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THE YELLOWWOOD LAKE
WATERSHED MANAGEMENT
PLAN

PROTECTING, ENHANCING, AND CONSERVING YELLOWWOOD LAKE
AND ITS WATERSHED

VISION STATEMENT: THE GROUP’S VISION IS A HEALTHY,
SUSTAINABLE, BIODIVERSE YELLOWWOOD LAKE WATERSHED
ECOSYSTEM THAT WILL SERVE AS A MODEL FOR WATERSHED

PLANNING WHILE ALLOWING FOR A VARIETY OF HUMAN ACTIVITIES

AND PROVIDING THE HIGHEST QUALITY WATER RESOURCE

ATTAINABLE.

MISSION STATEMENT: THE YELLOWWOOD LAKE WATERSHED
PLANNING GROUP IS A PARTNERSHIP OF CONCERNED CITIZENS AND
THE INDIANA DEPARTMENT OF NATURAL RESOURCES’ DIVISION OF

FORESTRY, DEDICATED TO DEVELOPING AND IMPLEMENTING A
SUCCESSFUL WATERSHED PLAN TO PROTECT, ENHANCE, AND
CONSERVE YELLOWWOOD LAKE AND ITS WATERSHED. THE HEALTH OF
YELLOWWOOD LAKE IS DIRECTLY CONNECTED TO THE HEALTH AND

BIODIVERSITY OF ITS WATERSHED.

THIS PROJECT WAS MADE POSSIBLE BY A FEDERAL CLEAN WATER ACT SECTION 205(])
WATER QUALITY MANAGEMENT PLANNING GRANT TO THE INDIANA DEPARTMENT OF
NATURAL RESOUCES DIVISION OF FORESTRY FROM THE INDIANA DEPARTMENT OF
ENVIRONMENTAL MANAGEMENT.
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THE YELLOWWOOD LAKE
WATERSHED MANAGEMENT
PLAN

PROTECTING, ENHANCING, AND CONSERVING YELLOWWOOD LAKE
AND ITS WATERSHED

EXECUTIVE SUMMARY

The Yellowwood Lake watershed is located in south-central Indiana, approximately ten miles
east of Bloomington. Included in the larger Salt Creek and East Fork White River Watersheds, the
Yellowwood Lake Watershed comprises 60% of the 14-digit North Fork Salt Creek-Jackson Creek
Watershed, spans approximately 4,410 acres, and is entirely contained within Brown County. In 2004,
Yellowwood Lake, a 133 acre reservoir, was included on Indiana’s 303(d) list of Impaired
Waterbodies for Mercury.

Unique among many small watersheds in Indiana, approximately 80% of the Yellowwood
Lake watershed is publicly owned and operated by the Indiana Department of Natural Resources
Division of Forestry as Yellowwood State Forest. Located within the biologically rich Brown County
Hills Region, the watershed’s heavily forested (90% of total acreage) landscape and deeply dissected
topography attract an estimated 200,000 people each year who come to camp, boat, hike, fish, hunt,
ride horses, and enjoy nature. Other pursuits within the watershed include timber harvesting on state
and private land, residential development, and private equestrian facilities.

The Yellowwood Lake Watershed Management Plan: Protecting, Enbancing, and Conserving Y ellowwood
Lake and Its Watershed is the result of 22 months of gathering input, conducting research, and
initiating discussions among state and local government representatives, university researchers,
consultants, environmentalists, watershed residents, stakeholder groups, and concerned citizens in
order to identify and address watershed concerns. The Yellowwood Lake Watershed Planning Group
(YLWPG), formed in 2000, led the process of developing this watershed management plan.

This plan was developed as a result of the group’s efforts to protect, enhance, and conserve
the ecological health of Yellowwood Lake and its watershed. To accomplish this goal; the YLWPG
focused its attention on three main areas in the watershed: 1) sedimentation 2) nuisance and invasive
species, and 3) biological and chemical contamination. A fourth concern, group sustainability, arose
as the group discussed implementation of this plan. The YLWPG conducted water quality
investigations to develop problem statements, goals, objectives, and action items to address each of
the four focus topics:
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GROUP SUSTAINABILITY

PROBLEM: The YLWPG does not have strategic plans or future funding sources for organizational
sustainability or implementation of this watershed management plan's goals.

GOAL #1: Increase watershed user awareness about impacts of nonpoint source pollution on water

quality.

GOAL #2: Ensure continued financial and personnel support for YLWPG activities.

SEDIMENTATION

PROBLEM: Yellowwood Lake is filling in with sediment, causing the lake to lose depth and the
macrophyte beds to expand. Visual observations from Hoosier Fly Fishers members suggest that this
process has accelerated over the last decade. Sediments from the watershed can carry biological and
chemical pollutants, increase water temperature, block sunlight, impair sight-dependent predation,
and smother fish nesting sites. The soft, fertile sediments also provide a rich bed for aquatic plant
establishment.

GOAL.: Reduce storm event Total Suspended Solid (TSS) loads in the Jackson Creek by 145
tons/day to minimize depth loss in the north end of Yellowwood Lake.

NUISANCE AND INVASIVE SPECIES

PROBLEM: Nuisance and invasive species, detected throughout the Yellowwood Lake watershed,
are detrimental to native biodiversity and provide few valuable environmental functions such as
nutrient uptake, soil stabilization, habitat, and forage.

GOAL: Reduce the impact of exotic and nuisance flora and fauna in the Yellowwood Lake
Watershed.

BIOLOGICAL AND CHEMICAL CONTAMINATION

PROBLEM: Biological and chemical contaminants pose an undefined threat to the Yellowwood
Lake watershed. This is primarily due overland runoff of pathogens, chemicals, and nutrients. Failed
or failing septic systems, horses, and wildlife are known to contribute nutrients and pathogens while
automobiles, fertilizers, improper chemical use/storage, timber harvesting activities, and above-
ground fuel storage tanks have the potential to leak hazardous materials into the watershed. Beyond
runoff, Yellowwood Lake is currently suffering from airborne mercury contamination.

GOAL #1: Reduce the risk of chemical contamination from above-ground fuel storage tanks,
chemical storage, illicit dumping, and stream crossings in the Yellowwood Lake watershed.

GOAL #2: Increase public education about mercury pollution in Yellowwood Lake.

GOAL #3: Reduce average E. co/iloads by 20,000 E.co/i/day in 5 years and by 40,000 E.co/i/day in
10 years to meet the State Water Quality Standards for E. co/i.
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1. PROJECT INTRODUCTION

The Yellowwood Lake Watershed Planning Group (YLWPG) is a partnership of local
residents, stakeholders, and the Indiana Department of Natural Resources (IDNR) Division of
Forestry that is committed to the well being of Yellowwood Lake. In 2004 they successfully
submitted an application for a Clean Water Act Section 205(j) grant to develop the Yellowwood Lake
Watershed Management Plan. This document summarizes the baseline information and water quality
improvement goals developed by the YLWPG.

The Yellowwood Lake Watershed Management Plan is a long-term plan that aims to
maintain and improve the overall good water quality of Yellowwood Lake while identifying and
addressing current and potential threats to the health of the lake and its watershed. This plan,
through research and stakeholder input, prioritizes the many demands placed on the watershed and
the lake. The project design was based on the watershed approach commonly used for environmental
management. Developed by the EPA (1995), the watershed approach outlines a coordinated
framework that encourages public and private sector collaboration to address water quality concerns.
The YLWPG used the four major components of the watershed approach to develop this watershed
management plan: 1) targeting priority problems, 2) involving stakeholders, 3) developing integrated
solutions, and 4) measuring success. This management plan is intended to serve as a model for
watershed planning that allows for a variety of human activities while providing for the highest
quality water resource attainable.

The water quality investigation and relationships built through this watershed planning
process will hopefully provide a solid foundation for the continued improvement of the Yellowwood
Lake watershed. This resulting plan is a living document and was created to serve as a guide to be
used by local decision makers for outreach, education, implementation, and assistance efforts.
Landowners and citizens, we hope, will be able to use this plan to increase their understanding of
water quality issues. The suggestions made under this plan do not establish legal requirements; rather,
they provide a framework to coordinate future efforts to protect, enhance, and conserve water
quality in the Yellowwood Lake watershed.

1.1. THE WATERSHED

The Yellowwood Lake Watershed Planning Group (YLWPG) has focused its planning
efforts on the Yellowwood Lake watershed. Located within the North Fork Salt Creek-Jackson Creek
watershed (HUC 05120208050060), the Yellowwood Lake watershed contains all of the land that
drains into Yellowwood Lake (Figure 1.1). The watershed is part of the larger Salt Creek watershed
(HUC 05120208050), which drains into Lake Monroe, the City of Bloomington’s main drinking
water supply.
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Figure 1.1. Yellowwood Lake Watershed: State and Regional

Yellowwood Lake is located in the northwestern portion of Brown County in south central
Indiana. The Yellowwood Lake watershed comprises 4,410 acres (7 square miles), 80% of which (ca.
3,500 acres) is publicly owned and managed by the Division of Forestry, Indiana Department of
Natural Resources (IDNR) as Yellowwood State Forest (YSF). Located 10 miles east of
Bloomington, Yellowwood State Forest is 50 miles south of Indianapolis, and 22 miles west of
Columbus. More than 800,000 people live within a 50-mile radius of the lake.

The watershed is bisected by Yellowwood Lake Road (a gravel county road running north
and south), and is bordered on the east and west by ridge-top gravel roads. A blacktopped road
forms the northern boundary. Several branches of Jackson Creek course through the watershed.
Abandoned old county and farm roads, logging roads and fire lanes, and hiking trails and paths ate
ubiquitous throughout the watershed. YSF maintains a number of hiking and horse trails (Figure 1.2)
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Figure 1.2. Yellowwood Lake Watershed: Local

1.2. BUILDING PARTNERSHIPS
This section outlines the development of the Yellowwood Lake Watershed Planning Group,
its outreach activities, organizational structure, and the issues dealt with in this Watershed

Management Plan.
HISTORY OF THE YELLOWWOOD LAKE WATERSHED PLANNING GROUP

On September 24, 2000, a group of local residents and stakeholders committed to the well
being of Yellowwood State Forest initiated a partnership with the IDNR Division of Forestry to
develop a long-term management plan for the Yellowwood Lake watershed. Early in the planning
process, the group, now known as the Yellowwood Lake Watershed Planning Group (YLWPG),
agreed that it would continue to function as a watershed advisory group beyond the completion of

the plan.
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Using Working at a Watershed Level (Council of State Governments, 1999) training workshops
and course materials as their guide, in the fall of 2000 the YLWPG began to develop its
infrastructure, gather background information, and create a list of potential stakeholders necessary to
design a comprehensive management plan. By December 2000, the YLWPG had ratified its mission
and vision statements.

In the following year, the group continued to meet on a monthly basis; additional watershed
stakeholders were identified, and the group began systematically developing relationships with them.
Letters about the project were sent to all the landowners in the watershed (55), a watershed database
was created, and the group held its first Watershed Awareness Day. All available archival information
about Yellowwood Lake was assembled. [These paper and electronic files are maintained in the
Yellowwood SF Office.] Discussions with the head of field operations for SCI-REMC (local electric
power provider) on REMC pesticide use and right-of-way clearing techniques in the watershed led to
an agreement to work with the YLWPG on the plan. With the endorsement of the Brown County
Commissioners, the head of the Brown County Highway department began to work with the group
on Yellowwood Road maintenance issues. The Hoosier Flyfishers, stakeholder members of the
YLWPG, agreed to take on the project of depth-mapping the lake and adopted the lake as their
service project. GIS data on the lake from IU SPEA was obtained, to be entered into our base map.

By December 2002, the group included 16 stakeholder groups and 25 group members. In
the winter of 2003, under the auspices of the Division of Forestry, the group applied for an Indiana
Department of Environmental Management, Clean Water Act Section 205()) Water Quality Planning
Program grant, which it received in the summer of 2004. With grant funding, the group hired a
watershed coordinator and began the formal planning process.

In 2003 and 2004, five group members with highly diverse stakeholder interests participated
in the Natural Resources Leadership Development Institute, an intensive program developed
through the Department of Forestry and Natural Resources at Purdue University. The goal of the
Institute is to develop leaders within the natural resources communities who can build collaborative
relations with others around contentious issues at the local level. Institute graduates become more
knowledgeable about how to work collaboratively with others, build consensus, and find sustainable
solutions to complex environmental issues in their communities.

Opver the last five years the YLWPG has achieved a number of milestones. The Indiana
Trailriders Association, an active stakeholder organization, worked in consultation with the group to
design and build a state-of-the-art horse trail in the watershed that will serve as a model for other
equestrian trailbuilders throughout the region. Long-term trail maintenance agreements between the
Trailriders and YSF were reached as well. Likewise, agreements were reached with the SCI-REMC
and the Brown County Commissioners on easement and road management principles in the
watershed. Using the project review process developed by the YLWPG, a model timber harvest was
proposed by YSF and reviewed and endorsed by group consensus (with one abstention).
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PUBLIC OUTREACH

Encouraging public awareness and participation has been a priority of the Yellowwood Lake
Watershed Planning Group. From the beginning, the YLWPG brainstormed lists of potential
contacts at monthly meetings. The YLWPG began with an informal recruiting process by
corresponding with identified individuals and watershed landowners through letters and
conversations (Appendix A). Next, the YLWPG used press releases, public meetings, and Watershed
Awareness Days (May 2001, October 2004
and summer 2005) to increase public
awareness (Figure 1.3). The group also
developed an  informative  brochure,
available at the YSF headquarters, and a
biannual newsletter that was circulated to
watershed landowners and stakeholders.
Additionally, watershed user packets and
private landowner packets were also
distributed.

Figure 1.3. YLWPG: Watershed Awareness Day

Because 80% of the Yellowwood Lake watershed is public land, this plan deals with
concerns that reach beyond the watershed residents. Particular effort was made to include the general
public in the planning process. All of the YLWPG meetings are open to the public, and quarterly
meetings were held at the Brown County Library to better engage the public.

