 

 

5.12 Socioeconomic Resources 

 Demographics 

The Project is located in the Craig, Delaware, Mayes, and Ottawa counties in northeastern Oklahoma.  

The counties are predominantly rural in nature.  The counties have population densities of 19.7, 56.2, 

63.0, and 67.6 people per square mile, respectively.  The 2020 census shows that the population has 

decreased in all four counties from 2010.  During the same period, the population of the state of 

Oklahoma has increased.  Based on the Demographic State of the state report, all four counties are 

expected to increase in population (Oklahoma Department of Commerce, 2012).  All four counties have 

lower percentages of the population under 18 and higher percentages of the population over 65 years old 

than the state of Oklahoma.  Housing vacancy rates are higher and median home values are lower than 

of the state as a whole (Grand River Dam Authority, 2021b).  Table 5.12.1-1 provides a summary of the 

major socioeconomic characteristics in Craig, Delaware, Mayes, and Ottawa counties. 

 

Table 5.12.1-1 Selected Demographic and Economic Characteristics for Craig, Delaware, Mayes, and 

Ottawa Counties, Oklahoma 

Demographic Characteristic 
Craig 

County 
Delaware 
County 

Mayes 
County 

Ottawa 
County 

State  

2000 Population Total 14,950 37,077 38,369 33,194 3,751,351 

2010 Population Total 15,029 43,009 41,259 31,848 3,956,971 

2020 Population Total 14,107 40,397 39,046 30,285 3,959,353 

2030 Projected Population 14,778 53,473 49,305 33,013 4,302,501 

2040 Projected Population 14,622 59,348 53,572 33,659 4,581,319 

2050 Projected Population 14,466 65,817 57,838 33,271 4,860,667 

2060 Projected Population 14,309 71,117 62,104 34,951 5,140,129 

Persons under 18 years old  21.5% 20.0% 24.0% 23.4% 24.0% 

Persons 65 or older  19.6% 25.0% 18.4% 18.3% 15.7% 

Total Housing Units 6,369 24,086 18,263 13,714 1,746,807 

Housing Unit Vacancy Rate 30.8% 16.7% 16.7% 13.5% 12.1% 

Median Home Value  
2019 estimate 

$109,000 $117,900 $112,800 $86,300 $147,000 

Change in Median Home Value 
2010-2019 

25.3% 27.6% 26.5% 9.7% 32.0% 

Source: (Grand River Dam Authority, 2021b), (Oklahoma Department of Commerce, 2012) 

 

 Economic Activity 

In 2016 the top specialized industries in Craig, Delaware, Mayes, and Ottawa counties are shown in Table 

5.12.2-1, below.  The top industry by employment in Craig (19%) and Ottawa (35.2%) counties was state 

and local government.  Delaware County’s top industry was agriculture at 8.4%.  Mayes County’s top 

industry was manufacturing with 15.5% (Grand River Dam Authority, 2021b).  The recreation and tourism 
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industry also play important roles in the local economy.  Many seasonal businesses are established to 

capitalize on the tourism industry and support the interests and needs of visitors and permanent seasonal 

residents.  These businesses include fast food restaurants, gas stations, shops, marinas, retail stores, etc.  

These establishments provide employment opportunities and contribute to the economic stability of the 

area (Grand River Dam Authority, 2008a). 

 

Table 5.12.2-1 Top Specialized Industry by Employment 

Industry 
Number of 

Jobs 
(thousands) 

Percentage  
of Jobs 

Craig County 

State and Local Government 1.7 19% 

Agriculture 1.3 14.3% 

Health and Social Assistance .95 10.6% 

Transportation .24 2.7% 

Utilities .18 2% 

Delaware County 

Agriculture 1.4 8.4% 

Construction 1.4 8.3% 

Real Estate .78 4.8% 

Arts and Entertainment .35 2.2% 

Forestry and Fishing .09 0.5% 

Mayes County 

Manufacturing 2.8 15.5% 

State and Local Government 2.5 13.6% 

Retail 2.2 12.4% 

Agriculture 1.6 9.0% 

Construction 1.6 9.0% 

Ottawa County 

State and Local Government 5.7 35.2% 

Agriculture 1.2 7.4% 

Manufacturing 1.1 7.0% 

Other Services .96 5.9% 

Forestry and Fishing .09 0.5% 

Source: (Grand River Dam Authority, 2021b) 

 

Information regarding the employment and income status for residents of Craig, Delaware, Mayes, and 

Ottawa counties and the state of Oklahoma is shown in Table 5.12.2-2, below.  All four counties have 

lower unemployment rates, lower percentage of residents in the labor force, lower median household 

incomes, and lower rates of higher education than the state as a whole.  Of the four counties, only Mayes 

County has a lower percentage of its population living in poverty than the state as a whole (Grand River 

Dam Authority, 2021b).   
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Table 5.12.2-2 Employment and Income for Craig, Delaware, Mayes and Ottawa Counties 

Measure 
Craig 

County 
Delaware 
County 

Mayes 
County 

Ottawa 
County 

State of 
Oklahoma 

2020 Unemployment Rate 5.4% 5.3% 5.0% 5.7% 6.1% 

Employment Status  
(civilian population 16 years 
and over in labor force) 

51.9% 48.1% 56.0% 55.5% 60.7% 

Median Household Income 
(in 2018 dollars) 

$41,701 $39,742 $48,853 $39,070 $51,424 

Persons in Poverty 19.5% 20.7% 15.5% 20.6% 15.6% 

Education-High School 
Graduate or Higher 

86.6% 83.9% 86.6% 84.9% 87.8% 

Source: (Grand River Dam Authority, 2021b) 

 

Based on the March 2015 Oklahoma Department report Economic Impact of the Grand River Dam 

Authority, GRDA supports over 7,100 jobs in Oklahoma’s economy.  Of these 7,100 jobs, approximately 

25 percent were directly related to construction of the Grand River Energy Center, approximately 40 

percent were due to day-to-day operations, and approximately 35 percent were derived from tourism, low 

power costs, and quality of life associated with living in close proximity to GRDA facilities (Oklahoma 

Department of Commerce, 2015). 
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The following sections summarize recreational opportunities and uses associated with the Pensacola Project. 

 

6.1 Recreation Management at the Pensacola Project 

GRDA shares responsibility and authority for recreation management at the Pensacola Project with 

ODWC, the Oklahoma Tourism and Recreation Department (OTRD) and several local communities.  

Each entity has differing responsibilities and management authorities. 

 

6.2 Oklahoma Department of Wildlife Conservation 

The ODWC manages fisheries, establishes hunting and fishing regulations for state waters, including 

those within the Project, and may assist other state agencies or other entities in the establishment, 

maintenance, and operation of educational facilities, recreational facilities, and hunting and fishing 

facilities (Grand River Dam Authority, 2008a). 

 

6.3 Oklahoma Tourism and Recreation Department 

The state of Oklahoma has prepared a Statewide Comprehensive Outdoor Recreation Plan (SCORP) 

that provides updated information on the state of Oklahoma’s parks, the quantity and quality of recreation 

opportunities, and an assessment of management topics to address in the future.  Oklahoma’s SCORP, 

written in 2017, identifies issues that impact recreation within the state and recommendations to address 

them (Oklahoma Tourism and Recreation Department, 2017).   

 

GRDA owns and maintains five recreation sites (see Section 6.4.1) that provide public access and are 

part of the Project.  GRDA’s continued operation and maintenance of these facilities is consistent with the 

Oklahoma SCORP. 

 

There are many public, commercial, and private entities that provide recreational access to the Pensacola 

Project.  GRDA, the OTRD, and local municipalities all provide public access.  Commercial businesses, 

such as marinas, provide both fee and non-fee recreation services to the public.  Private access is also 

available from individual shorefront properties, and neighborhood associations (Grand River Dam 

Authority, 2008a).   

 

 GRDA FERC-Approved Recreation Sites 

There are five recreational sites owned and operated by GRDA that provide public access to Project 

waters.  The sites are listed in Table 6.4.1-1 and are managed consistent with the requirements of the 

Recreation Management Plan.  All of the sites provide boating access to Grand Lake.  One site also 

provides picnic facilities, a designated swim area, a fishing pier, and a restroom. 
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Table 6.4.1-1 FERC-Approved Recreation Sites 

Recreation Site Name Recreation Facilities 

Big Hollow Public 
Access 

Boat launch (1), no designated parking area 

Duck Creek Bridge 
Access Area 

Boat launch (1), parking for 6 vehicles with trailers 

Monkey Island Public 
Boat Ramp 

Boat launch (1), parking for 15 vehicles with trailers 

Seaplane Base Public 
Access 

Boat launch (1), parking for 9 vehicles with trailers 

Wolf Creek Public 
Access 

Boat launch (6), picnic facilities, pavilion, restrooms, mooring docks, barrier-
free fishing dock, designated swim area, and parking for a total of 413 
vehicles9 

Source: (Grand River Dam Authority, 2021d) 

 

 State Park Recreation Sites 

OTRD operates nine state parks along the shorelines of the Pensacola Project.  GRDA has either 

transferred ownership of the land or provided easements to use the land for these parks to the OTRD.  

The parks and recreation amenities available for public use are shown in Table 6.4.2-1. 

 

Table 6.4.2-1 State Parks in the Pensacola Project Vicinity 

State Park Name Recreation Amenities 

Bernice State Park 
RV and primitive campsites, boat launch (2 lanes), picnic facilities, restrooms, 
hiking trails, nature center, designated swimming area, parking 

Disney State Park Primitive campsites, boat launch (3 lanes), picnic facilities, parking 

Honey Creek State 
Park 

RV and primitive campsites, boat launch (1 lane), picnic facilities, restrooms, 
mooring dock, fishing dock, visitor center, and parking 

Little Blue State Park Primitive campsites, picnic facilities 

Twin Bridges Lower 
RV and primitive campsites, boat launch (2 lanes), picnic facilities, restroom, 
playgrounds, mooring dock, and parking 

Twin Bridges Upper 
Primitive campsites, picnic facilities, pavilions, restrooms, playgrounds, and 
parking 

Cherokee State Park-
Main 

Primitive campsites, restrooms, and parking 

Cherokee Lakeside 
State Park 

RV campsites, boat launch (1 lane), picnic facilities, pavilion, playground, 
restrooms, designated swimming area, and parking 

Cherokee Riverside 
State Park 

RV and primitive campsites, picnic facilities, pavilion, restrooms, and parking 

Source: (Grand River Dam Authority, 2021d) 

 

 Other Public Recreation Access Sites 

There are several other sites in the Pensacola Project vicinity that provide recreation access to Grand 

Lake.  Other public recreation access sites that were evaluated during the 2021 recreation study and the 

recreation amenities they provide are shown in Table 6.4.3-1. 

  

 
9 Some of these facilities are located outside of the Project boundary. 
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Table 6.4.3-1 Other Public Recreation Access Sites in the Pensacola Project Vicinity 

Access Site Name Owner/Operator Recreation Amenities 

Connors Bridge GRDA 
Boat launch (2), barrier-free mooring dock, and 
parking  

Council Cove Ottawa County 
User developed gravel boat launch, picnic 
facilities, and parking 

Riverview Park City of Miami 

East Side  
Boat launch (1), mooring dock, picnic facilities, 
pavilion, playground, restrooms, ball fields, and 
parking 
West Side 
Boat launch (1), barrier-free mooring dock, picnic 
facilities, and parking 

Spring River Ottawa County Boat launch (1), mooring dock, and parking 

Willow Park Town of Ketchum Boat launch (1) and parking 

Source: (Grand River Dam Authority, 2021d) 

 

 Commercial Development/Recreation Access 

Currently, there are numerous commercial facilities on Grand Lake.  According to 2021 GRDA permitting 

records, there are a total of 345 commercial docks, 58 commercial boat ramps, 25 commercial barges, 

and 12 commercial watercraft rental establishments currently permitted.  Each of these facilities provides 

public recreational access to the lake. 

 

 Private Recreation Access 

Private docks and residential boat ramps provide lake access for individual households or small groups of 

households.  According to a shoreline development inventory completed in 2006, there are a total of 437 

private boat ramps on Grand Lake.  These boat ramps typically consist of an access roadway and boat 

ramp, with no parking area or other supporting facilities (Grand River Dam Authority, 2008a).  As outlined in 

the construction standards, new private boat ramps are only allowed if they serve at least 25 households. 

 

GRDA issues permits for private docks within the Pensacola Project.  According to 2021 GRDA permitting 

records, there are a total of 4,735 docks with a total of 6,607 private boat slips permitted at the Project.  

The majority of the private docks are in the southern two-thirds of the Project due to historical development 

patterns.  The availability of deeper and wider reaches of Grand Lake at the southern end of the lake and 

the proximity to population centers has resulted in a high concentration of private docks in this area. 

 

6.4 Estimates of Recreational Use 

GRDA conducted a recreation study in 2020 to characterize the recreation resources in the Pensacola 

Project vicinity.  The study included recreation observation surveys during the 2020 recreation season 

from May through September and included personal interviews with recreationists, a recreation facility 

inventory of each recreation site, a facility condition assessment, and data collection on the effects of high 

water on recreation site usability.  The study also characterized the amount of current use and estimated 

future demand for public recreation use (Grand River Dam Authority, 2021d).  The following sections 

detail information collected during the study. 
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 Current Recreational Use 

GRDA conducted recreation observation surveys of each of the nineteen recreation sites detailed in 

Section 6.4 from March 2020 to January 2021.  A total of 30 surveys were completed during this 

timeframe.  A total of 9,820 visitors (327.3 visitors per survey) were observed using the recreation sites 

during the surveys.  Use ranged from a low of 1 visitor at Big Hollow (0.03 visitors per survey) to 2,674 

visitors (89.1 visitors per survey) at Little Blue State Park.  Observed recreation use exceeded the 

capacity at only one site, Little Blue State Park, which exceeded 200 percent of its formal parking 

capacity.  For the remaining sites, observed use ranged between 0% of parking capacity at Big Hollow to 

74.5% of parking capacity at Bernice State Park.  All of the sites, with the exception of Little Blue State 

Park can accommodate a minimum of 25% more parking capacity.  Expansion of formal parking capacity 

at Little Blue State Park is not feasible due to the surrounding topography and geography at the site, 

however overflow parking is allowed on the roadsides in the area (Grand River Dam Authority, 2021d). 

 

 Boating Density 

GRDA regularly conducts aerial boat surveys at the Project to determine boater density.  In 2020, GRDA 

conducted aerial surveys of the entire reservoir during three holiday weekends.  During the surveys, an 

average of 1,640 boats were identified per survey.  Approximately 48% of the boats were involved with 

power boating activities.  Other major uses noted were rafting (36%) and operation of personal 

watercraft/jet skis (10%). 

 

 Projected Recreational Use 

Many factors contribute to people’s participation in recreation activities.  Population growth is one of the 

primary factors in the growth of recreation demand.  The populations of the four counties around Grand 

Lake have decreased between 2010 and 2020, but all four counties are projected to have population 

increases between 2020 and 2060.  Craig County is projected to increase by 1.4 percent, Delaware 

County by 76 percent, Mayes County by 59 percent, and Ottawa County by 15.4 percent (Oklahoma 

Department of Commerce, 2012).  If participation in recreation increases at the same rate and follows a 

similar pattern, one can expect to see increased recreation demand in the future. 

 

 Future Recreation Needs 

The existing recreation sites provide adequate access to Grand Lake.  Surveys conducted in 2020 

showed that only one site (Little Blue State Park) exceeded its parking capacity.  As previously discussed, 

it is not feasible to expand the parking facilities at that site.  None of the other sites were utilized at more 

than 75 percent of capacity, allowing room for increased use without the need for improvements to 

existing recreation facilities or the establishment of new recreation sites in the near future (Grand River 

Dam Authority, 2021d).  To address future recreation needs during the term of the new license, GRDA 

has proposed to develop a new RMP will address maintenance of FERC-approved recreation sites, and 

provide a provision to complete a recreation use survey, recreation site inventory, and recreation site 

condition assessment in year 25 after the new license is issued to evaluate whether improvements to 

existing facilities or new recreation facilities are necessary. 
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Enjoyment and use of Grand Lake by residents and visitors alike relies, in part, on facilities, structures, 

and other developments that permit access to the shoreline and the lake and provide necessary or 

requested services for visitors and residents.  As development pressure and general use of the Project 

increases, the potential for conflict regarding the types, sizes, and general acceptability of particular uses 

also increases.  Overcrowding, restricted shorefront/waterway access, and loss of aesthetic values are all 

potential outcomes of unrestricted development of shorefront uses.  Additionally, the potential for 

environmental degradation increases if unrestricted or unregulated development occurs without 

guidelines and standards (Grand River Dam Authority, 2008a). 

 

This section of the SMP provides a comprehensive framework for determining the types of shoreline 

facilities and activities that are appropriate within specific areas of the Project in relation to existing uses 

and environmental resources.  This system was developed to protect and enhance the Project’s land and 

water resources while providing for hydropower operations, future recreational enhancements, and lake 

access by the general public and adjacent landowners.  The two components of this system are the SMC 

and Allowable Use Categories (AUC).  SMC are designations applied to Project lands that define GRDA’s 

management goals for the area and identify generally permitted uses through reference to the AUC.  The 

AUCs define the common use types and identify additional considerations for determining site specific 

appropriateness (Grand River Dam Authority, 2008a). 

 

GRDA made qualitative evaluations of existing shoreline uses and environmental resources immediately 

adjacent to and/or within the Project.  This basis of the evaluation was a series of maps produced using 

existing Graphic Information System (GIS) databases that included palustrine wetlands, contour and 

bathymetric data, and aquatic and terrestrial habitats considered significant by state and federal wildlife 

agencies.  GRDA compared these resources with existing shoreline development data obtained by GRDA 

staff through a lake-wide global positioning system (gps) effort, review of aerial photography, and the 

personal and corporate knowledge of GRDA staff and stakeholders.  This analysis made in light of 

environmental, aesthetic, and social values and shoreline access expectations, led to the identification of 

the following SMC and AUC (Grand River Dam Authority, 2008a). 

 

7.1 Shoreline Management Classifications  

 Project Operations Areas 

Project Operations Areas are reserved for current and potential future Project operation and related 

functions.  This category includes all Project lands used for the hydroelectric generation, dams, spillways, 

switchyards, transmission facilities and right-of-way areas, security lands, and other operational areas.  

While sometimes occurring within or adjacent to other use areas, these specific shoreline uses require a 

degree of separation from other activities to ensure public safety or to assure the security of the Project 

infrastructure (Grand River Dam Authority, 2008a). 

 

 Municipal/Public Use Areas 

Municipal/Public Use Areas are for uses that serve a public purpose or governmental function such as 

state parks, public beaches, municipal water intake/outflow, transmission/utility line crossing, roads, 

bridges, and gas/oil pipelines.  Typically, public agencies, governmental bodies, or utility providers 

manage the areas.  GRDA will not permit new uses outside the scope of the existing management 
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objective of the managing entity at these locations.  GRDA does not permit private residential or 

commercial activities at these locations unless they are consistent with the management policies of the 

area and operating body requests the new use (Grand River Dam Authority, 2008a). 

