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Executive Summary

The Boone River conservation action plan (CAPhisnded to provide guidance for the
sustainable future of the Boone River watershee@. @lan builds upon the ecological assessment
undertaken from 2003 -2006 by The Nature Consegvéincluded as Appendix B). The Boone
River CAP package consists of an ecological assa#sma monitoring plan for
expanded/continued watershed assessment, andemgti@nalysis of potential alternative
actions that could be implemented in the Boone @etrthe goals identified in the viability
assessment. These actions include partnership Vamidk acquisition and easements for upland,
wetland, and riparian buffer restoration in targedeeas, and best management practices
(BMPs), as well as support for education and oatrgaograms for landowners in targeted
portions of the watershed. The Boone River Wattgkssociation and the project led by the
Prairie Rivers RC&D can play a critical role in alving and educating local farmers in these
practices.

Many of the key ecological attributes in the Boorfesm water quality to macroinvertebrate and
fish index of biotic integrity scores (IBIs) to tikkendition of mussel beds and communities—
either do not score well on standard indicatorseforironmental quality (Wilton 2004;

Neugarten and Braun 2005; Krogh et al. 2008), onssigns of significant degradation based on
best available data and weight of evidence (Neagaahd Braun 2005; Poole 2005).

The condition of agricultural watersheds such asBbone River is often related to the complex
interaction of altered hydrology and nutrient regm{Poff et al. 1997, Arbuckle and Downing
2000). Successful restoration of aquatic biodityeend water quality in the Boone River, as in
other agricultural watersheds, depends not onlyloat is done instream and in the riparian
corridor, but also requires improved managementrasiration of upland watershed hydrology.

This document, describing a strategic analysictiba alternatives and recommended actions to
pursue, is a companion piece to the Boone RiverdRMatershed Assessment, produced in
2008 by Sonya Krogh, Tom Isenhart, and othershfeNatural Resources Conservation Service;
the Boone River Ecological Assessment produced®@b2y Rachel Neugarten and David

Braun of The Nature Conservancy; and the Excelesisteeet planning tool developed by The
Nature Conservancy for developing landscape lemae$ervation plans. The narrative first
discusses the current status and work done to tti&te goes into threats, recommended
solutions, etc

Background and Intent

The mission of the Nature Conservancy is to prestrg plants, animals, and natural
communities that represent the diversity of lifeEarth by protecting the lands and waters they
need to survive. Thus, the specific interest CTas a stakeholder in the Boone River
watershed activities is to maintain, restore, arstasn terrestrial and aquatic biodiversity in the
Boone River watershed, to the maximum extent prakéind possible.

The goals proposed for the Boone River watershekisnCAP include:

Boone River Conservation Action Plan 7



* Restoration and maintenance of biodiversity inBoene River watershed, with a focus on
aguatic systems

» Restoration of water quality and aquatic habitdutly support aquatic life, human health
and recreation.

» Development of capacity for the sustainable adaptanagement of the Boone River
watershed into the future, robust to social, ecanpalimatic, and other large-scale changes

Specific objectives articulated in this plan inautie intent to:

» Establish baseline data and long-term monitorirngacay

» Develop capacity to fully and regularly assessstia¢us of all ten key ecological attributes
for both the Upper and Lower watershed zones

» Restore conditions such that all ten key ecologtiaibutes can be rated as good or better in
both zones.

* Reduce loading & concentrations of total N and Pt designated uses, aquatic life and
human health water quality standards

» Develop understanding and restore condition ofd@gfogical attributes & indicators,
especially the evidently poor and declining statiiseshwater mussels

* Increase residence time of agricultural drainagedse runoff and subsurface drainage) in
the landscape before it enters surface waterspisas/ storage and watershed retention of
water in general

« Identify and better quantify the nature, sevemtygd causes of sedimentation and instream
bank erosion in the Boone River watershed

* Restore natural hydrology, channel and fluvial psses

* Retain and restore important landscape featuré®rpa& processes
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Introduction and Summary of the CAP process

Status of the watershed

The Boone River Watershed is a 237,000 ha (~58%066#s) watershed in north central lowa.
The Boone River itself originates in Hancock Coumdyva and flows nearly 100 miles south
before joining the Des Moines River just north tfaford. The Boone River watershed*
incorporates the Boone River itself and numerabsitary streams, including Prairie, Otter,
Eagle, Buck, White Fox, and Brewers Creeks, as agthany smaller tributaries and drainage
ditches (See Figure 1 and Appendix B and C.)

The entire Boone River watershed encompasses dpypatety 900 square miles extending over
six central lowa counties. It is located entirgiyhin the Des Moines Lobe, the dominant
landform of North-Central lowa. The Des Moines kab an area of hummocky, poorly drained
morainal soils that corresponds to the southernexisint of the last glacial advance in the
Upper Midwest. Des Moines Lobe terrain is yourigp{# 12,000 years since glacial retreat),
and consists largely of glacial till deposits innaioes and flat to rolling uplands, clay and peat
in depressional "prairie pothole" areas, and sadgaavel deposits in floodplains of rivers and
streams.

Corn and soybean production accounts for more 84&f of the land use. Fertilizer and

livestock manure applications to cropland are magarces of nutrient loads to surface waters in
the watershed. The deep rich soils deposited dgldciers have proven highly productive as
cropland, but to achieve that level of productiathvexisting production systems has required
extensive investments in drainage. Much of thedaape is characterized by low relief and poor
surface drainage. Soil wetness is a major conaeradricultural production. Hydric soils
(indicative of soil saturation on at least a seatbasis) occupy about 54% of the watershed, and
artificial tile drainage has been extensively inmpéanted to lower the water table and allow crops
to be grown.

Watersheds draining the Des Moines Lobe today nedgl s much water as those draining
fractured carbonate bedrock such as that of nastheaa’s karst country (Schilling and Wolter
2005). For example, in the neighboring South Feakershed to the east of the Boone (a
similarly sized watershed in a similar landscapeput 70% of the stream flow in derives from
subsurface drainage (Green et al. 2006, Schillirad. 007), with most tile discharge occurring
during spring and early summer. These watershads been identified as contributing
disproportionately to nutrient loads deliveredhe Gulf of Mexico, and are therefore a
significant focus of efforts to reduce Gulf hypaxi@hus, water quality in the Boone River is an
issue of both local and national significance. with other tile-drained landscapes of the Corn
Belt, nitrate losses are some of the highest ircthentry, due to leaching of soil nitrogen via
subsurface tile drains.

* We distinguish between tHgoone Riverwhich is a single waterway, and tBeone River Watershedhich
includes the river, its watershed, and the netvadrkibutary streams flowing out of this watershetb the river.
Confusingly, neither the town of Boone nor Booneufty, lowa, lies even partially within the waterdhe
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Although from 1992-2000 row crop acreage declin®&d(&om 88% to 83%) (IDNR
http://wgm.igsb.uiowa.edu/activities/stream/mon#aBR0sites/booneriv.htjnrecent increases in
corn prices associated with the ethanol appeaavte heversed, driving increased corn acreage,
including an increase of corn-corn rotations.

The lower portion of the river is less suitable &griculture, due to the more dissected, erodible
river valley, and significant sections have beejuaed for recreation and conservation
purposes. In 1985 the lower 25 miles of the rivas designated as a Protected Water Area by
the State of lowa. This section of the river iaretterized by relatively good water quality and
high fish diversity, and is a popular destinationdanoeing and sport fishing. Portions of the
Boone River watershed have also been designatechthabitat for a federally endangered fish,
the Topeka shineiNotropis topekg by U.S. Fish and Wildlife Service (USFWS 2004).

NatureServe and The Nature Conservancy have astifidd the Boone River and its tributary
streams as an aquatic system priority for the aoasien of freshwater biological diversity
within the Upper Mississippi River Basin overall @itzell et al. 2003). The Boone River
watershed was identified as a priority freshwatediversity conservation area based on
evidence and expert advice, which indicated thatthtershed still supports a relatively un-
degraded stream ecosystem despite facing a higlihldod of future degradation (Khoury 2004;
Neugarten and Braun 2005). Positive attributab®Boone River include good sand and riffle
habitat, historically rich mussel communities, hagfuatic Index of Biotic Integrity (IBI) scores,
presence of sensitive aquatic invertebrates, agid tnative fish diversity. Bald eagles
(Halieaetus leucocephalyswhich are still federally listed, but schedufed de-listing, have
been observed nesting and feeding in the lower Bétwer, near Bell's Mill. Blanding's turtles
(Emydoidea blandingiihave been observed in the area around Big Wak I(Buck Creek and
White Fox Creek headwaters). Protected areasifother watershed also harbor two state
threatened wetland species (oval ladies treSggsnthes ovalisand showy lady's slippers,
Cypripedium reginaealong with two state species of concern (talt@mograssEriophorum
angustifoliumand small white lady's slipper€ypripedium candidujn
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In the headwater areas, the Boone River and listaries are generally small, shallow streams
and ditches draining wide, low-relief valleys wiitlle or no timber (lowa Conservation
Commission 1985, Harlan et al. 1987). The bottabstate of these streams is a combination
of silt and sand, and some streams are artificatgightened and lengthened in their extreme
upper reaches (Neugarten and Braun 2005). Fisrdgiiy is relatively low in these smaller
creeks and streams, and there are few or no pr@eqiarian buffers along their banks.

Threats to the river ecosystem and its native kargity include chronically high nutrient
concentrations, nonpoint source contaminants frgrnicaltural operations, and insufficient
wastewater treatment (Krogh et al. 2008). As hreotvatersheds of lowa, intensive agriculture,
urban development, artificial tile drainage, sedson, deforestation, channelization of streams
and rivers, and an extensive grid of transportatmmidors have significantly reshaped the
Boone River watershed since the beginning of Elansettlement.

Prior to settlement by Europeans, much of the noetitral lowa landscape was a complex of
“pothole” wetlands, with poorly developed streantwegks. The headwaters of many streams
more resembled grassy swales and interconnectdanastthan true streams. Natural drainage
was poor, therefore excess rainfall tended to coifesurface depressions. The Government
Land Office historic vegetation survey map of Boavagershed indicates 21,900 acres of
swamp, slough, wetland, marsh, or pond was prgsentto European settlement and
conversion to agriculture. This represents rougltyof the watershed.

Conversion of the prairie to farmland has largeloilved the draining of wetland and wet soils
by means of ditches and buried “tile” lines. Of $0% of watershed soils classified as poorly or
very poorly drained, for example, 93% of thesea@opped. Thus many channels and/or
drainage ditches today occur in locations wherehannelized flow previously occurred.

Modern subsurface tile drainage with greater depthreduce spacing (“pattern tile”) has

further accelerated the routing of rainfall watértbe land. Currently, less than 0.2% of the
watershed is composed of wetlands, according @ lse analysis in the RWA (Krogh et al.
2008). However, National Wetland Inventory (NW§ta do indicate more than 5100 acres of
seasonally or temporarily inundated forests andldands, primarily along the riparian corridor
in the lower watershed, that most likely supporheavetland vegetation and functions.

The upland landscape has also been substantitdhgdl Prior to conversion to agriculture, the
upland portion of the Boone River watershed wasidated by a prairie community that was
maintained by fires (both natural and set by Nafimeericans). During the late $@nd early
20" centuries, as European settlers converted theeptaifarmland, prairie fires were
suppressed on remaining grasslands. Where tlseweee suppressed, woodlands grew.
Throughout lowa, < 1% of prairie remains. Todagréhare fewer than 80 acres of quality
prairie remnants within the Boone River watershmeded on inventories by plant ecologists
conducted for lowa DNR. Most records noting higialiy prairie remnants, native plant
communities, and rare wetland plants are locatedarower watershed in association with
protected wetlands or wildlife areas.
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Summary of the Ecological Assessment

The Nature Conservancy has developed a planningggsdor helping conservation practitioners
to develop strategies, take action, measure sucaedsdapt and learn over time. Conservation
Action Planning (CAP) involves an iterative sequentaction steps, designed to increase
conservation effectiveness and implement adaptaeagement by refining and improving the
linkage between actions and project goals (Figuzg 1

Defining
Your Project

* Project people
+ Project scope & focal
targets

Developing
Strategies & Measures
« Target viability

Using Results to
Adapt & Improve

Conservation

S Action - Crcalrosts

i & Sluaton analysis
* Adapt project = A ;
 Share findings P I anni ng : 321::3::35 & actions

Implementing
Strategies & Measures

s Develop workplans
¢ Implement actions
¢ |Implement measures

Figure 1.2. The Nature Conservancy’s Conservation Action il process.

For the Boone River watershed, this process wéatied with an Ecological Assessment
conducted in 2004-5 in collaboration with the Boétieer Watershed Project, a multi-partner
initiative under the overall coordination of PraiRRivers of lowa RC&D, Inc (PRRCD). The
assessment provided an overview of the Boone Rigshwater ecosystem and the ways in
which changes to the landscape over the past 1&8 yave likely affected this system, and an
overview of The Nature Conservancy’s conservatianmng approach. The report described
the characteristics that make the Boone River VEhe&gt a center of both productive agriculture
and native aquatic diversity; and in identifying tkinds of improvements in environmental
conditions needed to fully support the native frester wildlife and habitat of the watershed.
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Once the scope of the planning effort has beemeéefithe planning process developed by TNC
involves defining the main species, natural comiiesior systems that represent the
biodiversity of the planning area. These species/stems are called the “conservation targets,
or “targets.”

Conservation targets identified in the UMRB assesgrfor the Boone included small river and
perennial headwater creek systems, as well asdwatia species targets: Plain pocketbook
mussel Lampsilis cardiuy and black sandshell musskeigumia recta)(Weitzell et al. 2003).
The Boone River itself was classified as a smaélirsystem, low gradient, with low to moderate
gradient, largely intermittent tributaries, in figpound and end moraine with isolated areas of
lake sand and clay. The Boone River headwatemselss Eagle Creek, Otter Creek, Prairie
Creek and White Fox Creek systems are all descabgabrennial creek systems, with low to
moderate gradient headwaters of mixed intermitteimcfine ground and end moraines, with
localized areas of outwash, sand, and alluviumgatbe main channels. In their lower reaches,
these creeks grade into outwash, sand, alluviuchpéirmately outwash, the primary substrate
that underlies the mainstem of the Boone Rivetfitdeyons Creek was classified as a different
system type, one where the lower reaches are wastitand colluvium and connect directly to
much larger downstream systems. The UMRB assesaisennoted that despite very low
natural cover (0.7-2.4%) in the Basin, the mainsseipports quality riffle habitat, good
invertebrate and native fish diversity, and histalty rich mussel beds.