In the final stages of plan development, the YLWPG sponsored the Indiana Forested
Watershed Symposium (the first such conference on this topic in the state) to focus on several of the
issues faced by forested watersheds that the group had encountered during its work on the
Yellowwood plan. Presentations on sedimentation, sustainable recreational use, roads and trails,
forest economics, and biodiversity were presented by state and federal forest officials, economists,
and researchers from Purdue and IU. More than 60 people—property managers, watershed planners,
landowners, foresters, community members, environmentalists, and researchers—attended the
symposium, held at the Abe Martin Lodge in the Brown County State Park in April 2006. The
success of this first conference has led the Hoosier Heartlands Resource Conservation and
Development Council to propose another forested watershed conference be held next year.

(Appendix B).
ORGANIZATIONAL STRUCTURE

The YLWPG’s 205(j) grant from IDEM is administered by the Division of Forestry as the
government sponsor. The watershed coordinator, funded by the grant, reports on a daily basis to the
manager of Yellowwood State Forest, but the steering committee of the planning group is
responsible for establishing the coordinator’s general priorities and direction. The coordinator is
housed in the YSF headquarters, and most group meetings take place there. The archival files and
computer databases are maintained in the YSF office.
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An extensive list of stakeholders concerned with the well being of Yellowwood Lake and its
watershed comprise the interest group for the plan. A core group of about twelve individuals serves
as the steering committee. These individuals attend monthly meetings and participate in the decision-
making process. The remaining members are kept informed via meeting minutes that are circulated
to the entire group (Appendix C.)

Communication, meeting structures, and the decision-making process of the YLWPG are
outlined in the Yellowwood Lake Watershed Charter, adopted in 2005 (Appendix D). Monthly group
meetings operate by round table discussions facilitated by the revolving YLWPG Chair (Figure 1.4).
Experts are frequently invited to address specific concerns or to provide a context for discussions.
Sub-committee meetings, held as needed in addition to the monthly meetings, operate in a similar
format. To promote collaborative problem solving, the YLWPG operates by consensus, utilizing a
process detailed in the Charter.

Figure 1.4. YLWPG: Steering Committee Meeting

A sub-committee structure was adopted to improve the group’s efficiency in dealing with the
multiple facets of the plan. Three sub-committees concentrated on communications, monitoring, and
plan writing. The communications committee developed and distributed informative packets for
watershed dwellers and watershed visitors; published biannual newsletters; and held public meetings.
The monitoring committee tackled water quality testing, land inventorying, and sedimentation and
invasive species issues, and coordinated expert panels to educate the group about their concerns. The
Plan Writing committee was responsible for the development of the written product. An ad hoc
group organized the Forested Watershed Symposium. The YLWPG Management planning process is
outlined in Table 1.1.

While these sub-committees focused on aspects of the watershed plan itself, a standing
project review committee was created to review proposed activities in the watershed; to identify any
areas of concern; and then to make recommendations on ways to improve outcomes and mitigate
impacts. The review committee presents its recommendations to the YLWPG as a whole, which
votes to support, request modifications, or oppose the proposed project (Appendix E). As with the
YLWPG as a whole, the project review committee serves an advisory function.
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Table 1.1. YLWPG: Watershed Planning Timeline

Date Activity
December 2000 YLWPG partnership Initiated
Develop Watershed Mission and Vision
May 2001 First Watershed Day
Winter 2003 Apply for IDEM 205 (j)
June 2004 Receive grant funding / Project begins
September 2004 Goals for the Plan
October 2004 Watershed Awareness Day
November 2004 Formed sub-committees
February 2005 List concerns
Develop problem statements
May 2005 Watershed Awareness Day
June 2005 Rank concerns/ problem statements
July 2005 Expert Panels/ Goals and Objectives
April 2006 Forested Watershed Symposium held
Draft Plan
June 2006 Final Plan

UNDERSTANDING THE ISSUES

In February of 2005, the YLWPG developed a list of concerns for Yellowwood Lake and its
watershed. The concerns were then complied, combined, and compared to water quality studies to
determine which of them were quantifiable problems.

The draft concerns were then prioritized using a weighted ranking system. Table 1.2.4.1 shows the
results of the prioritization process. The top three concerns, listed by rank, are “the lake is losing
depth,” “E. coli levels,” and “nuisance and invasive aquatic plants.”

The YLWPG felt that it was important to address each of the concerns identified by its
stakeholders. To propetly discuss each concern, the YLWPG organized a series of expert panels
consisting of university researchers, private consultants, and state resource specialists to discuss each
topic. The expert panels were held an hour before monthly YLWPG meetings. Experts were asked to
give a brief explanation of the problem, advise the group as to management options, and answer
questions. Table 1.2 shows the expert schedule. Following the expert panel discussion, the YLWPG
developed draft goals, objectives, and action items for each concern. The YLWPG’s concerns are
listed in Table 1.3.

Table 1.2. YLWPG: Expert Panel Schedule

TOPIC EXPERTS

Risk of Chemical Contamination | Brian Smith IDEM emergency spill response)
Flynn Picardal IU SPEA)

Nuisance and Invasive Species Larry Lehman (DNR Fishery Biologist)

Steve Cotter (City of Bloomington Parks and Recreation)
Luke Flory (IU Biology Dept.)

Ellen Jaquart (TNC)* spoke at an invasive plant workshop

Sedimentation Greg Bright (Commonwealth Biomonitoring, Inc.)
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Table 1.3. YLWPG: Prioritizing Concerns

TOTAL % OF |SUM OF

CONCERN! VOTES | VOTERS | RANK

(N =12)

The lake is losing depth, the wetland is expanding, and turbidity is
increasing,. 7 58.3% 21

E. coli levels are above state allowed standards for full body contact.

7 58.3% 20
Nuisance and invasive aquatic plant species have been found in the
lake. 5 41.7% 13
Current timber management is causing elevated erosion levels,
reduced biodiversity, and decreased recreational potential. 4 33.3% 11
The condition of Yellowwood Road is causing erosion and safety
hazards. 4 33.3% 9
Nuisance and invasive terrestrial species have been detected
throughout the watershed. 3 25.0% 8
Phosphorous levels in the lake are causing the lake to become
cutrophic. 3 25.0% 5
Gizzard shad and Yellow bass have been detected in the lake.

1 8.3% 3

Shorelines along the campgrounds, shelterhouse, and walking paths
are eroded. 1 8.3% 3

'The dam is unstable.
1 8.3% 0

‘There is a risk of contamination in the lake.

0 0.0% 0

CHALLENGES

Yellowwood Lake and its watershed present many extraordinary opportunities and several
management challenges. A committed and diverse constituency of user groups is dedicated to the
wellbeing of the lake. The watershed’s location, within ten miles of Indiana University, enhances its
accessibility and use as an outdoor laboratory and classroom. The work of the planning group itself
has resulted in the creation and compilation of an unusually high level of information and research
about the lake and the watershed, creating a unique baseline for further study. The general public has
demonstrated its engagement with and dedication to Yellowwood many times over the years. For
many visitors, the Yellowwood Lake and its watershed are their first introduction to the Indiana State
Forest system.

! Each group member ranked his/ het top three concerns and scored them as high, medium, ot low. Concetns ranked as
‘high’ received three points; ‘medium’ received two points; and ‘low’ received one point. The total ranking and total number
of voters was recorded. For example, “The Lake is losing depth...” scored 21/7. The twenty one represents total number
of points the concern received and seven is the number of voters ranking this concern. The higher the percent of voters
ranking the issue, the higher the degree of consensus within the group
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Yet the forest itself is challenged by an array of threats. Invasive species—from alien plants,
to gypsy moths and emerald ash borers, to over-population by deer and turkey—are a primary
concern. Oak and hickory regeneration are important silvicultural issues. Sediment from the
watershed has been identified by the group as the most serious threat to the lake, and many of the
activities in the watershed disturb soils and potentially increase sediment input into the lake. Land use
practices such as timber harvesting and increased use of public roads have the potential to increase
sediment loads. Similarly, residential development has the potential to increase the risk for biological
and chemical contamination in the watershed. Residential development on the 20% (ca. 900 acres) of
private land within the watershed is expected to increase and private property in close proximity to
public lands is highly prized. As population in the surrounding ateas increases, recreational use is
expected to continue to rise.

As the manager of 80% of the land in the watershed, the Indiana Division of Forestry
ultimately controls the success or failure of the plan. To accommodate the multiple demands on the
watershed, to fulfill its potential as a model forested watershed, and to mitigate the threats it faces,
this plan includes recommendations for State Forest management that focus on the longevity of the
lake, the healthy biodiversity of the forest, and the recreational and educational uses of the lake and
the watershed. In addition to the recommendations included in the specific action plans in Section 8,
the Planning Group recommends to the managers of Yellowwood State Forest that:

e Long-term management activities in the watershed are conceptualized and planned
on the watershed level in order to identify and encourage native plant communities;
discourage invasives; and to integrate timber, recreation, and biodiversity concerns.

e Management of invasive species becomes an overarching priority, including
prevention, identification, monitoring, and elimination where possible

e Trail buffer zones along trails, logging roads, etc.—are established to control exotic
invasion and to enhance the recreational and aesthetic values of trails.

e Soil-disturbing activities in the watershed continue to be reviewed by the Project
Review committee of the YLWPG

e Existing applicable timber set-aside programs in the watershed are reviewed—i.e.
Old Growth; Developed Recreational and Operational Facilities; Research Forests—to

determine what additional acreage can be added to these zones.

e Management practices that support the development of top soil in the watershed are
encouraged.

e The deer population problem in the watershed is addressed.

¢ Research on the lake and the watershed is encouraged at all levels of management, and
partnerships with IU and Purdue are actively sought.

e The position of Resource Specialist is restored, with primary responsibility for

Yellowwood Lake and its watershed and emphasis on education, invasives management, and
building and maintaining stakeholder and research partnerships.
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MERCURY CONCERNS

The 2004 Indiana Integrated Water Quality Monitoring and Assessment report (IDEM,
2004) lists Yellowwood Lake as a Category 5b water body. This means that there is a water
impairment that exceeds state standards. For Yellowwood Lake, the warning is due to mercury
contamination. As a result of this listing, there is a Fish Consumption Advisory (FCA)-Group 2 for
fish caught in Yellowwood Lake. In the 2004 Indiana Lakes and Reservoirs Advisory published by
the State Department of Health, IDEM, and IDNR, a Group 2 listing recommends that the general
population eat no more than one meal/ week of fish caught in Yellowwood Lake while the at-risk
population (women of childbearing years, nursing mothers, and children under 15) limit fish
consumption to one meal/month.

The standard approach to dealing with a water contamination issue is to develop a TMDL
(total maximum daily load) for the impaired water body. However, the state believes that a
‘conventional TMDL is not the appropriate approach’ in this situation. To date, there is no plan to
develop a TMDL for Yellowwood Lake. The YLWPG is aware of the fish consumption warning in
Yellowwood Lake, but realizes that the issue extends beyond the bounds of the watershed. While
there is not a protocol for us to follow, the YLWPG plans to work with the state and the U.S. EPA
to address our impairment. In its outreach activities, the YLWPG will attempt to make the public
aware of the FCA and what they can do to decrease mercury contamination in the Yellowwood Lake
watershed.
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2. PHYSICAL DESCRIPTION OF THE WATERSHED

This section describes the physical setting of the Yellowwood Lake watershed. The
background information provides a description of the atea’s geologic history, physiography,
topography, soils, hydrologic features, local climate information, wetland, and a natural history of the
watershed.

2.1. GEOLOGIC HISTORY

Deposited in the Paleozoic Age? by ancient streams and shorelines, the bedrock geology of
the Yellowwood Lake watershed includes the siltstone and shale (Figure 2.1) of the Borden Group
rock interbedded with sandstone and limestone that was deposited in the Mississippian Period3. The
Borden Group includes layers from three main formations (Table 2.1).

Table 2.1. Formations of the Borden Group

Formation (in ascending order) = Composition Origin
New Providence Shale Greenish-gray shale and minor amounts of red ~ Prodelta deposits
shale, sandstone, ironstone, and silty dolomite

Spickert Knob Siltstone, silty shale, and irregularly distributed Delta-slope
ironstone nodules and geodes deposits
Edwardsville Limestone, siltstone, sandstone, and sandy shale ~ Delta-platform
deposits

Adapted from the Indiana Geologic Survey (Thompson, 1997)

The Yellowwood Lake watershed is approximately 20 miles south of the glacial maximum in
Indiana. While glaciers covered the northern two thirds of the state, leaving behlnd thick
consolidated surface deposits that developed [ ; ‘
into rich fertile soils, the unglaciated portion
of the state consists of  shallow
unconsolidated surface deposits of weathered
tills that have developed into fragile soil layers
(Fenelon and Bobay, 1994). These thin soil
layers correspond to the dominant surface
geology in Brown County: stony soil over
siltstone.

Figure 2.1. Jackson Creek: Shale Bedrock

2 Deposited 488 million years ago to 251 million years ago

3 Deposited 340 million years ago to 320 million years ago
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2.2. PHYSIOGRAPHIC FEATURES

The Yellowwood Lake watershed is located within the unglaciated portion of the Norman
Upland; a physiographic unit* characterized by long, narrow, flat-topped ridges and steeply sloped
stream valleys (Fenelon and Bobay, 1994; Schneider, 1966). The Norman Upland has a well-drained,
dendritic drainage system. Small streams have minimal floodplain development while larger streams
have narrow flat valleys, indicative of a mature landscape (Schneider, 1966). Over time, this landscape
developed from streams eroding away the soft limestone, leaving the resistant Mississippian-age
siltstone and shale, shown in Figure 2.2, which comprise some of the most rugged landscape in
Indiana (Gray, 1997).

Figure 2.2. Jackson Creek: bedrock streams

ey e

2.3. SOILS

Initially completed in 1946 and later updated in 1984, the Brown County Soil Survey
provides an extensive map of soil types and landscape features (Nobel et a/, 1984). The soils are
related to the geology, landforms, relief, climate, and natural vegetation of a landscape. There are two
major soil associations representing ten soil types in the watershed (Figure 2.3). Table 2.2 shows
characteristics of each of the soil types.