 

 Stewardship Areas 

Stewardship Areas contain important or sensitive resources that require special attention, consideration, 

and protection in order that their significant environmental, cultural, or aesthetic contributions not be 

threatened, diminished, or lost.  Stewardship Areas include certain resources protected by state and/or 

federal law, natural or cultural features considered important to the area or natural environment, and 

areas maintained for habitat, water quality protection, and general aesthetics.  These areas may include 

palustrine wetlands and sensitive aquatic or terrestrial habitat.  All currently undeveloped islands owned 

by GRDA are also included in the Stewardship Area classification (Grand River Dam Authority, 2008a).  

 

While not specifically identified within the Stewardship classification, GRDA provides protection to historic 

and culturally sensitive areas within the Project.  Because of the sensitive nature of cultural or historic 

resources, their locations may not be public information.  GRDA maintains data supplied by the State 

Historic Preservation Office (SHPO) and the Oklahoma Archaeological Society (OAS) that identifies 

potential and significant cultural resource sites.  GRDA will review all ground-disturbing activities to 

determine if there is a possible adverse effect on those resources.  Potential effects to cultural or historic 

resources may result in the denial of a permit or require compliance with protection and mitigation 

measures suggested by the SHPO or the AOS (Grand River Dam Authority, 2008a). 

 

It is unlikely that GRDA will permit new uses in Stewardship Areas, as it intends to manage these lands 

exclusively for the benefit of these unique resources.  GRDA may permit temporary activities that do not 

require any form of construction, long-term use, or that may result in any adverse effect on the protected 

resource.  Examples of temporary activities may include bird-dog trials, one-time outdoor athletic events, 

and educational projects or programs such as those associated with schools, universities, service clubs, 

or youth organizations.  These temporary permits will be highly restrictive to avoid negative effects to 

these resources (Grand River Dam Authority, 2008a). 

 

Generally, no dredging or vegetation management would be permitted in Stewardship Areas, though 

GRDA would review and consider site-specific vegetation management plans.  Removal of vegetation 

in wetlands in Stewardship Areas will not be allowed (Federal Energy Regulatory Commission, 2016).  

Any new “permanent” uses proposed for a designated Stewardship Area will only be considered if the 

project applicant: 

 

• Provides compelling evidence of hardship or establishes that a considerable public interest exists 

for allowing the use that substantially outweighs the interest in preservation; 

• Justifies the project location as the only feasible alternative; and 

• Provides specific protection, mitigation, and /or environmental enhancements as may be 

prescribed by GRDA or through any consultation with jurisdictional agencies (Grand River Dam 

Authority, 2008a). 
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All proposed uses in Stewardship Areas are subject to a consultation process involving state and federal 

resource agencies and may involve development of an Environmental Assessment or Environmental 

Impact Statement by project applicants (Grand River Dam Authority, 2008a).   

 

Uses in Stewardship Areas in existence at the time of the enactment of the original SMP shall be allowed 

to continue, subject to the following conditions: 

 

• The use was properly permitted on or before October 17, 2013—the date FERC approved the 

original SMP. 

• The use is maintained in accordance with guidelines provided by GRDA. 

• The continuation of the use does not pose irreparable harm to the area (Grand River Dam 

Authority, 2008a). 

 

 Wildlife Management Areas 

Wildlife Management Areas (WMAs) are lands managed exclusively for the preservation and enhancement 

of aquatic and terrestrial habitat.  Areas within this designation include all WMAs identified in the FERC 

license as well as lands acquired for the purpose of being developed as additional WMAs.  These areas 

are generally characterized as larger tracts of land, removed from pressures of competing uses, where the 

benefits of habitat protection can be best realized (Grand River Dam Authority, 2008a). 

 

WMAs are afforded the highest degree of protection under this SMP.  Allowed uses in WMAs shall be 

limited to those related to the preservation and enhancement of habitat.  Uses inconsistent with this 

purpose shall not be allowed except with a waiver granted by the GRDA Board and approved by FERC.  

Any such use will require mitigation (Grand River Dam Authority, 2008a). 

 

The WMAs are created with the intent of providing mitigation for the uses allowed in the Responsible Growth 

areas including those allowed by the Vegetation Management Plan (Grand River Dam Authority, 2008a). 

 

  Responsible Growth Areas 

Responsible Growth Areas are Project lands GRDA intends to manage to accommodate reasonable 

demands for public and private uses that are conducive to the protection and enhancement of Grand 

Lake’s environmental, recreational, and socioeconomic resources.  Designation of Project land as a 

Responsible Growth Area does not imply approval of a particular use or exempt an applicant from 

permitting requirements. 

 

Responsible Growth Areas contain existing residential and/or commercial uses and areas of limited or no 

development not otherwise classified in this SMP.  Generally, Responsible Growth Areas do not contain 

sensitive or important resources that require the degree of protection afforded by the other SMC. 

 

Generally, Responsible Growth Areas are available for the uses detailed in the Commercial and Residential 

Allowable Use Categories (see Section 7.2).  However, certain allowable uses may not be appropriate in 

some Responsible Growth Areas, given the location’s characteristics and prevailing use patterns. 
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Prior to allowing new uses in these areas, GRDA will consider the following: 

• Characteristics of existing permitted uses and recreational uses within a half mile radius; 

• Shoreline topography and geometry; 

• Impact on safety and navigation; 

• Environmental effects; 

• Cultural Resource effects; 

• Recreational use effects; and 

• Potential economic development and tourism benefits. 

 

 Responsible Growth-Sensitive 

GRDA is proposing to consolidate the existing Responsible Growth-Wetland and Responsible Growth-

Sensitive Classifications into one new classification designated as Responsible Growth-Sensitive in order to 

simplify the SMP.  Proposed activities occurring in both existing categories require additional review due to 

the potential presence of wetlands, steep slopes, shallow areas, or sensitive aquatic or terrestrial habitat. 

 

Currently a wetland delineation is required to be completed by the project applicant in any areas classified 

as Responsible Growth-Wetland.  This classification included lands that contain palustrine wetlands, 

according to the National Wetland Inventory (NWI), and have diminished resource management potential 

that did not warrant inclusion in the Stewardship category.  Combining the Responsible Growth-Wetland 

and Responsible Growth Sensitive classifications will require an additional step in GRDA’s review of any 

proposed projects in this SMC.  Since many former “sensitive” areas do not include NWI wetlands, GRDA 

will add a step in their permit review process to review NWI wetland maps for all proposed projects in the 

new category.  If NWI palustrine wetlands are identified, the project applicant will be required to complete a 

wetland delineation (as outlined in the Corps’ Wetland Delineation Manual) as part of the permit 

application.  If wetlands are identified by the wetland delineation, the affected shoreline would be 

reclassified to a Stewardship classification and GRDA would apply the management provisions of the 

Stewardship SMC in the SMP.  If no wetlands are identified, GRDA would consult with ODWC and 

USFWS to determine if any other sensitive resources are identified in the area.  If so, GRDA would 

process the application in accordance with its stipulations under the Responsible Growth-Sensitive 

classification.  If not, the area would be reclassified as part of the Responsible Growth SMC. 

 

Vegetation management activities occurring within this revised SMC also require a GRDA permit (see 

Section 10.5).  The activities allowed by the Standard Land Use Article may be permitted in Responsible 

Growth-Sensitive areas.  GRDA must consult with USFWS and ODWC prior to issuing permits for 

activities allowed under paragraph (b) (conveyances that GRDA may approve without prior FERC 

approval as described in Section 10.1) of the Land Use Article for proposed activities within the 

Responsible Growth-Sensitive areas. 

 

7.2 Allowable Use Categories  

The following AUC and definitions capture the majority of allowed uses within the Project.  GRDA 

recognizes other current or potential future uses may fall outside these definitions.  In some instances, 

GRDA may permit a use determined to have such a limited impact as to have little or no effect on 

resources and existing uses in any management classification.  Other more intensive uses may have 

more significance/effect on a management area and may require more scrutiny and justification through 

GRDA’s permitting process or be denied altogether (Grand River Dam Authority, 2008a). 
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 Commercial Uses 

Commercial uses of the Project generally do not occur distinct from other uses on Grand Lake.  They are 

scattered along the shoreline and often are adjacent to other uses.  Commercial uses typically have more 

intensive use patterns than residential or municipal/public uses.  Additionally, commercial facilities, 

particularly those with multiple dock slips and mooring are generally significantly larger than residential 

uses.  Commercial uses may have a greater potential for affecting navigation on the lake, particularly if they 

are located in narrower coves and inlets.  Therefore, these uses are best located in areas with adequate 

shoreline and water depth to allow construction and operation with minimal effect on environmental 

resources (Grand River Dam Authority, 2008a).  No gravel mining or new commercial wastewater treatment 

facilities will be permitted on lands owned by GRDA within the Project boundary. 

 

Existing and Potential Commercial Uses include: 

• Full-service marinas 

• Commercial docks (regardless of the number of slips) 

• Courtesy docks 

• Boat ramps 

• Marine railways and trams 

• Breakwaters 

• Shoreline stabilization 

• Dredging/channeling 

• Commercial water withdrawal (e.g., golf courses) 

• Vegetation management 

• Agricultural (Grand River Dam Authority, 2008a) 

 

 Residential Uses 

GRDA will continue to permit uses associated with private residential or residential associations’ uses.  

However, certain cove areas, shoreline locations with shallow water, areas considered congested, or which 

support important or sensitive resources may be inappropriate for new uses related to residential 

development.  For new developments, GRDA will place particular emphasis on consolidating uses to 

minimize shoreline effects for both single and multi-family shoreline uses (Grand River Dam Authority, 

2008a).  No new private septic systems will be permitted on GRDA owned lands within the Project boundary. 

 

Existing and Potential Residential Uses include: 

• Private docks 

• Community docks 

• Multi-boat slips 

• Boat ramps10 

• Marine railways and trams 

• Breakwaters 

• Shoreline stabilization 

• Dredging/channeling 

• Vegetation management 

• Residential water withdrawal (Grand River Dam Authority, 2008a)  

 
10 New residential boat ramps are only permitted if they serve a minimum of 25 households. 
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 Municipal and Public Uses 

In general, municipal and /or public uses as identified in this section are site-specific uses that occur 

distinct from other uses.  GRDA developed definitions and identified specific areas within or adjacent to 

the Project boundary where known municipal/public uses occur.  In doing so, GRDA acknowledges that 

the degree of separation from other uses may be necessary for the safe operation and/or safe delivery of 

service associated with these types of uses.  Any proposed municipal or public use area proposed 

outside of, and within existing designated areas must be able to demonstrate the use is in the public 

interest (Grand River Dam Authority, 2008a). 

 

Municipal/Public Uses include: 

• Public/municipal water withdrawal/discharge 

• Water treatment systems 

• Parks 

• Boat ramps 

• Docks 

• Wildlife management areas (Grand River Dam Authority, 2008a) 

 

7.3 Shoreline Management Classification Mapping 

GRDA’s GIS, local knowledge of both GRDA staff and stakeholders, and site-specific verification served 

as the basis for determining the most appropriate and pertinent locations to apply the SMC within the 

Project.  Not all shoreline areas that generally meet the SMC definitions necessarily fall into that particular 

classification.  As an example, an area may have one or more environmental characteristics that fall into 

the Stewardship definitions; however, existing commercial or residential use within that particular area 

precludes application of the Stewardship classification to that area (Grand River Dam Authority, 2008a).  

Figure 7.3-1 shows an overview of the SMC within the entire Project.  More detailed maps are shown in 

Appendix E.  A comparison of the amount of each SMC in the updated SMP versus the current SMC 

approved in the current SMP are shown in Table 7.3-1.   

 

While GRDA developed the mapping of SMCs as comprehensively as possible, in some cases, the level 

of information available may not allow for a completely accurate identification of property boundaries or 

pinpoint Stewardship Areas.  Therefore, property owners who believe GRDA applied a particular SMC 

erroneously to the shoreline adjacent to their properties may contact GRDA for a site-specific review and 

verification of that classification, should they wish to propose a project or use that does not qualify as an 

allowable use within the existing SMC (Grand River Dam Authority, 2008a). 

 

GRDA will maintain a current, updated database showing the SMCs at Grand Lake.  These maps are 

available from GRDA’s Department of Ecosystems Management.  As discussed in Section 11.0, minor 

updates to the mapping that supports the SMC will occur periodically, with a lake-wide review of all SMC 

during the six-year update (Grand River Dam Authority, 2008a). 

 

As shown in Table 7.3-1, the updated SMC maps showed a slight increase in the amount of the 

Municipal/Public Use classification, a decrease in the amounts of the Responsible Growth and Responsible 

Growth-Sensitive classifications, and an increase in the amount of Stewardship classification. 
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Figure 7.3-1 Pensacola SMC Overview Map 
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Table 7.3-1 Grand Lake SMC Classifications by Distance and Percentage 

SMC Type 
SMP Update 

Shoreline 
Distance (mi) 

SMP Update  
Shoreline 

Percentage 

Original SMP 
Shoreline 

Distance (mi) 

Original SMP 
Shoreline 

Percentage 

Municipal/Public Use 8.57 1.65% 7.61 1.45% 

Project Use 1.90 0.37% 1.88 0.36% 

Responsible Growth 272.25 52.37% 278.0711 53.28% 

Responsible Growth-
Sensitive12 

65.41 12.58% 68.5813 13.14% 

Stewardship 156.24 30.05% 150.25 28.79% 

Wildlife Management 15.47 2.98% 15.47 2.96% 

Total 519.8514 100.00% 521.86 99.98%15 

 

  

 
11 The original SMP identified 319.07 miles in the Responsible Growth classification.  When the additional classification of 
Responsible Growth-Sensitive was required by FERC, 41.0 miles of Responsible Growth classification was transferred to the 
Responsible Growth-Sensitive classification. 
12 GRDA has combined the Responsible Growth-Wetland and Responsible Growth-Wetland classifications in the updated SMP. 
13 This number includes 41.0 miles of Responsible Growth Sensitive and 27.58 miles of Responsible Growth-Wetland. 
14 Total shoreline miles different from original SMP due to updated GIS mapping. 
15 Does not add to 100% due to rounding. 
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Some shoreline areas along the lake have or will experience greater development pressures and heavier 

use.  No current data suggests that any shoreline areas along the lake are completely “built out” (with no 

additional shoreline available for development).  However, given current/anticipated levels of new 

development, GRDA expects that private property adjacent to the Project will continue to have additional 

growth that may require specific and distinct management attention.  Not all areas of the shoreline 

develop in the same manner or have identical growth specifications.  Not all potential growth is negative 

or unwelcome by adjacent property owners, however GRDA strives to maintain a balance among 

acceptable growth, access to, and enjoyment of the Project by the public, and protection of environmental 

resources.  As such, GRDA proposes the use of adaptive management strategies to, where appropriate, 

monitor, analyze, and subsequently manage growth and development in a flexible yet locally relevant 

manner (Grand River Dam Authority, 2008a). 

 

Available data do not support listing any area of the lake as requiring special management because of 

negative environmental or social effects resulting from over-development or over-use.  Neither does 

GRDA support the assertion than any shoreline area has reached its maximum development potential.  

After examining several potential strategies for managing and controlling growth on the lake, GRDA 

concluded that development of a lake-wide policy to contain growth or set limits on development beyond 

the existing SMC was not equitable to a majority of adjacent property owners or non-resident users of the 

lake (Grand River Dam Authority, 2008a). 

 

Adaptive management is a dynamic monitoring and policy implementation process that allows GRDA to 

respond specifically and effectively to changing conditions in a proactive, yet data supported manner.  

Using this type of strategy allows GRDA to assess environmental and social conditions and implement 

additional management conditions where and when necessary, while acknowledging that these conditions 

may be temporary and changeable.  Resource management professionals often define adaptive 

management as “…A systematic process for continually improving management policies and practices by 

learning from the outcomes of operational programs.”  Implementation of an adaptive management policy 

allows GRDA to continue to assess environmental and social conditions, analyze and respond directly to 

specific site conditions, and build upon these efforts to continue to manage areas of concern (Grand River 

Dam Authority, 2008a).  The key characteristics of GRDA’s adaptive management include: 

• Acknowledgement of uncertainty about what policy/management strategy is “best;” 

• Selection of appropriate policies or management practices; 

• Development and implementation of a site-specific plan; 

• Monitoring of the key response indicators identified in the plan; 

• Analysis of the outcome in consideration of the original objectives; and 

• Incorporation of the results into future decisions (Grand River Dam Authority, 2008a). 
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By using the SMC maps (Appendix E), adjacent property owners and potential shoreline developers can 

identify their property in relation to the Project boundary and determine which management classifications 

occur within the Project adjacent to their property and the corresponding allowable uses.  Section 10.0 

describes general permitting standards that are applicable to the allowed use of their proposed project and 

summarizes applicable permit application procedures.  Some proposed uses will receive more scrutiny, 

require more supporting documentation, or may require evaluation by GRDA on a case-by-case basis 

depending on the type of proposed use and the SMC for the area (Grand River Dam Authority, 2008a). 

 

GRDA will review permit applications for new uses on a case-by-case basis under these guidelines and 

GRDA’s most current permitting program at the time of the application.  In its review of permit 

applications, GRDA will call upon ecosystems management staff and/or other relevant resource agency 

specialists to provide input on projects located within management classifications with resource specific 

restrictions.  In addition to evaluating uses under this scenario, GRDA may also assist permit applicants in 

identifying other local, state, regional, and federal permits that may be required for proposed new uses; 

however, the onus remains on the applicant to follow through with the application for other relevant 

permits and agency correspondence (Grand River Dam Authority, 2008a). 

 

Regardless of the proposed uses by an adjacent property owner, GRDA strongly encourages all property 

owners to contact GRDA permitting staff at least six months prior to submittal of any permit application.  

General permitting standards (Section 10.0) are subject to change outside the scope of this SMP and any 

permit applicant should contact GRDA directly to verify what the most current standards and specific 

requirements are for their particular application.  Additionally, GRDA encourages project applicants to 

schedule an onsite visit with GRDA staff to discuss their proposed projects during the project-planning 

phase.  While GRDA is not responsible for enforcing regulations under other agency jurisdictions, GRDA 

will not issue permits until a project applicant provides proof receipt of all applicable local, state, and 

federal permits (Grand River Dam Authority, 2008a). 

 

 Evaluation Process 

Both GRDA and project applicants have a responsibility to follow correct procedures related to project 

planning, review, and construction.  General guidelines are listed in the following sections. 