For the purpose of the ecological assessment, dbedRiver watershed was divided into two
ecologically distinct zones, representing two distisystems or “targets” — 1) an Upper Boone
River Watershed zone, covering the area of thergladel formerly covered in prairie and
drained by smaller streams, and currently dominptedarily by cropland, drainage ditches and
small headwater streams, and 2) a Lower Boone Ritagershed zone, including the larger
streams of the watershed with currently or formarbody riparian vegetation (stream order of 3
or greater, including Prairie Creek, the Boone Rimainstem and the Middle Branch).

Target viability

Ten “key ecological attributes” were deemed to lmsnsignificant to maintaining the Boone
River and its headwater streams as healthy ecasyst&hese include:

1. Freshwater Mussel Assemblage Composition

2. Topeka ShinerNotropis topekpPopulation Status

3. Fish Assemblage Composition and Health

4. Benthic Macroinvertebrate (Non-Mussel) Assemblagen@osition

5. Riparian Community Vegetative Structure

6. Aquatic Mammal Population Status

7. Hydrologic Regime

8. Water Quality Regime

9. Channel Geomorphic Regime

10. Hydrologic Connectivity

Each of these ten key ecological attributes wassaesl for the two watershed zones by bringing

together existing sources of information. Thimfation consisted of published literature,
published and unpublished datasets, and the kngeleflexperts from numerous organizations
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and agencies including the lowa Department of Ndtlesources, lowa State University, the
University of lowa, USGS, and others. The infonmatvas then integrated using The Nature
Conservancy'’s standard conservation approach, whadrporates data for one or more
indicators for each key ecological attribute in@rtb estimate its acceptable (desired) ecological
condition and rate its current status. Informatoneach of the ten key ecological attributes for
the two watershed zones, including an explanatothie selection of each as a “key” ecological
attribute, a description and explanation of theaeld indicators, an assessment of the
ecologically acceptable range of variation for emthicator, an assessment of the current status
of these indicators relative to their acceptablges of variation, and recommendations for
further investigations.

Findings concerning the status of key ecologidaitaites in the two watershed zones are
presented in the table below. Complete documemtaind support for these findings and
definitions of the rating categories are providesubjarten and Braun (2005).

Key Ecological Attribute Upper Lower
Watershed Watershed
Rating Rating
1. Freshwater Mussel Assemblage Composition
2. Topeka ShinerNotropis topekpPopulation ? (probably n/a)
Status
3. Fish Assemblage Composition and Health Fair Fair
4. Benthic Macroinvertebrate Assemblage Fair Fair
Composition
5. Riparian Community Vegetative Structure Fair
6. Aquatic Mammal Population Status ? (Fair) ? (Fair)
7. Hydrologic Regime ? (Poor) Fair
8. Water Quality Regime Fair Fair
9. Channel Geomorphic Regime ? (Poor) ? (Fair)
10. Hydrologic Connectivity Fair Good

The Ecological Assessment concluded that the B&wer watershed requires action to address
the undesirable (Poor or Fair) status of many eftém key attributes in the Upper and Lower
watershed. Overall, the upper watershed (headwtatams) is in poorer condition than the
lower watershed. Nitrate, phosphorus, and sedimzeninely exceed water quality criteria. Fish
and macroinvertebrate sampling indicate fair to emateé habitat quality and conditions for fish
and benthic organisms. However, the status ofréshwater mussels in the watershed appears
to be a significant concern. The most recent siavailed to record any live individuals —
juvenile or adult — for several species that weséohically present.

Limitations in the available data prevented a &stessment of all ten key ecological attributes
for the Boone River watershed. Data were constegufficient to establish condition ratings
for the hydrologic regime, channel geomorphic regiaguatic mammal population status, and
Topeka shiner status in the upper watershed, arttiédacchannel geomorphic regime and aquatic
mammal population status in the lower watershee. Htological Assessment therefore
identified a number of priority research, analysisl data needs.
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Boone River Watershed Planning Activities since the Ecological
Assessment

(1) The NRCS Rapid Watershed Assessment

The NRCS Rapid Watershed Assessment (RWA) cond€iea-2008 provides additional
information for assessment of Boone River Waterskedurces (NRCS 2008; Appendix C).
The RWA is a detailed description and inventoryhaf Boone River watershed, including land,
water, biological, and cultural resources. Therefs organized in sections beginning with a
physical description, including geographic and ggul setting, land ownership, land use/land
cover, common resource areas, precipitation, a@vatoils, and landforms. Biological
resources described by the RWA include vegetatisimand wildlife, important habitats, and
threatened and endangered species. Water resafitteswatershed include groundwater;
streams, rivers, and drainage ditches; and wet]dludslplains, and lakes. Streams and rivers
were also summarized according to their designased.

The RWA also identifies general threats to resotezdth in the watershed. Existing data and
information on threats and status of land, wated, Isiological resources were assembled,
including inventory of subsurface drainage, impameaters, water erosion, manure application
areas, environmental facilities, major air facd#j biofuel plants, and groundwater, as well as
water use withdrawals.

Cultural and economic sections describe demograg@nisus data, social survey, and farm
census data, as well as recreation areas andaluisources. The RWA also identifies ongoing
watershed projects and monitoring initiatives ia Boone River watershed, as well as a
thorough inventory of conservation practices baseéleld-by-field surveys, work that was
conducted as input for the SWAT model.

(2) lowa Soybean Association Water Quality Monitoring

Additional baseline water quality data has beentified as a critical need for the Boone River
in order to help determine where protection is eeedevelop a strategic plan, and ultimately to
assess the effectiveness of conservation actiaha@ivities implemented in the watersehd. In
April 2007, the lowa Soybean Association (ISA),lm@half of the newly forming Boone River
Watershed Association, with funding from The NatGanservancy and partnership support
from the PRRCD, and other Boone River partneriagieid Phase | of a multi-year watershed
monitoring plan. The purpose of Phase | was teeldgva comprehensive baseline
understanding of the relative nitrogen and micrbtaatribution of each sub-watershed
(HUC12) within the Boone River basin. Biweekly @aamples were collected from April
through August at 30 sample sites located in eagatliPl subwatershed.

Phase II, scheduled for the summer of 2008, igydesi to implement targeted sampling from
areas of interest identified via the baseline sargplBoth wet weather sampling (via automated
samplers) and grab sampling methods will be employe Phase Ill, monitoring will be
implemented at the field level to evaluate the @fémpacts of management change and
implementation via a set of microwatershed/pairatevwshed studies.
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(3) The Boone River Soil and Water Assessment Tool (SWAT) Model

A modeling framework using the Soil and Water Assasnt Tool (SWAT) model (version
2005) has been constructed at the Center for Alguieuand Rural Development (CARD) to
support analyses of alternative management praatidéor cropping system scenarios for the
Boone River Watershed (Gassman et al. 2007, 20@8)ase | of this modeling has been
completed, providing initial baseline calibratioalidation results and a range of initially
proposed scenarios. These include baseline SWAdilation scenario, constructed based on a
2002 lowa land use data layer, designed to represerent conditions; a set of future scenarios
based on a range of nutrient management and niuteiéaction practices; a reference "all
perennial cover" scenario, to provide a picturé@i the watershed would function under a
hypothetical condition of all grassland. A fullsgeiption of the modeling framework is
provided in Gassman et al. (2007) and Gassman 2008

Scenarios that differ in the types, mixtures, armgjnitudes of alternative (including simply
improved) land, cover, soil, and drainage manag¢meatices that they incorporate (subject to
the ability of the SWAT model to adequately porttagse practices) are designed as a
“sensitivity analysis” to map out the range of paial water quality and hydrologic responses to
changes in land use and cropping systems, anetidera realistic approximation of what
changes would be needed to achieve desired waaditygand ecological goals. The baseline
scenario is designed to represent current conditidnis also a method for identifying "hot-
spots"” within the watershed that are predictedhieymhodel to contribute disproportionately to
alterations to the hydrologic regime, sediment $ax nutrient loads. The “all perennial”
scenario is designed as a “bounding” scenario sepite1g the magnitude of possible effects
expected under maximum land use change. Howi\deres not technically represent a
“presettlement” scenario, in that the surface argbarface drainage network in the model
remain unchanged. Comparing these model pred&tm monitoring data--identifying critical
source areas for N, P, and sediment, for exampésridentify areas in the watershed where
different land-use or conservation practices wallrbost effective and best-suited for reducing
impacts—particularly if model predictions are catsnt with actual patterns observed from the
monitoring data.

To date, several workshops coordinated by the HRR@ partners have been conducted with
stakeholders and experts to review these initiad )and analyses, and to solicit feedback on
simulation scenarios. Phase | results show theedenf improvement that is likely to result
from a variety of changes in land, cover, and eutrsoil, and drainage management practices.

The workshop participants have met several timesuiew and discuss the results of the
scenario runs. However, additional improvementfiégomodel are needed. In the next phase of
the model CARD will assess the cost-effectivendsheappropriate strategies for achieving
any given level of environmental benefit. Theylalso be modeling the potential for wetland
treatment at tile outlets to treat tile drainageenvand to achieve desired levels of nitrate
reduction and other benefits.
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(4) Update to the Ecological Assessment

Several of the recommended next step actions fdshtn the Ecological Assessment have been
completed as part of the NRCS Rapid Watershed Assa#. Others are addressed in this
document as part of TNC’s ongoing CAP and the dies/of the Boone River Watershed
Association. These include improved mapping aradiapanalysis to identify differences
between biological, hydrological, chemical and ptaisfeatures of the Upper and Lower
watershed zones (i.e. the system level conservtdigets in this CAP) as well as additional
analysis of existing data. Results and updatéiset@iability assessment are described below for
each of the key ecological attributes for bothltbever and the Upper watershed.

Water Quality Regime

Water quality sample locations in the Boone Riwvetude 18 STORET surface water sample
locations, 23 IOWATER volunteer monitoring sitesd&@9 ISA sample locations.

Of the 61% of 225 stream or river miles that hagerbassessed within the Boone River
watershed, 31% have been classified as “Good”, d4%hreatened,” and 27% as “impaired”,
according to the USEPA National Assessment Datababkne at
http://iaspub.epa.gov/tmdl/w305b_report V4.huc?g=07100005&p _state=IAwhich
summarizes electronic information submitted bystates to EPA through 2004 (Table 2.1).
The 38 miles of stream listed as “impaired” inclsi@ miles of White Fox Creek, 7.7 miles of
Lyons Creek, 6.6 miles of Otter Creek, and 1.2 sndeButtermilk Creek (Table 2.2).

Four water bodies — one stream .
. Table 2.1. Summary status of Boone River surface waters
and three lakes — are listed on the .
; . . AS reported by the USEPA National Assessment Ds¢aba
lowa state impaired waters list |

: . (2004).
(303d list), requiring a TMDL | AKES ACRES PERCENT
plan under the feder.al Clean IMPAIRED 1287 71%
Water Act. A biological r THREATENED 522 29%
assessment conducted by the lowa 1809
DNR onButtermilk Creek in 2006
as part of the EPA’s Regional if Z'(\)/ggs MILES 176 PERC;NO/T
Environmental Monitoring and ' >
THREATENED 56.6 41%

Assessment Program (REMAP)

. IMPAIRED 375 27%
found low dissolved oxygen (DO) ASSESSED MILES 136.8 61%
andorganic impairments that were
attributed to wastewater J NOT ASSESSED 88.2 39%
discharges. TOTAL MILES 224.8

Lyons Creek has recently been added to the ligtitdogical impairment, and is scheduled for
development of a water quality improvement pla@@09. For Briggs Woods Lake and Lake
Cornelia, nutrient loading is the primary concesndquatic life, whereas water level
management is listed as the primary source of impait for Big Wall Lake.

! TMDL= Total Maximum Daily Load, is a calculatiori the maximum amount of a pollutant that a wategbcah
receive and still meet water quality standards,amdllocation of that amount to the pollutant'srses; as
established by EPA under the Clean Water Act.
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Table 2.2 Status of individual assessed water bodiesdrBtbone River watershed as reported by the USER®MNA Assessment

Database.
Water Name Assessment Unit ID Location Acres Water Status

Big Wall Lake: entire wetland IA_02-I0W-00860-L_ 0 | Wright County, S14,T90N,R24W, 8 mi WSW of Dows. 935 | IMPAIRED

West Twin Lake: entire wetland | IA 02-I0W-04045-L_0 | Hancock County, S30,T94N,R24, 4 mi E of Kanawha. 109 | IMPAIRED

Lake Cornelia: entire lake IA_04-UDM-02290-L_0 | Wright County, S16,T92N,R24W, at Cornelia. 243 | IMPAIRED

Elm Lake: entire wetland IA_02-I0W-00870-L_0 | Wright County, S21,T92N,R24W, 1 mi. S of Cornelia. 463 | THREATENED

Briggs Woods Lake: entire lake | IA_04-UDM-01880-L_0 | Hamilton County, S17,T88N,R25W near Webster City. 59 | THREATENED

Water Name Assessment Unit ID Location Miles Water Status

Lyons Creek: Mouth (At mouth (NW 1/4, S6, T88N, R25W, Hamilton Co.) to

Webster City) To Headwaters IA_04-UDM-0215 0 headwaters in S18, T89N,R24W, Hamilton Co. 7.7 | IMPAIRED
from Hamilton/Wright co. line (N line, SS3, T89N, R25W,
Hamilton Co.) to confluence with unnamed tributary in E 1/2,

White Fox Cr IA_04-UDM-0220 2 SE 1/4, S36, T91N, RR25W, Wright Co. 8.4 | IMPAIRED
from confluence with unnamed tributary (E 1/2, SE 1/4, S36,
T91N, R25W, Wright Co.) to headwaters in S5, T92N,

White Fox Cr IA_04-UDM-0225_0 R24W, Wright Co. 13.5 | IMPAIRED
mouth (T92N, R26W, Sec 33) to headwaters (T92N, R26W,

Buttermilk Creek IA_04-UDM-0247 0 Sec 34), Wright County 1.2 | IMPAIRED
mouth (S31, T93N, R25W, Wright Co.) to the Wright-
Hancock county line (north line, S4, T93N, R25W, Wright

West Otter Creek IA_04-UDM-0253 1 Co. 6.6 | IMPAIRED
mouth (Webster Co.) to Hwy 17 in S18, T88N, R25W,

Boone River IA_ 04-UDM-0180 1 Hamilton Co. 21.2 | THREATENED
mouth (S33, T89N, R25W, Hamilton Co.) to Hamilton/Wright

White Fox Cr IA_04-UDM-0220 1 county line at N line, SS3, T89N, R25W, Hamilton Co. 8.9 | THREATENED