BERKS-TREVLAC-WELLSTON ASSOCIATION

The Berks-Trevlac-Wellston soil association was formed in loess and in material weathered
from shale, siltstone, and sandstone. The soils of this association are moderately deep? silty loams
and can be found on ridges and slopes from 6 to 70%. Primarily used as woodland, the steep slopes
and well-drained soils of the Berks-Trevlac-Wellston Association are poortly suited for cultivated
crops, hay and pasture, urban uses, and recreational uses. Slope, erosion hazards, and depth to
bedrock are the main management concerns for this association (Nobel et 4/, 1984).

4 A geographic area with similar topographic features.

5 Average depth approximately 38 inches deep
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STENDAL-HAYMOND-STEFF ASSOCIATION

The Stendal-Haymond-Steff Association was formed in silty alluvial deposits and is
commonly found on floodplains along major streams and rivers. These silty loam soils are confined
to level slopes ranging from O to 2%. This association is well suited for cultivated crops; fairly well
suited for hay and pasture, woodland, and extensive recreational uses; and pootly suited for urban
uses and intensive recreation due to flooding and wetness (Nobel et @/, 1984).

IE‘ Yellawwood Lake Watershed
Soil Types

I Eartle (Ba)

I Beanblossom (Be)

- Berks Comples (BaF)
- Hayrmond (Hch

[ Pekin (PeB) N
I Fokin (Peca) W+E
I Tisit e

[ udartherts (Ud)

- Wellston Complex QAfali

Intended For Educational Display Purposes Only [ wetston-Gipiin tvveC)

Data Source: MNatural Resouces Conservation Water
Service (NRCS) Soils Data Mart 0 015 03 0.6 Miles
1:29,000

Fignre 2.3. Yellowwood Lake Watershed: Soils
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Table 2.2. Yellowwood Lake Watershed: Description of Soil Characteristics

Code Name Description Area % of Slope Woodland Management Concerns Septic tank
(acres) Watershed Do Equipment absorption field
Hazard Limitation concerns
Ba Bartle silt loam Nearly level and gently sloping, deep, somewhat poorly 4 0.1% 0-3% slight slight severe: wetness, percs
drained soil on stream terraces slowly
Be Beanblossom Nearly level and gently sloping, deep, moderately well 252 5.7% -- slight moderate severe: flooding,
channery silt drained soil is on floodplains, alluvial fans, and colluvial wetness
loam benches
BgF Berks-Trevlac- Moderately steep to very steep, well drained soils on 2707 61.4% 20-70% moderate severe severe: depth to rock,
Wellston hillsides and in the uplands slope
complex
Hce Haymond silt Neatly level, deep, well drained soil is on flood plains 78 1.8% - slight slight severe: flooding
loam
PeB Pekin silt loam Gently sloping, deep, moderately well drained soil is on 18 0.4% 2-6% slight slight severe: wetness, percs
low stream terraces slowly
PeC2 Pekin silt loam Moderately sloping, deep, moderately well drained soil is 102 2.3% 6-12% slight slight severe: wetness, percs
on ridgetops and side slopes on terraces slowly
TIB Tilsit silt loam Gently sloping, deep, moderately well drained soil is on 128 2.9% 2-6% slight slight severe: Wetness, percs
the tops of ridges in the uplands slowly
Ud Udorthents Nearly level to moderately sloping, deep to shallow, well 5 0.1% - - - ---
drained to somewhat pootly drained soils are in
disturbed areas or uplands, terraces, and floodplains
WaD Wellston Moderately sloping to moderately steep, well drained 542 12.3% 6-20% slight slight severe: slope
Complex soils are on side slopes and narrow ridgetops in the
uplands
WeC2 Wellston-Gilpin Moderately sloping to moderately steep, well drained 442 10.0% 6-20% slight slight severe: slope
soils on side slopes and ridgetops

PHYSICAL DESCRIPTION OF THE WATERSHED
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Code Septic Forestry Equipment Use Building Site Development
tank. Haul Log Landings Skid trails and Site Shallow Dwellings Dwellings with Local Roads and
absorption roads logging areas preparation Excavation without basements Streets
fields and planting basements
Ba severe: Moderate: Moderate: wetness Moderate: Moderate: severe: wetness severe: wetness severe: wetness severe: low strength,
wetness, wetness wetness wetness frost action
percs
slowly
Be severe: Moderate: Moderate: flooding slight slight moderate: severe: flooding severe: flooding severe: flooding
flooding, flooding wetness, flooding
wetness
BgF severe: severe: severe: slope severe: slope severe: slope severe: slope severe: slope severe: slope severe: slope
depth to slope
rock, slope
Hc severe: Severe: Severe: flooding moderate: slight moderate: severe: flooding severe: flooding severe: flooding, frost
flooding flooding flooding flooding action
PeB severe: slight slight slight slight severe: wetness moderate: wetness severe: wetness severe: low strength,
wetness, frost action
percs
slowly
PeC2 severe: slight moderate: slope slight slight severe: wetness moderate: severe: wetness severe: low strength,
wetness, wetness, slope frost action
percs
slowly
TIB severe: slight slight slight slight severe: wetness moderate: wetness severe: wetness severe: low strength,
wetness, frost action
percs
slowly
ud - - - - - --- - - -
WaD severe: slight moderate: slope slight slight Severe: slope Severe: slope Severe: slope Severe: slope, frost
slope action
WeC2 severe: slight moderate: slope slight slight Severe: slope Severe: slope Severe: slope Severe: slope, frost
slope action

(Adapted from Nobel et al, 1984)
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2.4. TOPOGRAPHY

The elevation in the Yellowwood Lake watershed ranges from 587 feet above sea level to 956
feet above sea level, approximately 370 feet of relief (Figure 2.4). The highest elevation in the county
is 1,058 feet in nearby Brown County State Park (Hill, 1997).

Slope is a measurement of elevation change. In the watershed the percent slope varies from 0 -
90°. Low petcent slopes in the watershed correspond to the hydrologic features and flat ridgetops.
Digital maps of elevation and slope of the watershed were developed from a 10m Digital Elevation
Model of the Belmont Quadrangle.

Intended for Educational Purposes Only
W E o 05 1 2 Miles Data Source: USGS National Elevation Dataset

L 1 1 1 1 1 1 1 | Belmont Quadrangle (10 meter resolution)

Figure 2.4. Yellowwood Lake Watershed: elevation (ft) and %o slope
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2.5. HYDROLOGY

This section outlines the hydrologic features of the Yellowwood Lake Watershed, including
surface, sub-surface, and forested hydrology.

SUB-SURFACE HYDROLOGY

The thin, unconsolidated layer of surface deposits in Yellowwood Lake watershed is known
as the Dissected Till and Residuum Aquifer System. The nature of these materials renders the aquifer
an extremely limited resource. Brown County has no known wells that produce from unconsolidated
materials (Maier, 2003). As a result, residents of Brown County often utilize bedrock aquifers.

The bedrock of the Borden Group is not conducive for groundwater flow because silt and
shale have low tranmissivity (Hartke and Gray, 1998). With the exception of a few joints, water
cannot infiltrate the bedrock and travel easily below the surface as groundwater. In fact, only 1% of
the total inputs into Lake Monroe, a neatby reservoir, are from groundwater (Jones, 1997). The
bedrock of the Yellowwood Lake watershed has been labeled as an aquifer with ‘potential unknown’
because the fracture flow through the bedrock is unpredictable (Fenelon and Bobay, 1994). Jackson
Creek intersects the aquifer at the groundwater table (Fenelon and Bobay, 1994), but due to the
uncertain nature of the aquifer, dry periods may cause the ground water table to fall below the
streambed, causing Jackson Creek to occasionally run dry. It is possible; however, that groundwater
can flow through the Yellowwood Lake watershed via the alluvium that has concentrated along lower
Jackson Creek (Gray, 1989).

SURFACE HYDROLOGY

It is likely that the combination of steep slopes and impermeable shale siltstone bedrock
prevent most rainwater from infiltrating the surface. Water that does not penetrate the surface moves
as a sheet of overland flow (Allan, 2001) down the sides of the slopes until it runs off into tributaries,
bringing sediment, minerals, and nutrients to the tributaries of Yellowwood Lake.

The heavily dissected landscape of the Yellowwood Lake watershed is dominated by
confined streams (USGS, 1990). Strongly confined streams have steep slopes and minimal floodplain
development. During a flood event, the steep slopes prevent water from leaving the channel, causing
the stream to quickly rise. Drainage density is the ratio of total stream length within a watershed to
total area of the watershed. In the Yellowwood Lake watershed, there are 2.4 miles of stream length
per square mile of the watershed (2.4 mi/mi?) (1.4 km/km?).

Table 2.3. Yellowwood 1.ake Watershed Sub-catchments

Sub-catchments Area (acres) Percent of Watershed
Jackson Creek 3,018 68.5%
John Floyd Hollow 688 15.6%
Others 688 12.9%
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The major tributary, Jackson Creek, is approximately 2.6 miles in length and flows from
north to south, bisecting the watershed and emptying into Yellowwood Lake. There are 7.5 miles of
perennial® streams and 11 miles of intermittent” streams in the watershed. The watershed is
composed of two major sub-catchments: Jackson Creek and John Floyd Hollow. This plan
occasionally uses the John Floyd Hollow sub-catchment as a control as there is no development in
this drainage. The sub-catchments areas are displayed in Table 2.3. Figure 2.5 shows the hydrological
features present in the Yellowwood Lake watershed.

[ | felowwonod Lake Watershed
|:| Yellowwood Lake N

John Floyd Hollow W#E
Jackson Creek é
Unnamed sub-catchments

Streams 0 02 05 1 Wiles

Intermittent

Perennial Intended for Educational Purposes Only

Figure 2.5. Yellowwood Lake Watershed: Hydrologic Features

6 A stream that normally has water in it. In this map, our perennial streams coincide with USGS Blue line streams

7 A stream that flows only when it receives water from rainfall, springs, or some surface source such as melting snow.
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FOREST HYDROLOGY

Stream flow is produced through groundwater seepage and vadose zone flow®. Both are
supplied and replenished by rainfall and snow melt, but in forested areas only a small portion of the
precipitation reaches surface waters. Some water is evaporated back into the atmosphere, some is
absorbed by vegetation, and some is retained by the soil. Climate, soil types, topography, and
vegetation all influence how quickly moisture will infiltrate the soil and how much precipitation will
actually reach the surface water.

Changes in surface runoff from forested areas are more likely to be caused by changes in the
watershed, rather than by excessive precipitation. This can be a problem because surface runoff has
far more erosive power than subsurface flow. Forest floors have minimal surface storage capacity,
but often substantial subsurface storage in the soil. Leaf litter, woody debris, and other such obstacles
can help slow surface runoff, but other factors can increase its volume or intensity. These factors
include loss of vegetative cover, soil compaction, impervious surfaces, and cut slopes of roads and
other soil disturbances that transform subsurface flow to surface flow. Surface water flows down hill
slopes more than 10 times faster than it flow through soil (USEPA, 2005). When more water is
delivered to streams faster than usual, in-stream erosion can occut.

2.6. WETLANDS

The National Wetlands Inventory (NWI), developed by the U.S. Fish & Wildlife Service, is a
clearinghouse for information on the characteristics, extent, and status of nation’s wetlands. Based
upon remotely sensed satellite data from the 1980’s, the NWI maps include wetlands in the
Yellowwood Lake Watershed.

The NWI uses a hierarchical classification system developed by Lewis et al. (1979) to
describe wetlands by hydrologic, geomorphologic, chemical, and biological factors. The wetland
classes in the Yellowwood lLake watershed are shown in Table 2.4. All of the wetlands in the
watershed are associated with impoundments, and most are located along the northern edge of
Yellowwood Lake, as shown in Figure 2.6. Due to the dated imagery used for the NWI analysis; it is
likely that the four L2ZABHh sections atre currently joined together. The PUBGh wetlands scattered
throughout the watershed are likely small impoundments constructed by private landowners for
drinking water or wildlife.

8 Vadose zone flow is the flow that occurs between the ground surface and the water table.
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Table 2.4. Yellowwood Lake Watershed: NWI Wetlands

Wetland Description Area
Code (acres)
L1UBHh Lacustrine, Limnetic, Unconsolidated Bottom, Permanently Flooded, Diked/ 110.4
Impounded
L2ABHh Lacustrine, Littoral, Aquatic Bed, Permanently Flooded, Diked/ Impounded 10.2
PABFh Palustrine, Aquatic Bed, Semipermanently Flooded, Diked/ Impounded 2.2
PEMFh  Palustrine, Emergent, Semipermanently Flooded, Diked/ Impounded 1.9
PEMCh  Palustrine, Emergent, Seasonally Flooded, Diked/ Impounded 1.0
PFO1Ah Palustrine, Forested, Broad-Leaved Deciduous, Temporarily Flooded, Diked/ 5.5
Impounded
PUBFh Palustrine, Unconsolidated Bottom, Semipermanently Flooded, Diked/ Impounded 0.3
PUBGh  Palustrine, Unconsolidated Bottom, Intermittently Exposed, Diked/ Impounded 12.0

Legend

@Y&I\wanud Lake Watershed
NwI Wetland Classification
[ |L1uBHn
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Data Source: USFWWS MNational Wetlands [nventary

Figure 2.6. Yellowwood Lake Watershed: NW1 Wetlands
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2.7. YELLOWWOOD LAKE

Yellowwood Lake is located in the northwestern portion of Brown County in southern
Indiana. The 131-acre reservoir was created in 1939 by damming Jackson Creek as part of the Bean
Blossom Land Utilization Project of the United States Bureau of Agricultural Economics (Figure
2.7). The lake was originally created as both a drinking water source and recreational destination.

The lake had a maximum depth of 30 feet and an average depth of 14 feet in 1955. A
summary of Yellowwood Lake’s characteristics is presented in Table 2.5. A bathymetric map (Figure
2.8) shows that the Lake is the deepest near the dam and decreases in depth until it merges with the
wetland on the north end of the lake.