 

 Project Applicant Responsibilities 

Applying for a Permit 

• Identify type of project(s) and activities within the Project boundary; 

• Determine the SMC (Section 7.1); 

• Determine the allowable uses within this SMC (Section 7.2); 

• Determine which permitting standards and requirements pertain to the proposed new facility or 

use (Section 10.0); 

• Contact GRDA for verification and permit application information; 

• Phase I – Prepare and submit a complete application to GRDA with the necessary information 

provided and any required attachments; and 

• Phase II – Provide follow up information, public notice, and any other additional 

information/documentation to support the GRDA permit application, if applicable. 
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• An applicant may NOT begin ANY work on Project or GRDA lands until they receive all necessary 

permits and receive final approval of the permit application from GRDA. 

 

Upon Receipt of a Permit 

• Review all permit requirements and conditions; 

• Contact GRDA with any implementation questions; 

• Undertake any follow up mandated by GRDA permit; and 

• Contact GRDA if project scope, location, or specifications change. (This contact should take 

place BEFORE any work commences) 

 

 GRDA Responsibilities 

Upon Receiving an Application 

• Review and confirm proposed project location, management classifications, and allowable use 

designations; 

• Conduct site visit; 

• Provide timely input on resource, design, permit requirements, and site-specific issues to the applicant; 

• Provide an approximate timetable for application review based upon scope of proposal and 

regulatory requirements, including notification to applicant of FERC review (if required) and 

approximate timetable for such; 

• Provide opportunity for public meetings/forums, as necessary; 

• Maintain public log/documentation of permit review as part of the project file; 

• Review application for completeness and contact applicant as necessary for additional 

information requirements; 

• Process application;  

• Determine whether prior FERC notification or approval is required and provide notification or seek 

approval as necessary (See Section 10.1); and 

• Approve or deny application (Grand River Dam Authority, 2008a). 

 

Upon Permit Issuance 

• Conduct site visit during construction; 

• Assure implementation of erosion and sediment control BMPs; 

• Inspect and verify post construction and certify permit (Grand River Dam Authority, 2008a). 

 

If a proposed use, in the sole opinion of GRDA, does not meet the requirements and guidelines 

established in the SMP, the applicant may reassess the proposed facility or activity, finding ways to either 

comply with GRDA’s requirements, withdraw the project from consideration, or request a waiver (Grand 

River Dam Authority, 2008a).  The waiver process is detailed in Section 10.10. 
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As the recipient of a federal license and under its enabling legislation, GRDA is responsible for 

supervision and control of the uses and occupancies for which it grants permission.  Additionally, FERC 

requires GRDA to monitor compliance with and permits or conveyances they issue.  FERC’s Standard 

Land Use Article details the uses a licensee may permit on Project lands and defines those uses that 

require additional FERC approval (Grand River Dam Authority, 2008a). 

 

10.1 Standard Land Use Article 

The following discussion is a summary of the requirements of FERC’s Standard Land Use Article.   

 

Conveyances that GRDA may approve without prior FERC Approval or Notification 

FERC has delegated GRDA the authority to permit the following non-Project uses of Project lands without 

prior FERC notification or approval.  GRDA may only allow these activities if they are consistent with the 

Project purposes of protecting and enhancing the scenic, recreational, and other environmental values of 

the Project (Grand River Dam Authority, 2008a). 

• Landscape plantings; 

• Non-commercial piers, landings, boat docks or similar structures and facilities that can 

accommodate no more than ten watercraft at a time and are intended to serve single-family 

dwellings; and 

• Embankments, bulkheads, retaining walls, or similar structures for erosion control to protect the 

existing shoreline.  Before granting permission for the preceding, FERC requires GRDA to: 

o Inspect the site of the proposed construction; 

o Consider whether the planting of vegetation or the use of riprap would be adequate to 

control erosion at the site; and 

o Determine that the proposed construction is necessary and would not change the basic 

contour of the reservoir shoreline (Grand River Dam Authority, 2008a). 

 

Conveyances that GRDA may approve, but must be provided to FERC in an annual report 

GRDA may convey easement rights of way across, or leases of Project lands for the following, but must 

provide FERC with an annual report describing these conveyances (Grand River Dam Authority, 2008a). 

• Replacement, expansion, realignment, or maintenance of bridges and roads for which all 

necessary state and federal approvals have been obtained; 

• Storm drains and water mains; 

• Sewers that do not discharge into the Project waters; 

• Minor access roads; 

• Telephone, gas, and electric distribution lines; 

• Non-project overhead electric transmission lines (that do not require erection of support 

structures within the Project boundary); 

• Submarine, overhead, or underground major telephone distribution cables or major electric 

distribution lines; and 

• Water intake or pumping facilities that do not extract more than one million gallons per day from a 

Project reservoir (Grand River Dam Authority, 2008a). 
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Conveyances/permits GRDA may issue after providing FERC a 45-day notice 

For the following conveyances and permits, GRDA must provide FERC with a 45-day notice of the 

proposed conveyance, in which time FERC may request GRDA file an application for formal approval of 

the conveyance by FERC (Grand River Dam Authority, 2008a). 

• Construction of new transportation infrastructure; 

• Sewers or effluent lines that discharge into Project water; 

• Pipelines which cross Project lands; 

• Non-project transmission lines that require support structures within the Project boundary; 

• Private or public marinas that can accommodate no more than ten watercraft at a time; 

• Recreational developments consistent with GRDA’s Recreation Plan; and 

• Other uses if: 

o Involving conveyances of five acres or less; 

o All land conveyed is located at least 75 feet from the Project’s normal maximum surface 

elevation; and 

o The conveyance is no more than 50 total acres for each project development in one year 

(Grand River Dam Authority, 2008a). 

 

Items requiring formal FERC approval 

All other uses of Project lands not listed in the sections above require formal FERC approval in addition to 

GRDA permits (Grand River Dam Authority, 2008a). 

 

10.2 GRDA Permitting and Approval 

Both GRDA and FERC must review and approve any activities not addressed by Land Use Article.  For 

most uses, project applicants must submit a written application to GRDA with drawings providing location, 

design, and dimensions, and a description of materials and type of construction.  All uses must conform 

to GRDA’s general requirements and minimum design standards.  Separate GRDA permitting standards 

and protocols detail specific information that relates to these permitting requirements.  A current copy of 

the document, Grand River Dam Authority Construction Guidelines for Flowage Easements & GRDA 

Property Approved by the GRDA Board of Directors on April 6, 2021, is available on GRDA’s website 

(https://grda.com/lake-permits/), at the GRDA Ecosystem Management Department located near the west 

end of the Pensacola dam in Langley, by mail at PO Box 70, Langley, Oklahoma 74350, or by calling 

918-782-4726.  GRDA may update permitting standards periodically, as needed, independently of SMP 

updates and amendments.   

 

The permitting procedures and standards documents provide information on requirements for docks and 

piers, bank stabilization measures, vegetation management and dredging, as well as information on 

facility construction and maintenance requirements.  They also establish the criteria used in evaluating 

proposed new uses for both commercial and residential activities as well as facility construction standards 

for each activity. 

 

GRDA will evaluate proposed new uses, and modifications to existing uses based on the 

following factors: 

• Characteristics, zoning, intensity, and prevailing permitted uses within a half-mile radius of the 

proposed activities (including SMC and allowable use determinations); 

• Shoreline topography and geometry; 

https://grda.com/lake-permits/
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• Safety, navigation, and flood control requirements; 

• Environmental effects, including those on common fish and wildlife species, rare, threatened, and 

endangered species, vegetation, and cultural resources; 

• Potential economic development and tourism benefits; 

• Recreational use effects; 

• Any other criteria which may affect the proposed project; 

• The practicability of using reasonable alternative locations and methods to accomplish the 

objective of the proposed facility or activity; 

• The extent and permanence of the beneficial and/or detrimental effects which the proposed 

facility or activity is likely to have on the uses which the area is suited; and 

• Existing jurisdictional regulations (Grand River Dam Authority, 2008a). 

 

Agency consultation initiated by project applicants or GRDA regarding other environmental 

regulations may include, but is not restricted to, contact with the following entities: 

• US Army Corps of Engineers 

• US Fish and Wildlife Service 

• Oklahoma Department of Wildlife Conservation 

• Oklahoma Department of Environmental Quality (ODEQ) 

• Oklahoma Water Resources Board 

• Oklahoma Historical Society 

• Oklahoma Archaeological Survey 

• County Bureau of Environmental Quality 

• Bureau of Indian Affairs 

• Oklahoma Native American Tribes 

• County Floodplain Administrators 

• Oklahoma Corporation Commission 

• Oklahoma State Fire Marshall 

• FERC (Grand River Dam Authority, 2008a) 

 

No person, firm, partnership, corporation, or other entity may perform any activity that requires a permit 

prior to the receipt of such permit from GRDA.  For example, a homeowner may not place a dock in 

Project waters until the applicant receives written notice that GRDA approves such an activity (Grand 

River Dam Authority, 2008a). 

 

The following sections highlight and summarize current permit applications and standards.  GRDA 

reserves the right to make changes in permitting standards and requirements independently of the SMP 

(Grand River Dam Authority, 2008a). 

 

10.3 Commercial Permit Application Standards 

As detailed in GRDA’s Commercial Permitting Process, commercial projects are: 

• Construction or modification of facilities designed to accommodate more than ten watercraft at a time; 

• Construction or modification of facilities intended to serve non-residential enterprises operated 

directly or indirectly for profit or gain, including courtesy docks; and 

• Dredging operations requiring removal of fill materials exceeding the amount of two thousand 

cubic yards (Grand River Dam Authority, 2008a).  
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Section 7.2.1 defines allowable commercial uses that fall under the commercial permitting process.  In 

general, permit applications for commercial uses within the Project boundary involve larger, more 

expansive, and potentially more significant effects to lake resources.  As such, GRDA permitting staff 

may require supplemental information to adequately review and assess such permit applications.  In 

some instances, GRDA may require the completion and submittal of an Environmental Assessment (EA) 

to support permit applications.  If GRDA requires an EA, the applicant must retain an entity listed on 

GRDA’s Environmental and Wetlands Consultants List, available from GRDA’s Department of 

Ecosystems Management.  Specific standards for applications are included within GRDA’s permitting 

program on its website.  GRDA will reject applications failing to meet the required standards and 

guidelines.  A public hearing shall be held prior to approval of a commercial permit.  GRDA shall 

maintain an electronic database of individuals or organizations wishing to receive electronic notification 

of such hearings and shall comply with any applicable notice requirements imposed by law. 

 

Under the current permitting standards, GRDA requires commercial applicants to provide the 

following information: 

• Contact information for the project applicant and current landowners of the adjacent property; 

• A statement of the proposed use of Project lands listing all activities proposed (if a phased 

approach is proposed by an applicant, the final build out must be presented at the onset of the 

permitting process) including all components of the project, material proposed for use and the 

layout or design of the project; 

• Site location maps clearly showing the location and type of facility (maps must clearly show the 

location of GRDA’s Project boundary and applicable flowage easement lines in relation to the 

proposed project); 

• Technical drawings of proposed facilities, certified by a registered engineer; 

• Full survey (metes and bounds), prepared by a registered Oklahoma land surveyor, of the entire 

shoreline area within the boundaries of the proposed development, clearly indicating property 

lines and location of all existing or planned facilities;  

• A statement describing why the project is in the public interest including a description of proposed 

measures to ensure boating safety near the project area during and after construction, as well as 

a statement of measures proposed to protect adjacent property owner’s access to the shoreline 

and the lake; 

• A discussion of the “purpose” and “need” for expansion or new uses including a description of any 

adverse environmental effects that cannot be avoided and how the applicant proposes to 

minimize or mitigate for these adverse effects and, as necessary, an alternative analysis that 

documents why the proposed work or preferred location is the preferred action; 

• Sufficient detail of the proposed project’s components to identify their locations; 

• Proof of fulfilling all other state and federal requirements and codes through inclusion in the 

GRDA permit application package of other permits received for the work; and 

• Proof of liability insurance (Grand River Dam Authority, 2008a). 

 

Should commercial applications substantially fail to meet the standards of permitting established by 

GRDA because of size, location, or other environmental concerns, and if the applicant wishes to pursue 

further review through a waiver, the applicant may be required to develop an EA or Environmental Impact 

Statement (EIS) (if not previously included in the initial application package) in support of the waiver 

request (Grand River Dam Authority, 2008a).    
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This description only generally describes and summarizes GRDA’s permitting standards.  GRDA may 

periodically update them.  Commercial use permit applicants should contact GRDA for the most recent 

permit standards and application requirements.  Detailed information on applications for commercial use 

permits is included in GRDA permitting procedures and standards available on GRDA’s website 

(https://grda.com/lake-permits/), at the Ecosystems and Education Center in Langley, or by calling 918-

782-4726 (Grand River Dam Authority, 2008a). 

 

10.4 Residential Dock Application Standards 

While multi-family residential shoreline uses sometimes resemble commercial facilities in size and scope, 

in general residential uses of Project lands tend to have a smaller footprint with less potential for 

environmental impacts.  To preserve public access and reduce environmental effects, GRDA places 

particular emphasis on consolidating shoreline uses.  GRDA encourages the development of multi-owner 

facilities to reduce shoreline congestion (Grand River Dam Authority, 2008a). 

 

GRDA reviews some residential shoreline facilities (with ten or greater slips) as an allowable residential 

use only if they are developed specifically without intent for commercial uses or monetary gain.  Any 

proposed facility with ten or greater slips also requires FERC review and approval (Grand River Dam 

Authority, 2008a). 

 

Residential applicants should contact GRDA for the most recent standards and permit application 

requirements.  Detailed information on applications for new or existing residential docks is included in 

GRDA’s permitting procedures and standards available on GRDA’s website (https://grda.com/lake-

permits/), at the Ecosystems and Education Center in Langley, by mail at PO Box 70, Langley, 

Oklahoma, 74350, or by calling 918-782-4726. 

 

Should Residential applications fail to meet the standards for permitting because of the size, location, or 

other environmental concerns, the applicant may pursue further review through the waiver process 

described in Section 10.10 (Grand River Dam Authority, 2008a). 

 

10.5 Vegetation Management 

Proper stewardship of shoreline vegetation is critical to the protection and enhancement of Grand Lake’s 

recreational and environmental resources and socioeconomic value.  Shoreline vegetation acts as a 

buffer to stabilize shoreline, prevent erosion and protect water quality by filtering and trapping organic and 

chemical pollutants, and can provide valuable habitat for the fish and wildlife.  Additionally, shoreline 

vegetation can have significant recreational and aesthetic value (Grand River Dam Authority, 2008a). 

 

As shown by the SMC, resource characteristics and vulnerability vary widely around Grand Lake.  In 

certain areas proper stewardship dictates that the shoreline vegetation should remain undisturbed in order 

to avoid jeopardizing these valuable resources.  However, strict preservation is not always required to 

provide sufficient protection and avoid adverse consequences.  In fact, certain management practices are 

often necessary or appropriate and can improve resource quality (Grand River Dam Authority, 2008a). 

 

Similarly, the extent of GRDA oversite and involvement necessary to ensure proper stewardship also 

varies depending on the proposed activity and the resources involved.  Certain proposed activities will 

require GRDA to spend considerable resources critically examining all aspects of a plan and its 

https://grda.com/lake-permits/
https://grda.com/lake-permits/
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implementation, while other activities can be summarily approved given the routine nature of the 

management practices and the resources involved.  Therefore, GRDA is committed to vegetation 

management that is both responsible and reasonable (Grand River Dam Authority, 2008a).  

 

 Vegetation Management in Responsible Growth SMC 

The guidelines in this subsection apply to Project lands classified as Responsible Growth Areas.   

 

Authorized Management Practices: 

Adjacent land owners have the permission of GRDA to engage in the following vegetation management 

activities on Project land classified as a Responsible Growth Area without prior authorization. 

• Mowing and maintenance of lawns established and existing before July 1, 2005.  A lawn is 

defined as an area cleared of native understory vegetation and replaced with turf grass.  No 

fertilizers shall be used on these lawns. 

• Removal of woody vegetation less than or equal to three inches dbh. 

• Trimming of non-woody vegetation to a height of two inches. 

• Removal of certain understory and exotic noxious plants identified in Appendix F regardless of size. 

• Landscape planting which are consistent with the purposes of protecting and enhancing the 

scenic, recreational, and other environmental values of the Project.  A landscape planting is 

defined as flowering plants, grasses, trees, or shrubs, provided the species planted is not an 

invasive plant species identified in Appendix F.  Adjacent landowners are strongly encouraged to 

use native vegetation when conducting landscape plantings.  This provision does not permit the 

planting of turf grasses, whether native or non-native.  A list of suggested native plant species is 

available from the Department of Ecosystems Management (Grand River Dam Authority, 2008a).  

 

Management Practices Requiring Site Specific Permitting 

Landowners adjacent to GRDA shoreline areas designated as Responsible Growth Areas may only 

engage in the following vegetation management activities after obtaining a permit from the Department of 

Ecosystems Management.16 

• Establishment of a new lawn.  A lawn is defined as an area cleared of native understory 

vegetation and replaced with turf grass. 

• Removal of hazardous trees only in cases where the trees are dead AND dangerous or diseased 

AND dangerous, or otherwise present a public safety or property hazard.   

• Outside of the active period for the gray bat, NLEB, and tricolored bat,17 pruning of limbs from 

living trees and shrubs greater than three inches in diameter when measured at a height of 4.5 

feet, also known as “diameter breast height” (dbh) and up to one third of the plant height of 

shrubs and non-woody vegetation to enhance the view of the lake.  Pruning does not permit 

removal of trees greater than three inches dbh or complete clearing of any area.  DBH is a 

standard method of expressing tree diameters.  

• Removal of vegetation greater than three inches dbh, outside of the active period for the gray bat, 

 
16 A review for known eagle nests within 660 feet and NLEB hibernacula within ¼ mile of the Project area will be conducted by 
GRDA prior to issuing any vegetation management permits.  If present, appropriate mitigation measures will be incorporated into 
any permit issued.  If mitigation measures cannot be implemented, the permit application will be denied. 
17 This restriction has been added for the protection of gray bat, NLEB, and tricolored bat, that shall be enforces so long as they 
remain listed species.  The only vegetation > three inches dbh which may be removed during this timeframe are trees that pose an 
immediate human safety hazard. 
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NLEB, or tricolored bat.18 

• Any vegetation management activity including the removal of floating debris, driftwood, litter, and 

trash, which disturbs the shoreline through the significant movement of soil, rocks, or existing 

live vegetation. 

• Clearing vegetation to create and maintain access corridors between GRDA land and adjacent 

property.  The corridor may not exceed 20 feet in width.  Corridors must consist of natural 

materials such as native grass, wood chips, or gravel/crushed rock.  Placement of such must not 

involve earth moving or soil disturbance and must minimize ground disturbance and vegetation 

removal.  The path may extend from the common boundary between GRDA and the adjacent 

landowner to the water’s edge. 

• Clearing and planting of vegetation to prevent the deterioration of retaining walls and for shoreline 

stabilization.  Such activity must be done in conformance with GRDA regulations and guidelines 

(Grand River Dam Authority, 2008a). 