Eagle Creek IA_04-UDM-0240 1 mo to DD 9 in S30,T91N,R25W, Wright Co. 13.3 | THREATENED
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Drainage Ditch 49 IA_04-UDM-0244 0 mouth to headwaters 3.7 | THREATENED
mouth (NW 1/4, S28, T92N, R26W, Wright Co.) to
confluence with West Otter Cr. in S31, T93N, R25W, Wright
Otter Creek IA_04-UDM-0250_0 Co. 9.5 | THREATENED
from Hwy 17 (S18, T88N, R25W, Hamilton Co.) to
confluence with Brewers Cr. at Webster City in SW 1/4, S6,
Boone River IA_04-UDM-0180 2 T88N, R25W, Hamilton Co. 3.8 | GOOD
Boone River IA_04-UDM-0190 0 White Fox Cr to Otter Cr (Wright Co.) 38.8 | GOOD
from confluence with Brewers Cr. (SW 1/4, S6, T88N,
R25W, Hamilton Co.) to confluence with White Fox Cr. in
Boone River IA_04-UDM-0180 3 S33, T89N, R25W, Hamilton Co. 1.1 | NOT ASSESSED
Boone River IA_04-UDM-0200 1 Otter Cr. to M Br Boone R, Wright Co. 19.3 | NOT ASSESSED
Boone River IA_04-UDM-0200 2 M Br Boone R-Wright to DD-10 Hancock Co. 12.5 | NOT ASSESSED
Brewers Creek IA_04-UDM-0210 0 [Formerly Class B(w); assessed general.] 5.0 | NOT ASSESSED
Buck Creek IA_04-UDM-0230 0 mo to DD-144 S11,T89N,R25W Hamilton Co. 4.2 | NOT ASSESSED
Eagle Creek IA_04-UDM-0240 2 DD 9->L Eagle Cr S9,T91N,R25W Wright Co 5.6 | NOT ASSESSED
Drainage Ditch 94 IA_04-UDM-0245 0 mouth to W line S3,T90N,R26W Wright Co. 1.1 | NOT ASSESSED
from the Wright-Hancock county line (north line, S4, T93N,
R25W, Wright Co.) to headwaters in S35, T95N, R25W,
West Otter Cr IA_04-UDM-0253 2 Hancock Co. 8.0 | NOT ASSESSED
Prairie Creek IA_04-UDM-0260 0 mo to DD 116 S24,T94N,R28W Kossuth Co. 16.7 | NOT ASSESSED
Middle Branch Boone River IA_04-UDM-0265 0 mo to trib S31,T95N,R25W Hancock Co. 7.3 | NOT ASSESSED
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Nitrate

Monitoring data from IOWATER, STORET, and ISA dliew that nitrate levels in surface
waters of the upper and lower watershed routinetged the drinking water standard and
greatly exceed levels considered to be fully printecof aquatic life (Camargo et al. 2005).
Median concentrations of Nitrite + Nitrate (BNINOs3) for the watershed as a whole continue to
exceed the acceptable range of variation for eseagon and for the annual cycle overall. The
annual median value of 5.225 mg/L is roughly 2r3e$ greater than the recommended annual
median of 1.965 mg/L. The Boone River mainsteneers the acceptable range of variation on
an annual basis and for all seasons except theAationg subwatersheds in the Upper zone with
adequate sample sizes, Buttermilk Creek exceededdteptable range of variation on an annual
basis and for all seasons except winter; Eaglekd¥reeeded the standard in all seasons and for
the annual cycle as a whole; Drainage Ditch 4)d_.Hagle Creek, West Otter Creek, and White
Fox Creek exceeded the standard for all seasoneghich sufficient samples are available.

In addition, both nitrate and nitrite are presadiividually in concentrations that routinely
exceed state and federal criteria for being comstibarmful to human health if consumed in
drinking water. Nitrate levels equaled or exceettedstate health criterion of 10 mg/L in 45 of
174 samples (26%) for which it was analyzed sepbraiNitrite levels equaled or exceeded the
state health criterion of 1 mg/L in 8 of 168 sans[&.6%) for which it was analyzed separately.

Monitoring by lowa Soybean Association in 2007 @isizes throughout the watershed
confirmed that nitrate levels routinely exceed kiimg water and aquatic life standards,
particularly in spring and early summer. Nitraggdls at all 29 sample sites exceeded 10 mg/L
drinking water standard in April 2007, and in altlone or two sample locations in May and
June. Although levels for most locations were tel® mg/L by July during the peak crop
growth period, all subwatersheds were back abawg/h by the end of August. 5 mg/L is more
than twice the level considered protective of daresaquatic life. Nitrate levels in the Boone
are similar to those in many other streams andsigéthe Des Moines Lobe, and some of the
highest in the country, typical of the most intee$y cropped, tile—drained watersheds of the
Mississippi River Basin (Kalkhoff et al. 2000, Slthg et al. 2007).

Concentrations and per acre loads seem to be gt i the eastern and uppermost portions of
the watershed (Figure 2.2). It is perhaps notdad@dethese are both the watersheds with the
lowest percentage of riparian areas in grass esfed vegetation. Subwatersheds in the eastern
portion of the basin also have the highest numbkasnimals in concentrated animal-feeding
operations (AFO), and are hypothesized to receiyieen applications of manure as fertilizer
(Figure 2.3).

The Boone SWAT model estimated an annual 30 yeznage load of 6-7,000,000 kg at the
outlet of the Boone River under the baseline séenar roughly 25-30 kg/ha. The statewide
nutrient budget analysis developed by Libra andté&/qP004) predicted comparable loads in the
range of 20-35 Ibs/acre (roughly 18-23 kg/ha) fer Boone. However, although nitrate loads
from the Boone are some of the highest in lowaBbene accounts for moderate annual loads
to the Gulf of Mexico equivalent to just 7.5-12 lkg/N, after accounting for instream uptake and
processing (Figure 2.4; Alexander et al. 2000ktreeam processing during the residence and
travel time of waters en route to the Gulf of Mexiemoves an estimated 50-70% of the N load
derived from the Boone. In other words, only 3@460f N lost from the Boone is ultimately
delivered to the Gulf of Mexico.
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30 year average annual N loads
predicted by the SWAT baseline
scenario

Figure 2.1 30 year average annual N loads predicted by the TW&Seline scenario, shown in
comparison with statewide load estimates publigheHdibra and Wolter (2004).
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Figure 2.2. Mean and median NN (mg/L) concentrations measured in 2007 ISA nmmg.
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Figure 2.3. Percentage of the nitrogen export from interiatexsheds delivered to the Gulf (reprinted fromxateder et al. 2000). The
delivery percentage is the fraction of the nitrog&ported from inland watersheds that remains aftstream transport to the Gulf, and is
computed as an estimate of in-stream nitrogenfdsur stream sizes based on mean water trawelstifrom each watershed outlet to the
Gulf.
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Phosphorus

Although phosphorus (P) is a naturally occurrind aacessary nutrient for plant growth,
elevated levels of P in aquatic systems derivech fanthropogenic sources (e.g.
fertilizer, livestock manure, wastewater treatmefflient, etc) can significantly alter
aquatic plant and animal communities. Because Ntemgyen is readily available in the
environment in forms easily converted to those ireglufor plant growth, P is generally
the primary nutrient limiting primary production surface waters (Daniel et al. 1998),
and is therefore the nutrient responsible for dgvireshwater eutrophication —i.e. a
complex set of trophic changes induced by nutigemichment. Common sources of
phosphorus in freshwater environments include oestails and bedrock; human and
animal wastes; detergents; decomposing plantsruaraff from fertilized lawns and
cropland.

Phosphorus has several fates once it enters tlaiagavironment depending upon its
form (Dinnes 2005). Particulate P may be depositiglal sediments in stream or lake
beds where it may either be stored and unavailabie“sink”), or dissolve and become
available (a “source”), depending upon the physacal chemical properties of the
system. Whether sediments serve as a P souragorasies on annual cycles of flow,
depending on the ratio of the concentration of Beidiments relative to that in the water
column (Sharpley et al. 2006). Phosphorus mayteady leave a particular waterbody
by flow transport, especially during high flow peats, or by deep burial within bed
sediments. High flow periods can also add P, aairig the cycle. Dissolved reactive P
(also referred to as soluble P) may either be desbby sediments or assimilated by
algae as concentrations increase.

Typical concentrations in lowa streams today ate®0.4 mg/L. Although the state of
lowa has not yet developed nutrient criteria foeatns, these levels exceed the 0.13
mg/L annual and seasonal criteria established By BPTP in streams of the ecoregion.
These values are also considerably higher thangoagkd reference levels of 0.03-0.07
mg/L TP estimated for natural streams of the Cagh Blains ecoregion (Smith et al.
2003). Estimated background levels are based girieal models developed for each
ecoregion in the U.S. to establish reference mitievels under pristine (premodern)
conditions, prior to agricultural development of tiegion as well as prior to widespread
atmospheric deposition of anthropogenically derimattients.

In the Boone River, TP levels measured at the IBN&near Stratford from 2000-2005
ranged from 0.05-1 mg/L, exceeding the acceptabige of variation for every season
and for the annual cycle overall (Neugarten andiBi2005). Seasonal median TP only
slightly exceeded the acceptable range of variatising the spring, but was roughly 1.5
times greater during the summer, twice as greahduhe fall, and three times greater
during the winter. Seasonal maximum TP valuese&deg the acceptable range of
variation by a factor of 4 to nearly 10.

Some monitoring protocols measwrthophosphorugOP) levels in addition to or rather
than TP.TPis strongly adsorbed to sediment, whereas OP idbkpteactive
phosphorus, and is therefore readily availabléfological uptake. Dissolved
orthophosphorus (DOP) in particular tends to stateiexcess algae growth, often
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leading to subsequent depletion of dissolved oxyder2007, lowa Soybean Association
collected OP readings at the 29 sites outletingp sabwatershed in the Boone River
watershed. At 25 out of 29 sites, concentratiotteeded the 0.13 mg/L EPA annual
standard fototal P on at least one sample date. Mean, median, arghmam levels of
OP across all sample locations were 0.19, 0.160aImg/L, respectively. These
results are consistent with average and mediaislegported for streams throughout
lowa, suggesting than in the Boone River as inrdilvea streams and rivers, plant-
available phosphorus is frequently present at tesefficient to drive nutrient enrichment
instream and influence aquatic biota. IOWATER wbéers frequently describe
anecdotally abundant blooms of algae at sampls witere they observed other signs of
impairment.

At a subwatershed scale, Figure 2.5 depicts medamaaian OP concentrations as
measured by ISA in 2007. Schilling et al. (200&yda reported that phosphorus and
suspended-sediment concentrations are typicaliefan streams that drain the Des
Moines Lobe than in other lowa streams. The me@Rrconcentration of 0.16 mg/L in
the Boone River is more than twice what EPA happsed as the standard for Midwest
streams. Concentrations of P in the South Forknsfagéel, by comparison, had a median
of 0.07 mg/L during three years of weekly-biweesdmpling.

Figure 2.6 estimates per acre TP loads based putoudm the SWAT model, shown in
comparison to loads predicted by Libra and Wol2®04). The bulk of the phosphorus
load is typically delivered to surface waters fraramall proportion of the landscape
during high flow events. This is discussed furtimethe section on strategic analysis of
actions in the context of targeting.

Groundwater can also be a P contributor to stredResent groundwater sampling from
24 wells located throughout the South Fork watetdtees shown median and maximum
total P concentrations of 0.030 and 0.340 mg/Lpeesvely. These groundwater P
concentrations are found in similar materials aralscapes in lowa (Burkart et al.
2004).

Chlorophyll-a is another water quality measure that is oftensuesl as a more
proximate indicator of nutrient enrichment impdaésed on total algal growtlAt the
IDNR site on the Boone River near Stratford--thg/@ite with consistent sampling for
this parameter—median values exceeded the acceptaige of variation for three out of
four seasons (fall, winter, and spring) and fordhaual cycle overall. The pattern was
the same when scattered data from a few otherisitee watershed were added,
indicating that chlorophyll-a levels in the watezdhwere consistently high during non-
summer months (Neugarten and Braun 2005).
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Figure 2.4 Distribution of confined animal feeding units (agimal units) overlayed on average nitrate coneéotrs
determined for each 12-digit watershed during ®@72growing season in the Boone River watershegrifited from
Krogh et al. 2008, Rapid Watershed Assessment).



Figure 2.5.Mean and median ortho-phosphate (OP) concentsati@asured in 2007 ISA monitoring.
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Figure 2.6.Estimated 30-yr avg. annual P load (kg/ha) base8BWAT model baseline scenario (average OP [ugdrthf2007 ISA monitoring
(a) and predicted P loads from Libra and Woltel0@Qb) for comparison).

Boone River Conservation Action Plan 29



Sediment

In the U.S., sediment—including excess turbiditysended solids, erosion and
sedimentation—is routinely cited as the numberwater quality problem for surface waters
(Simon and Darby 1999), and the leading cause térvepuality impairment on state 303(d)
(TMDL impairment) lists (U.S. Environmental Protiect Agency (USEPA 2002). Excess
suspended sediment results in reduced diversityappoddance of aquatic biota, reduced
reservoir capacity, increased drinking water treatnhtosts, and serves as a carrier for
contaminants such as phosphorus, bacteria, heatysnaad pesticides. Among stream fishes,
excess suspended sediment and/or turbidity carcéenglysiological stress, impair feeding rates,
and reduce reproductive success (Newcombe andnJ#f@86). Suspended sediment also
reduces the amount of sunlight available to agumatita, impairs vision of visual feeders, block
fish gills, and causes changes in habitat and baoslity (Dils and Heathwaite 1999, Newcombe
and Jensen 1996). In addition to being a sour@do$phorus, which readily adsorbs to
sediment, suspended sediment may carry pestipddsygens, heavy metals, and other
pollutants. Sedimentation of habitats occurs apeunded sediment settles out of the water
column as regular or baseflow conditions return.

Sediment regime indicators include turbidity, tataspended solids or total suspended sediment
(TSS), as well as analysis of total sediment yielcelation to pre-disturbance conditions.
Turbidity data analyzed in the ecological assesssigggested that turbidity values for the
watershed as a whole did not exceed acceptablesarigariation for either season or for the
annual cycle overall. Some individual sample valdiel exceed the acceptable range of
variation for turbidity in both the Lower and Uppeatershed zones. The ecological
significance of these individual elevated valuesdasknown; the relationship of turbidity to flow
conditions was not considered in the EPA (2000)yaisand is difficult to assess.

Average and median TSS concentration from meagiatdat the outlet of the Boone (1999-
2007) are 52 and 11 mg/L, respectively. This i€imlower than the median suspended
sediment concentration of 82 mg/L found in the USB&ly of eastern lowa watersheds located
just to the east of the Boone, occurring on theengvodible Driftless and lowan Surface
landforms rather than the Des Moines Lobe (Bechal. 2001).

A review of quantitative effects of TSS appear3able 2.3. In a review of the effects of
sediment on stream fishes of the Missouri Basinsypand Rabeni (2004) defined “excess
sediment” as “the concentration of particles < 2 mreize entrained in the water column of a
stream for a period that deviates from the norroatentrations and durations for that stream
type to the extent that it has a detrimental eféechative aquatic life.”