Figure 2.7. Yellowwood Lake Pictures

Table 2.5. Yellowwood Lake: Physical characteristics

Watershed Area 4,408 acres
Lake Area 131 acres
Shoreline 4.5 miles
Maximum Depth 32 ft
Average Depth 14 ft
Volume 3,700 acre-feet
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Figure 2.8. Yellowwood Lake: Bathymetric map

Visitors to Yellowwood Lake can typically enjoy a quiet relaxing visit on a beautiful, forested
lake. Other than a boat livery, campgrounds, and one house there is no development along the
lakeshore. The DNR rents rowboats to the public. Those who bring their own boats are restricted to
using electric motors. Swimming is prohibited in the lake. Yellowwood Lake is well known for its
clear waters (commonly up to 13 feet visibility), bluegill fishing, and natural habitat that is great for
bird watchers.
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2.8. DRINKING WATER

Yellowwood Lake provided a drinking water source for campers and the YSF office until
1989 when YSF was connected to Nashville municipal water line. Today, the primary drinking water
resource for Yellowwood Lake watershed residents is an aquifer in Morgantown, Morgan County,
Indiana. Owned by the Brown County Water Utility, well water is pumped to residents of
northwestern Brown County. The Brown County Water Utility treats the water with chlorine and
fluoride in addition to iron removal. In the summer of 2005 the YLWPG circulated a survey
(Appendix F) to determine watershed land owner demographics and relationships with Yellowwood
State Forest, Yellowwood Lake, and watershed stewardship. One question addressed the primary
drinking water sources of those living in the watershed. Of twenty household respondents in the
watershed, 65% depend on a rural water association for their drinking water. Few people depend on
well water for domestic use in Brown County. The poor quality wells are generally deep, low volume,
and mineral rich (Maier, 2003). There is one private well in the Yellowwood Lake watershed (IDNR,
2005). The salty well water in concert with slow recharge rates has led many Brown County residents
to use ponds for their water supply. Two Yellowwood Lake watershed respondents use ponds as
their primary drinking water source. Figure 2.9 shows the distribution of drinking water sources in
the Yellowwood Lake watershed according to the 2005 survey.

Ecistern

M on lot well

@ rural water association
Oimported water

M pond or lake

Figure 2.9. Yellowwood Lake Watershed: Drinking Water Sources

2.9. ECOREGIONS AND CLIMATE

Ecoregions are areas that are have similar ecosystems based upon the landscape, geology, soils,
climate, natural vegetation, and current land use. They are identified using hierarchical coding just as
watersheds are. The Yellowwood Lake watershed is located within the Norman Upland portion of
the Interior Plateau ecoregion (section 71) (Figure 2.10). A deeply dissected, rugged terrain with high
hills and knobs, narrow valleys, medium to high gradient streams, and silt loam soils characterizes
this region. Original vegetation included oak-hickory forests on the uplands and beech forests in the
valleys (Woods et al., 1998).
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Level 11l Ecoregions of the Conterminous United States

Wlap Source: USEPA, 2003

Figure 2.10. United States: Level 111 Ecoregions

The climate, temperature, and precipitation data in the Yellowwood Lake watershed are very
similar to those in Bloomington, Indiana. Warm humid summers and moderately cold winters
characterize this temperate climate. Mean monthly temperatures and precipitation values are shown
in Figure 2.11 (NOAA). The average winter temperature is 32°F and the average summer
temperature is 75°F. Total annual precipitation is 40.2 inches. Fifty-seven percent (57%) of the total
annual precipitation usually falls from April to September, the growing season (Nobel et 4/, 1984).
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Figure 2.11. Bloomington, IN: Mean monthly temperatures and precipitation
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2.10. ECOLOGICAL LAND CLASSIFICATION

Developed by many federal and state management agencies, ecological land classification
systems (ECS) are used to identify, characterize, and map ecosystems. Based upon biological and
physical characteristics of the landscape, an ECS can help natural resource managers understand the
landscape’s capabilities to support a forest or wetland, provide wildlife habitat, or support certain
plant species. This information can be used to facilitate ecologically sound resource planning and

managernent.

i Ecological Land Types
& 7 oy Rruges (1)
I O Siopes (2)
Il Hesic Ridges (4)
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In 1999, an ECS analysis
was conducted in the Yellowwood
Lake watershed to classify forest
land based upon relationships
between vegetation, soils, and
physiography (Zahlin, 1999). The
analysis classified the watershed into
six ecological land type (ELT) units
(Table 2.6, Figure 2.12). The results
show that mesic and dry slopes each
comprise about one third of the
watershed. The remainder is about
equally divided between ridges and
bottomland.

Figure 2.12. Yellowwood Lake
Watershed: Ecological Land Types

Table 2.6. Yellowwood Lake Watershed: Ecological Land Types

Ecological Land Type Area (acres) Percent
ELT # Description

1 Dry Ridges 156 3.5%
2 Dry Slopes 1,718 39.0%
4 Mesic Ridges 445 10.1%
5 Mesic Slopes 1,419 32.3%
6a Minor Bottomlands 5 0.1%
6b Major (Flooded) Bottomlands 665 15.2%

Total 4,408 100%
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2.11. NATURAL HISTORY

The natural history of the Yellowwood Lake watershed is summarized by a history of the
forest and description of the plants and animals inhabiting the area.

FORESTS AND TREE SPECIES

The Yellowwood Lake watershed is located within the biologically rich Brown County Hills
section of the Highland Rim Natural region. The natural communities are typically uniform in
composition with forest uplands dominated by oak-hickory, especially black oak, chestnut oak,
whuite oak, shagbark hickory, and pignut hickory, and ravines with mesic species including American
beech (Fagus grandifolia), red oak (Quercus rubra), sugar maple (Acer saccharum), and white ash (Fraxinus
americana). Upper slopes often have thick growths of greenbriar (Swilax spp.), low growing shrubs,
and sedges (Carex picta) (Homoya, 1985). The state threatened Yellowwood tree (Cladrastis lutea) is the
namesake of Yellowwood State Forest, but rarely occurs in the watershed. Table 2.7 lists common
trees and their corresponding site indices according to soil types found in the watershed, indicating
that the watershed has moderate site productivity.

Table 2.7. Yellowwood Lake Watershed: Potential productivity of common tree species

Soil Common Trees Site Soil Common Trees Site Soil Common Trees Site
Index Index Index

Ba | White Oak 75 PeB/ | White Oak 70 WaD | Northern Red Oak 71
Pin Oak 85 | " [Yellow Poplar 85 Yellow Poplar 90
Yellow Poplar 85 Virginia Pine 75 Virginia Pine 70
Sweetgum 80 Sugar Maple 75 White Oak -
BgF | Northern Red Oak 70 TIB | Shortleaf pine 72 Black Walnut -
Yellow Poplar 70 White Oak 68 Black Cherry -
Black Oak 70 Yellow Poplar 90 WeC2 | White Ash -
Be | Yellow Poplar 95 Black Oak 74 Northern Red Oak 71
American sycamore - Virginia Pine 73 Yellow Poplar 90
Northern Red Oak -- Scatlet Oak 74 Virginia Pine 70
Black Cherry - Hickory - White Oak -
He | Yellow Poplar 100 Red maple - Black Walnut -
White Oak 90 Southern Red Oak 65 Black Cherry --
Black Walnut 70 White Ash -

(Adapted from Nobel et 4/, 1976)

ENDANGERED, THREATENED, AND RARE SPECIES

The wide variety of plant and animal species that occur in the watershed are representative
of the flora and fauna in the Brown County Hills region. Table 2.8 lists many of the globally, state,
and federally listed species that are classified as endangered, threatened, or rare that may occur in the
watershed.
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Table 2.8. Brown County: State and federally listed, threatened, rare species

Species Name | Common Name | FED | STATE | GRANK | SRANK
Mollusk: Bivalvia (Mussels)

Villosa lienosa | Little Spectaclecase | | SSC | G5 S2
Insect: Coleoptera (Beetles)

Cicindela patrnela | A Tiger Beetle | | SR | G3 S3
Insect: Lepidoptera (Butterflies & Moths)

Amblyscirtes hegon Salt-and-Pepper Skipper SR G5 S2
Autochton cellus Golden-Banded Skipper SR G4 S2
Euphydryas phaeton Baltimore SR G4 S2
Fixsenia favonins Northern Hairstreak SR G4 S182
Fish

Fundulus catenatus | Northern Sunfish | | | G5 S2
Amphibian

Rana pipens | Northern Leopard Frog | | SSC | G5 S2
Reptiles

Colonophis kirtlandii Kirtland’s Snake SE G2 S2
Crotalus horridus Timber Rattle Snake SE G4 S2
Liochlorophis vernalis Smooth Green Snake SE G5 S2
Opbheodrys aestivus Rough Green Snake SSC G5 S3
Birds

Accipiter straitus Sharp-shinned Hawk No Status SSC G5 S2B
Aimophila aestivalis Beachman’s Sparrow G3 SXB
Ammodramus henslowii Henslow’s Sparrow SC G4 S3B
Avrdea herodias Great Blue Heron G5 S4B
Buteo lineatus Red-shouldered Hawk SSC G5 S3
Butea platypterns Broad-winged Hawk No Status SSC G5 S3B
Dendrocia cernlea Cerulean Warbler SSC G4 S3B
Dendroica virens Black-throated Green Warbler G5 S3B
Haliaceetus leucocephalus Bald Eagle LT, PDL SE G5 S2
Helmitheros vermivorus Worm-eating Warbler! SSC G5 S3B
Muiotilta varia Black-and-white Warbler SSC G5 S1S2B
Wilsonia citrina Hooded Warbler SSC G5 S3B
Mammal

Lynx rufus Bobcat No Status G5 S1
Moustela nivalis Least Weasel SSC G5 S2?
Taxidea taxus American Badger G5 S2
Fed: PDL = proposed for delisting

State: SE=state endangered; ST=state threatened; SR=state rare; SSC=state species of special concern;

SX=state extirpated; SG=state significant; WL=watch list

GRANK: Global Heritage Rank: G1=critically imperiled globally; G2=imperiled globally;
G3=rare or uncommon; G4=widespread and abundant globally but with long term concerns
G5=widespread and abundant globally; G?=unranked; GX=extinct; Q=uncertain rank

SRANK: State Heritage Rank: S1=critically imperiled in state; S2=imperiled in state; S3=rare or uncommon in
state; G4=widespread and abundant in state but with long term concern; SG=state significant;
SX=state extirpated; B=breeding status; SP=unranked
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Species Name | Common Name | FED | STATE | GRANK | SRANK
Vascular Plants
Cladrastis Intea Yellowwood ST G4 S2
Epigaca repens Trailing Arbutus WL G5 S3
Hydrastis Canadensis Golden Seal WL G4 S3
Hypericum pyramidatum Great St. John’s-wort ST G4 S1
Juglans cinera Butternut WL G3G4 S3
Linum striatum Ridged Yellow Flax WL G5 S3
Oenothera perennis Small Sundrops SR G5 S2
Panux: quinguefolins American Ginseng WL G3G4 S3
Panicum bicknellii A Panic-grass SE G42Q S1
Panicum mattamunskeetense A Panic-grass SX G4? SX
Rubus centralis Illinios Blackberry SE G22Q S1
Rubus deamii Deam Dewberry SX G4? SX
Rubus odoratus Purple Flowering Raspberry ST G5 S2
Spiranthes ochrolenca Yellow Nodding Ladies’ ST G4 S2
tresses
Stachys clingmanii Clingman Hedge-nettle SE G2Q S1
High Quality Natural Community
Forest-upland dry Dry Upland Forest SG G4 S4
Forest-upland dry-mesic Dry-mesic Upland Forest SG G4 S4
Fed: PDL = proposed for delisting
State: SE=state endangered; ST=state threatened; SR=state rare; SSC=state species of special concern;

SX=state extirpated; SG=state significant; WL=watch list

GRANK: Global Heritage Rank: G1=critically imperiled globally; G2=imperiled globally;
G3=rare or uncommon; G4=widespread and abundant globally but with long term concerns
G5=widespread and abundant globally; GP=unranked; GX=extinct; Q=uncertain rank

SRANK: State Heritage Rank: S1=critically imperiled in state; S2=imperiled in state; S3=rare or uncommon in
state; G4=widespread and abundant in state but with long term concern; SG=state significant;
SX=state extirpated; B=breeding status; SP=unranked

(Adapted from IDNR Natural Heritage Data for Brown County 11/20/05)
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3. LAND USE DESCRIPTION OF THE WATERSHED

This section includes an overview of the watershed’s landuse in terms of settlement history,
demographics, historic and current landuse, and silvicultural history.

3.1. CULTURAL AND LAND-USE HISTORY

Climatic and ecological changes since the retreat of the Wisconsin Glacier more than 12,000
years ago have resulted in significant cultural changes within populations living in the region.
Following the glacial retreat, Indiana’s climate became warm and dry, causing the Central U.S. prairie
to expand eastward into Ohio. Relic stone tools dated to 10,000 B.P. suggest a hunting and gathering
society. As the riverine systems stabilized, the prairie retreated westward and the temperate forests
covered most of Indiana. The emergence of pottery, mound building, and developed agricultural
practices soon followed. As cultures became tied to the land they farmed, they began to establish
villages and complex societies (Weddle, 1990).

The first European exploration into Indiana likely occurred in the late 17% century. At the
time several Native American tribes occupied the state. It is believed that the Shawnee, Miami, and
Piankeshaw tribes first inhabited this area. Prior to the first European settlements in the early 1800s,
the Delaware, Miami, and Potowatomi inhabited the land (Sieber and Munson, 1991). Land conflicts
between became common and after the Revolutionary War Indiana became part of the Northwest
Territory in 1787. Willlam Henry Harrison, between 1801 and 1809, enacted several treaties to
acquire the southern part of Indiana from native populations. Indiana obtained the southwest corner
of modern day Brown county in 1809 through the Treaty of Ft. Wayne. The remainder of the county
was acquired in 1836 with the Treaty of St. Mary’s (Hill-Ariens, 2004).