 

Exception of Debris Removal: 

No permit is required for the removal of floating debris, driftwood, litter, and trash, provided the removal 

DOES NOT disturb the shoreline through significant movement of soil, rocks, or existing live vegetation. 

 

 Vegetation Management in Stewardship and Responsible Growth-Sensitive SMCs 

Before conducting any vegetation management activities identified in this section, including trimming 

trees and removing brush on Project lands designated as a Stewardship Area or a Responsible Growth-

Sensitive Area, a site-specific Vegetation Management Plan (VMP) is required to be submitted and 

approved by the Department of Ecosystems Management and the proper permits must be obtained. 

 

Generally, no vegetation management activity is permitted in a Stewardship Area and GRDA will not 

permit the removal of vegetation in wetlands located in Stewardship Areas.  While vegetation 

management activities are permissible in Responsible Growth-Sensitive Areas, these VMPs will be 

subject to greater scrutiny and may result in a requirement for on- or off-site mitigation and/or an 

alternative VMP. 

 

Exception of Debris Removal: 

No permit is required for the removal of floating debris, driftwood, litter, and trash, provided the removal 

DOES NOT disturb the shoreline through significant movement of soil, rocks, or existing live vegetation. 

 

 Vegetation Management in WMAs 

Vegetation management activities shall not be allowed in WMA except when necessary for the purpose of 

preserving and enhancing habitat.  Any such activity that is allowed shall only be conducted under the 

supervision of the Department of Ecosystems Management.  Debris removal in WMA shall be allowable 

only with the express permission of the Department of Ecosystems Management (Grand River Dam 

Authority, 2008a). 

  

 
18This period shall be enforced so long as the NLEB, or tricolored bat remain listed species but may be modified according to future 
guidance and/or future delisting of the species. 
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 General Vegetation Management Provisions 

A VMP may require written approval from FERC, the Corps, and other state or local agencies.  The 

Permittee shall perform all activities in strict accordance with the specification approved by GRDA 

(Grand River Dam Authority, 2008a). 

 

Adjacent property owners must initiate any activity allowed by the VMP permit within one year of issuance 

of the permit.  Failure to do so will result in the expiration of the permit.  Management activities shall be 

limited to those GRDA lands immediately adjacent to the land of the adjacent property owner (Grand 

River Dam Authority, 2008a). 

 

The enforcement measures described in Section 11.1.2 were revised to allow GRDA to require vegetation 

mitigation as an enforcement option for unauthorized vegetation management activities.   

 

Any person that violates the provisions of the VMP or who fails to obtain a permit when one is required 

may be required to pay all costs related to the repair, restoration, and reclamation of GRDA lands and 

waters associated with the violation.  They may also be subject to civil penalties (Grand River Dam 

Authority, 2008a).  

 

If archaeological or historical properties or items are discovered in the course of performing the 

vegetation management activities, all land clearing and land disturbing activities shall cease immediately 

and GRDA shall be notified (Grand River Dam Authority, 2008a). 

 

A utility company possessing an easement on Project land may perform all vegetation management 

activities necessary to exercise its rights pursuant to that easement and shall not be required to acquire a 

permit (Grand River Dam Authority, 2008a). 

 

 Use of Herbicides and Pesticides 

Use of herbicides and pesticides on Project lands is expressly prohibited except by a state licensed 

applicator with prior approval of the Department of Ecosystems Management (Grand River Dam 

Authority, 2008a). 

 

 Use of Heavy Machinery 

While all machinery has the potential to disturb the shoreline if used irresponsibly, GRDA recognizes that 

its use is often preferred and sometimes necessary to accomplish certain allowed vegetation 

management practices.  Therefore, GRDA will permit the use of machinery with a maximum power output 

not greater than 30 horsepower (hp) without prior approval for allowed management practices, provided 

the use does not result in the unauthorized movement of soil, rocks, or existing live vegetation.  The use 

of machinery with a maximum power output greater than 30 hp may be allowed with prior approval from 

GRDA (Grand River Dam Authority, 2008a).  Any machinery permitted for use on GRDA property shall 

have rubber wheels or rubber tracks. 

 

 General Permits for Natural Disasters and other Emergencies 

In the event a natural disaster or other emergency situation causes significant vegetation damage or 

debris accumulation within the Project boundary to the extent that site specific permitting is impractical or 

would result in undue delay, the chief executive officer of GRDA may issue a general vegetation 
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management permit governing all management activities within an affected area in lieu of requiring site-

specific permits.  A general permit shall clearly identify the scope of the allowed activities the areas in 

which the permit is applicable, and the period of time for which the permit is valid (Grand River Dam 

Authority, 2008a). 

 

 Vegetation Permit Tracking 

GRDA has been tracking the vegetation management permits issued since 2013 and reporting the 

number of permits issued in the Responsible Growth SMC in the Gray Bat annual report.  GRDA 

permitting records indicate that vegetation management permits have only been issued in the 

Responsible Growth SMC area.  No vegetation management permits have been issued in the 

Responsible Growth-Sensitive19, Wildlife or Stewardship SMC areas. 

 

The vegetation management permits issued since the SMP was approved are shown in Table 10.5.4.4-1.   

 

Table 10.5.4.4-1 Vegetation Management Permits Issued Between 2013 and 2021 

Year 

Vegetation Management Permits Issued 

Responsible 
Growth 

Responsible Growth 
Sensitive14 

Wildlife 
Management 

Stewardship 

2013 23 0 0 0 

2014 0 0 0 0 

2015 25 0 0 0 

2016 27 0 0 0 

2017 13 0 0 0 

2018 13 0 0 0 

2019 14 0 0 0 

2020 14 0 0 0 

2021 23 0 0 0 

Totals 152 0 0 0 

 

Between 2013 and 2021 an average of 16.9 vegetation management permits were issued per year.  Of 

77 permits issued between 2017 and 2021 (when more detailed information began being tracked), one 

permit to establish a new lawn, one permit that authorized mowing, three permits authorizing vegetation 

removal for road or utility right-of-way maintenance, and five permits that authorized establishment of new 

access corridors were approved.  The majority of the permits issued authorized the removal of hazardous 

trees or the pruning/trimming of existing vegetation to enhance lake views.  Due to the limited number of 

permits issued that could permanently alter the shoreline vegetation, GRDA does not believe that 

vegetation mitigation measures are warranted at this time.   

 

GRDA is proposing to continue tracking all new vegetation permits issued in the Responsible Growth 

SMC, documenting the total number of permits issued and the number of permits allowing the 

establishment of new lawns or viewing corridors that could alter the riparian vegetation community.  

These numbers will be included in the annual report, which is currently required to be filed by June 23 

each year. 

 

 
19 This includes both Responsible Growth-Wetland and Responsible Growth-Sensitive SMCs under the original SMP classifications. 
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GRDA will reassess the need for vegetation mitigation measures at the time of the next SMP update in 

six years following approval of this plan.  As is the current practice, if the amount of permits issued 

exceeds 100 in a particular year or the length of a particular vegetation management project exceeds 100 

linear feet of shoreline impact, GRDA will consult with ODWC and USFWS regarding the need for 

additional habitat protection measures.  This will allow reassessment of the need for mitigation if the 

number of permits increases substantially prior to the next SMP update.  

 

Any vegetation management permits issued in the Responsible Growth-Sensitive, Stewardship, or 

Wildlife SMC areas require prior consultation with ODWC and USFWS before the permit is issued.  If this 

consultation indicates that vegetation mitigation is deemed necessary to approve the permits, the 

recommended mitigation measures will be added as a condition of any permit issued.  If the project 

applicant is unwilling to provide the vegetation mitigation deemed necessary during this consultation 

process, the permit will be denied. 

 

10.6 Wetland Impacts 

Generally, GRDA does not permit activities within wetland areas.  Therefore, there are no existing records 

regarding the SMPs impacts to wetlands.  In order to document potential impacts to wetlands from new 

permitted activities, GRDA is proposing to begin tracking new permits issued that may impact wetlands to 

provide this documentation.  The following items will be tracked: 

 

• Total number of permits issued 

• Wetland acreage impacted 

• Wetland type impacted 

• Functional value of the wetland impacted 

 

The tracked wetland impact information will be summarized in an annual report which will be submitted to 

ODWC, USFWS, and FERC by June 23 annually.  The report will also include information on any 

unauthorized/unpermitted activities that result in impacts to wetlands covered by this SMP. GRDA is 

proposing to assess whether wetland impact mitigation is needed during the next SMP update in six 

years following approval of this plan.   

 

The enforcement measures described in Section 11.1.2 were also revised to allow GRDA to require 

wetland mitigation as an enforcement option for unauthorized wetland impacts. 

 

10.7 Wildlife Habitat Impacts 

As indicated in Section 5.7, the majority of lands within the Project vicinity are located within the Ozark 

Highlands ecoregion where oak-hickory, and oak-hickory-pine are the primary forest cover types in the 

region.  In the northern portion of the Project within the Central Irregular Plains ecoregion, a grassland 

and forest mosaic exists.  Since these cover types and resulting habitat are very common throughout the 

region, the limited amount of impact caused by SMP approved activities in the general Project vicinity is 

not likely to significantly impact the overall amount of wildlife habitat for common wildlife species in 

northeast Oklahoma.  There is similar habitat available on adjacent non-Project lands that may be used in 

the event any wildlife is displaced due to SMP-approved activities.   

 

While common species populations will not likely be impacted, there is a potential for impacts to TE 
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Species habitat.  Due to the protected status of TE Species, impacts to their habitat, if any, must be 

appropriately avoided or otherwise addressed.  GRDA is therefore proposing to evaluate the impacts to 

TE Species’ habitat, rather than all wildlife habitat impacted by SMP-approved activities.  GRDA is also 

proposing to require the implementation of mitigation measures to avoid or otherwise address impacts to 

the species into permits issued under this SMP.  If the project applicant is unwilling to implement 

required mitigation measures, the permit will not be issued.  Since mitigation measures are incorporated 

into SMP permits issued, when necessary, no additional tracking of TE Species’ habitat is currently 

being proposed.   

 

An evaluation of the potential impacts to TE Species’ habitat and proposed mitigation measures to be 

implemented to prevent adverse impacts to said species is detailed in the sections below. 

 

Bald Eagles 

In order to protect the bald eagle, GRDA will review all SMP applications to determine if the proposed 

activities are located within 660 feet of an active eagle nest.  If so, conditions will be added to the SMP 

permit to restrict timing of the work to occur outside of the nesting season.   

 

Gray Bat 

In order to protect the gray bat, the following environmental measures will be implemented: 

• GRDA will track vegetation management permits issued in the Responsible Growth SMC and 

provide an annual report to FERC, USFWS, and ODWC.  If this tracking shows over 100 

vegetation management permits are issued or over 100 feet of shoreline is cleared, GRDA will 

consult with USFWS and ODWC regarding potential bat mitigation needs. 

• GRDA will review all SMP applications to determine if any work is proposed within ¼ mile of a 

known hibernaculum.  

o If so, GRDA will consult with USFWS before issuing any permits for the activity.  

Permits issued by GRDA will include any conditions required by USFWS to avoid 

impacts to the hibernacula. 

o If not, any SMP permit that involves removal of trees greater three inches in diameter will 

include provisions prohibiting tree removal during the bat’s active period to avoid impacts 

to bats that may be present in trees during this timeframe, unless the tree causes an 

immediate human health hazard.20 

 

Indiana Bat 

As detailed in Section 5.6.2, no Indiana bats were identified during acoustic surveys at the Project, and the 

bats are not known to be located in the Project vicinity.  Therefore, activities allowed under this SMP are not 

likely to adversely impact the species and no specific mitigation measures are proposed for the species. 

 

Northern Long-eared Bats  

In order to protect the NLEB the following environmental measures will be implemented: 

• GRDA will track vegetation management permits issued in the Responsible Growth SMC and 

provide an annual report to FERC, USFWS, and ODWC.  If this tracking shows over 100 

vegetation management permits are issued or over 100 feet of shoreline is cleared, GRDA will 

 
20 This period shall be enforced so long as the gray bat remains a listed species but may be modified according to future guidance 
and/or future delisting of the species. 
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consult with USFWS and ODWC regarding potential bat mitigation needs. 

• GRDA will review all SMP applications to determine if any work is proposed within ¼ mile of a 

known hibernaculum.  

o If so, GRDA will consult with USFWS before issuing any permits for the activity. 

Permits issued by GRDA will include any conditions required by USFWS to avoid 

impacts to the hibernacula. 

o If not, any SMP permit that involves removal of trees greater three inches in diameter will 

include provisions prohibiting tree removal during the bat’s active period to avoid impacts 

to bats that may be present in trees during this timeframe, unless the tree causes an 

immediate human health hazard.21 

 

Ozark Bat 

Since no Ozark bats were identified during acoustic surveys at the Project, and the bats are not known to 

be located in the Project vicinity, activities allowed under this SMP are not likely to adversely impact the 

species.  Therefore, no specific mitigation measures are proposed for the species. 

 

Tricolored Bat 

In order to protect the tricolored bat, the following environmental measures will be implemented: 

• GRDA will track vegetation management permits issued in the Responsible Growth SMC and 

provide an annual report to FERC, USFWS, and ODWC.  If this tracking shows over 100 

vegetation management permits are issued or over 100 feet of shoreline is cleared, GRDA 

consults with USFWS and ODWC regarding potential bat mitigation needs. 

• GRDA will review all SMP applications to determine if any work is proposed within ¼ mile of a 

known hibernaculum.  

o If so, GRDA will consult with USFWS before issuing any permits for the activity.  

Permits issued by GRDA will include any conditions required by USFWS to avoid 

impacts to the hibernacula. 

o If not, any SMP permit that involves removal of trees greater three inches in diameter will 

include provisions prohibiting tree removal during the bat’s active period to avoid impacts 

to bats that may be present in trees during this timeframe, unless the tree causes an 

immediate human health hazard.22 

 

Piping Plover and Rufa Red Knot 

Both bird species are seasonal migrants through the Project area which may use exposed mudflats and 

sandbars for foraging when travelling through the Project.  Activities that could impact existing mudflats 

have the potential to impact individuals during their migration through the area but are unlikely to adversely 

impact the species.  Therefore, no specific mitigation measures are proposed for these species. 

 

Alligator Snapping Turtle 

In order to protect the alligator snapping turtle, GRDA will incorporate the proposed 4(d) rule 

requirements and appropriate state-approved BMPs to minimize impacts to the species into any permits 

authorizing ground disturbing or vegetation management activities within approximately 650 feet (200 

 
21 This period shall be enforced so long as the NLEB remains a listed species but may be modified according to future guidance 
and/or future delisting of the species. 
22 This period shall be enforced so long as the tricolored bat remains a listed species but may be modified according to future 
guidance and/or future delisting of the species. 
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meters) of the reservoir. 

 

In order to protect the alligator snapping turtle, GRDA’s current process for dredging approvals requires 

the applicant provide proof that all other permits (including USACE Section 404 permits) have been 

received prior to authorizing any dredging activities.  Section 404 permits are not issued if the proposed 

activities adversely impact TE species.  Therefore, no additional environmental measures for the alligator 

snapping turtle are proposed regarding dredging.  

 

Neosho Madtom 

As described in Section 5.6.7, the species is only found in a 5-8 mile stretch of the Neosho and Spring 

rivers south of the Oklahoma/Kansas state line.  The majority of the shoreline within the Project in 

these areas is located within either the Stewardship or Wildlife Management SMC.  Any SMP permits 

issued in these SMC’s are already subject to consultation with the agencies prior to issuance.  

Therefore, any impacts to the species can be addressed during this consultation process.  No other 

specific mitigation measures are proposed for the species, other than a requirement for the 

implementation erosion and sediment control BMPs, as necessary, to avoid sediment transport to the 

lake from ground disturbing activities. 

 

Ozark Cavefish 

As described in Section 5.6.8, since there are no known occurrences of Ozark cavefish in the Project 

boundary, it is not expected that there will be any adverse impacts to the species from SMP permitted 

activities.  Therefore, no specific mitigation measures are proposed for this species. 

 

Neosho Mucket 

As described in Section 5.6.9, Grand Lake is not included in the critical habitat established for the species 

along the Elk River since areas designated as critical habitat include only stream channels within the 

ordinary highwater line and do not contain manmade structures (such as dams, piers, docks, bridges, or 

other similar structure) or areas inundated by lakes and reservoirs (US Fish and Wildlife Service, 2015).  

Therefore, the only critical habitat for the species is located upstream of Grand Lake on free-flowing 

sections of the Elk River.  Therefore, no specific mitigation measures are proposed for this species. 

 

American Burying Beetle 

As discussed in Section 5.6.10, although there is suitable habitat for the species within the Project, the 

existing 4(d) rule allows any incidental take of individuals that may be impacted by SMP authorized 

activities.  Additionally, no American burying beetles were identified during relicensing studies.  Therefore, 

no specific mitigation measures are proposed for the species. 

 

Monarch Butterfly 

As described in Section 5.6.11, the monarch butterfly is currently a candidate species and is not currently 

listed as threatened or endangered under the ESA.  GRDA has added information on monarch butterfly 

habitat in the BMPs described in Section 10.12 and included in Appendix F.  Until a determination on the 

status of the species is made, no other mitigation measures for the species are proposed.   

 

Wildlife Habitat Mitigation 

The enforcement measures described in Section 11.1.2 were also revised to allow GRDA to require TE 
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Species habitat mitigation as an enforcement option for unauthorized wildlife habitat impacts. 

 

10.8 Other Uses Requirement Review and Permitting by GRDA 

 Habitable Structures 

“Habitable Structures” or “dock-o-miniums” refer to living quarters constructed in conjunction with new or 

existing docks, piers, and floats.  These structures generally resemble cabins and/or homes, placed on 

floating structures such as covered or enclosed docks, over boathouses and other similar structures 

where a building is or may be occupied by people overnight or for extended periods.  Generally, these 

structures may contain water supply and/or waste disposal facilities such as sinks, showers, toilets, 

kitchen facilities, food preparation areas, etc. (Grand River Dam Authority, 2008a). 

 

Habitable structures currently exist on Grand Lake.  Prior to development of the original SMP, no 

permitting category or definitions for these structures existed and most existing habitable structures were 

permitted as commercial or residential docks under GRDA’s procedures existing at the time of 

construction. (Grand River Dam Authority, 2008a). 

 

Habitable structures on Grand Lake have become a focus of concern for some shoreline residents.  While 

some citizens believe the structures are inappropriate, others strongly support allowing them for both 

private residential structures and for commercial use.  GRDA believes that, while public sentiment is a key 

factor in developing a position on habitable structures, other factors such as the environmental effects of 

the structures is equally important to making well-informed, unbiased decisions (Grand River Dam 

Authority, 2008b). 