Sediment yields perhaps the most important indicator of sedimegime, as it relates to altered
hydrology and channel geomorphic regime. Becausetis a proportional relationship between
stream sediment load and stream discharge (Lare S¥Hon et al. 2004), it is possible to
estimate sediment yield by regressing TSS on digehasing the sediment transport curve. The
sediment -discharge relationship varies betweeregams due to differences in slope and
particle size, and between stable and unstablamsg€Glysson 1987, Simon et al. 2004).
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Boone River Sediment Rating Curve, 1999-2005
Seasonal Averages
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Figure 2.8 Sediment rating curve for the Boone River basettVATER / STORET data
from 1999- 2006 near the outlet of the Boone River.

Simon et al. (2004) attempted to establish ecoradip specific ‘background” or “reference
condition” sediment yield estimates for establigh#ediment TMDLs. The methodology began
by characterizing sediment yields by quartile fibsaeams in each ecoregion for which data
were available. For a subset of ecoregions, setigield values for geomorphologically stable
stream channels were then compared to those ftahlashannels. The median value for
stable sites within a given ecoregion is generalfpast an order of magnitude lower than for
nonstable sites. They observed a four order-ofrmbagde range of median “reference” values
for the eight ecoregions, indicating that backgblevels for sediment may vary at a finer scale
even than Level Ill ecoregidnrequiring a considerable data collection efforestablish reliable
standards. The median TSS concentration at th&feY rivers and streams in Ecoregion 47
(Western Corn Belt Plains) can be expected to katween 401-2000 mg/L (Simon et al. 2004).

Application of the sediment rating curve develofadhe Boone River to estimate historical
sediment yields at the outlet of the Boone Rivegigast lower yields than Simon et al. (2004) or

% Level lll is the third level in the hierarchicdhssification of national ecosystems used by URSA Bnd others for
planning purposes, defining ecoregions based amspatterns in geology, physiography, vegetatimate,
soils, land use, etc. (Omernik 1986)

% See discussion of @ bankfull and effective discharge in section on Hydgic Regime, pgs 42-43.
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than that predicted by the SWAT model baseline aterfaverage annual yield of 120,000 tons
when applied to 1980-2007 discharge data). Orlyngeasurements of TSS are available for the
Boone at flows above 2000 cfs, averaging 390 m@ased on measured data near the outlet of
the Boone, the linear sediment rating curve forBbene (Figure 2.8) would predict a TSS at
4000 cfs of around 443 mg/L, which falls within tloever end of the range predicted by Simon
et al. (2004). However, the log linear estimatee-¢bnventional approach—gives a much lower
prediction of just 82 mg/L. However, thievalue for the linear sediment rating curve has a
higher £ value (0.35) relative to the log linear curve {Q,2and gives an annual yield estimate of
175,000 tons/year—much closer to the value predliotfethe SWAT baseline scenario for a
similar time period (see discussion below).

The SWAT model baseline scenario estimated theed@ gverage annual sediment yield at the
watershed outlet of 236,500 tons. This corresptm@s average annual yield at the watershed
outlet of 1 ton/ha, equivalent to 0.4 tons/acres 61 T/km2. Since most annual sediment is
transported on the few days when flows are at ovalthe mean annual flood (~2000 cfs), the
median sediment yields reported for Ecoregion 48inyon et al. (2004) ranging from 0.81-6.5
tons/day/km would seem to place the Boone River well belowrtteglian range for the
ecoregion. Although this is certainly within thedman estimated for the region, there are few if
any reference streams in the Western Corn Belbh®l&@presentative of pre-settlement
hydrologic conditions, and interpreting this datalifficult without more information.

Whether estimating sediment yields based on the $WiAdel or the sediment rating curve
developed from limited TSS data, it appears pex aediment yields for the Boone River are
generally lower than lowa watersheds draining okedforms. Sny Magill, an eastern lowa
watershed of more erodible Paleozoic Plateau land{m the Driftless Area) has an average
annual sediment yield of 0.26 tons/acre, despitnigaonly 25% of the watershed in row crops.
Schilling et al. (2007) reported average annuainsexdt yield of 0.69 tons/acre for the Squaw
Creek watershed, located to the south of the Baottee Southern lowa Drift Plains. From
1996-2000, Squaw Creek and Walnut Creek—two smakersheds located in the Southern
lowa Drift Plains landform--carried sediment load<10,357 and 42,000 tons, equating roughly
to 2.5 and 4 tons/ha (1- 1.6 tons/acre) respegtivieigure 2.9 shows the log rating curve for the
Boone based on IDNR data at the Boone River watdrshtlet, compared with sediment rating
curves developed for Squaw Creek and Walnut Creklatersheds as reported in Shilling et al.
(2006).

However, the annual yield of 0.4 tons/acre/yeatltierBoone predicted by the SWAT model is
higher than average yields reported for anothdulhiigow cropped basin of the Des Moines
Lobe, the South Fork of the lowa River, estimateapgproximately 0.27 tons/acre (Schilling et
al. 2007). This is significant, because Schillgi@l. (2007) also reported that sediment losses
in the South Fork watershed are actually aboutttinees higher than typically measured in the
Des Moines Lobe region. They suggest that the blulediment losses for the South Fork
watershed may originate in the lower third of thetevshed, within a more erodible landscape of
hilly moraines near the edge of the Des Moines |aliere the river erodes its banks as it
meanders across an alluvial valley. The loweriporof the Boone River also flows through a
more erodible and dissected landscape.
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Comparing sediment curves for the Boone (Des Moines Lobe) versus Walnut Creek / Squaw
Creek
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Figure 2.9. Sediment rating curve based on IOWATER/STORET @&& in relation to
discharge in the Boone (1999-2005).

Physical habitat assessment data available fdBdlome come primarily from three sources: the
lowa Wadeable Streams Biological Assessment (S)sikelly Poole’s 2005 mussel survey, and
anecdotal descriptions provided by IOWATER volurgee A visual survey of the Boone river
streams conducted as part of Charlie Kiepe’s foe&ttices inventory mapped 37 miles of stream
experiencing moderate stream bank erosion, anche8 (4.2 km) of severe streambank
erosion, or about 5% of the watershed by totabstreniles. In addition, more than 95 miles of
moderate or severe gully erosion were mapped, foreling with intermittent channels in

fields.

Historically, concerns about soil erosion have gaxlialmost exclusively on surface runoff as
the major transport pathway for sediment. SWAT el@$sumptions in fact treat all sediment
and most adsorbed contaminants as entirely detiversurface waters via surface runoff, and
the model does not route sediment and other sa@lzalitaminants through subsurface flow.

Increasingly, however, watershed research andregiio is beginning to focus on the role of
both subsurface drainage and on stream channéberoscontributing to sediment impairments
to surface waters. The role of streambank erasiastream sediment load and transport, and its
relationship to hydrology, row crop land use, afeldrainage is further discussed in the context
of channel geomorphic regime and in the sectiothoats and resource concerns.
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The relationship between sediment transport anthdigie is nonlinear—i.e. the bulk of
sediment transport occurs during relatively infrefuhigh flow events. Therefore, episodic
transport of sediment is responsible for a dispriopaate share of sediment and contaminant
yields to surface waters. Schilling (2000) fouhdttin Walnut Creek, 98% of the annual
sediment load occurs over the 6 month period freforirary to July (also the period of highest
nitrate loss), and 60-80% of the annual sedimeatd lmccurs on average in just 5 days of high
flows. Gentry et al. (1998) and David et al. (1palso showed that brief episodes of high
discharges of water, sediment, and agrochemicakssponse to heavy rainfall make up a
significant fraction of the total annual discharg&®r streams in the western United States,
Whiting et al. (1999) determined 57% of the anrhealload is transported at flows between the
mean annual flood and the effective discharge (~fodlnkhe flow with recurrence interval of
1.5 years), and 37% occurs in flows above bank¥hiting et al. 1999).

The sediment yield per unit land area than forBbene, as well as for Squaw Creek and Walnut
Creek, is also considerably lower than the 5.1el8/acre (12-24 tons/ha) predicted by USLE
models of field erosion on cropland for the regodrthe Upper Mississippi River Basin that
encompasses the Boone (Gowda 1998, Figure 2.10%. iSTnot surprising, given that estimates
of upland erosion and field losses -
generally overestimate sediment ' '
loads and delivery in streams and { MN
rivers (Trimble and Crosson 2000). ]
Much sediment reported as lost .
from fields is stored in upland .

areas of catchments and does not a ¥
reach streams (Wilkin and Hebel LT
1982, Knox 2001, Trimble and :y"r
Crosson 2000). Likewise, upland ‘{I*w :

soil that is delivered to streams L
during storm runoff events does
not all immediately travel
downstream as sediment yield at P
the mouth of the waterbody. '
Rather, much of this sediment is
deposited within the channel or
floodplain as bedload or alluvium,
causing sedimentation of instrean
habitats. During subsequent high

Sail Evasion (loas/acre)

flow events, these sediments are B 510100

remobilized or deposited I 10.1 -20.0

downstream according to the S e N L
sediment transport capacity of any rF

given flow event. Thus, the
movement of stored sediments
from the channel, streambank, an:

Figure 2.10 Soil erosion from agricultural sources by
USGS 8-digit hydrologic units in the Upper Missigsi
River Basin (Gowda et al. 1995)
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valley floodplains has long-term implications foream habitats throughout a channel network
(Knox 1987, Magilligan and Stamp 1987).

Alluvial deposits from periods of high sediment eagtation may require timescales of decades
to centuries to migrate downstream (Beach 1994urcs, sinks, and fluxes vary widely over
time and space, depending on how recently chaimaeis been destabilized (Faulkner 1998,
Trimble 1999). In river basins of southwestern ¥issin, for example, geomorphologic
investigations have demonstrated that the ratéwfial sedimentation has greatly decreased
since the period of maximum erosion during the E98hen conversion to agriculture generated
a 3-5 fold increase in annual flood volumes. Hosregediment yield has remained fairly
constant as streams have redistributed bedload stozam, and most sediment has moved only
short distances (Fitzpatrick et al. 1999). In beat Minnesota, Wisconsin, and Pennsylvania,
the movement of large amounts of topsoil from tpkads into stream floodplains and
bottomlands during the early part of thé"2@ntury during the initial conversion of the
landscape from perennial prairie to agriculture amdber resulted in deposition of sediments in
stream valleys that are sometimes several metets tBtudies of sediment footprints in the
upper Mississippi River valleys in Minnesota ands@énsin show that in 137 years since
European settlement, 38-73% of all eroded sedimasntravelled no more than 4 km (Beach
1994). Similarly, in the Squaw Creek and Walnteek subwatersheds of lowa, located south
of the Des Moines Lobe in the more erodible Southewa Drift Plain, up to 50% of the annual
total sediment load comes from Holocene alluvium post-settlement materials.

Emerging/Toxic ContaminantsWater and fish tissue samples from the Boone Riage been
evaluated for presence and levels of a numbermboanants known to be toxic and potentially
present based on patterns of use. Levels detectainpling from 1980-2003 were reported in
the 2005 Ecological Assessment. A few — hexachlemaene, Nitrate (N§pas N, and Nitrite
(NO,) as N — have been detected during at least onplsan@episode at concentrations that
exceed state criteria for acute exposure. Subsegaepling years are summarized in
Appendix A. Numerous pesticides and herbicidesthant byproducts continue to be found at
detectable levels in surface waters of the watersi#dthough data are insufficient to assess
whether concentrations of contaminants exceed ueria for chronic exposure to toxic
contaminants in Class B Warm Waters, average corateEms — based on small numbers of
samples — of several herbicide and pesticide comgigdo exceed the state criteria for chronic
exposure. Therefore it is possible that many looatexceed state criteria for chronic exposure.
Several pesticides or their byproducts are prasdrigh tissues, indicating that these
contaminants are moving through the food web.

For comparison purposes, the USGS investigatedr\gatdity in watersheds located just to the
east of the Boone River from 1996-1998 (Kalkhof&let2000). Although the use of herbicides
and insecticides in this area was among the mtatsive nationwide, herbicide concentrations
in streams were not among the highest 25 perceioinadly, and insecticide concentrations were
in the lowest 25 percent nationally. However, kosavn compounds (degradates), whose
widespread occurrence has only recently been desedvand about which little is known about
human and environmental effects, generally accaliatethe majority of the pesticide
compounds present in rivers and streams. The neostnonly used herbicides were the most
frequently detected and were generally presertargteatest concentrations. Atrazine and
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metolachlor were detected in all stream sampldsazfe concentrations generally ranged from
0.1 to 1.0ug/L (microgram per liter), and exceeded the USEFONG)/L drinking-water

standard in about 10 percent of the samples; mdunlyg late-spring runoff. Acetochlor, a
conditionally registered herbicide that is intendedeplace several other commonly used
herbicides, was frequently detected, but conceatratvere less than OUg/L in 75 percent of

the samples. Mean annual acetochlor concentratiioingot exceed the 2j0g/L USEPA
registration requirement at any site, but concéiotma did exceed that level in about 3 percent of
the individual samples. The maximum concentrati@asared during the study (1Qug/L)
exceeded the level that would require biweekly damgy water-supply systems. Alachlor,
metolachlor, and acetochlor degradates were praseaiatively high concentrations throughout
the year; thus they appear to be more persistantttieir parent compounds. Carbofuran and
chlorpyrifos, insecticides that have been iderdifes posing a high risk to aquatic insects and
mussels, were present in as much as 60 perceme ofidnthly samples during the summer when
these insecticides are normally applied.

E. coli.Certain types of bacteria, includiig coli (a type of fecal coliform), normally found in

the digestive systems of animals including humbwesstock, and wildlife, serve as indicators of
fecal contamination of water. While these indicdtacteria themselves do not always cause
human or wildlife disease, their presence indictitedikelihood that other contaminants,

harmful bacteria and pathogens are also presestaluBe it is unclear how loig coli can

survive in the environment, their presence in sirfaaters suggests a direct pathway of
contaminants from livestock operations or otherses, such as failing septic systems or sewage
treatment. Because the scale of livestock produadti the region dwarfs other potential sources,
the bulk of the problem of bacterial contaminatiostreams is generally attributed to improper
handling of waste from confinement feeding opersi{primarily swine and poultry), including
inappropriate rate or timing of land applicationadinure as fertilizer.

Although not initially identified as a key waterality attribute for the Boone RiveE, coli have
been found at elevated levels at stream locatiotisnithe Boone River watershed, and have
been identified as a source of impairment for Butikk and Lyons Creeks. Elevated bacteria
counts have also been detected in drinking watds wBacteria levels are therefore of concern

to watershed residents, and bacteria were idethi@seone of the key resource concerns under the
NRCS RWA.