Brown County was officially recognized
as the 77% county in Indiana in 1836. At the time,
the county was also divided into five townships.
Approximately 80% of the Yellowwood Lake
watershed falls in Washington Township (Figure
3.1). Settled as ecatrly as 1818, the dominant
occupation at the time was agriculture. However,
soil erosion and competition with more
progressive farming on better sites began to
pressure local farmers, and Brown County began
to exhibit dramatic changes (Brown County,
1995).

| vebovwood wanershed

Figure 3.1. Yellowwood Lake Watershed: Townships
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The state construction of new roads in the early 1920s made it economically feasible to
access the timber resources in the area. The land spared from clearing for agriculture was quickly
exploited for timber resources and livestock grazing. By 1935, 92% of Brown County was eroded
(Sieber and Munson, 1991). In the early 1900s, the federal and state governments began purchasing
land in Brown County with the intent to stop erosion and restore the land to something more
profitable. Under the Bureau of Agricultural Economics, the Bean Blossom Land Utilization Project
was created to convert the barren land into forests (Figure 3.2.2) and recreational areas. Figure 3.2
shows the watershed’s recovery through a series of aerial photos.

The 1949 image shows a patch work of forest clearings, most likely for agriculture. Still
visible in 1960, the cleared patches appear to be re-forested by 1980 with the exception of a patch of
pasture land on the north end. From 1998 on, the images show continued forest recovery.

Figure 3.2. Yellowwood State Forest
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Figure 3.3. Yellowwood Lake Watershed (Aerial Photographs 1949, 1960, 1980, 2003, and 2005)
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The Civilian Conservation Corps (CCC) and the Works Progress Administration (WPA)
began making improvements in Brown County’s landscape. In Yellowwood State Forest they planted
two million trees, built a residence and shelterhouse, and constructed the dam in 1938 that created
Yellowwood Lake (Outdoor Indiana, 1938). Remaining notable landmarks within the Yellowwood Lake
watershed include the Rogers Cemetery north of the lake and Gobbler’s rock (which fell in May,
2000), shown in Figure 3.4. There are also over 30 archeological sites primarily consisting of homes
and farm sites. Many of these sites include foundations, cisterns, and building debris (IDNR

Archeological Records).
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Figure 3.4. Yellowwood Lake Watershed: Notable landmarks
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3.2. DEMOGRAPHICS

Brown County’s population has experienced a great deal of change in the last century, as
seen in Figure 3.5. (Stats Indiana, 2005). It is currently the 12% least-populated county in the state. In
1890, 10,308 people lived in Brown County. However, by 1930 only half of the population remained
due to soil erosion and a declining economy. Since the late 1800s, Brown County’s beautifully rugged
countryside had attracted artists. T.C. Steele moved to the county in 1907. In 1926, Nashville opened
its first art gallery and ever since has been known as the artist’s colony of the Midwest. Thousands of
tourists visit Brown County annually. The Hoosier National Forest, Yellowwood State Forest, Brown
County State Park, Lake Monroe, and Lake Lemon are located within the county’s border.

20,000

15,000 -

10000 W
5,000

Population

Figure 3.5. Brown County: Population projections (1900-2020)

The Yellowwood Lake watershed is =
currently home to approximately 55 landowners.
Figure 3.6 shows the location and size of public
and private land holdings in the watershed. The
watershed is 80% public land (3,508 acres) and
20% privately owned (902 acres).

In 2005 the YLWPG circulated the
“Yellowwood Lake Watershed Management Plan
Private Landowner Survey” to 50 landowners in
the watershed. Twenty-one people responded to
the survey. Figure 3.7 shows that most of the
watershed landowners have owned property for
over 15 years. Two thirds of the respondents live
in the watershed year round while the remaining [ verowacon L v

I Fusic (DNR 25 V5F)

third seasonally visit their property (Figure 3.8). [ erawrosns N

wc%s
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Figure 3.6. Yellowwood Lake Watershed: Public and - I
private land ‘
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Figure 3.7. Length of time watershed residents have owned property in the watershed
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Figure 3.8. Yellowwood Lake Watershed: Length of watershed residency

3.3. CURRENT LAND USE

In 2002 the USGS released the National Land Cover Data (NLCD) set. The purpose of the
NLCD was to provide relatively current, consistent, seamless, and accurate land cover data for the
conterminous United States. Based on satellite data with a 30 x 30 meter resolution, the NLCD is a
21-class land cover classification system (landcover.usgs.gov). The Indiana NLCD depicts land cover
conditions in Indiana in 2001 (Figure 3.9, Table 3.1).
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Figure 3.9. Yellowwood Lake Watershed: 2001 Landcover (NLLCD)
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Table 3.1. Yellowwood Lake Watershed: Landcover

Land Cover acres %

Open Water 114 2.6%
Open Space 12 0.3%
Deciduous Forest 4,049 91.8%
Evergreen Forest 142 3.2%
Mixed Forest 2 0.1%
Shrub/Scrub 43 1.0%
Grassland/ herbaceous 46 1.0%
Pasture/ Hay 3 0.1%
Total 4,411 100%

3.4. SILVICULTURE

Forests have not always dominated the Yellowwood Lake watershed’s landscape. As stated
earlier in this section, nearly the entire watershed was clear-cut for timber and livestock grazing in the
early 1900s. It wasn’t until the federal government purchased the land and planted millions of trees,
mostly pine that the landscape began to recover. Farmland, abandoned because of the thin, highly
erodable soils, began returning to forests through natural succession. Today, nearly 95% of the
watershed is forested. Management of the forest, especially Yellowwood State Forest, is often
debated. Forest advocacy groups argue that commercial harvesting should not be allowed on public
land. However, current Indiana law states that such operations may be undertaken for forest
management and revenue generation.” This section outlines the history of forest management,
primarily as YSF, in the Yellowwood Lake watershed.

Current resource management is directed toward both the long-term integrity of the
ecosystem and to provide timber production, watershed protection, and consumptive and non-
consumptive use by the public including outdoor recreation (boating, fishing, hunting, hiking, trail
riding, bird watching, camping, etc.), and providing wildlife habitat, conservation education, scenic
value, and emotional uplift. Forest management practices are directed toward producing a healthy
and vigorous forest by ensuring varied species composition, forest structure, and tree size to provide
habitat diversity and aesthetic integrity within a contiguous-canopy forest context. Smaller patts of
the watershed are managed as intensive recreation areas or as nature preserves, while physical
limitations, uniqueness, or other factors require some ateas to be managed predominately for a
particular benefit. See Appendix G for more explanation on IDNR silvicultural guidelines.

9 (IC 14-23-4-1): "It is the declared public policy of this state to protect and conserve the timber, water resources, wildlife
and top soil in the state forests for the equal enjoyment and guaranteed use of future generations. It is recognized, however,
that by the employment of good husbandry, timber which has a substantial commercial value may be removed in such
manner as to benefit the growth of saplings and other trees by thinning, improvement cuttings, and harvest process and at
the same time provide a source of revenue to the state and local counties and provide local markets with a further source of
building material."
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Given the lack of mature forest when
the land was acquired, there was little timber
harvesting in the watershed for the first 30
years. Most of the activity was directed
toward tree planting, maintaining fire trails,
and creating recreational infrastructure. The
earliest recorded state harvest dates back to
1951. Eatly harvests were primarily directed
at removal of lower value species with some
marketable value with a secondary objective
of enhanced growth of more desirable
species. Figure 3.10 shows the management
units, or tracks, within the watershed. Tracks
with historical harvests have been highlighted.
Timber management has been practiced on
approximately 3400 acres of state forest land
within the watershed, with an estimated sum
of 3.5 to 4.5 million board feet removed.

Figure 3.10. Yellowwood Lake Watershed:
Harvested Tracts
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LAND USE DESCRIPTION OF THE WATERSHED

Certain areas of the forest are not
managed for timber production. These have been
allowed to progress toward an old growth type of
status. Land in this category includes
approximately 364 acres of the watershed
primarily including steep slopes, riparian zones,
and other areas in which timber harvest would be
inappropriate. The designated recreational areas
immediately adjacent to the lake and
campgrounds are also not managed for timber
production (263 acres including the lake).
Research acreage accounts for an additional 84
acres, and educational set-asides include 82 acres
(Figure 3.11).

Figure 3.11. Yellowwood Lake Watershed: Special
YSF tract classifications
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Forest management on the privately held land within the watershed has generally followed
that of the public land. Approximately 17 % of the privately held land in the watershed is forest land.
Most of this land was in the same condition as that of the (now) public land in 1936. Some returned
toward mature forest at this time, with the rest in natural successional forest with farm land
abandonment in the 1940s and 1950s. Timber harvests on the private land are estimated to have
been limited through the 1960s for the same reasons as that on the public lands. Most harvests have
been by individual tree selection, with little application of regeneration openings. Figure 3.12
illustrates the private landowner timber harvesting history within the watershed.
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Figure 3.12. YSF: Harvested tracts

3.5. RECREATIONAL AREAS

The Yellowwood Lake watershed is unique to many 14-digit watersheds in Indiana because
80% of it is managed as a state forest. Created in 1940, Yellowwood State Forest is operated by the
Indiana Department of Natural Resources’ Division of Forestry (IDNR DoF). The mission of the
DoF is:

The Indiana Department of Natural Resonrces’ Division of Forestry promotes and practices good stewardship of
natural, recreational and cultural resources on Indiana’s public and private forest lands. This stewardship produces
continning benefits, both tangible and intangible, for present and future generations.

Yellowwood State Forest (YSF) hosts a variety of recreational opportunities for the public.
There are hiking and horse trails, as shown in Figure 3.13 and primitive campgrounds along the
eastern shore of the Lake, a boat dock, and a boat livery where YSF rents out rowboats. Figure 3.14
shows the location of recreational facilities within the watershed. YSF contains excellent wildlife
habitat, wetlands, and a publicly accessible lake (Yellowwood Lake) used for game hunting, wildlife
watching, and fishing. Wild game hunting includes deer, turkey, squirrel, raccoon, and grouse while
the fishery includes large mouth bass, bluegill, catfish, and rainbow trout in the spring. An estimated
200,000 people visit YSF every year.
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4. WATER QUALITY ISSUES AND BENCHMARKS

This section provides a survey of existing water quality data in the watershed. Yellowwood
Lake and its watershed have been extensively studied and monitored in the past. Data in this section
is from IU Limnology classes, IDEM, CLP, fishery surveys, Hoosier Riverwatch volunteers, HFF
Depth surveys, and contracted sediment and storm flow samples, in addition to visual assessments
conducted during this project. Tables 4.1 and 4.2, discussed in detail below, outline the current and
benchmark water quality conditions in the Yellowwood Lake Watershed. Many of the metrics
referenced in this table can be found in Appendix H.

Table 4.1. Yellowwood Lake: water quality benchmarks

Parameter Current Units Target Reference
Condition condition
Trophic Status “good” — 26-50 IDEM ISTI - MS
“mesotrophic” - 40 - 50 Carlson - MS
Epilimnetic TN 0.244 mg/L 0.35-0.65 Niirnberg, 1996 - MS
Nitrate + Nitrite 0.013 mg/L 0.101 EPA Reference Conditions
P 0.010 mg/L | 0.01-0.025
Chl-4 14.040% pg/L 2.0-8.0 Carlson — MS
Transparency (SD) 4.3 Meter 2.0-5.0
Turbidity 2.630* NTU 25 WO stdin AZ, AR, MS, and OK
pH 7.8* — Range: 6-9 IAC Title 327 — Protect Aquatic Life

MS' = mesotrophic status, * denotes 2003 data
EPA Reference conditions based upon 25" percentile of all seasons for lakes and reservoirs within ecoregion 71

Table 4.2. Yellowwood Lake Watershed Tributaries: Water quality benchmartks

Parameter Current Units Target Reference
Condition* condition
Nitrate 0.4 mg/L Max: 10 EPA Drinking Water Standard (Human Toxicity)
LAC title 327
TP 0.11 mg/L 0.05 “to control eutrophication” Muller and Hensel, 1999
0.03 EPA Reference Conditions
Turbidity 46 NTU 25 WQ Std for streams in Minnesota River and its Tributaries
TSS 266 mg/L 58-66
Chl-4 64 pg/L 1.5 EPA Reference Conditions
Nitrate + Nitrite 0.4 mg/L 0.345
10 LAC Title 327 — Drinking Water
E. coli 1,280 CFU Max: 235 | LAC Title 327 — Full Body Contact
DO 4 mg/L Min: 4.0 LAC Title 327 — Protect Aquatic Life
BOD 5.3 mg/L 1-2 “Clean water with little organic waste” Hoosier Riverwatch
pH 6.7 -—- Range: 6-9 | LAC Title 327 — Protect Aquatic Life
QHEI 56 --- >064 “Fully Supporting for Designated Use” Ohio EPA

MS = mesotrophic status
EPA Reference conditions based upon 25" percentile of all Rivers and Streams within ecoregion 71
*conditions represent worst water quality conditions sampled at contracted base or peak flow samples, (Table 4.5.1)
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4.1. DESIGNATED USES

The Federal Clean Water Act mandates that every state must specify appropriate water uses
to be achieved and protected. The appropriate water use is based upon the waterbody’s use and value
as public water supply; protection of fish, shellfish, and wildlife; and recreational, agricultural,
industrial, and navigational purposes. In designating uses, states must examine the suitability of
waterbodies for the uses based on chemical, biological, and physical characteristics, geographical
setting and scenic qualities, and economic considerations (USEPA, 1997).

In Indiana, the Indiana Pollution Control Board (IPCB) is responsible for specifying the
appropriate uses, or designated uses, for Indiana’s waterbodies. It is the State’s goal to restore and
maintain the chemical, physical, and biological integrity of the waters of the state (327 IAC 2-1-1.5).
The IPCB has designated all state waters, except those within the Great Lakes system (327 IAC 2-1-
1) for the following uses (327 IAC 2-1-3): Full-body contact recreation (April- October); capable of
supporting a well-balanced, warm water aquatic community and where temperatures permit, capable
of supporting put-and-take trout fishing. All waters within the Yellowwood Lake watershed are full
use designation waterbodies.

4.2. IMPAIRED WATERBODIES

Section 303(d) of the Federal Clean Water Act (CWA) requires states to identify bodies of
water that are not meeting state water quality standards for designated uses. States are required to
establish total maximum daily loads (TMDLs) for impaired waterbodies in order to meet water
quality standards. A TMDL is the amount of a pollutant a waterbody can receive and still pass water
quality standards.