 

To assist in this decisional process, GRDA contracted with the University of Oklahoma to conduct an 

environmental assessment of habitable structures on Grand Lake.  This study concluded that habitable 

structures do not present a significant environmental threat to Grand Lake, provided certain 

recommendations are followed (Grand River Dam Authority, 2008b).  Those recommendations included: 

 

• Requiring all wastes from structures to receive at least secondary wastewater treatment before 

being discharged; 

• Requiring structures and boats to have holding tanks that are not susceptible to rupture or 

leakage due to a catastrophic weather event; and 

• Requiring automatic shut-off valves on all lines between the shore and habitable structure (Grand 

River Dam Authority, 2008b). 

 

After the report was issued, the GRDA Board imposed a moratorium on the construction and /or 

modification of habitable structures and directed GRDA staff to develop environmental and aesthetic 

standards for habitable structures (Grand River Dam Authority, 2008b). 

 

In 2017, GRDA submitted a comprehensive report to FERC containing an inventory of habitable 

structures present at the Project and analyzed the impacts the structures have on Project purposes, the 

environment, recreation, etc.  A total of 82 structures were identified during the inventory.  The GRDA 
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Board determined that the structures could be allowed to remain if they met minimum standards and the 

owners obtained a GRDA permit.  

 

The guidelines set forth in the Oklahoma University study and ODEQ regulations on Individual and Small 

Public On-Site Sewage Treatment Systems that were included with the 2017 filing were adopted as the 

minimum standard.  The GRDA Board also determined that no new habitable structures would be allowed 

in the future and that the grandfathered structures could not be replaced, modified, or relocated.  

 

At the time of the report, 14 of the existing structures had been removed, 15 were found not to meet 

the definition of a habitable structure, 27 were modified or proposed to be modified to remove items 

associated with habitation, five were undergoing legal action, and 21 would be allowed to remain, 

provided that they were bought into conformity with minimum standards and permitted (Grand River 

Dam Authority, 2017c).   

 

In 2018, GRDA provided FERC with an update on the status of habitable structures at the Project.  GRDA 

learned that a portion of the previously adopted minimum standards were not feasible to implement from 

a residential capacity.  GRDA hired a local plumbing company to review the standards and provide 

recommendations that were more feasible to implement.  GRDA held a public meeting on August 30, 

2019 to solicit comments from stakeholders regarding the minimum standards.  A revised set of minimum 

standards was presented to the GRDA Board in December of 2019.  The GRDA Board tabled the 

standards and directed GRDA staff to schedule a separate meeting with the 21 permit holders to discuss 

the revised standards in 2020.  Due to the Covid-19 pandemic, the meeting was unable to be held in the 

spring of 2020 and the 2021 meeting also had to be cancelled due to a Covid-19 exposure (Grand River 

Dam Authority, 2021e).  

 

The meeting was held on July 13, 2022 and the Board approved the standards.  The Board held a 

meeting approving the fees at their August 10, 2022 meeting.  GRDA filed the approved Habitable 

Structure Standards with FERC on August 24, 2022 requesting approval of the standards and the fees.  

Once the standards are approved, the remaining 20 habitable structure owners will have 18 months to 

conform to the new standards (Grand River Dam Authority, 2022). 

 

 Dredging/ Excavation Policy 

The current dredging and excavation policy was approved by FERC on April 2, 2015 and the GRDA 

Board on September 9, 2015.  The current policy may be seen on GRDA’s website at the following 

address: https://grda.com/wp-content/uploads/2019/04/Application-for-Dredging-Permit-Final-09-09-

2015.pdf. 

 

All excavation and dredging activities on GRDA-owned property requires a permit from GRDA.  The 

Corps may also require a permit for excavation and dredging activities.  Additionally, FERC must approve 

all dredging activities on GRDA waters requiring the removal of more than 2,000 cubic yards of material.  

If other regulatory agencies require permit application submittal and review, GRDA requires proof that the 

project applicant has received all other permits prior to issuing a GRDA permit (Grand River Dam 

https://grda.com/wp-content/uploads/2019/04/Application-for-Dredging-Permit-Final-09-09-2015.pdf
https://grda.com/wp-content/uploads/2019/04/Application-for-Dredging-Permit-Final-09-09-2015.pdf
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Authority, 2008a). 

 

Dredging generally is not permitted in the Stewardship or Wildlife Area SMCs or areas containing 

wetlands.  In an effort to protect Project resources and adequately review all dredging applications, 

GRDA requires a wetland delineation study conducted by a GRDA approved wetland delineation 

specialist using the Corps wetland delineation guidelines in any locations other than open water dredging. 

 

GRDA will approve excavation of a boat channel or embayment only when it determines there is no other 

practicable alternative to achieving sufficient navigable water depth, the action would not substantially 

influence protected resources, and the applicant can provide proof that they purchased their property 

prior to the development of the SMP policies.  Applicants must be prepared to provide adequate 

documentation of the necessity of the project as part of any application.  Dredging for new or previously 

authorized uses is seasonally restricted.  To avoid potential impact to fish spawning areas, applicants 

must receive approval of timing from GRDA for this activity (Grand River Dam Authority, 2008a).  

 

GRDA requires notification of project commencement, post-dredging site review, and sign-off by GRDA 

enforcement staff at the completion of the action.  Contractors are required to post their permit onsite 

during dredging activities.  Spoil material from channel excavations must be placed in accordance with 

any applicable local, state, and federal regulations at an upland site above the applicable flood plain and 

off Project lands (Grand River Dam Authority, 2008a). 

 

Currently, all new dredging activities require sediment testing to determine if dredging may displace 

contaminants.  Specifically, sediment samples are evaluated for the presence of heavy metals including 

zinc, lead, chromium, and cadmium.  Detection of hazardous materials during testing may lead to a 

requirement that the project either be abandoned or the project applicant provide a dredging management 

plan to GRDA identifying how materials will be removed in compliance with ODEQ standards.  

Maintenance dredging of previously authorized facilities and structures under 250 cubic feet do not 

require soil testing. 

 

No sediment sampling activities conducted in coordination with dredging activities at either the Pensacola 

or Markham Ferry projects since the Dredging, Excavation, and Disposal Policy was approved, showed 

heavy metals in sediment at levels exceeding their applicable standard.   

 

Due to results of sediment sampling since the SMP was approved, GRDA is proposing to limit the 

locations where sediment sampling is required to the upstream portion of the reservoir that is located 

closer to the original contamination source, the abandoned Tri-State Mining District along the Neosho 

River and Spring River watersheds where the metals zinc, lead, and cadmium are present in sediments at 

higher levels than the downstream sections of the reservoir (Oklahoma State University and Grand River 

Dam Authority, 2018).  GRDA will revise the Dredging, Excavation and Disposal Policy to require 

sediment sampling prior to issuing dredging permits only in the portion of the Project reservoir upstream 

of the Highway 59 bridge (Sailboat Bridge).    

 

 Placement of Buoys 

Adjacent property owners may request GRDA to authorize the placement of a “no wake” buoy in front of, or 

adjacent to, their property.  No wake buoys designate a 150-foot corridor off the shoreline, or docks within 
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which boats and other watercraft must travel at idle speed.  Individuals applying for a buoy permit must 

agree to abide by the current GRDA Lake Rules and Regulations governing the use of Project shorelands 

and waters, which are incorporated and made a part of the agreement, and that a buoy placement issued 

upon the application may be revoked at any time by GRDA (Grand River Dam Authority, 2008a).   

 

Any buoy not maintained in its proper location shall be subject to removal by GRDA, without the 

applicant’s consent.  Buoys are not covered by any warranty, express or implied, and replacement of a 

buoy will require an additional application fee.  GRDA installs and maintains navigation buoys that are 

primarily warning devices for the convenience of the public.  They should not be relied upon solely as 

navigational aids.  GRDA assumes no liability or responsibility for loss or damages to life or property 

arising out of the public’s reliance on said devices (Grand River Dam Authority, 2008a).  GRDA does not 

install or maintain any private buoys. 

 

GRDA requires applicants petitioning for a no wake buoy to provide information and documentation 

showing the proximity of a proposed buoy to an existing buoy.  Should applicants feel that a buoy is 

warranted adjacent to their property due to boat and/or dock damage, GRDA requires proof of ongoing or 

existing damage, and/or boat traffic that is operating in a hazardous manner within the 150-foot corridor, 

and/or repair bills for reputed damage (Grand River Dam Authority, 2008a). 

 

 Shoreline Stabilization 

GRDA may issue permits allowing adjacent residential landowners to stabilize eroding shorelines on 

Project lands.  GRDA recommends bio stabilization of eroded shorelines, where feasible.  Bio 

stabilization generally involves the use of natural plants, minimal bank contouring to provide a planting 

surface, or placement of natural fiber mats, logs, or other materials to deflect wave action and stabilize 

eroding shoreline.  In some instances, GRDA may allow the placement of riprap along the base of the 

eroded areas to prevent further undercutting of the banks (Grand River Dam Authority, 2008a).   

 

GRDA also permits the placement of engineered structures such as gabions or retaining walls for 

shoreline stabilization.  However, GRDA will approve these methods only in shoreline locations where the 

erosion process is severe and GRDA determines that a retaining wall is the most effective erosion control 

option or where the proposed wall would connect to an existing GRDA-approved wall on the lot or to an 

adjacent owner’s GRDA-approved wall.  GRDA inspects the site of the proposed construction and 

considers whether the planting of vegetation or the use of riprap would be adequate to control erosion.  

GRDA does not permit the reclamation of GRDA land that has been lost to erosion (Grand River Dam 

Authority, 2008a). 

 

GRDA will determine if shoreline erosion is sufficient to approve proposed stabilization treatment.  No 

shoreline stabilization may be conducted until GRDA issues a permit (Grand River Dam Authority, 2008a). 

 

 Railways, Tram Systems, Ramps, and Retaining Walls 

Construction of private or commercial railways, tram systems, ramps, or retaining walls constructed on 

GRDA property requires a permit application to be submitted to and approved by GRDA.  The project 

applicant must submit complete and detailed maps, plans and specifications for the proposed 

construction and its location, including a statement of the purpose(s) for which the work is to be done.  

The applicant is also required to furnish a survey prepared by a licensed surveyor or engineer showing 
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the location of GRDA’s taking (property) line in the Project area and shall have such line staked on the 

ground.  Permittees must maintain railways, tram systems, fences, and retaining walls in a manner such 

that all electrical systems are to code, meet environmental guidelines, and that the structures are safe 

and pose no risk or threat to the public or otherwise unduly restrict the public from access and use of the 

Project.  GRDA will not permit residential boat ramps unless the ramp serves at least 25 homeowners or 

the public at large (Grand River Dam Authority, 2008a). 

 

 Grazing 

Responsible grazing on Project lands is only allowed with the permission of GRDA and will only be 

allowed in certain areas where the use is consistent with the purposes of protecting and enhancing the 

scenic, recreational, and other environmental values of the Project.  These grazing leases are issued on a 

case-by-case basis (Grand River Dam Authority, 2008a).  A review of permitting records shows only one 

grazing permit has been issued at the Pensacola Project.  

 

GRDA will monitor for unauthorized grazing during its regular patrols of the lake by helicopter and boat.  

If discovered, GRDA will take necessary action to stop unauthorized grazing (Grand River Dam 

Authority, 2008a). 

 

 Licenses to Encroach 

The original SMP indicated that certain structures built on Project property prior to June 1, 2005, may be 

allowed to remain in GRDA’s discretion pursuant to 82 O.S. § 874.2.  Structures were required to be 

consistent with the purposes of protecting and enhancing the scenic, recreational, and other 

environmental values of the Project.  Owners of such structures were allowed to obtain a license to 

encroach for a maximum of 30 years23, subject to approval by FERC (Grand River Dam Authority, 2008a). 

 

On December 8, 2008, FERC requested GRDA to provide additional information regarding measures to 

be taken to prevent unpermitted structures and other types of encroachments (Federal Energy Regulatory 

Commission, 2008).  GRDA responded to the request by providing a detailed description of the proposed 

program to resolve identified encroachments. 

 

GRDA uses monthly flyovers, daily patrols by GRDA Law Enforcement officers and stakeholder reports of 

violations to identify encroachments.  Upon identification of a potential encroachment, the following 

activities take place: 

• A survey is conducted to determine extent of the encroachment; 

• GRDA determines if the encroachment existed prior to June 1, 200524 and is eligible for a license 

to encroach (residential property) or a lease (commercial property); 

• If eligible for a license or lease, GRDA will send out an application packet; 

• The application requires the applicant to either pay GRDA a standard fee to complete an 

appraisal or get their own appraisal completed to assess the value of the land being 

encroached upon; 

• Encroachment licenses/leases are presented to the GRDA Board for approval; 

 
23 The standard term for new licenses to encroach has been increased from 30 years to 99 years. 
24 Title 82, Section 874.2 of the Oklahoma statutes provides GRDA the discretion to issue license to encroach on the real property to 
adjacent owners for structures built upon GRDA’s real property prior to June 1, 2005.  Therefore, only encroachments put in place 
prior to June 1, 2005 are eligible to obtain a license to encroach. 
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• Leases approved by the GRDA Board are forwarded to FERC for approval prior to issuance;  

• If the encroachment is damaged or destroyed, it will not be allowed to be rebuilt; and 

• If the encroachment is not eligible for a license or lease, GRDA will pursue enforcement action to 

remove the encroachment.  If an initial demand letter is unsuccessful, GRDA will utilize legal 

action (Federal Energy Regulatory Commission, 2017c). 

 

Ordering paragraph B of FERC’s October 17, 2013 order approving and modifying the SMP, required 

GRDA to file a comprehensive report regarding unresolved encroachments at the Project (Federal Energy 

Regulatory Commission, 2013).  GRDA filed the report on April 7, 2016 and supplemented it on March 9, 

2017, and September 5, 2017 (Federal Energy Regulatory Commission, 2017c). 

 

FERC issued an order on November 14, 2017, approving the encroachment report.  Ordering paragraph 

B required GRDA to file annual reports documenting its progress during the preceding year in evaluating 

and addressing potential encroachments identified in the approved comprehensive encroachment report 

or new encroachments identified during monitoring activities.  The reports must be presented to the 

ODWC and USFWS at the time of filing with FERC, and are required to include the following items: 

• An updated spreadsheet inventory showing the status of each potential encroachment; 

• For each potential encroachment resolved with a conclusion that there is no encroachment, the 

basis used for this finding; 

• For each confirmed encroachment, the report must include the following information: 

o Type, size, and location of the site, including all facilities and structures, 

o GRDA’s current ownership or rights to the lands underlying the encroachment, 

o The property rights held by the owner of the encroachment, if any, 

o The Project purpose served by the underlying lands, 

o Any adverse impacts of the encroachment on specific Project purposes and how any 

identified adverse impacts were addressed, 

o If applicable, documentation of Corps authorization for each encroaching structure,  

o A plan and schedule to resolve outstanding unresolved or newly discovered encroachments; 

• For each encroachment resolved during the year, a description of the final resolution (Federal 

Energy Regulatory Commission, 2017c). 

 

The most recent encroachment report was filed on November 8, 2022.  GRDA will continue to file annual 

encroachment reports until the remaining encroachments are reported as resolved.  

 

 Lease of Project Lands for Public Purposes 

GRDA leases land to municipalities, civic organizations, and other entities for recreational areas such as 

public parks, picnic areas, and sporting and cultural events.  Such uses must be consistent with the 

purposes of protecting and enhancing the scenic, recreational, and other environmental values of the 

Project and must be approved by GRDA and FERC (Grand River Dam Authority, 2008a). 

 

10.9 General Property Inspections 

GRDA reserves the right at all times to inspect any permitted or unpermitted use of the Project during and 

after construction or implementation.  Should inspection of particular uses reveal inconsistencies or 

violations of established management policies and/or permitting standards, facility owners/users will be 

notified of such violation and advised by GRDA regarding the violation, suggested means to correct the 
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violation and actions to be taken by GRDA should the violation persist (Grand River Dam Authority, 2008a). 

 

10.10 Permit Waivers 

General Procedures 

Upon written application and public hearing, the GRDA Board may grant a waiver, exception, or 

modification to the requirements imposed on private and/or commercial permit applicants by GRDA.  

Additionally, the GRDA Board may impose additional requirements upon any such applicant.  GRDA 

bases such waivers, exceptions, modifications, or additional requirements upon the totality of the 

circumstances, in consideration of public and environmental concerns.  Any such waivers may also 

require prior FERC approval before becoming final.  

 

In considering waivers of these rules, the GRDA Board considers the potential positive and negative 

effects of the proposed activity or use on: 

• Characteristics, zoning, and prevailing permitted uses within a half-mile radius of the proposed activity; 

• Shoreline topography and geometry; 

• Safety, navigation, and flood control requirements; 

• Environmental resources; 

• Recreational use; and 

• Statutory mandates. 

 

Any applicant for a waiver will file notice of application to the GRDA Board.  Public notice of the waiver 

request shall be in accordance with the guidelines established by GRDA.  Current guidelines are 

available from GRDA’s Department of Ecosystem Management (Grand River Dam Authority, 2008a). 

 

10.11 Grandfathered Improvements 

Existing uses that were properly permitted and which met current GRDA standards at the time of 

permitting but which may no longer be compatible with this SMP, may remain in place, as long as they 

comply with the size, location, and type requirements set forth in GRDA’s requirements in effect at the 

time the structure was built.  Grandfathered uses are not transferable to other locations.  Uses for which 

GRDA has not issued a permit are not eligible for grandfathering.  All existing and new uses must comply 

with all current regulations pertaining to maintenance, safety, and environmental protection (Grand River 

Dam Authority, 2008a). 

 

10.12 BMPs and Educational Outreach 

Best Management Practices (BMPs) are on-site actions implemented by an individual or group to lessen 

the potential effects of an action on a particular resource.  For example, a property owner chooses to cut 

vegetation from their property to improve access or their viewshed rather than wholesale clearing.  The 

landowner may choose to conduct selective clearings and replant low-lying vegetation on their property to 

help maintain bank stabilization.  The selective clearing and replanting of vegetation is considered a BMP 

because it is an on-site action that reduces the potential effects of the specific use.  Cutting vegetation on 

GRDA property or within the Project is subject to other guidelines and permitting requirements (Grand 

River Dam Authority, 2008a). 

 

GRDA actively promotes BMPs for preserving and protecting natural resources on all of its lands as well 
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as throughout the state.  The goal of promoting shoreline BMPs is to assist in the conservation and 

protection of valuable shoreline resources, and to help reduce potential impacts to shoreline resources 

and water quality.  GRDA recommends the BMPs provided in Appendix F for actions that occur on 

private property NOT on Project lands, and therefore the BMPs are not part of the SMP (Grand River 

Dam Authority, 2008a). 

 

GRDA is dedicated to employing similar standards to their properties, both within and outside the Project 

boundary.  Understanding that these shoreline BMPs are not regulations, GRDA, with assistance from 

stakeholders and other interested parties, support public education efforts to encourage adjacent property 

owners to adopt these shoreline BMPs promoted by state and/or regulatory authorities.  Adjacent 

landowners may obtain additional information on BMPs from GRDA’s Department of Ecosystems 

Management (Grand River Dam Authority, 2008a). 