The amount of bacteria in water is expressed asuh#er of Colony Forming Units per 100
milliliters (CFU/100 ml) or as Most Probable Numiper 100 milliliters of water (MPN/100
ml). Under lowa’s water quality standard, the omeetmaximum value is 235 CFU/100 ml for
Class A swimmable and Class A wadeable waterbodites Class B (CW) or HQ (high quality)
resource streams, the maximum value is 2880. B#t\®600-2005, the Class A standard was
exceeded in 4 out of 64 samples (6%) on the loveamB River, including a maximum level of
21,000 for one measured summer evéntcolilevels well above the water quality standard
were recorded at least 5 different IDNR stream danggations in the Boone River watershed.
Expanded sampling conducted by the lowa Soybeaackston in 2007 found that the Class A
235 cfu/100ml standard was exceeded in 35-100%rahgertime samples at all 30 sample sites,
and in 13-75% of fall/winter samples. The Clasa8B0 cfu/100 ml standard was exceeded in
summer in 10-33% of samples at 24 of 30 sites saanligure 2.11).
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The highest levels d&. coliwere associated with high flow events, suggegtagbacterial
contamination of surface waters occurs during ejcsthow events and that loads are being
delivered in large flushes to streams via surfacefif or subsurface tile lines. However, there is
often considerable uncertainty in tracing bactddatls to their source. In Minnesota, various
fingerprinting techniques are being developed tueately identify the origin of bacteria for the
purposes of more equitable load allocation in TMid&n implementation.

Hydrologic Regime and Connectivity

Analysis of USGS gage data shows that bankfulffieceve discharge for the Boone River,
generally the flow frequency that can be expeabeatctur on average once every 1.1 - 2 years
(Q1.9), is between 2000 and 4000 cfs, depending onehegof record. Based on Simon et al.
(2004)’s regional reference curves for Ecoregiontd@ Western Corn Belt Plains; §discharge
for the Boone River is 4092 cfs, which is slightigher than that actually observed based on the
period from 1971-2006.

To help understand and quantify the impact of higdyic change, The Nature Conservancy has
developed a software tool called the Indicatorsiydrologic Alteration (IHA). The program is
used by water resource managers, hydrologistspgistd, researchers and policy makers from
around the world to assess how rivers, lakes, amaihglwater basins have been affected by
human activities over time. The IHA program asse&5eecologically-relevant statistics derived
from daily hydrologic data, including the timingcamaximum flow of each year’s largest flood
or lowest flows, as well as mean and variance @$¢hvalues over some period of time.
Comparative analysis can then help statisticalgcdbe how these patterns have changed for a
river as a result of land- and water-use changk3GS daily discharge gage data from the
Boone River gaging station were used in the RVAdmpare the period from 1940-1970 to the
period from 1970-2007.

To analyze the change between two time period&,dbftware uses a Range of Variability
Approach (RVA) described in Richter et al. (1998)e RVA uses IHA parameter values from a
“pre-impact” period as a reference for defining éx¢éent to which natural flow regimes have
been altered. The pre-impact variation can be asalbasis for defining initial environmental
flow goals. However, in the Boone, gage statiororés are not available prior to 1940, despite
the fact that substantial land use change haddireecurred in the Boone River by 1940. The
period from 1940-1960 corresponds to a second npajood of drainage activities in the Upper
Midwest (Zucker and Brown 1998, Wilson 2000).

RVA analysis generates a series of Hydrologic Alien (HA) factors which quantify the
degree of alteration of the 33 IHA flow parameteesween two time periods. Parameters are
assigned to categories of “low”, “medium”, or “higlhased on comparison to the set of values
observed during the pre-impact period (the defaul{3 in each category). The HA factor

is computed using the number of years in the cayediaring the post-impact period (the
observed frequency) and the number of years thatdAwe expected to be in the category in the

post-impact period if flows were un-impacted. Aspive Hydrologic Alteration (HA) score
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means that values in the category have increasedtfie pre- to the post- period, while a
negative score means that the values have decreased

In an RVA analysis for the Boone River comparing fieriod from 1940-1970 to 1970-2007, the
majority of indicators (19 out of 33 indicator vabies) showed increases in the “high” RVA
category from the pre- to the post- period (Figue?). The analysis shows significant increases
in the 1-day, 3-day, and 7-day minimum flows. Q@fineicators that experienced significant

flow alterations were median flows for the montfi©ecember, May, June, and July; 90 day
maximum flows, and 30 day minimum flows. The med28", and 74' percentile flow rates
increased in the latter period in every month efyhar (Figure 2.13). The RVA results are
consistent with the observations by Schilling artatd (2003) that baseflows have increased
throughout lowa in the second half of thé"2@ntury, albeit at a lower rate of change in the
Boone than in many other watersheds.

As mentioned above however, the 1940-1970 flowggledioes not represent “presettlement”
flow conditions. Substantial land use change,cadfural development, and drainage activities
had already occurred in much of the region by 194@. approximate a more accurate “pre-
impact” hydrologic scenario, we used daily hydgiooutput predictions from the SWAT
model “all perennial” scenario that assumed 100%cégrass with no fertilizer inputs. To
estimate the degree of hydrologic alteration inBbene between these two scenarios, we
compared these outputs over the exact same flovelandte conditions to the baseline
conditions (current conditions) scenario. This panson provides a control on climate
variability not usually available in IHA analysebklowever, because it does not assume any
differences in the drainage network layout (i.etild drain and surface drainage channels are
the same in both scenarios) it is not a true “@t#esment” scenario. Furthermore, a
presettlement vegetation scenario would involvebaaghspecies with different patterns of
growth and water use that would likely lead to ¢geavapotranspiration than the monoculture
of switchgrass (which is a limitation of the SWATdel) and therefore these hydrologic
scenarios. Nevertheless, the comparison is irtstauc

The results of this RVA analysis show a more subdiigern of differences between the perennial
versus the baseline scenarios (Figure 2.14). Ipoit fows, the number of values in the “high”
RVA category greatly increased, as did the valadbe “high” RVA category for duration of

high pulses (although the count of such pulsesedesed). However, the number of years that
fell into the high and middle RVA categories foiy/JuAugust and September flows decreased,
while the low RVA category flows increased. Thisans that more years fell into the low RVA
category for summer flows under current conditithres would be expected under a perennial
scenario.

Analysis of monthly flows reveals the pattern (Fg@.15). Median flows from October
through February are very similar. However, thedliae scenario shows much higher median
flows in March, April, May, and June, followed bywer median flows in July, August and
September.

In sum, hydrologic alteration in the Boone Riverca the early part of the 'ﬁ@entury seems to
have led to an overall pattern of increased fldvesh baseflow and peak flows, which is
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particularly pronounced in April and May. Thetean is consistent with the widespread
implementation of subsurface tile drainage andigdashift in water budget from
evapotranspiration to baseflow. While it is difficto establish a quantitative acceptable range
of variation with respect to the impacts on aquhitta, the magnitude of the changes is large (-
10 - 35%) and suggests that altered hydrologyilety suspect accounting for some of the
observed changes in and stresses for aquatic dibtgner flows could account for excessive
sediment loads and increased bank and bed erestbe Boone. High flows in spring and early
summer followed by decreased flows July-Septemlasr also have negative effects on stream
biota, via effects on hydraulic habitats.

Ecological impacts associated with altered flow mtagle and altered patterns of high and low
flows are discussed further in the section on tistelmplications of these changes for mussels,
fish, and other biota are discussed in other sestiout potentially include increased scour and
stranding, channel erosion and sedimentation, #sas@creased loads of sediment, nutrients,
and contaminants. Other potential impacts inckltenic effects on life history and habitat
selection by mussels and their host fishes.
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Figure 2.14. Indicators of Hydrologic Alteration Range of Varilly Analysis (RVA) for environmental flow paranmess, comparing

SWAT perennial switchgrass (PRE) to baseline (circenditions) hydrologic scenarios.
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Channel geomorphic regime

While considerable effort has been directed towadiicing erosion from agricultural and urban
lands, stream channel degradation has only recbady acknowledged as a major contributor to
sediment impairments in surface waters. Studies Baewn that sediment from streambanks
can account for as much as 85% of watershed setlyigdds, and bank retreat rates as great as
1.5 m — 1100 m/year have been documented (Simaln 2000). In addition to water quality
impairment, streambank retreat impacts ripariarsgstems, as well as developed infrastructure
along streams and in floodplains, including homeags, and bridges (ASCE 1998, Wynn
2006).

Channel instability, bank/bed erosion and phospblor&tream bank erosion has been estimated
to account for anywhere from 45-90% of the sedinh@ed in streams in lowa (Odgaard 1984,
Schilling and Wolter 2000, Schilling 2000, Zaimesk 2004, 2006), and up to 80-90% in other
regions of the US (Lawler et al. 1999, Simon efl8P6) and other countries (Kronvang et al.
1997). In Minnesota, stream bank erosion contrithotdy 7-10% of the total phosphorus load in
the stream (Sekely et al. 2002), while in lllin(Roseboom 1987) and Denmark (Kronvang et al.
1997) the percentages were much higher with 56909886, respectively. Bank and/or bed
erosion is likely to be a major contributor of sime suspended sediment and P loads, particularly
in small channelized lowland streams in agricultordile-drained catchments where P
concentrations in sediment stored in streambar&kataor near the same level as in soils of
surrounding agricultural lands (Kronvang et al. 29%ubel et al. 2003). Over a 2-year period,
bank-derived clay-silt sediment and TP to streaspsasented 48-59% and 40-48% of mean
annual suspended sediment (SS) and total P lassessimilarly sized Danish agricultural
catchments. Streambank slumping is also estintatadcount for 36-84% of TSS load in the
Blue Earth River (Bauer 1998). Sekely et al. @0&stimated that 31-44% of the sediment and
7-10% of the annual TP load in flows dischargeth®oMinnesota River from the Blue Earth
River comes from streambank erosion and slumping.

Because stream sediment loads are proportionat¢barge, even if soil erosion on the upland
landscape is completely eliminated, altered wagstdtydrology has implications for stream
sediment loads and channel instability. Highemnahand peak stream discharges in the
agricultural Midwest have increased the scourintgpiial and sediment transport capacity of
stream channels, leading to extensive incisionsargm bank erosion (Menzel 1981). Even
when sediment in stream is not derived from thaugbs, increases in basin yield, peak flows,
and total annual discharge can account for theasad instream erosion (Magner et al. 2004).
In natural streams, the stream channel develogsjaitibrium that can accommodate the
movement of water and the movement of sediment tower (Lane 1955, Leopold 1994). Thus,
changes in either the flow regime or sediment ldadd to produce compensatory adjustments
in channel morphology as stream channels adjusietoew hydrologic and sediment regimes
(Poff et al. 1997).

Therefore, even when the bulk of sediment load cofmem instream erosion, much of this
sediment can ultimately be traced to agricultueats—either as the source of the re-deposited
alluvial soils themselves, the hydrologic changs tias generated their stream channel erosion,
or both. Because of the time lag in channel adjasts to hydrology, even if pre-disturbance
hydrology is restored to a watershed, it may tad@ades or longer for the channels to recover
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and for sediments deposited during the disturbaeced to migrate out of the system. If stream
bank erosion problems are driven by channel inétykbhiat is caused by altered watershed
hydrology, the solution may require hydrologic ogation, redesign and restoration of eroding
stream channels that are properly sized to thecuhydrologic regime, or both.

Restoration of wadeable streams therefore reqagale appropriate management focusing on
hydrology at catchment scales and erosion contrdlbenk stabilization at reach scales (Rowe et
al. 2006). For example, in the Pecatonica Rivatevshed of Wisconsin, as a result of post-
settlement erosion and alluvial deposition in tbedplain, stream incision is occurring in
postsettlement alluvial deposits. Stream restamdh such settings — such as the Pecatonica —
involves removal of floodplain sediments and reabshing a more stable natural channel
designed to mimic presettlement stream stabiBByt because the entire watershed has not been
hydrologically restored, the restoration also reggiupstream sediment traps.

Physical Habitat and Riparian Condition

Physical habitat assessment data available fdBtleme come from three main sources: the
statewide biological assessment of wadeable streéefly Poole’s 2005 mussel survey, and
Charlie Kiepe’s visual survey of stream and guligston (Kiepe 2005). Results suggest
moderate impairment in many areas of the watershed.

The riparian area of the Boone River mainstem, @véhe upper reaches, is predominantly
woodlands on both sides of the river at most gfemle 2005). Analysis of land use data in GIS
shows that the size and extent of natural vegetatiohe riparian area increases with increasing
stream size. 81% of land within 100 m of firstertieadwater channels in the Boone is in row
crop production, whereas for the mainstem of ther@oRiver (a 8 order stream), only 28% of
land within 100m of either side of the river isrow crop production. 68% is in natural
vegetation (forest, grass or wetland).

Table 2.4. Mean percent land use within 200m of stream charnestream order.

Total
miles of
stream % %
ORDER channel % Natural % Crop Developed Pasture/hay
1 376 28.6% 68.4% 1.3% 1.7%
2 168 43.6% 52.6% 1.4% 2.4%
3 80 62.2% 32.9% 2.1% 2.9%
4 32 72.8% 25.3% 0.3% 1.6%
5 73 85.6% 10.3% 2.2% 2.0%

Average stream width in the Boone River is 7 mhie typper Zone and 22 m in the Lower Zone.
In the upper portion of the river, the substrateresdominantly a mix of sand and gravel (72 %)
with silt accumulating in pockets along the riveges. In the lower reach, the substrate is a mix
of sand (34%), gravel (29%), and cobble (22%) sithaccumulating along the edges and in
pooled areas.
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Few data are available to assess the quality aditton of riparian plant communities along the
Boone River and tributaries, in terms of wildlifelditat value, relative dominance by native
versus introduced species, stream bank condition, e

A visual survey of the Boone river watershed contedidy Charlie Kiepe for the RWA

identified 37 miles of stream experiencing modesiteam bank erosion, and 2.6 miles (4.2 km)
of severe streambank erosion, or about 5% of theralzed by total stream miles (Krogh et al.
2008; Gassman et al. 2008). In addition, more #8tamiles of moderate or severe gully erosion
were mapped, corresponding with intermittent chi&nimefields.