In 2004, the Indiana Department of Environmental Management released the 2004-303(d)
list of Impaired Waterbodies (IDEM, 2004). The list included Yellowwood Lake as Category 5b
impairment with a Category 2 Fish Consumption Advisory (FCA) for mercury in Largemouth bass.
The FCA is an advisory based upon the statewide collection and analysis fish samples for
contaminants that have the ability to bioaccumulate such as PCBs, pesticides, and heavy metals such
as mercury. The advisory groups are used to help people choose the amount and type of fish that are
safe to eat. A category 2 advisory limits the fish consumption women of childbearing years, nursing
mothers, and children under 15 to one meal per month. It advises women beyond childbearing years
and men to eat fish no more than once per week (ISDH, 2005). The fish consumption advisory
becomes more restrictive as the numbers increase.

Over one hundred water bodies in Indiana were listed for mercury impairment in 2004.
Mercury causes birth defects, and irreversible brain, liver, and kidney damage. Mercury sources within
the Midwest include deposition from coal-fired power plants, incineration of garbage and hospital
wastes, industrial uses, and improper disposal of household mercury. There are no known sources of
airtborne mercury in the Yellowwood Lake watershed. The State believes that developing
conventional TMDLs for mercury is not an appropriate approach. Therefore, managing mercury will
be limited to education in this plan.
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4.3. SUMMARY OF YELLOWWOOD LAKE WATER QUALITY

Water quality monitoring is important for characterizing lakes, understanding how they
work, and documenting changes and trends. Water quality monitoring can be conducted on a daily,
monthly, seasonal, yearly, or on an as needed basis. Historically, water quality monitoring in
Yellowwood Lake has been sporadic. Occasionally, we have records of multiple sampling events in a
single year, but the majority of the samples are from a single event. Single sample dates can help
clarify general management concerns, especially when there are a series of samples over several years.
However, it must be kept in mind that a single sample is only a snapshot of the lake water quality at
that specific moment in time. For example, if the sample were taken after a storm, we would expect
increased turbidity due to increased wave action and sediment disturbance from watershed runoff.

This section is a survey of historic water quality data in Yellowwood Lake. It includes
monthly secchi depths, lake profiles from IU SPEA limnology classes, data collected by the Indiana
Clean Lakes Program. Concentrations represent the average of 1m from surface and 1m from
bottom, unless stated otherwise. All data points were taken at the deepest part of the lake, near the
dam. All the data are in Appendix H.

LAKE PROCESSES: THERMAL STRATIFICATION

The annual circulation patterns in lakes, caused by the thermal properties of water, can have
significant influences on lake biology and chemistry. As the surface water absorbs heat from the sun
in the spring, it becomes lighter than the cool, dense water at the bottom of the lake that does not
receive sunlight. This temperature-density difference between the surface and bottom waters
eventually becomes too great for wind energy to mix and the lake becomes stratified. Thermal
stratification describes the condition when warm surface waters overlie cold bottom waters (Holdren
et al, 2001). Thermal stratification in Yellowwood Lake can be seen in the August 24, 2005,
temperature profile (Fig. 4.1).
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Figure 4.1. Yellowwood Lake: 2005 Summer Stratification and Winter Destratification Temperature and
Dissolved Oxygen
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The well-mixed, warm surface waters are called the epilimnion; while the uniformly cold,
unmixed bottom waters are called the hypolimnion. The two layers are separated by a zone of rapidly
changing temperature and density known as the metalimnion. As the epilimnion cools in the fall, the
temperature difference between layers decreases, making mixing easier. The cooled surface waters
and mixing zone progressively extend downward until the entire watercolumn is again fully mixed.
This destratification process is known as fall turnover (Holdren et 4/, 2001). Lakes that undergo the
stratification and turnover process two times a year!?, like Yellowwood Lake, are known as dimictic
lakes. Typical of southern reservoir stratification, Yellowwood Lake does not have a well-defined
hypolimnion.

In addition to the unique temperature-density-dependent relationship of water, is its
temperature-dependent ability to hold dissolved oxygen.. When a lake initially stratifies in the
summer, the spring mixing and photosynthesis by plants and algae leave the hypolimnion rich in
dissolved oxygen. Once the metalimnion develops however, it acts as a barrier, isolating the
hypolimnion from gas exchange with the atmosphere. Since the hypolimnion is often too dark for
photosynthetic production of oxygen, it can often become anoxic during summer stratification as
decomposing organic matter consumes the dissolved oxygen reserve. Figure 4.2 shows the depth of
the water column in Yellowwood Lake with detected dissolved oxygen (DO) levels below 1 mg/L.
Hypolimnetic anoxia, while a natural process, can have important consequences on lake productivity.
Fish cannot survive in an oxygen-deficient hypolimnion, but the mid-summer epilimnion may be too
warm for them. Also, anoxic conditions can allow the release of nutrients such as nitrogen and
phosphorous from the bottom sediments, where they can ultimately promote more algae production,
organic matter decomposition, and thus more severe hypolimnetic oxygen depletion (Holdren et a/,
2001).
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Figure 4.2. Yellowwood Lake: Anoxic portion of the watercolumn

10 Some lakes undergo winter stratification and spring turnover as well.
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LAKE PROCESSES: EUTROPHICATION

Eutrophication is the excessive addition of inorganic nutrients, organic matter, and silt which
increase biological productivity. Eutrophication can naturally occur over tens and thousands of years
as a result of climate, movements in the earth’s crust, shoreline erosion, and accumulation of
sediment. This slow, natural process can be accelerated as a result of dramatic land use changes such
as building roads, cultivating fields, developing residential areas, or clearing forests, which can
increase nutrient, soil, and organic matter loads. Lake succession, also known as eutrophication, can

be characterized into four phases, or trophic states, with the following characteristics, adapted from
Holdren et al. (2001).

e Oligotrophy: low productivity due to a lack of nutrients; oxygen at all depths; clear water;
deep lakes can support trout

e Mesotrophy: moderate plant productivity; hypolimnion may lack oxygen in the summer;
moderately clear water; warm-water fisheries only — bass and perch may dominate

e Eutrophy: excessive nutrients; blue-green algae dominate during the summer; algal scums
probable at times; hypolimnion lacks oxygen in summer; poor transparency; rooted
macrophyte problems may be evident

e Hypereutrophy: algal scums dominate in summer; few macrophytes; no oxygen in
hypolimnion, fish kills possible in summer and under winter ice

STATE TROPHIC INDICES

Multiple indices exist that may be used to compare the severity of a lake’s problems with
other lakes in the area. These indices are referred to as “trophic state indices.” The trophic state
index concept is based on the belief that, in many lakes, the degree of eutrophication is primarily
related to increased nutrient concentrations. In Indiana there are two trophic indices that are used,
Carlson’s Trophic State Index!! (TSI) and the Indiana State Trophic Index!? (ISTI) developed by
IDEM.

While there is archived water quality data dating back to 1974 in Yellowwood Lake,
complete ISTT scores only exist for 1992, 1997, and 2001 (Figure 4.3). This is primarily due a lack of
biological data (e.g. blue green algae, diatoms, green algae, and zooplankton). While Yellowwood
Lake has always been classified as having “good” water quality according to this index, the water
quality appears to be declining. In 2001 the score was 20, only five points away from an
“intermediate” water quality status. In the past, Yellowwood Lake has had an ISTI score well below
the state average ISTI score. However, in 2001 Yellowwood Lake was even with the state average
score. The score increased 10 point because the plankton sample revealed blue-green algal

11 Carlson’s index is the most widely used. Based on empirical data, it compares chlorophyll-a, Secchi transparency, and
total phosphorous. High scores represent increased eutrophy while low scores represent clear water and low levels of
nutrients and algae. The three parameters can also be used independently. For example if phosphorous concentrations are
high while Secchi depth and chlorophyll-z are low; inorganic turbidity, not algae, is likely influencing water clarity.

12 The IDEM index utilizes ten parameters to estimate a water quality (TP, SRP, Organic Nitrogen, Nitrate, Ammonia,
dissolved oxygen saturation, how much of the water column is oxic, light penetration, Secchi depth, and plankton).
Eutrophy points are awarded as a parameter’s range moves towards characteristics of a eutrophic system. This index is
widely used in the state of Indiana and is a good tool to compare water quality from lake to lake.
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dominance. As outlined in the following sections, Yellowwood Lake is classified as an oligo-
mesotrophic lake according to Carlson’s TSI.
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Figure 4.3. Yellowwood Lake: 1STI Scores

NUTRIENTS

Lake managers often monitor for nutrients in lakes because they are indicators of
eutrophication and can provide insight into which stressors in the watershed may be influencing
water quality. The nutrient data in this section includes nitrogen and phosphorous, the two most
important nutrients in aquatic ecosystems, and chlorophyll-z, a common measure of productivity.
Phosphorous and nitrogen both naturally occur in the environment and are essential to plant and
animal life. However, in excessive amounts they can cause nuisance macrophyte or algal growth.

Nitrogen

Nitrogen is abundant on the earth’s surface. In fact, 78% of the air we breathe is nitrogen.
Sources of nitrogen in aquatic systems include atmospheric deposition, decaying organic material,
septic systems, and fertilizers. Nitrogen is very water soluble and can easily travel through the
watershed as groundwater, fertilizing aquatic plants and algae. Yellowwood Lake has relatively low
levels of nitrogen. The historic epilimnetic total nitrogen’? (TN) concentrations, according to
Nirnberg’s Trophic State Index (Nirnberg, 2001), decreased from mesotrophic/ eutrophic in the
1990s to oligotrophic since 2000 (Figure 4.4).

Ammonia (NH3) is the end product of organic matter decomposition by bacteria. In fresh
water, concentrations of ammonia are highly dependent on a lake’s productivity and the amount of
organic matter. If there is appreciable accumulation of organic material during summer stratification,
ammonia concentrations in the anoxic hypolimnion can increase. The average hypolimnetic ammonia
concentrations in Yellowwood Lake (0.16 mg/L £ 0.22, n = 13) are well within the typical range of
ammonia concentrations for unpolluted surface waters (0 to 5 mg/L) according to Wetzel (2001).

3TN is a sum of nitrogen from nitrate/ nitrite, ammonia, and organic nitrogen.
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Figure 4.4. Yellowwood Lake: Epilimnetic Total Nitrogen (IN)

Phosphorous

In comparison to many of the other naturally occurring nutrients important to biota (carbon,
hydrogen, nitrogen, oxygen, and sulfur), phosphorous is the least abundant and commonly limits
biological productivity (Wetzel, 2001). Even small additions of phosphorous to an aquatic system can
cause noxious algae blooms, accelerated aquatic plant growth, and eutrophication. Phosphorous
naturally occurs in organic matter (e.g. dead plants and animals, animal waste) and can be bound to
soil minerals (e.g. calcium, aluminum, and iron). It is also an important component of fertilizers,
detergents, and industrial wastes.

0.20 B Hypereutrophic

@ Eutrophic

O Mesotrophic
B Oligotrophic
®TP

0.16

o
=
N

o
o
e3)

TP (mg/L)

IS

0.00

L I I R T T N e N I
LT FTRS PSS ES
W R RTRTR DT AR PP

Figure 4.5. Yellowwood Lake: Epilimnetic Total Phosphorons (TP)
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Yellowwood Lake has relatively moderate levels of phosphorous. The historic epilimnetic
total phosphorous concentrations are primarily within Carlson’s TSI mesotrophic range (Figure 4.5).
Total phosphorous (TP) includes all organic phosphates and any inorganic phosphorous that may be
attached to soil particles or occurring in biota (algae, zooplankton, or decomposing plant material).
The biologically available form of phosphorous is orthophosphate (PO4*). Orthophosphate is often
referred to as dissolved inorganic phosphorous or soluble reactive phosphorous (SRP) which is based
upon a chemical analysis used to measure orthophosphate. SRP typically constitutes a low percentage
(i.e. less than 5%) of TP because it is tightly cycled by algae (Wetzel, 2001). However, in Yellowwood
Lake SRP has historically comprised between 9% and 100% of the total phosphorous (Figure 4.6).
The relatively high SRP concentrations indicate that the phosphorous is not being fully utilized by
algae.
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Figure 4.6. Yellowwood Lake: Epilimnetic SKP, TP, and % SRP

Limiting Nutrients

Both nitrogen and phosphorous are known as limiting nutrients. Phosphorous is the most
common limiting nutrient in freshwater aquatic systems. According to the Redfield Ratio (Redfield ez
al., 1963), under ideal conditions the atomic ratio of nitrogen to phosphorous in aquatic systems is
16:1. Any deviation from this ratio can be used to predict which nutrient, phosphorous or nitrogen,
is limiting. The geometric mean of the calculated historic N: P ratios in Yellowwood Lake since 1986
is 10.63 (Fig 4.7). While there is a great deal of deviation above and below 16, the geometric mean of
the N: P ratios suggests that Yellowwood Lake is slightly nitrogen limited.
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Chlorophyll-a

Like plants, blue-green bacteria and green algae contain chlorophyll-4, a pigment necessary
for photosynthesis. Limnologists often measure Chlorophyll-z as an indicator of algal biomass or
productivity According to Carlson’s TSI, the chlorophyll-z concentrations in Yellowwood Lake are
moderately low, falling within the meso-oligotrophic range (Figure 4.8).
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Figure 4.8. Yellowwood Lake: Chlorophyll-a
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CHEMICAL AND PHYSICAL PARAMETERS

This section outlines some of the chemical and physical parameters impacting Yellowwood
Lake including pH, alkalinity, light, and transparency.

pH

pH is an important measure of water quality because organisms are sensitive to pH. A pH
range of 6.5 to 8.2 is optimum for most organisms. pH can be affected by both natural and
anthropogenic processes. High temperatures can cause the pH to drop (become more acidic) while
algae blooms can remove carbon dioxide (CO,) from the water during photosynthesis, causing the
pH to increase. Most natural waters have a pH range of 5.0 — 8.5. Yellowwood Lake has a circum-
neutral pH with values from 6.6 to 7.8 (Figure 4.9).