 

10.13 Agency Regulatory Review and Permitting 

 U.S. Army Corps of Engineers 

The Corps, under Section 404 of the Clean Water Act, regulates the discharge of dredged and fill 

materials into waters of the United States, including adjacent wetlands.  Any work requiring the placement 

of fill and/or dredge within Grand Lake below elevation 745 feet MSL or adjacent wetlands (these 

wetlands may be above the referenced elevation) shall require Department of the Army authorization.  

This authorization may require project consultation, review, and permitting by Corps regulatory staff.  

Anyone proposing a project involving dredging or filling wetlands should contact the Regulatory Office 

within the Corp’s Tulsa office (US Army Corps of Engineers, 2023). 

 

 State of Oklahoma, Regional, and Local Agencies 

Oklahoma Department of Environmental Quality 

Under Title 252, Chapter 611, the ODEQ issues Section 401 water quality certifications for construction 

activities.  In accordance with the provisions of Section 401 of the CWA and the Environmental Quality 

Code, any applicant for a federal license or permit to conduct any activity including, but not limited to, the 

construction or operation of facilities, dredge or fill, or other activities which may result in any discharge 

into, pollution of, or alteration of the waters of the State of Oklahoma, must first obtain a water quality 

certification from the ODEQ.  The ODEQ issues, renews, and modifies water quality certifications 

including, but not limited to, permits issued by the Corps under the Section 404 permit program for the 

discharge of dredged or fill materials.  Additionally, ODEQ enforces water quality standards on the lake, 

and may be called upon to take regulatory action for activities such as improper disposal of septic wastes 

in the waters of Oklahoma (Grand River Dam Authority, 2008a). 

 

Local/Regional Floodplain Management 

The Oklahoma Floodplain Management Act, passed in 1980, authorizes communities (i.e., cities, towns, 

and counties) to develop floodplain regulations, designate flood hazard areas and establish floodplain 

boards.  An amendment in 2004 calls for accreditation of community floodplain administrators through the 

Oklahoma Water Resources Board (OWRB), ensuring that these officials are properly trained to 

effectively administer local floodplain regulations (Oklahoma Water Resources Board, n.d.). 

 

Consistent with protecting the natural functions of the floodplain and managing flood losses, the OWRB 

values the “No Adverse Impact” floodplain management approach.  This approach promotes 
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responsible floodplain development through community-based decision making (Oklahoma Water 

Resources Board, n.d.). 

 

GRDA 

The provisions of the Oklahoma Statutes governing the Grand River Dam Authority prescribe how GRDA 

property may be used and authorize GRDA to promulgate and enforce rules and regulations for 

recreational and commercial uses of its lakes and shoreline.  GRDA has created a law enforcement 

division for enforcing these rules on the waters and land of GRDA (Grand River Dam Authority, 2008a). 

 

The members of GRDA’s law enforcement division are Certified Peace Officers and recognized as the 

law enforcement officers for GRDA.  The law enforcement officers for GRDA may enforce GRDA rules 

and regulations, those rules and regulations as may be issued pursuant to the provisions of Section 400 

et. sq. of Title 63 of the Oklahoma Statutes, the provisions of Section 861 et. seq. of Title 82 of the 

Oklahoma Statutes, and all violations of criminal laws occurring within the boundaries of the counties 

where real property owned or leased by GRDA is located.  The enforcement officers have the power of 

peace officers during the performance of their duties, except in the serving and execution of civil process. 

GRDA’s law enforcement officers may cooperate with federal, state, and local law enforcement officers in 

the enforcement of all federal and state laws upon the waters, lands, and properties of GRDA (Grand 

River Dam Authority, 2008a). 

 

GRDA Ecosystem Compliance Department staff are charged with the duty of examining and inspecting 

proposed locations for wharves, docks, dikes, anchorages, boathouses, or any proposed structures or 

improvements to be made upon the waters or lands of GRDA.   

 

State Historic Preservation Office and Oklahoma Archaeological Survey 

Except for exempted activities listed in the Historic Properties Management Plan, all ground-disturbing 

activities will require review and comment from the SHPO and the OAS.  The OAS provides GRDA with 

the known locations of culturally sensitive and potentially sensitive locations within and adjacent to the 

Project boundary.  GRDA incorporated this information into non-public available resource mapping which 

they maintain.  Using this information, GRDA staff will review all proposed new uses to identify potential 

impacts to known or potentially sensitive archaeological and historical properties.  Early identification of 

the proposed activities, as well as identification of activities requiring authorization and those that do not, 

will be key to minimizing permit delays or rejection for project applicants.  GRDA will review the permit 

application and any supporting information to ensure that the property owner or new user provides the 

appropriate information.  GRDA will assist landowners in determining whether the proposed action 

requires consultation with the SHPO or OAS (Grand River Dam Authority, 2008a). 

 

GRDA, as a requirement or condition of its permits, requires any entity that is proposing ground disturbing 

activities within the Project to undertake the appropriate level of investigation, monitoring, and any 

subsequent mitigation found to be required for reasonable protection of cultural or historic resources 

within the Project (Grand River Dam Authority, 2008a). 
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11.1 Existing Enforcement Tools 

 Enforcement Staff 

As discussed in Section 11.1.2, GRDA’s Law Enforcement officers enforce all GRDA policies and 

regulations.  These duties include periodic inspection of permitted structures, general patrol of Grand 

Lake to identify new construction or uses, review upon demand of permits approving repairs or new 

construction of facilities, water quality sampling, buoy review and relocation, and issuance of violation 

notices to adjacent property owners who are in violation of permit standards and conditions.  GRDA also 

undertakes periodic flyovers by patrol officers and other GRDA Ecosystem Management staff, to assess 

and develop the discovery of new uses within the Project boundary or potential violations of existing 

permits (Grand River Dam Authority, 2008a). 

 

All GRDA law enforcement staff are trained and familiar with the new and existing standards, rules, 

regulations, and policies included in the SMP and are charged not only with their enforcement but also 

public outreach regarding them (Grand River Dam Authority, 2008a). 

 

 Actions Available for Enforcement 

GRDA law enforcement personnel may order any person or entity that is violating any provision found in 

Title 63 or Title 21 of the Oklahoma Statute or in any GRDA rules to leave the waters and/or lands of 

GRDA.  Failure to obey may result in GRDA enforcing the provisions of 63 O.S.2001, § 4221 that provide 

that such failure to comply will constitute a misdemeanor punishable by a fine not to exceed $250.00.  

Additionally, any such person or entity, after notice and an opportunity for hearing as provided the 

GRDA’s enabling legislation, may be banned from the waters and /or lands of GRDA for a period of time 

up to, and including 90 days (Grand River Dam Authority, 2008a). 

 

Currently, if a dock, wharf, boathouse, breakwater, buoy or any other structure, private or commercial, is 

not constructed with generally-accepted building materials and pursuant to generally-accepted 

construction practices, or installed in accordance with the plans and specifications approved by GRDA, or 

if such works are not kept in a good state of repair and in a good, safe, and substantial condition, are not 

inspected by a licensed electrical contractor as detailed in GRDA’s permitting standards, or upon failure 

of payment or any fee when due, GRDA, after notice an opportunity to be heard in accordance with 

Chapter 45 of its enabling legislation, has the right to remove or cause to be removed from GRDA’s 

waters and lands such structure at the owners expense and/or cancel any license or permit in the event 

the owner fails to repair or remove these uses after being notified by GRDA to repair or remove the same 

(Grand River Dam Authority, 2008a). 

 

GRDA’s current policy is that any loose or abandoned dock will be removed and disposed of by GRDA, 

and the owner is responsible for any expense incurred by GRDA (Grand River Dam Authority, 2008a). 

 

In the event GRDA removes a dock, wharf, boat house, breakwater, buoy, fence, retaining wall, railway, 

or any other structure, private or commercial, the owner of the structure will be required to pay all costs of 

such removal and may be required to pay all costs related to the repair and reclamation of GRDA lands 

and waters associated with the removal (Grand River Dam Authority, 2008a).  
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GRDA reserves the right to use mitigation as an enforcement option for unauthorized vegetation 

management activities, unauthorized grazing, and unauthorized activities covered by this   that cause 

wetland impacts or impacts to rare species wildlife habitat. 

 

Please note that GRDA’s rules and/or statutes are periodically subject to change.  For further 

information and the most current information, interested parties should contact GRDA or visit its website 

at www.GRDA.com.  GRDA reserves the right to waive, modify, amend, or repeal any of these provisions 

in accordance with Oklahoma law (Grand River Dam Authority, 2008a). 
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In developing this SMP, GRDA has committed to the long-term stewardship of the Project’s lands, water, 

environmental, recreational, and socioeconomic values of Grand Lake.  GRDA formulated this SMP in 

anticipation of continued growth and new uses on and adjacent to Project lands.  GRDA recognizes that 

the region is a popular tourist destination and residential area, and that non-project uses change over 

time.  While these changes in use may occur slowly, they may result in patterns that necessitate 

reassessment of the SMP.  To assure the SMP continues to remain relevant, GRDA has prescribed 

processes to review and, if necessary, to amend the SMP (Grand River Dam Authority, 2008a). 

 

12.1 Tracking Non-Project Use 

When the SMP was approved, GRDA instituted permit and non-project use tracking using the existing 

GIS.  GRDA will enter new permit applications into the GIS, so GRDA may track development and use 

patterns, as well as have easy access to data related to permitted activities.  GRDA will use the GIS 

database as one of the tools for assessing permit applications as well as for assessing the need for future 

changes in permitting or land use classifications (Grand River Dam Authority, 2008a). 

 

GRDA will update Project and resource databases as needed to assure they are reflective of field 

conditions.  As long as resource and use criteria as established by this SMP do not change, GRDA will 

not seek additional review by FERC. 

 

GRDA will track vegetation management permits issued in the Responsible Growth SMC as described in 

Section 10.5.4.4 and begin tracking all permits with the potential to impact wetlands as described in 

Section 10.6.  GRDA will also submit an annual report with the tracked vegetation management and 

wetland impact information by June 23 annually to FERC, ODWC, and USFWS.  GRDA will reassess 

whether vegetation or wetland mitigation is warranted during the next SMP update in six years following 

approval of this plan. 

 

12.2 Shoreline Management Classification Monitoring 

As demographics and user groups change within the Project vicinity and development of areas around 

the Project proceeds, the SMC may require revision.  Some shoreline areas may no longer support 

additional development while other areas may experience shifts in demographics that require adjustment 

of allowable uses.  As patterns of development change, some areas may require the re-evaluation of their 

designation or the creation of new SMC (Grand River Dam Authority, 2008a). 

 

To maintain the continued relevance of the SMP, GRDA intends to review the Land Use Classification 

mapping, the SMP and the associated permitting programs during the six-year update.  The six-year 

review timeframe allows GRDA to assess issues that may arise because of development around the 

reservoir.  A longer period may not react to shifts in use while a shorter period may not permit meaningful 

analyses of cumulative effects.  This review process provides a means for GRDA to adopt or replace 

policies in the SMP.   

 

At least six months prior to preparing a report on the SMP review, GRDA will publicly notice the process 

and request comment from the public.  Changes in the tracking of SMP activities as described in Section 

12.1 or that simply require changes in the mapping or other minor changes such as new development 
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within existing subdivisions adjacent to the Lake, or changes in recreational uses and access will be 

noted but are unlikely to warrant amendments to the SMP.  Major changes in land use patterns or new 

uses of the Project may require further evaluation for new management strategies or may even require an 

amendment of the SMP.  GRDA will provide FERC a report on the evaluation of the SMP no later than 

the six-year anniversary following approval of the SMP and every six years thereafter (Grand River Dam 

Authority, 2008a). 

 

12.3 SMP Amendment Process 

Major changes in development patterns, land uses, demographics, socioeconomics, or other factors 

within the Project vicinity may, over time, change assumptions presented in this SMP.  GRDA has 

established the following criteria that may indicate the need to address an amendment of the plan (Grand 

River Dam Authority, 2008a). 

 

Major Commercial Additions or New Commercial Uses 

GRDA will continue to monitor growth and development patterns around the lake and compile data that 

may be useful in the event an SMP amendment becomes necessary during the review period.  While the 

northern and eastern shorelines of the lake currently do not present the level of heavy development found 

in the southern region, or support major commercial uses, GRDA recognizes the potential for growth and 

changes in overall development patterns and expectation.  These areas may warrant special attention in 

the future (Grand River Dam Authority, 2008a). 

 

Large Parcel Land Sales/Major Changes in Land Ownership 

In the event that major parcels of previously undeveloped land change ownership, with an identifiable 

purchaser and new intent for use, GRDA may review both the SMC designation, as well as the 

allowable uses within the area to determine if amendments to the SMP are warranted (Grand River 

Dam Authority, 2008a). 

 

Changes within the Management Classifications 

GRDA based the current SMC on existing environmental, social, and aesthetic resources.  Some of these 

classifications are dynamic by nature.  It is possible that during the review period new concerns such as 

wetland habitat may change, thereby necessitating the re-evaluation and possible amendment of SMC as 

well as the associated allowable uses (Grand River Dam Authority, 2008a). 

 

In the event that one or more of the above conditions occurs, or cumulative effects of activities within the 

Project appear to affect the effectiveness of the SMP, GRDA will begin internal review of the existing 

plan.  Should GRDA determine that major changes to the land use classification mapping (through 

definition and assignment of new SMC or reassignment of existing SMC) are necessary, GRDA will 

petition FERC to amend the SMP (Grand River Dam Authority, 2008a). 

 

Upon determination of the necessity to amend the SMP, GRDA will publicly notice its intent, and provide 

a public forum for public comment, either through public meetings or through GRDA Board meeting 

discussions (which are open to the public).  Because a revision or modification of the SMP requires FERC 

approval, any proposed amendment will follow FERC procedures (Grand River Dam Authority, 2008a). 
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DESCRIPTION OF SHORELINE MANAGEMENT PLAN SECTIONS AND PROPOSED 

CHANGES FOR THE PENSACOLA PROJECT (GRAND LAKE) 

January 2022 

Executive Summary 

Introduction 

This section provides background on the Project.   

No substantive changes to this section are proposed. 

Purpose and Scope of SMP 

This section details the overall purpose of the SMP to guide GRDA’s management of the shoreline 
and describes the lands subject to the SMP.  It also described the general structure of the SMP.   

GRDA plans to add information to this section detailing the FERC order(s) associated with the 
current SMP update. 

SMP Goals and Objectives 

This section details the overall goal of the SMP to provide a comprehensive plan to guide the 
management of multiple resources and uses of the Project’s shoreline in a manner consistent with 
the FERC license and Project purposes.  The SMP balances public and private uses with natural 
resource protection and hydroelectric generation.   

No substantive changes to this section are proposed. 

Public Participation and Agency Consultation 

This section will be revised to describe the public participation and agency consultation 
undertaken in the original development of the SMP as well as the update currently being 
conducted.  The draft updated SMP will be provided to stakeholders for review and comment.  
Comments will be addressed in the Final SMP prior to filing with FERC. 

Inventory of Existing Resources and Uses 

This section provides information on the river basin, provides a general project description, and 
information on the different natural resources that could potentially be impacted by management 
of the shoreline.   

GRDA plans to update information regarding current operations of the project and provide 
background information on USACE management of the flood pool under the Flood Control Act.  
GRDA will also update the different resource areas with new information or data that has 
become available since the SMP was originally drafted.  Updates to the following resource areas 
are anticipated: 

• Water Quality 
• Fish and Wildlife Species 
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• Wildlife Management 
• Threatened and Endangered Species 
• Wetlands 
• Socioeconomics 

Summary of Recreation Plan 

This section provides a summary of recreation at the project and the requirements listed in the 
approved recreation plan for the Project.   

GRDA plans to update the recreation section of the SMP with information and data collected 
during the 2020 recreation study. 

Shoreline Management Classification 

This section provides an overview of each of the shoreline management classifications.   

GRDA plans to combine the Responsible Growth-Wetland and Responsible Growth Sensitive 
classifications in the updated plan.  

Allowable Use Categories 

This section details the three allowable use categories: commercial, residential, and 
municipal/public use.   

No substantive changes to this section are proposed. 

Shoreline Management Classification Mapping 

This section includes maps showing the location of each SMC classification on a map series.   

GRDA plans to update the current maps with updates that have occurred since the original maps 
were approved.  This will include the reclassification of Honey Creek Resort to Municipal/Public 
Use and combining the Responsible Growth-Wetland Inventory and Sensitive classifications into 
one new classification.  Changes from the currently approved maps will also be identified. 

Adaptive Management for Areas of Concern 

This section provides a framework for GRDA to monitor, analyze, and subsequently manage 
growth of development in specific location in a flexible manner, known as adaptive management.   

No substantive changes to this section are proposed. 

New Shoreline Uses 

This section details the process an applicant must go through to obtain GRDA permits or 
authorization for new shoreline uses.   

No substantive changes to this section are proposed. 

Permitting and Inspection 

Article 410 (Standard Land Use Article) 

This section details three types of conveyances identified in Article 410 that GRDA may 
authorize on Project lands without formal FERC approval prior to issuance.   

No substantive changes to this section are proposed. 



 

3 
 

GRDA Permitting and Approval 

This section describes the general permit review process undertaken by GRDA.  

 No substantive changes to this section are proposed. 

Commercial Permit Application Standards 

This section describes the standards for commercial permit applications.   

No substantive changes to this section are proposed. 

Residential Dock Permit Application Standards 

This section describes the standards for residential dock permit applications.   

No substantive changes to this section are proposed. 

Vegetation Management 

This section details the vegetation management standards set forth in the SMP. 

In order to address requirements in the October 17, 2013 FERC order approving the 
SMP and the September 9, 2019 FERC order which extended the deadline to file the 
updated SMP, GRDA will add provisions to quantify the effects of permitted vegetation 
removal and mitigate these effects through the enhancement or protection of vegetation 
in other areas.  The provisions will incorporate information on vegetation management 
activities collected since the SMP was originally approved.  The provisions will also 
include the following items required in the FERC order:  

• Methods developed to quantify impacts and measures to mitigate the impacts of the 
vegetation management rules, 

• Strategies for how GRDA will enforce the approved vegetation management rules, 
• Any revisions, as needed to the vegetation management rules. 

Wetland Impact/Mitigation 

In order to address requirements in the October 17, 2013 FERC order approving the 
SMP and the September 9, 2019 FERC order which extended the deadline to file the 
updated SMP, GRDA plans to add a new section to the SMP to identify existing wetland 
potentially affected by proposed shoreline activities and evaluating their functions and 
values, assess probable effects of proposed activities on wetlands, and address adverse 
effects on wetlands from permitted activities through appropriate mitigation. 

Wildlife Habitat Impact/Mitigation 

In order to address requirements in the FERC order approving the SMP and the 
September 9, 2019 FERC order which extended the deadline to file the updated SMP, 
GRDA plans to add a new section to the SMP to identify existing wildlife habitat 
potentially affected by proposed shoreline activities by evaluating their functions and 
values, assessing probable effects on wildlife habitat, addressing adverse effects on 
wildlife habitat from permitted activities through appropriate mitigation.  This section 
only applies to wildlife habitat related to SMP-related activities.   
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Other Uses-Habitable Structures 

At the time the SMP was approved, GRDA was in the process of gathering data and 
reviewing relevant studies and information regarding habitable structures.   