Biotic Condition

Aquatic, semi-aquatic, and riparian-dependent gseeiwhether plant, invertebrate, or fish—
have evolved life history strategies in respongeatdicular flow regimes (i.e. the pattern of

daily, seasonal, and annual flows) and the habdaatlitions created by them (Lytle and Poff
2004). Numerous empirical studies have demonsiithte the structural and functional
organization of species assemblages in lotic systeries across a gradient of hydrological
stability (Horwitz 1978, Schlosser 1985, Bain etl#l88, Aadland 1993, Poff and Allan 1995,
Frenzel and Swanson 1996). Some species are ddaggtable flows, whereas others can
tolerate extreme fluctuations in flow (Schlosse83,9Bain et al 1988, Poff and Allan 1995, Poff
et al. 1997). Lytle and Poff (2004) recently revel more than 30 studies of life history,
behavioral, or morphological adaptations to flowiatility in fish and aquatic invertebrates.
Specific behavioral, physiological/morphological lite history adaptations are designed to cope
and/or exploit both the magnitude

and pattern of variability as well

as the predictability of the

disturbance (Figure 2.17). In
groundwater-dominated systems 4
for example, species tend to be

adapted to relatively stable flows
and thermal regimes. In systems
where flows may be seasonably

variable but the pattern of annual
or seasonal variation is fairly
predictablefluvial specialists
may time life history events (e.g.,
emergence, spawning, feeding, ¢
migration) to coincide with or
avoid annual high and low flow
events (Poff et al. 1997, Lytle anc >
Poff 2004). Where flow regimes ] .

are both highly variable and predictability

somewhat unpredictable,
adaptations are needed to increase
the probability of egg or larval
survival. For example, fish

species from hydrologically
variable sites often have

variability

Groundwater
dominated flow

Figure 2.16. Influence of flow disturbance regime
(predictability vs. variability of flow and tempeuae) on life
history adaptation of aquatic organisms.
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generalized feeding strategies, and are more talévssilt (Poff and Allan 1995). Larval fish of
several species are also relatively mobile justrdfatching to cope with high flows, and the
eggs of some species are semi-buoyant to avoitingh#fediments during high flows (Poff et al.
1997).

Benthic Macroinvertebrate Assemblage Composition

There are six sites in the Boone River watershatldte part of the US EPA’s Regional
Environmental Monitoring and Assessment ProgramMRE) in lowa (Rowe and Pierce 2006),
a continuation of lowa DNR’s 1994-2003 IDNR biologi assessment of wadeable streams
(Wilton 2004) and also part of the USEPA Nationaddiable Streams Assessment. The six
sites are White Fox Creek, Otter Creek at HolmesG@oidfield, the Boone River at Webster
City and Bells Mill Park, and Drainage Ditch 49igie 2.18 depicts the results of mean benthic
macroinvertebrate IBI scores by subwatershed. IBMscores for the Boone of 35-70 were
slightly favorable compared to other sites throughtbe Des Moines Lobe, with several sites in
“Good” condition. The statewide stream assessmamiucted by Rowe and Pierce (2007)
found that 85% of streams in western lowa weraintd poor condition, while streams of the
Des Moines Lobe were mostly “fair”. Diversity andndition of the lower Boone River is
slightly better than that of the upper watersheoharily due to the greater amount and diversity
of habitat available.

Biological Condition Benthic Macroinvertebrate Fish Index of Biotic

Rating Index of Biotic Integrity Integrity
(BMIBI) (FIBI)

Poor 0-30 0-25

Fair 31-55 26 — 50

Good 56 — 75 51-70

Excellent 76 — 100 71 -100

Negative relationships were observed between BMsti®res and several habitat and water
quality variables at REMAP sites within the Boonatershed, including nitrate + nitrite,
dissolved oxygen (DO), and HQI score (Figure 2.6PaRelationships were less clear for F-IBI
scores (Figure 2.20 d-f), though a negative sloae also observed for the relationship between
F-1Bl and HQI (Figure 2.20f). Although fish IBl stes in the Boone did not show a strong
response to nutrient concentrations, Heiskary aacklvs (2003) found that fish index of biotic
integrity (IBI) scores throughout Minnesota wererid to be inversely correlated with summer-
mean TP.

In addition to the negative relationships betweash Bl reported in Figure 2.19d-e, our analysis
showed that fish IBI score was negatively correlatéh cropland in the riparian buffer.
Riparian habitat coded as “bluff’ in the REMAP sjuglas also negatively correlated with
benthic macroinvertebrate IBI score. Analysis loygical habitat data from statewide wadeable
stream assessment (Wilton 2004) showed that mspseles richness and % gravel substrates
were both significantly positively related to strearder. Gravel was negatively correlated with
stream depth and percent fines.

Although there are relatively few repeat samplessitithin the REMAP study, White Fox Creek
is the exception, with an 8 year time series fr@84:2001. Figure 2.20 depicts Habitat Quality
Index (HQI), Fish IBI (F-1BI), and Benthic Macroievtebrate (BM-IBI) scores for repeat
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samples taken at White Fox Creek over time. TheislQased on Barbour and Stribling (1991),
ranging from O (poor) to 180 (maximum). The WHitex Creek scores of 110-130 are
moderate, and higher than other sites in the wa€ls
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Figure 2.19 Relationship between water quality variables,-B¥ and FIBI for sites in the
Boone River watershed measured in the REMAP stiditgn 2004).
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Figure 2.2Q HQI, F-IBI, and BM-IBI scores for White Fox Cie&994-2001.

Additional biological assessment data collected®ATER volunteers at Boone River sites
was obtained but not analyzed by Neugarten andrB{2Q05). Because IOWATER reports
generally assign organisms only to broad taxonaaiegories, and do not identify organisms to
the level of genus or species as required by thenkrics, IBI scores cannot be calculated.
However, Figure 2.19 attempts to convey a rougimese of site quality by subwatershed,
integrating IOWATER site report information on wattarity, condition, and number of
sensitive taxa.

No additional macroinvertebrate sampling data Heeen obtained since Neugarten and Braun
(2005). The Ecological Assessment recommendedaj@ng a methodologically consistent
sampling design for future macroinvertebrate mamtgpthroughout the Boone River watershed
to establish a baseline of data and facilitate @madpve analyses.

Freshwater Mussel Assemblage and Composition

As a group, freshwater pearly mussels are amonmist endangered freshwater taxa in North
America, with 40-60% of species listed in some gatg of imperilment. Mussel declines have
been substantial in freshwater aquatic systemsigfvaut the continent. Of 297 species that
comprised the North American freshwater fauna noftklexico, 19 ar@resumed extinct, 44
species listed or proposed as fedematiggangered, and another 69 species that may be
endangered (Bogan 1993, Master et al. 208@)eral species listed as “endangered” are
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believed functionally extin€individuals of a species surviving but not repraidg). The
majority of North American unionid bivalve extinatis are linked to impoundmeanid
inundation of riffle habitat in major rivers suck #teOhio, Tennessee and Cumberland and
Mobile Bay Basin, that historically also had thehest and most endemic fauna. However,
throughout North America, other causes of unioradlidies include hydrologic alteration,
commercial exploitation, exotic zebra mussels, llazsses of obligate host fish, sedimentation
and siltationand various types of industrial and domestic pafut In lowa, high rates of
mussel disappearance are probably linked to lacgke svatershed alterations that are not as
amenable to short-term solutions or local restorgfirojects. In some cases, recreational
impacts may even be significant, although thisraasly been studied (Watters 2000).

In the Boone River and tributary streams, mussetigg richness has declined sharply since
initial surveys (Hoke 2004, Poole 2005). The dediare of concern for regional biodiversity in
lowa streams because the Boone River system hasdesdified in the past as having had some
of the best mussel habitat in the state (Hoke 208dthough there are no comparable large-
scale surveys elsewhere in the literature, theskngs are consistent with other reports of local
population declines in freshwater mussels (e.gstbteet al. 2000, Watters 2000, Strayer et al.
2004). The Boone River was flagged for inclusionhe UMRB biodiversity assessment on the
basis of the mussel community. At the time, l@glerts noted that chronic nitrate levels posed
a threat to long-term persistence of species apdlptons.

Tables 2.5 and 2.6 show the results of three mgssetys conducted in the Boone since 1982
(Hoke 2004, Frest 1987, and Poole 2005). The P2@d& survey appears to have confirmed the
declining condition of mussels in watershed. Livéividuals were found representing only 4 of
13 species historically present in the watersHadluded in the list of species of which live
individuals were not found in 2005 is one of TNOUMRB aquatic species targets, the black
sandshell mussel. Figure 2.20 also presents a frthp @005 mussel survey results. The elktoe
(Alasmidonta marginatafpund on the Boone River near Webster City in 19@5 not been
reported in any of the four survey reports in nedf years and is likely extirpated from the
system (Hoke 2004). Five additional mussel spdw@® not been recorded (living or in shell
collections) since 1982 and may also be extirpatad the Boone River. The majority of living
individuals were observed on main stem of the Bd®iver. However, two tributaries, White
Fox Creek and Otter Creek, appear to have had ikatsd populations of mussels historically
based on shell collections, but had fairly low spediversity in the 2005 survey. Poole (2005)
concluded, based on few live individuals and redwsgecies diversity at individual sites, that
conditions on the Boone River (and its tributari&® unfavorable for mussel persistence.

Exploitation (usually by humans for buttons andeottommercial uses) has been cited as a
factor in some mussel population declines, but gglyeonly as a partial contributing cause, and
one that operates locally over small patches. dgpcdlly, mussels are an important food source
for raccoons, muskrats, and river otters. Givenrdtent reintroduction of river otter to the

state, some watershed residents have hypothesiaethese mammals may be impacting mussel
populations along the river. There is, howeverewaence of this, and exploitation by meso-
predators has rarely been cited in the literatara tactor contributing to mussel declines. The
most frequently cited factors in mussel declinesadtered hydrology and sediment regimes
(Watters 2000, Strayer et al. 2004).
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Figure 2.21.Mussel species richness (including both living sals and shell material); plus
locations of 2005 mussel sampling by site number.
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Table 2.5. Mussel species status in the Boone watershadcitessive surve

ys (modified from Poole 2005).

Arbuckle
& Tolerance

Common Name Hoke Frest Downing | Poole (Kopplin
Species 1982 1984-85 1998-99 | 2005 2002) Status in lowa**
*Actinonaias ligamentina Mucket 0 0 O 4 Intermediate Vulnerable
:*/Ié?]rt}:iréziéiz)cardium (formerly L. Plain pocketbook v v v v Intermediate Vulnerable
Lasmigona complanata White heelsplitter v v v v Tolerant Imperiled
Quadrula pustulosa Pimpleback v v ? Imperiled
Amblema plicata Threeridge v v v 0 Tolerant Not Ranked
Leptodea fragilis Fragile papershell v O Intermediate Imperiled
Potamilus ohiensis Pink papershell 4 ? Not Ranked
Utterbackia imbecillis Paper pondshell O ? Not Ranked
Potamilus alatus Pink heelsplitter 0 ? Imperiled
Elliptio dilatata Spike O O O Intermediate Imperiled
Fusconaia flava Wabash pigtoe v v v 0 Intermediate Imperiled
’lk_l._?szFi);igsl jtiggfao)idea (formerly Fat mucket v v 0 0 Tolerant Not Ranked
Lasmigona costata Fluted shell O O O Intermediate Imperiled
Ligumia recta Black sandshell v O v 0 Intermediate Not ranked
ixgggﬂ?:;r%ﬁ\(;:g;s (formerly Giant floater v 0 = 0 Tolerant Imperiled
Strophitus undulatus Strange floater v v O Tolerant Threatened
Anodontoides ferussacianus Cylindrical papershell or cylinder v 0 Intermediate Threatened
Lampsilis teres Yellow or slough sandshell O ? Endangered
Lasmigona compressa Creek heelsplitter O Intermediate Threatened
Toxolasma parvus Lilliput O O ? Critically Imperiled
Uniomerus tetralasmus Pondhorn 0 0 ? Not Ranked
Pleurobema sintoxia Round pigtoe 0 7
*Alasmidonta marginata Elktoe (From 1937 collection) Intolerant Vulnerable
TOTALS Live (v) 10 6 7

Recently dead (L) 7 5 6

TOTAL 17 11 13 13
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Table 2.6 Mussel species richness and CPUE in the BoonerRiy site (Poole 2005).
Species Mussel
SITEID STREAM NAME richness' CPUE®

East Branch Boone River 0
Middle Branch Boone River
Boone River
Otter Creek
9 Otter Creek
10 Eagle Creek
11 Eagle Creek
12 Eagle Creek
13 Brewers Creek
14 Brewers Creek
15 Prairie Creek
16 Lyons Creek
17 Lyons Creek
18 Buck Creek
19 White Fox Creek
20 White Fox Creek
27 Otter Creek
Average for the Upper Zone
4 Prairie Creek
5 Prairie Creek
6 Boone River
7 Boone River (Oakdale Recreation Area)
21 Boone River (Troy Safety Rest Area)
22 Boone River (Briggs Woods Access)
23 Boone River (Albrights Access)
24 Boone River (Tunnel Mill)
25 Boone River (Bells Mill)
26 Boone River (Boone Forks Wildlife Area)
28 Boone River - Helmke Wildlife Area
Average for the Lower Zone
Yincluding living and shell records
“Catch Per Unit Effort, defined according to timed searches.
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Neugarten & Braun (2005) suggested a review ofHis$t population data to see whether loss of
fish hosts limits mussel persistence in the BooiverRand its tributaries. All of the fish hosts
listed in the literature and in Table 2.7 are gtibsent in the Boone River in more recent
surveys, particularly in the lower reaches thatehlastorically supported the most diverse
mussel beds. However, given the patchiness of @hbssls and the complexity of mussel
reproductive biology—i.e. the intricate and compitebationship they have developed with fish
hosts-- relatively small changes in habitat uskearavior by fish hosts may have significant
impacts. Furthermore, host compatibility has b&lgmwn to vary with temperature and other
ecological factors that may have been altered Imlswvays (Strayer et al. 2004). Host fish use
by lowa mussels is the subject of current resel@atiby Kelly Poole and John Downing at the
lowa State University Cooperative Fish and Wildiesearch Unit.

As a sensitive and long-lived species, musselaiaexcellent long-term barometer of overall
watershed health. However, the considerable unngrtstill surrounding mussel life cycles, life
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history, and reproductive ecology, and the liketiidhat there are multiple factors contributing
to their declines suggests that further researdhcansultation is needed with mussel ecologists
to understand mussel population dynamics and stati'® Boone River watershed. Research
and monitoring should focus on identifying the miagbortant mechanisms driving stress and
declines of beds. Further studies of mussel Ig&ohy, reproduction, local population dynamics,
and mortality may provide excellent research opputies for university undergraduate or
graduate students. Permanent monitoring siteddéieuestablished on the Boone River
mainstem, White Fox Creek, and Otter Creek to ass@®mmunity changes over time. Given
that headwater streams and tributaries have beatified as important habitats within the
framework of the Upper Mississippi River SystemWatk with the UMRS mussel recovery
plan, there may be additional opportunities fordimg and cooperative research on the Boone
with federal and state biologists.