Alkalinity

Alkalinity is also known as pH buffering capacity, or the capacity of bases to neutralize acids.
It is a measure of the water’s ability to resist changes in pH by neutralizing acid input. Common
buffering materials include bicarbonates (HCOs), carbonates (COs%), silicates, phosphates, and
organic materials. Waters with low alkalinity are susceptible to changes in pH while those with high
alkalinity are able to resist pH shifts. There are no standards for alkalinity as it is highly variable
depending on local geology. Freshwater streams typically have alkalinity levels from 20-200 mg
CaCOs/L (BASINS, 2005). The historic average alkalinity in Yellowwood Lake ranged from 33 to
78.5 mg CaCOs/L (Figure 4.9)
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Figure 4.9. Yellowwood Lake Watershed: Alkalinity and pH

Secchi Depth

Water clarity is important to life in lakes. Without light, plants and algae would be unable to
photosynthesize and sight-dependent predators would be unable to hunt. Secchi disk transparency'+
is the most common way to measure water clarity. It captures algal biomass, water color, and
suspended sediments. According to Carlson’s TSI, Yellowwood Lake is a mesotrophic lake (Figure
4.10). The highest recorded secchi depths in Yellowwood Lake, over 21 ft (6.5 m) occurred in July,
1994.

14 Transparency is the amount of light scattering affecting the depth at which an object can be seen. It is measured by
lowering a black and white disk into the water and recording the depth at which the disk can no longer be seen.
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Figure 4.10. Yellowwood Lake: Secchi Depth

Light

Photosynthetic organisms cannot produce energy without light. The amount of available
light decreases as it moves down the water column. In a lake, the depth below which there is
insufficient light for photosynthesis is the 1% light level. Since 1993, the 1% light level ranged from
15 to 27 ft. (Figure 4.11).
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Figure 4.11. Yellowwood Lake: 1% light level
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4.4. MONTHLY HOOSIER RIVERWATCH SAMPLING

Hoosier Riverwatch is a state-sponsored water quality monitoring initiative. Based upon
volunteer monitoring, Hoosier Riverwatch was created to increase public awareness of water quality
concerns and to develop a statewide database of water quality in Indiana’s rivers and streams. The
Yellowwood Lake Watershed Planning Group has participated in Hoosier Riverwatch since 2002,
with chemical data collection beginning in the fall of 2004. We collected monthly samples at Jackson
Creek, the major tributary to
Yellowwood Lake, and
quarterly samples at John
Floyd Hollow (Figure 4.12).
The quality assurance plan can
be found in Appendix J.

“Streams

Intermittent

. Ferennial 4
Fignre 4.12. Ye//ou/u/o?d Lake — W +E
Watf’rx/y.ea’: Wather quality @ weamerossngs &
monitoring locations [ vellowwood Lake

[ | vellowamood Lake Watershed

Intended for Educational Purposes Only

0 02 0s 1 Miles
1 1

e

Jackson Creek :

WATER QUALITY ISSUES AND BENCHMARKS 4-12



THE YELLOWWOOD LAKE WATERSHED MANAGEMENT PLAN: PROTECTING,
ENHANCING, AND CONSERVING YELLOWWOOD LAKE AND ITS WATERSHED

The Hoosier Riverwatch data suggests that the Yellowwood Lake Watershed is not suffering
from any significant chemical water quality impairments. See Appendix K for complete water quality
data results. Nitrogen and phosphorous concentrations were consistently near or below detection
levels at both sample sites. There was no detected turbidity at either site, and pH levels were within
the allowed range for aquatic life according to 327 IAC 2-1-6(b).

The Indiana State Water Quality Standard for dissolved oxygen (DO) requires that the
average concentration be at least 5.0 mg/L per calendar day and not be less than 4 mg/L at any time
(327 TAC 2-1-6(b)). DO levels wete at ot below 4.0 mg/L from June to July, 2005 in Jackson Creek
and September, 2005 in John Floyd Hollow. Corresponding % dissolved oxygen levels, a function of
temperature, were below 50% (Figure 4.13). Low dissolved oxygen levels are usually caused by the
decay of a large amount of organic material. However, streams receiving a substantial amount of
ground water, as was the case in the summer of 2005, can have naturally low dissolved oxygen levels.
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Figure 4.13. Yellowwood Lake Watershed: DO concentrations

Biological Oxygen Demand (BOD:s) is a measure of the amount of oxygen being used by
bacteria to break down organic waste over five days. BODs is also an indicator of how well a stream
can process organic waste. Clean streams free from excessive plant growth typically have low BODs
levels while streams that are polluted or have lots of plant growth have high BODs levels. Table 4.3
shows a rough guide to BODs concentrations. BODs concentrations in Jackson Creek were
consistently below 2 mg/L and often below detection limits. However, in June, 2005 the BODs
detected in John Floyd Hollow was 6.0 mg/L, which indicates excessive organic material and
bacteria.

Table 4.3. Qualitative descriptions of BOD; concentrations

1-2 mg/L. BOD:s Clean water with little organic waste

3-5 mg/ L. BODs Fairly clean water with some organic waste

6-9 mg/L BODs Lots of organic material and bacteria

10+ mg/L BODs Very poor water quality. Very large amounts of
organic material in water.

(Soutce: Hoosier Riverwatch, 2004)
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4.5. BASEFLOW AND STORMFLOW SAMPLING

The water cycle is the movement of water through the environment. As water moves
through the water cycle, it replenishes streams and lakes. During most of the year, stream flow is
composed of both groundwater discharge and surface runoff. Baseflow conditions exist when
groundwater provides the entire flow of a stream. Groundwater discharges into streams when the
water table is above the stream bed. Measuring baseflow is important when evaluating the health of a
stream. Without adequate baseflow, many streams do not have enough surface water to support
aquatic organisms. Since groundwater temperatures are nearly uniform year-round, baseflow is also
important for maintaining stream temperature. Monitoring baseflow is also important to detect
soluble pollutants such as nitrate-nitrogen that travel primarily through groundwater. Finally, point
source impacts are more easily noticed during baseflow conditions.

Stormflow conditions occur during high precipitation events. During storm events, the
ground becomes fully saturated and precipitation flows across the watershed as surface runoff. As
surface runoff travels over the landscape it collects sediment, bacteria, nutrients, chemicals, and
metals present in the watershed, focusing them in the stream channel. Stormwater monitoring
provides a window into watershed land use.

The YLWPG contracted Commonwealth Biomonitoring to conduct two fall baseflow events
and two spring peakflow events as part of our water quality investigation in Jackson Creek (Table
4.4). It is important to note that the 2006 stormflow sample did not capture the first spring storm.
There were several large storm events in a row and the 2006 sample caught a storm near the end of
the series.

Table 4.4. Jackson Creek: Base and Peak flow water quality

PARAMETER 24-Nov-04 14-May-05 10-Nov-05 3-April-06

BASE FLOW STORM BASE FLOW STORM

FLOW FLOW
Flow (cfs) 2 270 0 25
Temperature (°C) 13 17 12.1 8.3
Dissolved Oxygen (DO) (mg/1) 9.6 8.5 4 11.1
pH (SU) 7.1 6.7 6.9 7.2
Conductivity (uS) 160 130 220 145
E.coli (MPN /100 ml) 511 1280 3 6
BOD (mg/1) <1 5.3 1.4 1.7
TSS (mg/1) <1 266 <1 <1
Ammonia-N (mg/1) <0.1 0.1 0.5 0.5
Nitrite+Nitrate (mg/1) 0.4 0.2 0.1 0.1
Total Phosphorus (mg/1) 0.11 <0.02 0.03 0.09
Orthophosphorus (mg/1) 0.1 < 0.02 0.02 0.08
Chlorophyl a (ug/1) 5.5 64 14 24
Turbidity (NTU) 2 46 16 17
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The bullet points listed below outline significant findings from the Base and Storm flow
water sampling in Jackson Creek. While we compared the total phosphorous and chlorophyll-a data
to Carlson’s TSI, it is important to note that Carlson’s index was developed for lakes, not streams.

e Dissolved Oxygen: The Indiana State Water Quality Standard for dissolved oxygen
requires that the average concentration be at least 5.0 mg/L per calendar day and not be less
than 4 mg/L at any time (327 IAC 2-1-6(b)). The November 2005 sample had a detected
DO concentration of only 4 mg/L.

e E. coli: The Indiana State Water Quality Standard for full body contact recreational uses,
from April through October, shall not exceed (1) one hundred twenty-five (125) per one
hundred (100) milliliters as a geometric mean based on not less than five (5) samples equally
spaced over a thirty (30) day period; and (2) two hundred thirty-five (235) per one hundred
(100) milliliters in any one (1) sample in a thirty (30) day period(327 IAC 2-1-6(d)). The 2004
baseflow and 2005 storm flow samples violate the water quality standard.

e BOD: falls within the clean to fairly clean with some organic waste range, according to
Hoosier Riverwatch.

e TSS and Turbidity: There are no identified sediment-related criteria in Indiana. However,
many other states suggest a maximum of 50 NTU for streams with healthy warm-water fish
populations. All samples fall below this standard. The May 2005 sample exceeds the Utah/
North Dakota TSS standard (263 mg/L) for warm-water streams.

e Nitrite+Nitrate: Nitrogen concentrations in Jackson Creek are well below the Indiana State
Drinking Water Quality Standard (10 mg/L Nitrate-N + Nitrite-N and 1mg/L Nitrite-N)
(327 IAC 2-1.5-8-£(0)).

e Total Phosphorous: There are currently no standards for total phosphorous in streams.
However, two samples were above the EPA’s recommended maximum concentration (0.05
mg/L) for streams to control eutrophication (Muller and Hensel, 1999). The November
2004 and April 2006 samples fall within Carlson’s TSI eutrophic range.

e Chlorophyll-a: There are currently no standards for chlorophyll-z in streams. However, the
May 2005 storm event fall within Carlson’s TSI hypereutrophic range, and the November
2005 and April 2006 samples fall within the eutrophic range.
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QUALITATIVE HABITAT EVALUATION INDEX

The Qualitative Habitat Evaluation Index (QHEI) is a physical habitat index designed to
provide an empirical, quantified evaluation of stream micro-habitat. Developed by the Ohio EPA,
the index corresponds to the physical factors that affect fish and other important aquatic life (e.g.,
invertebrates) (Rankin, 1989). The QHEI is composed of six metrics that are related to fish
communities: 1) substrate, 2) in-stream cover, 3) channel morphology, 4) riparian and bank
conditions, 5) pool and riffle quality, and 6) gradient.

We conducted a QHEI at seven sites along Jackson Creek in October 2005 to evaluate its
ability to support aquatic communities (Figure 4.14). Representative sites were randomly selected
from the foot bridge to the first stream crossing, moving upstream. The QHEI data represent 100
meter reaches.

Each metrics is scored individually
and then summed to provide the total
QHEI site score. High scores represent
habitat parameters shown to be correlated
with streams that have high biological
diversity and integrity, while progressively
lower scores represent less desirable habitat
features. The maximum possible QHEI
score is 100. Habitat quality can be
characterized from a range of QHEI scores
based upon EPA 305(b) guidelines
(USEPA, 1997). QHEI ranges are listed in
Table 4.5.

Figure 4.14. Volunteer monitoring

Table 4.5. Qualitative QHEI valnes

= 64 fully supporting for designated uses
< 64 and = 51 partially supporting for designated uses
<51 not supporting for designated uses

The results of the QHEI survey suggest that overall Jackson Creek can support a healthy,
biodiverse aquatic community. All sites downstream of the first stream crossing were “fully
supporting” while the sites at and above the stream crossing were only “partially supporting”. No
sample sites were designated “not supporting”. Signs of erosion, heavy silt and embeddedness, in
concert with decreased riparian zone width led to low site scores. These reaches also have decreased
canopy cover as the stream exits the forest, travels through pasture, and crosses Yellowwood Road.
The “fully supporting” sites are located within Yellowwood State Forest, with broad riparian zones
and nearly 100% canopy cover.

The cumulative QHEI scores, based upon the ability to support designated uses, are
illustrated in Figure 4.15. Site scores and individual metric scotres can be found in Appendix L.
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Figure 4.15. Jackson Creek: QHEI scores

4.7. MACROINVERTEBRATE MONITORING

Benthic macroinvertebrates are animals that are big enough to be seen with the naked eye
(macro), which lack backbones (invertebrates), and spend at least part of their lives in or on the
bottom (benthos) of a body of water. They include aquatic insects, snails, worms, mussels, and
crayfish. Benthic macroinvertebrates are an extremely important part of aquatic ecosystems. They are
critical part of the aquatic food web and can be used as continuous indicators of environmental

quality.

Biological stream monitoring is based on the fact that different species react to pollution in
different ways. Some organisms such as mayflies, stoneflies, and caddis flies are more susceptible to
the effects of physical or chemical changes in a stream than are other organisms. These organisms are
referred to as “pollution-sensitive,” and their presence indicates the absence of pollutants. Other
“pollutant-tolerant” organisms such as midges and worms are not as sensitive to changes within a
stream, and their presence or absence can be used as an indirect indicator of pollution.

The Yellowwood Lake Watershed Planning Group performed two macroinvertebrate
samples in Jackson Creek in 2005. Samples were collected from a 200m reach upstream of the
monthly stream monitoring site. We used the Kick Seine Net and regular dip net to sample riffles,
leaf packs, undercut banks, and sediment.

Macroinvertebrate monitoring results, according to Hoosier Riverwatch (2004) (Table 4.6),
indicate that Jackson Creek has a thriving, healthy macroinvertebrate population with no signs of
pollution. The April sample yielded a Pollution Tolerance Index Ranking of 23, while the October
sample had a score of 34. Both scores are in the ‘excellent’ range.
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Table 4.6. Qualitative Pollution Tolerance Index Ranking Scores

Pollution Tolerance Index Rating

23 or More Excellent
17-22 Good
11-16 Fair

10 or less Poor

To confirm the macroinvertebrate monitoring results, the YLWPG contracted
Commonwealth Biomonitoring to perform a detailed benthos sample. The sampling included the
calculation of three indices, the Shannon Weaver Index, Hilsenhoff Biotic Index, and Pollution
Tolerance Index. The Shannon Weaver Index considers species richness, the Hilsenhoff Biotic Index
and Pollution Tolerance Index measure macroinvertebrate tolerance of organic (nutrient) enrichment
(Table 4.7). The sample results confirm that Jackson Creek has a thriving, healthy macroinvertebrate
community.