This section will be revised to incorporate the current habitable structures standards. 

Other Uses-Dredging and Excavation Policy 

This section details the standards regarding permitting of excavation and dredging 
activities on GRDA-owned property.   

This section will be revised to limit the areas where sediment sampling needs to be 
conducted prior to permitting, to the specific areas that have been identified as most 
susceptible to contamination based on sediment study information.  Currently all 
dredging activities require sediment sampling. 

Other Uses-Placement of Buoys; Shoreline Stabilization; Railways, Tram Systems, Fences, 
etc.; Leases of Lands for Public Purposes 

These sections address the policies for authorizing of these facilities/activities on GRDA-
owned lands.   

No substantive changes to these sections are proposed. 

Other Uses-Grazing 

This section describes the requirement for adjacent landowners to obtain a grazing permit 
prior to allowing grazing on GRDA-owned lands.   

No substantive changes to this section are proposed.  

Other Uses-Licenses to Encroach 

This section describes the ability for landowners with structures built on Project property 
prior to June 1, 2005 to obtain a license to encroach, which allows them to leave the 
structures in place for a designated period of time.   

This section will be revised to incorporate the current encroachment license standards.  

General Property Inspections 

This section indicates that GRDA has the right to inspect any permitted or unpermitted use of the 
Project for compliance with the terms of the SMP.   

No substantive changes to this section are proposed. 

Permit Waivers 

This section details the process involved with requesting a waiver, exception, or modification to 
the requirements of the SMP.   

No substantive changes to this section are proposed. 
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Grandfathered Improvements 

This section describes existing uses that may be considered grandfathered improvements and are 
allowed to remain in place.   

No substantive changes to this section are proposed. 

BMPS and Educational Outreach 

This section describes best management practices (BMPs) that landowners may implement on their 
own properties to minimize impacts to natural resources.  

 No substantive changes to this section are proposed.  

Agency Regulatory Review and Permitting 

This section describes other federal, state, and local permits/authorizations that applicants may be 
required to obtain prior to issuance of any GRDA permits.   

No substantive changes to this section are proposed.  

Enforcement of Shoreline Management Plan 

This section describes the enforcement measures GRDA may undertake to ensure compliance with 
the SMP.   

No substantive changes to this section are proposed. 

SMP Amendment Process 

This section describes the process involved with amending the SMP.   

No substantive changes to this section are proposed. 



Proof of Public Notice of SMP Update Meeting 



PUBLIC NOTICE
Public Informational Meeting 

for the Pensacola Hydroelectric 
Project (FERC No. 1494)
Shoreline Management 

Plan Update
 The Grand River Dam Authority 
(GRDA) owns and operates 
the Pensacola Hydroelectric 
Project (FERC No. 1494) which 
is located on the Grand River in 
Craig, Delaware, Mayes, and 
Ottawa counties in northeastern 
Oklahoma. The Project dam forms 
a reservoir known as Grand Lake 
O’ the Cherokees (Grand Lake). 
A shoreline management plan 
that guides GRDA’s management 
the shorelines was approved by 
the Federal Energy Regulatory 
Commission (FERC) on October 
17, 2013. The order approving 
the shoreline management 
plan required periodic updates 
to the plan. GRDA is currently 
completing one of the FERC-
required periodic updates, which 
must be completed prior to 
January 1, 2023. To begin the 
update process, GRDA is hosting 
a public informational meeting. 
To provide a productive forum 
to gather input on the shoreline 
management plan, the subject 
matter discussed in the meeting 
will be limited to providing an 
overview of the existing shoreline 
management plan, outline the 
sections of the plan that will be 
updated, and gather public input. 
The personnel attending this 
meeting will not be able to provide 
an update on the separate, but 
concurrent relicensing process 
for the Pensacola Hydroelectric 
Project. The meeting will be held 
from 6:00 p.m. to 8:00 p.m. on 
Thursday, February 24, 2022 at 
Shangri-La Resort Conference 
and Event Center, which is located 
at 31000 S. Hwy 125, Monkey 
Island, Oklahoma. GRDA kindly 
requests that those planning to 
attend the meeting RSVP with 
Jacklyn Jaggars with GRDA at 
jacklyn.jaggars@grda.com or 
(918) 981-8473.
(Published in the Miami News 
Record February 15, 2022)
LPXLP

Cost $40.50

PUBLIC NOTICE
Public Informational 

Meeting for the Markham 
Ferry Hydroelectric Project 

(FERC No. 2183)
Shoreline Management 

Plan Update
 The Grand River Dam Authority 
(GRDA) owns and operates the 
Markham Ferry Hydroelectric 
Project (FERC No. 2183) which 
is located on the Grand River in 
Mayes County in northeastern 
Oklahoma. The Project dam 
forms a reservoir known as Lake 
Hudson. A shoreline management 
plan (SMP) that guides GRDA’s 
management of the shorelines 
was approved by the Federal 
Energy Regulatory Commission 
(FERC) on April 30, 2014. The 
order approving the SMP required 
periodic updates to the plan. 
GRDA is currently completing 
one of the FERC-required 
periodic updates, which must 
be completed prior to January 
1, 2023. To begin the update 
process, GRDA is hosting a public 
informational meeting to provide 
an overview of the existing SMP, 
outline the sections of the plan 
that will be updated, and gather 
public input. The meeting will be 
held from 6:00 p.m. to 8:00 p.m. 
on Tuesday, February 22, 2022 at 
MidAmerica Expo Center, which 
is located at 5162 Webb Street, 
Pryor, Oklahoma. GRDA kindly 
requests that those planning to 
attend the meeting RSVP with 
Jacklyn Jaggars with GRDA at 
jacklyn.jaggars@grda.com or 
(918)-981-8473.
(Published in the Miami News 
Record February 15, 2022)
LPXLP

Cost $31.60

PUBLIC NOTICE
Public Informational Meeting 

for the Pensacola Hydroelectric 
Project (FERC No. 1494)
Shoreline Management 

Plan Update
 The Grand River Dam Authority 
(GRDA) owns and operates 
the Pensacola Hydroelectric 
Project (FERC No. 1494) which 
is located on the Grand River in 
Craig, Delaware, Mayes, and 
Ottawa counties in northeastern 
Oklahoma. The Project dam forms 
a reservoir known as Grand Lake 
O’ the Cherokees (Grand Lake). 
A shoreline management plan 
that guides GRDA’s management 
the shorelines was approved by 
the Federal Energy Regulatory 
Commission (FERC) on October 
17, 2013. The order approving 
the shoreline management 
plan required periodic updates 
to the plan. GRDA is currently 
completing one of the FERC-
required periodic updates, which 
must be completed prior to 
January 1, 2023. To begin the 
update process, GRDA is hosting 
a public informational meeting. 
To provide a productive forum 
to gather input on the shoreline 
management plan, the subject 
matter discussed in the meeting 
will be limited to providing an 
overview of the existing shoreline 
management plan, outline the 
sections of the plan that will be 
updated, and gather public input. 
The personnel attending this 
meeting will not be able to provide 
an update on the separate, but 
concurrent relicensing process 
for the Pensacola Hydroelectric 
Project. The meeting will be held 
from 6:00 p.m. to 8:00 p.m. on 
Thursday, February 24, 2022 at 
Shangri-La Resort Conference 
and Event Center, which is located 
at 31000 S. Hwy 125, Monkey 
Island, Oklahoma. GRDA kindly 
requests that those planning to 
attend the meeting RSVP with 
Jacklyn Jaggars with GRDA at 
jacklyn.jaggars@grda.com or 
(918) 981-8473.
(Published in The Grove Sun 
February 15, 2022)
LPXLP

Cost $40.50

PUBLIC NOTICE
Public Informational 

Meeting for the Markham 
Ferry Hydroelectric Project 

(FERC No. 2183)
Shoreline Management 

Plan Update
 The Grand River Dam Authority 
(GRDA) owns and operates the 
Markham Ferry Hydroelectric 
Project (FERC No. 2183) which 
is located on the Grand River in 
Mayes County in northeastern 
Oklahoma. The Project dam 
forms a reservoir known as Lake 
Hudson. A shoreline management 
plan (SMP) that guides GRDA’s 
management of the shorelines 
was approved by the Federal 
Energy Regulatory Commission 
(FERC) on April 30, 2014. The 
order approving the SMP required 
periodic updates to the plan. 
GRDA is currently completing 
one of the FERC-required 
periodic updates, which must 
be completed prior to January 
1, 2023. To begin the update 
process, GRDA is hosting a public 
informational meeting to provide 
an overview of the existing SMP, 
outline the sections of the plan 
that will be updated, and gather 
public input. The meeting will be 
held from 6:00 p.m. to 8:00 p.m. 
on Tuesday, February 22, 2022 at 
MidAmerica Expo Center, which 
is located at 5162 Webb Street, 
Pryor, Oklahoma. GRDA kindly 
requests that those planning to 
attend the meeting RSVP with 
Jacklyn Jaggars with GRDA at 
jacklyn.jaggars@grda.com or 
(918)-981-8473.
(Published in The Grove Sun 
February 15, 2022)
LPXLP

Cost $31.60



PUBLIC NOTICE
(Published in the Vinita Daily 
Journal February 16 and 23, 
2022)

Public Informational Meeting 
for the Pensacola Hydroelectric 

Project (FERC No. 1494)
Shoreline Management 

Plan Update
 The Grand River Dam Authority 
(GRDA) owns and operates 
the Pensacola Hydroelectric 
Project (FERC No. 1494) which 
is located on the Grand River in 
Craig, Delaware, Mayes, and 
Ottawa counties in northeastern 
Oklahoma. The Project dam forms 
a reservoir known as Grand Lake 
O’ the Cherokees (Grand Lake). 
A shoreline management plan 
that guides GRDA’s management 
the shorelines was approved by 
the Federal Energy Regulatory 
Commission (FERC) on October 
17, 2013. The order approving 
the shoreline management 
plan required periodic updates 
to the plan. GRDA is currently 
completing one of the FERC-
required periodic updates, which 
must be completed prior to 
January 1, 2023. To begin the 
update process, GRDA is hosting 
a public informational meeting. 
To provide a productive forum 
to gather input on the shoreline 
management plan, the subject 
matter discussed in the meeting 
will be limited to providing an 
overview of the existing shoreline 
management plan, outline the 
sections of the plan that will be 
updated, and gather public input. 
The personnel attending this 
meeting will not be able to provide 
an update on the separate, but 
concurrent relicensing process 
for the Pensacola Hydroelectric 
Project. The meeting will be held 
from 6:00 p.m. to 8:00 p.m. on 
Thursday, February 24, 2022 at 
Shangri-La Resort Conference 
and Event Center, which is located 
at 31000 S. Hwy 125, Monkey 
Island, Oklahoma. GRDA kindly 
requests that those planning to 
attend the meeting RSVP with 
Jacklyn Jaggars with GRDA at 
jacklyn.jaggars@grda.com or 
(918) 981-8473.

PUBLIC NOTICE
(Published in the Vinita Daily 
Journal February 16 and 23, 
2022)

Public Informational 
Meeting for the Markham 

Ferry Hydroelectric Project 
(FERC No. 2183)

Shoreline Management 
Plan Update

 The Grand River Dam Authority 
(GRDA) owns and operates the 
Markham Ferry Hydroelectric 
Project (FERC No. 2183) which 
is located on the Grand River in 
Mayes County in northeastern 
Oklahoma. The Project dam 
forms a reservoir known as Lake 
Hudson. A shoreline management 
plan (SMP) that guides GRDA’s 
management of the shorelines 
was approved by the Federal 
Energy Regulatory Commission 
(FERC) on April 30, 2014. The 
order approving the SMP required 
periodic updates to the plan. 
GRDA is currently completing 
one of the FERC-required 
periodic updates, which must 
be completed prior to January 
1, 2023. To begin the update 
process, GRDA is hosting a public 
informational meeting to provide 
an overview of the existing SMP, 
outline the sections of the plan 
that will be updated, and gather 
public input. The meeting will be 
held from 6:00 p.m. to 8:00 p.m. 
on Tuesday, February 22, 2022 at 
MidAmerica Expo Center, which 
is located at 5162 Webb Street, 
Pryor, Oklahoma. GRDA kindly 
requests that those planning to 
attend the meeting RSVP with 
Jacklyn Jaggars with GRDA at 
jacklyn.jaggars@grda.com or 
(918)-981-8473.



Public Meeting Participant List and Notes 
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Darrin Johnson

From: Miroslav Kurka
Sent: Thursday, February 24, 2022 7:01 PM
To: Shawn Puzen; Darrin Johnson; Jaggars, Jacklyn; Townsend, Darrell; Edwards, Brian; 

Jahnke, Tamara
Subject: SMP Public Meeting – Grand Lake 2.24.2022

Categories: Filed by Newforma

  
  

SMP Public Meeting – Grand Lake 
Thursday, February 24, 2022 
5:09 PM 

Attendees:  
  
GRDA: 

 Brian Edwards 
 Robert Harshaw 
 Phillip "Scott" Horton 
 Jacklyn Jaggers 
 Tamara Jahnke 
 Darrell Townsend 

  
Mead & Hunt 

 Shawn Puzen 
 Darrin Johnson 
 Miro Kurka 

  
Guests: 

 Bruce Watson 
 Emily Cryer 
 Larry Stout 
 Martin Lively 
 Roger Endo 
 Jonathan Moosmiller 
 Bill Wagner 
 David 
 James Sanders 
 Stephanie Cox 
 Linda Higgins 

 
 
 
Q&A: 

 Martin Lively - Lead Agency 
o Q1: Differences between responsible growth wetlands and responsible growth sensitive. 

 A: Jacklyn answered 
o Q2: What will do new classification be 

 A: Shawn - haven't decided but will be sensitive or wetland. 



2

o Q3: Is there a map for allowable uses? Is there a way to see where allowable uses exist along the 
shoreline. 

 A: Jacklyn - don't have a map that shows this. Scott confirmed. 
o Q4: Doesn’t he aggregate data exist in a data base? 

 A: Scott - no 
o Q5: Dredging permit required north of Sailboat Bridge. Did you have permits filed for Grand Lake 

 A: Don't know number - never had heavy metals come back 
 A: Jacklyn - 12 total permits since 2014 

o Q6: which studies will you use to determine where to require sampling. 
 A: Darrell - indicated he would check and have to get back. USFWS, OSU and others. 

 Roger Endo - asked for the powerpoint. 
  

  

  
  
Created with OneNote. 
  
MIRO KURKA, PE, PMP 
GROUP LEADER, WATER RESOURCES 
(Pronouns He, Him, His) 
Mead & Hunt 
Direct: 918-586-7276 | Cell: 918-740-1192 | Transfer Files  
meadhunt.com | LinkedIn | Twitter | Facebook | Instagram  
    120 YEARS OF SHAPING THE FUTURE    
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Shoreline Management Plan Update

Pensacola Hydroelectric Project
Project No. 1494

February 24, 2022

2EFFICIENCY     .     ELECTRICITY     .     ECONOMIC DEVELOPMENT     .     ENVIRONMENTAL STEWARDSHIP     .     EMPLOYEES

Presentation Outline

1. Purpose of Shoreline Management Plan (SMP)

2. Reasons for SMP Update

3. Overview of Current SMP and Proposed Changes

4. Summary of Process Changes

5. Public Input-Questions and Comments

6. Project Schedule

1

2



6/22/2022

2

3EFFICIENCY     .     ELECTRICITY     .     ECONOMIC DEVELOPMENT     .     ENVIRONMENTAL STEWARDSHIP     .     EMPLOYEES

Purpose of SMP

1. Only applies to lands owned by GRDA within the Project boundary.

2. Use existing resource information to designate shoreline management 
classifications.

3. Develop guidelines to determine appropriate shoreline uses for each 
classification.

4. Guides GRDA’s management of shoreline areas in conformance with the 
Project’s license.
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Reasons For SMP Update

October 17, 2013, FERC Order (2013 Order) SMP Update Requirements 

1. Plan update within 6 years (2019)

2. Addition of provisions regarding impact of permitted activities on:
a) Vegetation Management

b) Wetlands

c) Wildlife Habitat

* Please Note: The SMP update is separate from relicensing of the Pensacola 
Project and only involves shoreline management rules and procedures.

3
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Section 1 through Section 4

Section 1 Introduction
Section 2 Purpose and Scope of the SMP
Section 3 Goals and Objectives
Section 4 Public Participation

Other than updating public participation, no substantive changes are proposed.
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Section 5

Section 5 Inventory of Existing Resources and Uses

1. GRDA will update the following resource areas with current information:
a) Water Quality

b) Fish and Wildlife Species 

c) Wildlife Management

d) Threatened and Endangered Species

e) Wetlands

f) Socioeconomics

2. GRDA will continue to operate the reservoir between elevations
742-745 feet (PD).

3. Corps of Engineers will continue management of flood control operations 
above elevation 745 (PD).

5
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Section 6 

Section 6 Summary of Recreation Management Plan.

1. Provides a summary of recreation at the Project and the license 
requirements in the approved recreation plan.

2. Section will be updated with results from the 2020 recreation study.

3. 2020 Recreation Study Objectives
a) Determine current use of existing facilities.

b) Determine future Project needs.

c) Evaluate the need for new recreation facilities or improvements to existing 
facilities.
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Recreation Sites Evaluated

7

8



6/22/2022

5

9EFFICIENCY     .     ELECTRICITY     .     ECONOMIC DEVELOPMENT     .     ENVIRONMENTAL STEWARDSHIP     .     EMPLOYEES

Amenities at each Recreation Site
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Visitors Observed at each Recreation Site

9
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Average Use Capacity of High-use Sites
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Recreation Study Conclusions

1. Recreation facilities provide adequate capacity.

2. No need identified for establishment of additional recreation sites.

3. Recreation use should continue to be surveyed every six years.

11
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Section 7.1

Section 7.1 Shoreline Management Classifications

1. Current Shoreline Management Classifications (maps available on GRDA website)
a) Project Operations Areas

b) Municipal / Public Use Areas

c) Wildlife Management Areas

d) Stewardship Areas

e) Responsible Growth Areas

f) Responsible Growth-Wetland Areas

g) Responsible Growth-Sensitive Areas

2. Combine the Responsible Growth-Wetland and Responsible Growth-Sensitive 
Classifications.

14

Current SMC 
Map

13
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Sections 7.2 and 7.3

Section 7.2 Allowable Use Categories
Section 7.3 Shoreline Management Classification Mapping

1. Current Allowable Use Categories (no changes proposed).
a) Commercial Uses

b) Residential Uses

c) Municipal/Public Uses

2. Update the SMC maps.
a) Honey Creek Resort area will be reclassified as Municipal/Public Use.

b) Combine Responsible Growth-Wetland and Responsible Growth-Sensitive 
classifications.

c) Any other changes such as additional wetland areas identified via wetland 
delineation.