Fish and Assemblage Composition and Health

The Boone River supports at least 55 fish spetielyding five nonnative species (Neugarten
and Braun 2005). In agricultural areas of the Madty historic fish assemblages were probably
similar to present communities; however, many sggehave undergone documented shifts in
distribution, range, and abundance (TerHaar andd#er1989). The introduction of game fish
species, alterations of physical habitat, andake bf endemics has resulted in homogenization
of fish communities throughout North America (Rage00, 2002)

Fish sampling data records for the Boone Riveaasglable from multiple sources, yielding a
dataset with 2656 sample records from 194 diffesantple locations throughout the Boone
covering a period from 1932 to 2002 (median samplr = 1999). From presence/absence data
collected over many years using a variety of d#fersampling methods for different purposes, it
is not possible to establish statistically sigrafit evidence of fish community change. However,
there have not been significant changes in speiciesess or diversity. Table 2.6 shows no
apparent changes in species diversity pre- and-@d@a0

Lower watershed sites (n=78 ) have a mean of 1@epemaximum of 37, minimum of 3, and
standard deviation of 6 species. Upper watershiesl @=142) have a Mean of 12, maximum of
34, and min of 3, with a standard deviation of Botal number of species sampled in the
watershed is 60.

All of the species present in the Boone that haentxrlassified as “Intolerant” of disturbance
and habitat degradation are present in recent gsifgance 1990). The composition of the 10
most commonly detected species has changed, avd spkcies that appear to have been
numerous based on their frequency of appearansa@veys prior to 1990 have been relatively
less common in recent sampling. These includsitiaer redhorse and highfin carpsucker.
However, it is not possible to determine withoudiiddnal monitoring whether this is a real
trend, or an artifact of sampling, as sampling rméthare not statistically comparable.

Current condition should be viewed in context attbiiical ecological changes. Contemporary
presence/absence data in relation to early hisiloralections and surveys in the Midwest often
show few extirpations, although there may be mddeange reductions for many intolerant
species. Sensitive or intolerant species haveealh shifts in distribution and abundance despite
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being locally abundant in parts of their range (lzkdret al. 1984, Rahel 2000). Sensitive stream
fishes are often limited to small populations presmly in some subwatersheds.

Fish communities tend to be the most diverse aaalesivhere high-quality habitat—i.e.
complex heterogenous riffle: pool morphology, ceassbstrate, adequate cover-- is available
(Rowe and Pierce 2006, 2007). Streambed composgimportant to fish species diversity
(Schlosser 1985). Many stream fishes dependentflenhabitats with gravel or cobble
substrates that remain well-aerated and free afreed for spawning and feeding. Fish indices
of biological integrity (IBI) scores often corredavith river gradient, perhaps because of the
ability of higher velocity waters to maintain DQugh fine sediment and keep important
interstitial habitats in coarse substrates fregegiment and silt. Important riffle habitats with
cobble or boulder substrates are most abundahtitotver reaches.

IDNR data report 18 documented fish kills in theoBe River watershed since 1981 (Figure
2.22). Documented causes, although often repagadhknown, included low DO and several
ammonia spills. Fish kill data provide clues tgrsiicant events that may be influencing aquatic
communities that otherwise may not detected inineutater quality sampling. Fish and other
mobile aquatic organisms often recover quickly frewents due to their ability to seek refugia
and then recolonize suitable environments. Howdwag-lived, sessile (nonmobile) organisms
such as mussels may recover more slowly. Sucdessfuitment for some species of mussels
may only occur under infrequent sets of conditi@ng. 2-5 years; Strayer et al. 2004).
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Table 2.7. Fish species sampled in the Boone, sorted ligldison (number of subwatersheds)d descending frequency of occurrence.

COMMON NAME
Common shiner
Bluntnose minnow
Bigmouth shiner
Fathead minnow
Creek chub

White sucker
Johnny darter
Central stoneroller
Blacknose dace
Spotfin shiner
Sand shiner
Brassy minnow
Hornyhead chub
Emerald shiner
Rosyface shiner
Black bullhead
Common carp
Green sunfish
Northern pike
Largemouth bass
Northern rock bass
Blackside darter
Brook stickleback
Smallmouth bass

Orangespotted sunfish

River redhorse
Northern hog sucker

Quillback carpsucker

Shorthead redhorse
Bluegill

SCIENTIFIC NAME
Luxilus cornutus
Pimephales notatus
Notropis dorsalis
Pimephales promelas
Semotilus atromaculatus
Catostomus commersoni
Etheostoma nigrum
Campostoma anomalum
Rhinichthys atratulus
Cyprinella spiloptera
Notropis stramineus
Hybognathus hankinsoni
Nocomis biguttatus
Notropis atherinoides
Notropis rubellus
Ameiurus melas
Cyprinus carpio
Lepomis cyanellus

Esox lucius

Micropterus salmoides
Ambloplites rupestris
Percina maculata
Culaea inconstans
Micropterus dolomieu
Lepomis humilis
Moxostoma carinatum
Hypentelium nigricans
Carpiodes cyprinus
Moxostoma macrolepidotum
Lepomis macrochirus

Boone River Conservation Action Plan

ToL?!

e e e e

Years
present

20
18
17
17
18
18
17
17
12
17
18
12
15

8
14

9
16
17
12

8
18
16

4
20
10

3
19
11
15

9

Sites

present
170
155
131
90
136
98
104
90
79
91
103
63
85
43
41
44
56
52
27
24
39
35
21
43
29
17
35
21
29
22

Sites

(pre
1990)

59

31
22
20
19
23
25
17
15

8
14
20
11
11

5

9
16
29
17
10

1
17
13

2
20
11

18
14
17

6

Sites

(post

1990)
161
153
131
80
132
92
104
91
83
91
101
57
88
38
45
29
39
52
18
31
35
35
19
38
21
17
33
12
20
17

Sub
water-
sheds
where

present
26
26
25
25
24
24
23
22
22
21
21
21
19
18
15
14
13
13
13
13
12
11
11
10
10
10

w o 00

Sub
water
sheds
<1990

12
11
11
10
11
24
23
7
7
8

g1 ok 01w

0o 0 U1 Ul

Sub
water
sheds
>1990

26
26
25
25
24
24
23
22
22
21
21
21
19
18
15
14
13
13
13
13
12
11
11
10
10
10

0 00 O



COMMON NAME
Topeka shiner
River shiner
Stonecat

River carpsucker
White crappie
Golden redhorse
Channel catfish
Slenderhead darter
Fantail darter
Suckermouth minnow
Walleye

Slender madtom
Highfin carpsucker
Flathead catfish
Yellow perch
Banded darter
Silver chub
Yellow bullhead
Gizzard shad
Bullhead minnow
Bigmouth buffalo
Silver redhorse
Freshwater drum
Black crappie
Tadpole madtom
Red shiner
Warmouth
Smallmouth buffalo
Speckled chub
Spottail shiner

SCIENTIFIC NAME
Notropis topeka
Notropis blennius
Noturus flavus
Carpiodes carpio
Pomoxis annularis
Moxostoma erythrurum
Ictalurus punctatus
Percina phoxocephala
Etheostoma flabellare
Phenacobius mirabilis
Stizostedion vitreum
Noturus exilis
Carpiodes velifer
Pylodictis olivaris

Perca flavescens
Etheostoma zonale
Macrhybopsis storeriana
Ameiurus natalis
Dorosoma cepedianum
Pimephales vigilax
Ictiobus cyprinellus
Moxostoma anisurum
Aplodinotus grunniens
Pomoxis nigromaculatus
Noturus gyrinus
Cyprinella lutrensis
Chaenobryttus gulosus
Ictiobus bubalus
Macrhybopsis aestivalis
Notropis hudsonius
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Figure 2.22.Fish species richness by 12 digit watershed.
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Figure 2.23. Date and location of fish kills reported to IDNIR85-2005.
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Topeka Shiner

Nongame fishes have been possibly more impactestrésm degradation than game
fishes. Bailey (1956) speculated that “it is dibulthat any other state has experienced
such extensive reduction in its original fish fatimalist of endangered and threatened
species in lowa identifies 22 species as extifhdteeatened, endangered, or of special
concern—out of roughly 150 species native to tatesiDNR 2008).

In the Boone River, the Topeka shiriliotropis topekais the only federally-listed fish
that has been recorded occurring in the Boone 4i888. Although the NRCS Rapid
Watershed Assessment listed 3 state-listed figioentially occurring in the Boone
River based on county level occurrence data (inetutllacknose shinéotropis
heterolepis orangethroat dartelEtheostoma spectabjland western sand darter,
Ammocrypta clarg there are no records of these species fronsashpling records in
the Boone River.

Several areas of the Boone River watershed havedesegnated as critical habitat for
the Topeka Shiner under the Federal EndangeredeSpkct. Areas designated as
critical habitat are areas occupied by the spaemiese short segments that provide
critical links between habitats. Appendix A show®wn and potential critical habitat for
Topeka shiners in lowa, considered essential ®ctnservation of the Topeka shiner
that may require special management and protection.

Designation of an area as critical habitat throthghfederal regulatory process does not
set up a preserve or refuge and has no specifitategy impact on landowners' actions
on lands that do not involve federal agency fuadshorization, or permits.
Identification of critical habitat is intended telp guide priorities for conservation
actions in the affected areasisheries biologists with Topeka shiner populationheir
management areas in lowa work with the USFWS ditalihabitat and habitat
restoration on private land. For example2004-2005, endangered species recovery
funds paid for the design and construction of athaibestoration project for the Topeka
shiner along Cedar Creek in Greene County, lowa.prbject, a collaboration between
USFWS (Partners for Fish and Wildlife Program, Rtst&nd, Illinois Field Office), the
lowa Natural Heritage Foundation and two privateltavners, was designed to restore
the hydrology of an oxbow in the Cedar Creek fldadp provide permanent off-stream
réfugia and potential spawning habitat for Topdkiaers, and reconnect the downstream
end of the oxbow to Cedar Creek to allow Topekaestsito disperse into the watershed
(Mirando-Castro 2006). Similar projects are undgnw the Cedar Creek and West
Buttrick Creek watersheds in Greene and Calhountess) as a result of another
partnership between private landowners and staffS&WS, TNC, IDNR, and Greene
County Soil and Water Conservation Distri&ts noted in the 2007 lowa Wildlife Action
Plan, lowa DNR staff are represented on the fedeypkka shiner recovery team that
includes representatives from the U.S. Fish andiNMé&lService, National Park Service,
South Dakota State University, University of Minats private consultants and staff
from state natural resources agencies of Kansasgh $akota, and Minnesota.
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Neighboring states South Dakota and Missouri h#ae developed recovery plans
(Shearer 2003). The Boone River Watershed wamifgiel by IDNR as a LIP priority
area because of Topeka shiners. However, we amgara of any current activities
focusing on Topeka shiner recovery in the BooneeRivatershed.

Aquatic Mammal Population Status

Aquatic mammals proposed as key ecological atedtdr the Boone River are the
beaverCastor canadensislue to the beaver’s keystone role as an ecosystgmeser
(Wright and Jones 2006) and the river ottertrensis canadensishe largest mammal
state listed as a species of special concern. $sihave not been conducted specifically
in the Boone River to assess populations and stdifosaver or river otter. However,
Clark (2006) reported that estimated populatiorsdgrof river otters at between 0.54-1
per 10 mf for the Lower Boone, and 0-0.55 per 10 for the upper Boone. Across the
entire state, otter populations have made a suirtagcovery from reintroductions and
subsequent expansions. Factors important to suggaiver otter populations include
the availability of connected, diverse riparianitetls (i.e. wetlands and wooded areas
along streams and rivers), as well as high watalitgucapable of sustaining fish
populations. Restoration of otter in lowa is adased to have been successful, leading
to a slowly increasing population, and IDNR hasergly approved managed harvest of
the population through licensing of trapping (Cl2006).
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Estimated Distribution of River Otters
based on Medium-Sized Watersheds (10-Digit HUCs)

Wajor Wabersheds (3 Digil)
River Otters Par 10 Sq Miies
[ n-0541

|Emm -1.074

1.074 - 1.529
1526-2.26
226 - 220053

Figure 2.24 River otter distributions in watersheds throughiowa. [reprinted from Clark
2006]

Priority Resource Concerns, threat assessment and
situation analysis

As part of the Rapid Watershed Assessment commisdiby NRCS, watershed experts
and residents were asked to identify priority resewconcerns in the Boone River
watershed. Responses were compiled based oniewsrwith the seven NRCS District
Conservationists, ten lowa DNR experts, and twiedght public meetings where
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participants completed surveys, as well as surdesgabuted to others within the DNR.
Priority resource concerns are summarized in Taldle

Table 3.1. Priority Resource Concerns
1) Point source pollution
* Municipal discharge
» Facilities
* Unsewered communities
2) Non point source pollution of surface and grouncinsat
a. Nitrate
b. Phosphorus
c. Bacteria [E. coli
d. Agricultural chemicals
e. Solil erosion and sedimentation
3) Stream and gully erosion
4) Riparian Development
5) Aquatic ecosystem integrity

Land use priorities
6) Row crop
7) Rural Development
a. Developments happening right alongside the rivent@minants,
septic)
i. Combined developments
ii. Raw sewage connected to tile lines (failing septic)
lii. Performing septic
b. Fragmentation & aesthetics
c. Farmland loss

Threat Assessment

The conservation action plan methodology develdpe@NC characterizes threats to
conservation targets aressesndsources of stressA “threat” is actually a

combination of a stress and a source of stress (ZD0D). Stresses can be thought of as
the proximate causes that impact the targets direghereas sources of stress are the
ultimate drivers of the proximate stresses, and beagne or more steps removed from
the impact on the targets. Distinguishing betwsteesses and sources is designed to
help lead to effective strategies for addressiitgcal threats. Separating threats in this
way allows for potentially more creative ways tteaiate the stress than simply defining
the source of stress as the threat. However,ytaits allow identification of
conservation actions that effectively treat not gysnptoms, but causes. For example,
elevated nutrient levels in streams can be thoabas a “stress” driving ecological
changes instream, whereas agricultural land usatas resulting in nutrient losses
would be considered a “source of stress”. Actimmnght be designed either to address the
stress directly (e.g. intercept nutrients befoeytreach the stream with buffers), and/or
eliminate the source of stress (reduce fertilizgligations that lead to nutrient losses on-
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site). Whether it will be most feasible or codeefive to address stresses or sources of
stress varies depending on the context.

Priority resource concerns for the Boone River Haaen reorganized into stresses and
sources of stress for the purposes of the ConsenvAttion Plan as follows.