Table 4.7. Jackson Creek: Benthos sample results

Index Value Interpretation

Total # of taxa 14

Total # of EPT taxa 8

Shannon Weaver Index 3.3 High Quality Community
Hilsenhoff Biotic Index 2.5 High Quality Community
Pollution Tolerance Index 50.1 High Quality Community

4.8. WATERBORNE PATHOGEN MONITORING

Infectious diseases caused by pathogenic bacteria, viruses, and protozoan parasites are
among the most common and widespread health risk of drinking water. Waterborne pathogens are
transmitted to people when they consume untreated or inadequately treated water. Some waterborne
microorganisms can cause severe, life- threatening diseases (typhoid fever, cholera, or hepatitis),
while others are harmless. Fecal coliform bacteria are found in the intestines and feces of warm-
blooded animals, including humans, livestock, and waterfowl, and their presence often indicates
recent sewage or animal waste contamination. Escherichia coli [E. colif, is a type of fecal coliform
bacteria that is commonly used as an indicator of fecal contamination. Not all strains of E. ¢/ can
lead to illness in humans. However, E. w/i commonly occurs with other intestinal tract pathogens
that may be harmful to human health. Therefore, the detection of E. ¢/ indicates the presence of
waterborne pathogens and the potential for waterborne diseases.

Indiana currently uses E. o/ for their bacteriological water quality monitoring. According to
Indiana Water Quality standards the E. co/7 limit for full body contact recreational use, from April
through October, shall not exceed the geometric mean of 125 colony forming units (CFU) per 100
ml based on no less than five (5) samples equally spaced over a thirty (30) day period, nor 235
cfu/100 ml in any one (1) sample in a thirty (30) day period. If the geometric mean cannot be
calculated because five (5) equally spaced samples are not available, the limit of 235 cfu/100 ml in a
single sample over a thirty (30) day period applies (327 IAC 2-1-6(d)).
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Volunteers monitored E. ¢/ in Jackson Creek on a monthly basis and in John Floyd Hollow
on a quarterly basis using the Coliscan Easygel method. Table 4.8 shows the volunteer E. co/i
detection results. Detected E. /i concentrations in Jackson Creek and John Floyd were consistently
well above the single sample State Water Quality Standard for total body contact recreation. The
highest recorded E. /i concentration in Jackson Creek was 6,500 cfu/ 100ml'> while the highest
concentration of John Floyd Hollow was 4,100 cfu/ 100ml. The E. co/i concentrations at John Floyd
Hollow were consistently higher than Jackson Creck.

The YWLPG contracted two fall baseflow samples and two spring peak flow samples in
Jackson Creek (Table 4.8). The May 2005 peak flow sample was over five times the single sample
State Water Quality Standard for total body contact recreation. While Indiana Water Quality
Standards only apply for E. co/i samples collected from April to October, the November 24, 2005
sample was twice this legal amount. In contrast, the second highest discharge sampled, April 2000,
yielded a concentration of only six colonies.

Table 4.8. Yellowwood Lake Watersehd: detected E.coli concentrations

Jackson Creek (volunteer) John Floyd (volunteer) Jackson (Contracted)
Sample Date E. Coli Discharge E. Coli Discharge E. Coli Discharge
(#/100 ml) (CFU) (#/100 ml) (CFU) (#/100 ml) (CFU)
October-04 34,800* 3.1
November-04 | 6,800 and 6,300 2.3 511 2
December-04 600 5.8 1,200 and 1,500 1.7
January-05 1400 2.2
February-05 - 2.84 400 1.3
March-05 --- 4.67
May-05 700 2.2 1,280 270
June-05 1500 0.3 1,700 0
July-05 0, 400 0
August-05 800 3.6
September-05 1700 1.1 4100 0.3
October-05 1,100 and 2,400 0
November-05 700 1.6 3 0
December-05 800 6.1
January-06 100 and 200 3.9 0, 100 2.5
February-06 100 3.53
March-06 200 5.19
April-06 300 2.47
May-06 600 and 400 3.16 400 2.64 6 25

* May have been contaminated

15 The highest detected E. /i concentration was 34,800 colonies/ 100 ml. This number is extremely high and we believe
the sample may have been contaminated.
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L-THIA

L-THIA (Long-Term Hydrologic Impact Assessment) was developed as a model to estimate
changes in runoff, recharge, and non-point source pollution according to past or proposed landuse.
Based on actual long-term climate data for a county, L-THIA generates long-term average annual
runoff for individualized land use configurations. Applying this model to actual development
patterns allows the long term effects of past, present, and future land use to be determined (Purdue,
2000).

The inputs and model results from L-THIA applied to the Yellowwood Lake Watershed are
shown Appendix M. The model suggests that runoff from parking/ paved surfaces and residential
land generally have higher concentrations of nutrients, sediments, metals, oxygen demand, oil/
grease, and fecal materials as compared to forests, grass/ pasture, and water/ wetlands. Fortunately,
the Yellowwood Lake watershed is 95% forested, so there is little potential for runoff contamination.

Figure 4.16 illustrates varying runoff potential corresponding to three land use regimes.
Situation one is current land cover, situation two is maximized forest cover, and situation three has
50% current forest cover. We can see that the average annual runoff depth and total annual volume
are the highest with the least amount of forest cover, and lowest with maximum forest cover. This
model shows that during rain events, forest cover will provide for increased runoff infiltration.

£ 17 570 &
a 165 B Average Annual Runoff - 560 g
5 1.6 Depth (in) o 8
§ 1.55 E Total Annual Volume a0 g
n_: —~ 15 (acre-ft) E
SE 145 530 9
[ . -
< L 520 ®
< 1.4 - E
g 135 - 510 £
s 13 - 500 g
I 125 ‘ 490 B

current forest cover maximized forest 50% current forest
cover cover

Figure 4.16. Yellowwood Lake Watershed: L-THLA Model inputs
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4.10. HFF DEPTH SURVEYS

In 2002 the Hoosier Fly Fishers (HFF), a local club based in Bloomington, Indiana,
commenced a series of annual depth surveys on Yellowwood Lake. The HFF strategy involved a
comparison of current lake depths to a 1955 bathymetric map of Yellowwood Lake. Designed with
the professional assistance of the late Daniel Willard (Professor and watershed specialist at IU SPEA)
and approved by the YLWPG, the HFF methodology involved identifying strategic locations with
varying probabilities of sediment accumulation. The HFF then determined lake depths by locating
the pre-determined points and measuring water column depth with secchi poles and depth finders.
The HFF depth studies span from 2002 to 2005 (Appendix N).

The 2005 HFF Depth survey results are shown in Figure 4.17. While a loss of depth appears
to have occurred at all sample sites, the greatest depth losses are concentrated in the north end of the
lake and near inlets where up

to 5.5 feet of sediment has
accumulated since 1955. Since
1955, Yellowwood Lake has
lost an average of nearly 3 ft in
depth (Table 4.9). Of the
cumulative depth loss, 23%
appears to have occurred since
2002. While Yellowwood
Lake lost over 0.3 ft in depth
from 2002-03 and 2003-04, the
rate of loss appears to have
slowed as less than 0.1 ft was
lost in 2004-05.
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Figure 4.17. Yellowwood Lake: HEE Depth Study Results
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Table 4.9. Yellowwood Lake: HEFF Depth Study Results (2002-2005)

Year 04-05 03-04 02-03 02-05 55-05
Mean Depth 10.51 ft 10.62 ft 11.07 ft 11.36 ft 13.56 ft
Mean A Depth 0.094 ft 0.3603 ft 0.300 ft 0.692 ft 2.964 ft
Median A Depth 0.09 ft 0.26 ft 0.30 ft 0.64 ft 2.99 ft
Number of samples 36 36 36 36 36
Standard Deviation 1.076 ft 0.878 ft 0.623 ft 1.200 ft 1.788 ft

4.11. COMMONWEALTH BIOMONITORING SEDIMENT & DEPTH

SURVEYS

In the fall of 2005, the YLWPG contracted Commonwealth Biomonitoring to perform a
depth study on Yellowwood Lake to complement the HFF depth survey results. For the sediment
measurements, Commonwealth used a depth finder and a GPS unit to check the water depths at sites
where previous depth was recorded on DNR maps. They did this along three transects (5 feet, 10
feet, and 15 feet) at the north end of the lake.

Their findings revealed that the 10 and 15 feet transect depths matched up very closely,
indicating that little or no sediment deposits were present there. The 5 foot depth transect showed
extensive loss of water volume in some areas. In these areas, they shoved a long piece of rebar iron
into the soft upper sediments until it would no longer go any further, and then recorded the depth of
penetration, along with a GPS measurement. They did this at 20 different sites and used the data to
prepare a map (Figure 4.18).

In the reference bathymetric maps used as baseline data, the north end of Yellowwood Lake
is all water. Commonwealth estimated that the newly formed islands contain at least 600,000 cubic
feet of sediment while the delta downstream of the islands contains at least 300,000 cubic feet of
sediment. They estimated that roughly a million cubic feet of sediment have been deposited since the
original bathymetric map was created in 1955.

Concerned about the nature of the sediment in Yellowwood Lake, the YLWPG contracted
Commonwealth Biomonitoring to perform sediment core analysis to determine ratio of organic to
inorganic materials (Table 4.10). Many YLWPG members expected that the “sediment” was actually
an accumulation of decaying organic material from the macrophyte beds. However, the study
revealed that over 90% of the sediment was inorganic in nature (e.g. silt or clay). There was no gravel
detected in the lake sediments.

Table 4.10. Yellowwood Lake: Sediment Core Analysis

Location Depth % Organic | % Inorganic | % silt or clay % gravel
South End Surface 7 93 100 0
North End Surface 9.2 90.8 100 0
North End 2.5 ft depth 10.9 89.1 100 0
North End 5 ft depth 7.5 92.5 100 0
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Island Sediment (1 foot) Sediment (2 feet)

Figure 4.18. Yellowwood Lake: 2005 Sediment Depth Survey

4.12. AERIAL PHOTOS OF YELLOWWOOD LAKE

As suggested in the preceding sections, the north end of Yellowwood Lake has accumulated
a great deal of sediment and aquatic macrophytes since its creation in 1939. While the impacts are
easily noticed by those on the lake, the extent of the wetland expansion becomes even more obvious
by examining aerial photographs (Figure 4.19). The 1949 image shows the original lake boundary. As
the time series continues, we can see that the northern end filling in. The 1980 and 2003 images
(both taken during winter months) show sediment accumulation and the inlet channel (Jackson
Creek) becoming more defined. The 1994 and 2003 images (both taken during the summer) highlight
the macrophyte beds near the campgrounds and John Floyd Hollow inlet.
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Figure 4.19. Yellowwood Lake: aerial photographs
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4.13. VISUAL ASSESSMENTS: YELLOWWOOD LAKE ROAD

As part of the watershed assessment, a ground-truthing survey was conducted to obtain
direct visual observations of Yellowwood Lake Road. Observations were made on July 6, 2005. We
collected data at seven sites that we felt represented a range of road conditions that may be of
concern to both human safety and environmental health. The condition of the logging roads, fire

trails, foot paths and recreational trails in the watershed has not yet been assessed.

The observation sites were photographed with a digital camera and survey results were
recorded on data sheets. The recorded data represented the average for a 100 ft segment of road .
The parameters recorded for each site included road characteristics, visual signs of erosion, roadside
vegetation including invasive species, and an erosion potential ranking. The erosion potential ranking
is a qualitative score based on perceived erosion potential. A score of one indicates high erosion

potential while a score of five signifies low potential (Table 4.11).

Table 4.11. Yellowwood Lake Road: Visual Survey Results

Site Number 1 2 3 4 5 6 7
Width (ft) 19 20 18 21 18 20 17
Composition Paved Gravel Gravel Gravel Gravel Gravel Gravel
Slope Out- Out- Out- Out- Out-sloped Out- Out-
sloped sloped sloped sloped sloped sloped
Signs of Minor ditch ditch gullies, Cut-banks, Ditch, Ditch,
Erosion cuts formation from cut- sloughing, sloughing | sloughi
grading, banks, ng
undersize | siltation
d culvert, | in stream
heavy
disturban
ce
Roadside Moderate, thick thick thick thick thick thick
vegetation mowed
often
% Canopy 10 60 80 0 50 50 90
Cover
Proximity to n/a Culvert Culvert At 35 ft 1ft 1 ft
Stream directly to crossing
lake
Erosion 5 3 3 1.5 1 2 1
Potential
Ranking
Invasive Spp Vinca Vinca Microstegi Rosa Vinca minor Vinca Vinca
minor minor, um munltiflora minor minor
Melilotus | viminenm
officinalis
Notes Gravel gravel gravel culvert ends culvert
10-12 feet | 17ft from | 50ft into too soon, too small
from road stream steep cut-off,
road dangerous
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The survey results show that the primarily graveled Yellowwood Lake Road has increased
erosion potential as it travels north through the watershed (Figure 4.20). The erosion potential rises
from moderate to high beginning at the first stream crossing. This may be because the road closely
follows the stream north of the stream crossings. As illustrated in the photographs in Appendix O,
signs of erosion include cut-banks, ditch formation, and the buffer between the road and the stream
sloughing off into the stream channel.

Maintenance of Yellowwood Lake Road is limited to periodic grading and frequent spot
applications of gravel. Yellowwood Lake Road was heavily graded in spring 2005, and remnant
disturbances are still visible. There are multiple undersized culverts on Yellowwood Road and rip-rap
near the two stream crossings. Silt-fences have not been used to control sediment from Yellowwood
Lake Road.

The effect of the sediment may to be proportional to the distance the sediment travels from
its source; the slope steepness; and drainage type (e.g., with and without outsloping and culverts).
Swift (1986) found that on unpaved roads that were out-sloped and without culverts, sediment
traveled less than one meter, while it traveled up to 100 m on roads with culverts only. We observed
gravel as far as 17 feet (5.18 m) away from the road near culverts and up to 50 feet (15.24 m) into the

stream at a stream crossing.

Increased  vegetative
cover on roadside disturbed
areas has been documented as
reducing sediment production
Swift (1984). Road condition,
however, does not appear to
be related to canopy cover or
roadside vegetation in our
survey. Roadside vegetation
along Yellowwood Lake Road
was thick an