16

Honey Creek 
Resort Area
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Sections 8 and 9

Section 8 Adaptive Management for Areas of Concern
Section 9 New Shoreline Uses Evaluation Process

1. Provide a framework to evaluate areas of concern.  

2. Details the process for applicants to obtain shoreline use permits or 
authorizations.

3. No substantive changes proposed.
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Sections 10.1 to 10.4

Section 10.1 Article 410 “Standard Land Use Article”
Section 10.2 GRDA Permitting and Approval
Section 10.3 Commercial Permit Application Standards
Section 10.4 Residential Dock Application Standards

1. These sections detail the types of authorizations that GRDA may issue within the 
Project and describe the application process for commercial and residential 
permits. 

2. Section 10.2 will be revised to incorporate additional GRDA review and/or 
tracking of vegetation management, wetland, and wildlife habitat impacts from 
new SMP permitted activities.

17
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Section 10.5 Vegetation Management

Updates Required by 2013 FERC Order

1. Quantify effects of permitted vegetation removal.

2. Mitigate effects of vegetation removal (enhancement or protection of vegetation 
in other areas).

3. Incorporate information on vegetation management (VM) activities collected.

4. Quantify impacts and measures to mitigate the impacts of VM rules.

5. Detail strategies for enforcement of VM rules. 

6. Revise VM rules, as necessary.
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New Vegetation Management Provisions

1. Incorporate new information on vegetation management activities permitted.

2. Vegetation mitigation measures are not warranted at this time.

3. Continue tracking all new VM permits.

4. Continue submitting annual VM reports.

5. Assess impacts of VM in the next SMP update (6-years). 

6. Include vegetation mitigation as an enforcement option for unauthorized VM 
activities.

19
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New Provision-Wetland Impact 

Updates Required by 2013 FERC Order

1. Identify existing wetland potentially impacted by proposed shoreline activities.

2. Evaluate functions and values of wetlands potentially impacted.

3. Assess probable effects of proposed activities on wetlands.

4. Address adverse effects on wetlands through appropriate mitigation.

22EFFICIENCY     .     ELECTRICITY     .     ECONOMIC DEVELOPMENT     .     ENVIRONMENTAL STEWARDSHIP     .     EMPLOYEES

Planned Wetland Impact Provisions

1. Track and document permits issued that may impact wetlands. The following 
items will be tracked:
a) Wetland Acreage

b) Wetland Type

c) Wetland Functional Value

2. Submit annual report to FERC.

3. Assess wetland impact mitigation needs in the next SMP update (6-years). 

4. Include wetland mitigation as an enforcement option to address unauthorized 
wetland impacts.

21
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New Provision-Wildlife Habitat Impact 

Updates required by 2013 FERC Order

1. Identify existing wildlife habitat potentially impacted by proposed shoreline SMP 
authorized activities.

2. Evaluate functions and values of wildlife habitat potentially impacted.

3. Assess probable effects of proposed SMP activities on wildlife habitat.

4. Address adverse effects on wildlife habitat through appropriate mitigation.
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Planned Wildlife Habitat Impact Provisions  

1. Focus new wildlife habitat provisions on habitat for threatened and endangered 
species (TE Species) potentially impacted by new SMP permitted activities.

2. Consult with resource agencies to identify appropriate standard mitigation 
measures/BMPs to minimize or avoid TE Species wildlife habitat impacts.  

3. Revise permit review process to evaluate new permit applications for the TE 
Species wildlife habitat and develop mitigation measures.

4. If TE Species wildlife habitat impacts cannot be mitigated, permits will be denied.

5. Add TE Species wildlife habitat mitigation as an enforcement measure to 
address unauthorized TE Species wildlife habitat impacts.

23
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Sections 10.6.1 and 10.6.2

Section 10.6.1 Habitable Structures

1. Habitable structure standards were not included in the original SMP.

2. Provide additional background information in this section.
a) Background information on policy development and FERC approval. 

b) Information from annual reports.

c) Current habitable structures standards.

Section 10.6.2 Dredging and Excavation Policy

1. Currently all dredging activities require sediment sampling.

2. Revise this section to limit the areas where sediment sampling needs to be 
conducted to those most susceptible to contamination based on existing 
contaminated sediment data. 

26EFFICIENCY     .     ELECTRICITY     .     ECONOMIC DEVELOPMENT     .     ENVIRONMENTAL STEWARDSHIP     .     EMPLOYEES

Sections 10.6.3 to 10.6.6

Section 10.6.3 Placement of Buoys
Section 10.6.4 Shoreline Stabilization
Section 10.6.5 Railways, Trams, Fences, Ramps, Retaining Walls
Section 10.6.6 Grazing

1. Address the policies for authorizing the identified facilities or activities on GRDA-
owned lands.

2. No substantive changes proposed.

25
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Section 10.6.7

Section 10.6.7 Licenses to Encroach

1. Describes the ability for landowners with structures built on Project property prior 
to June 1, 2005, to obtain a license to encroach and leave the structures in place 
for a designated period of time (currently 99 years).

2. Provide additional background information in this section.
a) Background information on policy development and FERC approval. 

b) Information from annual encroachment reports.

c) Current encroachment license standards. 
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Sections 10.6.8

Section 10.6.8 Lease of Property for Public Purposes

1. Details GRDA’s procedures for leasing Project lands for public purposes.

2. No substantive changes proposed.

27
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Section 10.7

Section 10.7 General Property Inspections

1. Details GRDA’s rights to inspect any permitted or unpermitted use of the Project 
for compliance with the SMP.

2. No substantive changes proposed.
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Section 10.8

Section 10.8 Permit Waivers

1. Details the process to obtain permit waivers.

2. No substantive changes proposed.

29
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Section 10.9

Section 10.9 Grandfathered Improvements

1. This addresses what existing uses do not meet current SMP standards and may 
be considered grandfathered improvements to remain in place.

2. No substantive changes proposed.

32EFFICIENCY     .     ELECTRICITY     .     ECONOMIC DEVELOPMENT     .     ENVIRONMENTAL STEWARDSHIP     .     EMPLOYEES

Section 10.10

Section 10.10 BMPs and Educational Outreach

1. Describes Best Management Practices (BMPs) that landowners may implement 
on their own property to minimize impacts to natural resources.

2. No substantive changes proposed.

31
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Section 10.11

Section 10.11 Agency Regulatory Review and Permitting

1. Describes other federal, state, and local permits or authorization that applicants 
may be required to obtain prior to issuance of GRDA permits. 

2. No substantive changes proposed.
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Section 11

Section 11 Enforcement of SMP

1. Describes the enforcement measures GRDA may undertake to ensure compliance 
with the SMP.

2. GRDA plans to add an enforcement option to include requiring mitigation 
(vegetation, wetland, wildlife habitat) for unauthorized activities that result in 
adverse impacts.

33
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Section 12

Section 12 SMP Amendment Process

1. Describes the process involved with amending the SMP between periodic (6-year) 
updates.

2. No substantive changes proposed.
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Summary of Process Changes

1. The GRDA permit review process will include a review of potential impacts from 
new permitted/authorized shoreline activities:
a) Vegetation Management

b) Wetland

c) TE Species Wildlife Habitat

2. The remaining SMP changes are mainly administrative in nature by updating the 
existing document with the most recent information.

35
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Public Input

Any questions or comments?
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Plan and Schedule

August 1, 2022 – Send Draft SMP to Stakeholders

September 1, 2022 – Stakeholder Comments Due

January 1, 2023 – File Final SMP with FERC

37
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Thank you

39



 

 

The Draft SMP was sent to the Pensacola Hydroelectric Project 

relicensing distribution list as part of the Draft License 

Application. No comments specific to the Pensacola SMP were 

received. 

  



 

 

The Final SMP was sent to the Pensacola Hydroelectric Project 

relicensing distribution list as part of the Final License 

Application. 
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12/10/21, 3:31 PM Checklist for Grand Lake O' the Cherokees--Recreation Area Number 1

https://ebird.org/printableList?regionCode=L2170720&yr=all&m= 1/3

Date:  
Start time:  
Duration:  
Distance:  

Party size:  
Notes:

eBird Field
Checklist

Grand Lake O' the
Cherokees--Recreation

Area Number 1
Mayes, Oklahoma, US

ebird.org/hotspot/L2170720

128 species (+5 other taxa) - Year-
round, All years

 

This checklist is generated with
data from eBird (ebird.org), a

global database of bird sightings
from birders like you. If you
enjoy this checklist, please
consider contributing your

sightings to eBird. It is 100%
free to take part, and your

observations will help support
birders, researchers, and

conservationists worldwide.

Go to ebird.org to learn more!

 Waterfowl
___Canada Goose
___Muscovy Duck (Domestic type)
___Wood Duck
___Blue-winged Teal
___Northern Shoveler
___Gadwall
___Mallard
___Green-winged Teal
Grouse, Quail, and Allies
___Northern Bobwhite
Grebes
___Pied-billed Grebe
___Horned Grebe
___Eared Grebe
Pigeons and Doves
___Rock Pigeon
___Eurasian Collared-Dove
___Mourning Dove
Cuckoos
___Yellow-billed Cuckoo
Hummingbirds
___Ruby-throated Hummingbird
Rails, Gallinules, and Allies
___American Coot
Shorebirds
___Killdeer
___Spotted Sandpiper
___Willet

 Gulls, Terns, and Skimmers
___Bonaparte's Gull
___Franklin's Gull
___Ring-billed Gull
___Herring Gull
___gull sp.
___Caspian Tern
___Forster's Tern
Loons
___Common Loon
Cormorants and Anhingas
___Double-crested Cormorant
Pelicans
___American White Pelican
Herons, Ibis, and Allies
___Great Blue Heron
___Great Egret
___Snowy Egret
___Cattle Egret
___Green Heron
___Black-crowned Night-Heron
Vultures, Hawks, and Allies
___Black Vulture
___Turkey Vulture
___Osprey
___Mississippi Kite
___Cooper's Hawk
___Bald Eagle
___Red-shouldered Hawk
___Red-tailed Hawk
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https://ebird.org/printableList?regionCode=L2170720&yr=all&m= 2/3

Owls
___Barred Owl
Kingfishers
___Belted Kingfisher
Woodpeckers
___Yellow-bellied Sapsucker
___Red-headed Woodpecker
___Red-bellied Woodpecker
___Downy Woodpecker
___Hairy Woodpecker
___Downy/Hairy Woodpecker
___Pileated Woodpecker
___Northern Flicker
Falcons and Caracaras
___American Kestrel
Tyrant Flycatchers: Pewees, Kingbirds,
and Allies
___Eastern Wood-Pewee
___Acadian Flycatcher
___Eastern Phoebe
___Great Crested Flycatcher
___Eastern Kingbird
___Scissor-tailed Flycatcher
Vireos
___White-eyed Vireo
___Bell's Vireo
___Yellow-throated Vireo
___Warbling Vireo
___Red-eyed Vireo
Shrikes
___Loggerhead Shrike

 Jays, Magpies, Crows, and Ravens
___Blue Jay
___American Crow
___Fish Crow
___crow sp.
Tits, Chickadees, and Titmice
___Carolina Chickadee
___Tufted Titmouse
Martins and Swallows
___Northern Rough-winged Swallow
___Purple Martin
___Tree Swallow
___Barn Swallow
___Cliff Swallow
___swallow sp.
Kinglets
___Ruby-crowned Kinglet
___Golden-crowned Kinglet
Nuthatches
___Red-breasted Nuthatch
___White-breasted Nuthatch
Gnatcatchers
___Blue-gray Gnatcatcher
Wrens
___House Wren
___Carolina Wren
___Bewick's Wren
Starlings and Mynas
___European Starling

 Catbirds, Mockingbirds, and
Thrashers
___Gray Catbird
___Brown Thrasher
___Northern Mockingbird
Thrushes
___Eastern Bluebird
___Swainson's Thrush
___Wood Thrush
___American Robin
Waxwings
___Cedar Waxwing
Old World Sparrows
___House Sparrow
Finches, Euphonias, and Allies
___House Finch
___American Goldfinch
New World Sparrows
___Chipping Sparrow
___Lark Sparrow
___Dark-eyed Junco
___White-throated Sparrow
___Savannah Sparrow
Blackbirds
___Eastern Meadowlark
___Orchard Oriole
___Baltimore Oriole
___Red-winged Blackbird
___Brown-headed Cowbird
___Common Grackle
___Great-tailed Grackle

This field checklist was generated using eBird (ebird.org)



12/10/21, 3:31 PM Checklist for Grand Lake O' the Cherokees--Recreation Area Number 1

https://ebird.org/printableList?regionCode=L2170720&yr=all&m= 3/3

Wood-Warblers
___Louisiana Waterthrush
___Black-and-white Warbler
___Prothonotary Warbler
___Tennessee Warbler
___Orange-crowned Warbler
___Nashville Warbler
___Kentucky Warbler
___Common Yellowthroat
___American Redstart
___Northern Parula
___Yellow Warbler
___Yellow-rumped Warbler
___Yellow-throated Warbler
___Black-throated Green Warbler
___Wilson's Warbler
Cardinals, Grosbeaks, and Allies
___Summer Tanager
___Northern Cardinal
___Blue Grosbeak
___Indigo Bunting
___Painted Bunting
___Dickcissel

  

This field checklist was generated using eBird (ebird.org)
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APPENDIX D  Maps Showing Wetlands within the Pensacola Project Boundary 
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APPENDIX E  Shoreline Management Classification Maps 
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APPENDIX F Suggested BMPs for Non-Project Lands 



Buffer Zones and Vegetation Management 

 
Vegetated shorelines are an important component of a healthy reservoir 

ecosystem. These natural buffers act as filters, facilitating the absorption and processing 

of runoff pollutants. This filtering reduces the amount of potentially harmful 

contaminants that enter the lake and contribute to water quality degradation. In addition 

to filtering pollutants, vegetation (preferably native species) works to preserve the 

physical integrity of the shoreline, preventing excessive erosion that can lower water 

quality and degrade aquatic habitat. Naturally, vegetated shorelines improve the 

aesthetic integrity of the reservoir and provide habitat for aquatic and terrestrial species. 

The following practices are an integral part of GRDA’s efforts to maintain and improve 

lands, water quality protection, shoreline stabilization, aesthetics, and wildlife habitat 

within the Project boundary. As such, GRDA recommends these practices to property 

owners outside the Project boundary as well. 

 
• Plant native trees, shrubs, and flowers for landscaping and gardens to reduce 

watering as well as chemical and pesticide use.   

 
• Preserve or establish an unmanaged filter strip of natural vegetation along the 

shoreline and keep clearing of native trees and vegetation to a minimum. GRDA 

recommends a buffer measuring a minimum of 35 feet horizontally from the top of 

the normal pool elevation.   

 

• Maintain existing or establish new native milkweeds and/or flowering nectar plants 

that may provide habitat for rare butterflies. 

 
• Plant a low maintenance, slow growing grass recommended for soil conditions and 

climate. 

 
• Maintain the grass as high as possible to shade out weeds and improve rooting so 

less fertilizing and watering are required. 

 
• Avoid dumping leaves or yard debris on or near the shoreline. 

 

  



        The introduction or planting of invasive plant species is prohibited on GRDA lands 

and waters. In addition to any species designated by the Oklahoma Department of 

Wildlife Conservation, a list of such species includes: 

(1) Invasive or pest plants: Russian Olive; Sumac; Paper Mulberry; Saltcedar or 

Tamarisk; Siberian Elm; Eastern Redcedar; Poison Ivy; Poison Oak; Poison 

Sumac. 

(2) Noxious aquatic plants: 

Azolla pinnata — Mosquito Fern (aka — Water Velvet, Water Fern); Cawlerpa 

taxifolia — Caulerpa (aka — Mediterranean Clone of Caulerpa); Eichhornia azure — 

Anchored  Water Hyacinth (aka Rooted Water Hyacinth, Blue Water Hyacinth, 

Saw-petal Water Hyacinth); Hydrilla verticillata — Hydrilla (aka — Florida Elodea, 

Star Vine, Oxygen Plant, Oxygen Weed); Hygrophila polysperma — Hygro (aka — 

Miramar Weed, Green Hygro, Oriental Ludwigia, East Indian Hygrophila); 

Ipomoea aquatica Water Spinach (aka - Swamp Morning Glory, Chinese Water 

Spinach, Water Bindweed, Aquatic Morning Glory); Lagarosiphon major — 

African Elodea (aka — Oxygen Weed); Limnophila species — Ambulia (aka — 

Asian Marshweed, Limno, Red Ambulia, Indian Ambulia); Lythrum salicaria — 

Purple Loosestrife (aka — Loosestrife); Marsilea quadrifolia — Marsilea (aka — 

European Waterclover, Four-leaf Clover Fern, Water Fern, Water Clover, Hairy 

Pepperwort); Marsilea mutica — Australian Waterclover (aka — Varigated Water- 

clover,  Mardoo); Marsilea  minuta Waterclover; Melaleuca quinquenervia 

Paperbark Tree (aka — melaleuca, Cajeput, Punk); Monochoria hastate — Cat’s 

Claw (aka — Monochoria); Ottellia alismoides — Duck Lettuce; Sagittaria 

sagittifolia — Japanese Arrowhead (aka — Hawaiian Arrowhead, Common 

Arrowhead,  Chinese  Arrowhead); Salvinia auriculata Gian Salvinia (aka 

Butterfly, Fenn, Water Fenn, Water Moss); Salvinia biloba — Gioan Salvinia (aka — 

Salvinia);  Salvinia herzogii Gian Salvinia (aka Salvinia); Salvinia molesta 

Gian Salvinia (aka — Salvinia, Water Velvet, Karibaweed, Koi Kandy); Solanum 

tampicense — Wetland Nightshade; Sparganium erectum — Exotic Bur-reed; 

Glossostigma diandrum — Mud Mat. 

(3) Noxious non-aquatic plants: Musk Thistle; Canada Thistle; Scotch Thistle. 



Water Quality 

 
 

Water quality is an important indicator of the overall health of Grand Lalce.  

Water quality not only affects aquatic and terrestrial wildlife, but also the health and well-

being of individuals and communities that surround the Project. Water quality can be 

impaired in several ways, one of which is through the introduction of pollutants from 

nonpoint sources GNPS). Water run-off introduces NPS pollution into these reservoirs. 

Agriculture, forestry, construction, and various other land use activities contribute to non- 

point pollution. As water runs off surrounding lands, it picks up sediment, bacteria, oi1, 

grease, and other pollutants as well as nutrients such as nitrogen and phosphorus. 

Excessive levels of NPS pollution can overwhelm a reservoir’s natural filtering abilities 

and can lead to a decrease in water quality levels. For a complete technical reference 

concerning water quality on Grand Lake, please see the water quality reports on the 

Oklahoma Office of the Secretary of the Environment website. 