Stresses Sources of Stress

Nutrient loading Cropping systems (e.g. corn-soybeans) and practices (amount
& timing of fertilizer) that result in significant N and P losses in
surface runoff and subsurface tile drains

Application of fertilizer or animal manure at inappropriate times

Inadequate storage & handling of animal waste / manure from
livestock confinement operations

Leaching and macropore flow into tile drains that discharge
directly to surface waters

Long-term shift towards in “leakier” cropping systems in
response to economic drivers, including increased soybeans
and increased corn acreage and decreased perennial / grass /
CRP cover

Long-term accumulation of anthropogenic P in landscape sinks
such as streambanks and release to surface waters

Municipal and industrial discharges; unsewered communities

Chemical and bacterial Herbicide, pesticide and manure loss from croplands in surface
contaminants runoff events

Leaching and macropore flow into tile drains
Stream and gully erosion Alteration of watershed hydrology; increased baseflow and

storm flows associated with increased drainage density
Altered stream morphology: destabilized stream channels with
high banks that readily release large pulses of sediment
Habitat loss / degradation Historical alteration of landscape hydrology and aquatic/wetland
habitat loss

Land use and conversion (especially riparian areas) from
natural vegetation to agricultural, suburban or developed uses
Stream channelization and artificial surface drainage

Water quality and hydraulic impacts of runoff and channel
alteration on aquatic habitat quality

Groundwater contamination Agricultural Drainage Wells

Surface tile inlets

The final step in the assessment of stresses amdesois a synthesis of the individual
stress and

source analyses to identify the critical threaits pearsistent stresses to the conservation
targets.

Critical threats are those highly ranked threaas kiave an active source of stress.
Conservancy planning guidance suggests that hrgihlked threats that have an historical
source be considered as persistent stresses,gbtliee component of the threat is no
longer active. In such cases, reducing persisteesses requires restoration strategies
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Putting it All Together

Many of the ten key attributes identified as keglegical attributes (KEAS) for the
Upper and Lower Boone are ecologically interrelatéd the major driver of physical
form and habitat in streams, the flow regime isdheer for all the other KEAs, from
water quality to stream geomorphology (Figure 3.2). Changes in basin hydrology
affect fish and other aquatic organisms throughoatrall hydrogeomorphic processes
(Hupp 1992). Hydrology also determines the sugorakevolution of riparian plant
communities and ecological processes (Nilsson aredr8ark 2002.)

Hydrology / Flow Regime
Magnitude
Frequency

Duration
Timing
Rate of change

Rir;]?r?g / Regime / Physical Biotic
e water Habitat Interactions

N

Aquatic Ecological Communities
Life history adaptation
Assemblages

Figure 3.1. Hydrology (flow regime) is the driver for all ahkey ecological attributes
in freshwater stream systems. (Modified from Potile 1997).

The hydrologic effects of land use and drainagéesysnodifications operate via a
number of pathways. These include the impact aihdge and land use change on
stream hydrographs, flood frequencies, nutrienlimgcand basin water yield. Land use
and drainage modifications also affect soil wateragye at field, catchment, and regional
scales, scale hydraulic connectivity and drain@gponse (i.e., how rapidly water is able
to travel across the landscape), as well as draidagsity, configuration and layout of
the drainage network, conveyance capacity, groutetwacharge, evapotranspiration,
depressional storage, and interaction of wateetabtl baseflows. These hydrologic
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changes in turn have impacts on stream habitadsighrimpacts on stream channel
stability, erosion, and geomorphology (Figure 3.6).

_ ET, hydrology (volume & timing), nutrient inputs, runoff chemistry, energy
changes in : ;
land or stream  Sources (e.g. leaves & coarse woody debris vs. dissolved ag runoff)
corridor use

ﬂ Ditch construction or stream channel
: modification
changes |Ir11 o .
Grany s Chain of
cranges i events due tc

stream

& \ “disturbance”

changes in function
such as habitat,
sediment transport,
and storage

changes in
population,
composition, and
distribution,
eutrophication,
and lower water
table elevations

Figure 3.2. Chain of events due to disturbance. Disturbaa@edtream corridor system
typically results in a causal chain of alteratibmstream corridor structure and functions.
Reprinted from Stream Corridor Restoration: PrilespProcesses and Practices (10/98)
produced by the Federal Interagency Stream Regtondtorking Group (FISRWG, 15 US
agencies)

Disruption of hydrologic regimes, e.g. channeliaatilow head dams, etc., results in loss
of riparian habitat and connectivity, altered seshintransport, and either magnified or
reduced differences between baseflow and floocestégprenger 2001). The
combination of changes in flow, sediment dynamaeg] habitats drives changes in water
quality and trophic dynamics that ultimately drskafts in the organization of biological
communities, often from specialists to a few conmpely-dominant generalists.

Changes in species composition in turn generattbbezk loops, altering nutrient uptake
and energy flows within and across trophic levieés,phytoplankton, macroinvertebrate,
and fish communities, via competition, predatiod &ood consumption (Schlosser 1985,
Niyogi et al. 2004)

Boone River Conservation Action Plan 69



Hydrologic changes associated with agriculturaledi@gment over the past century have
resulted in increased total discharge and fluxesadfon and nutrients to rivers and
streams of the Mississippi River Basin and the @tiNMexico (Donner et al. 2002,
Raymond et al. 2008). At least 75 percent ofritrate in the Mississippi River today is
anthropogenic in origin (Goolsby et al. 2001). cBaes of research have concluded that
agriculture is by far the largest source of nutsdan streams and rivers of the Mississippi
River. In particular, the Upper Mississippi Ri\ggisin, including the heavily-tiled corn
growing regions of Minnesota, lowa, and lllinoisntributes 22% of the flow and 31%
of the nitrates in the entire Mississippi Rivertsys (Figure 3.3; Goolsby et al. 1999).
Load analysis of sources of N to the MississippeRBasin show that fertilizer inputs,
legume nitrogen fixation, and livestock operatiocombined account for almost 50 times
as much N as municipal and industrial point sourddse 900,000 metric tons of nitrate
discharged by the Mississippi River into the GulMexico in 1991 was therefore
equivalent to about 16% of the nitrogen fertiliapplied to cropland in one year
(Goolsby et al. 1999). Nutrients released to theoaphere by volatilization (e.g., loss of
NH; gas), gaseous nutrient release (e.gQ)Nor through wind erosion from crops and
soils can also be added to surface waters viagtaton or by dry

deposition/adsorption. Atmospheric transport dfdin land to water has been measured
between 3 to 20 kg/ha/year, depending on locasionice, and weather (Hatfield et al.
1996). Stream bank sediments derived from agtcallfands and redeposited in the
floodplain can also be a long-term source of P@her contaminants (see sections on
sediment and hydrology).

Modeling of contaminant sources for the nitrate TiMdh the Raccoon River, to the west
of the Boone River, shows that nearly 90% of theates and more than 90% of the E.
coli contamination comes from nonpoint sources (coep and livestock operations), as
compared with point source discharges (van Gor@ 200t is likely that load allocations
would be similar for the Boone, a similarly sizegtiaultural watershed.

Boone River Conservation Action Plan 70



Urban nonpoint sources ?

. - <10%?
Point sources: Municipal ?

1%

[ Atmospheric deposition: Wet
ammonia
3%

Point sources: Industrial , . L
<1% Total inputs to the Mississippi
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6%
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Figure 3.3.Sources of nitrogen in the Mississippi River Baaidl measured nitrogen
discharge to the Gulf of Mexico from the basin ((3by et al. 1999).

Consensus is fairly well established that wetlamdl rairie-lake conversions to cropland
have in general increased runoff and contributiragnéhge areas and reduced storage.
The hydrologic response of the Mississippi RivesiBas the result of both continued
intensification of water management and observeaigés in climate (Simpkins et al.
2004; Raymond et al. 2008). In the upper Midwst,eases in stream discharge have
coincided with temporal increases in amount anehisity of precipitation over the past
40-80 years, a scenario that is predicted to coatatross much of the region according
to most climate change model predictions. Predtipib increases can not entirely
account for the increased discharge (Schillinglabda 2003, Baker et al. 2004,
Raymond et al. 2008). Over the same period, pea&raflows have increased
disproportionately (Kunkel et al. 1999, Garbredhale2004). In lllinois, a 27% increase
in intense rainfall events from 1921-1980 led @7&6 increase in floods (Changnon
1983). Only one third the observed increases muakflow volume for four lllinois river
basins from 1940-1990 was attributed to increasedigitation (Changnon and Demissie
1996). Studies in the Minnesota River Basin, apneinantly agricultural tributary basin
to the Upper Mississippi have also shown a linkveein agricultural land use and
increased flows independent of precipitation char({®tallawatantri et al. 1999).
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In tile-drained, row cropped agricultural basimgreases in baseflows have been tied
specifically to increased drainage density creltedrainage infrastructure. Schilling
and Libra (2003) for example have demonstratedatweater proportion of precipitation
has been routed into streams as baseflow thawmsfiw in the latter half of the 20
century. Miller (1999) modelled the hydrologic#fleets of land use and drainage for an
extensively tile-drained tributary basin to the M&sota River. Changes in land use over
the past century have increased average annual yveliet from 50 mm to 170 mm, an
increase in the discharge/precipitation ratio fle¥hto 19% Flood frequency analysis
also showed that under a scenario designed tectgitesettlement conditions prior to
drainage, average annual peak discharges woulddemre82-88% lower, and the
magnitude of peak flows would have been lower ufh&50-year flood recurrence
interval. The influence of drainage and land Usenge is more important for the
smaller, more frequent flood events. Compared ptisettlement perennial vegetation
scenario, Miller (1999) found that row crop lane wgth tile drainage roughly doubled
the discharge/precipitation ratio and average dnmater yield, while it nearly tripled

the annual peak discharge. Schilling and Helmarpréss) acknowledge that while
hydrograph separation of streamflow suggests wigeshincreases in baseflow in many
Midwestern rivers, a significant fraction of thadeflow signal may not be related to
natural groundwater seepage at all, but ratheraeeasing contributions from subsurface
drainage tiles. In short, changes in watersheddiggy from presettlement to present
have increased total flow in streams, both peakdlmaking streams more “flashy”) as
well as the baseflows.

The major impact of agriculture on watershed buslged streamflows in the Midwest
has been the changes in seasonal and annual evsgmtation associated with
conversion of the landscape from prairie to cropse rate of evapotranspiration (ET)
and its role in watershed hydrologic cycling isaghg affected by the type of vegetation
present on the landscape. Historically, ET acaedifar the major proportion of water
budgets in northern prairie, and the pattern obwase by native prairie vegetation more
closely matched the seasonal availability of watgignificant changes in regional ET
accompanied the conversion of prairie grasslanddaested lands to cropland (Woo
and Rowsell 1993, Poiani et al. 1996, Brye et@0@. Although ET rates on cropland
during the peak growing season often exceed tha&toiral grasslands, most runoff in
the upper Midwest now occurs during early sprinfpteecrops are planted, when ET
rates are typically higher for lands in perennralps or native vegetation. Studies of
water use by crops throughout the growing seasnargy show higher rates of
transpiration than native perennial vegetationrdumidsummer, whereas prairie
grassland and wetland ET is higher than that gblaral earlier in spring and later into
the fall (post-harvest) (Schaffer 2005). Thisakted to why the highest rates of nitrate
leaching now occurs in early spring, before anmoal crops are able to utilize and
transpire available water (Figure 3.4).

Changes in evapotranspiration, vegetation, andammter budgets associated with
agricultural land use may even drive alteration®aal and regional microclimate
through effects on convection and latent heat ftbg heat energy involved in the phase
change of water during evaporation). Schaffer 80@s suggested that increased
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intensity of mid-summer storm energy and
precipitation events over much of the corn
growing region of the Midwest may be
related to the increased latent heat flux
generated by the extreme peaks in ET for
corn relative to native perennial
vegetation. University of Minnesota
climatologist Mark Seeley has also noted
that in recent years, the climate in
northwestern Minnesota has been
characterized by warmer winters, higher
minimum temperatures, more tropical dew
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points, and more frequent heavy rains. Thd
increased intensity of storms is related to
higher convection energy more than to
absolute temperature increases (Seeley
2003).

As noted earlier, the presettlement
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Fig. 3. General seasonal patterns for precpitation, N vptake rate by

a corn crop, cropping svstem water use, and periods potentially
favorable for NO, leaching from midwestern com production
(adapted from Fig. 4 of Power ¢t al., 1998),

landscape of the Boone was about 4% swamp, maetlana, and slough, and 59-60%
of the watershed is characterized by hydric sbiégs would have supported hydrophytic
vegetation. Currently, < 0.2% of the watershecbimposed of wetlands, based on land
use analysis. Because prairie wetlands have hgghlewater retention capacity and
evapotranspiration, the presettlement landscapédi¥@ve had higher storage of water
in soils and surface water and much longer retaritoes. The 1994 USACOE study in
the Boone concluded based on modelling that tlguéecy of small flood flows has
probably increased as a result of wetlands lossedortunately there are no flow records

from presettlement.

An instructive comparison is

provided by a study of stream

channel changes, nitrate loads, ar
hydrology in a very similar basin

located less than 100 miles to the
north of the Boone River, the Blue

Earth River Basin. The Blue Earth
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observed in May and June, and typically range ffet®4 mg/L. Magner and Steffen
(2000) and Magner et al. (2004) have shown th#terBER, land use and hydrologic
changes made to the watershed associated withpecodpiction and modern drainage
have increased peak flows 20-206%, contributinghtnnel incision, increasing bank
erosion, and substantially increasing nitrate Idadee Minnesota River.

Annual peak flows for the

1.01-yr, 1.5-yr and 2.0-yr North-Central
. Glaciated Plains

discharge recurrence

mte_rvals at the USGS gags Blue Earth. lowa, Minnesota. I
station on the BER MINNESOTA T
(Rapidan, MN) have

increased by 130%’ 28% Drift’\lle(:);tsh 3nlt5rsa<|:aur.psn;|ent
and 17%, respectively,
comparing the periods froni
1940-1960 and 1974-1998
Similar patterns were
observed for another
neighboring basin, the
LeSueur River, with annua
peak flows for the 1.01-yr,
1.5-yr and 2.0-yr
recurrence intervals
increasing by 343%, 78%
and 48%, respectively. By
comparison, the Minnesotg

IOWA

Boone. lowa.

T

Central Dissected Till Plains Section

River at Mankato , : : :
(downstream, a much large Figure 3.5. Relative location of the Boone andeBHarth River

basin including other less ~ Basins and Bailey’s ecoregions.

agricultural land uses in its

headwaters) showed relatively more moderate ineseas52%, 31% and 28%,
respectively. On the Little Cobb Creek (a subwsited within the BER), Miller (1999)
estimated with a model that annual peaks assocratadhe 1.5-yr recurrence interval
have likely increased by 1.5-2.5 times the prerdge flow.

Mallawatantri et al. (1999) attributed a portiontloé¢ increase in annual peak flows
observed throughout the Minnesota River Basin piilgngo increased precipitation.
However, Magner and Steffen (2000) conclude thaemsed precipitation in southern
Minnesota only explains a portion of the increastedam discharge, and that most of the
observed increased stream discharge to changeainmade density. Modern tile
drainage changes contributing drainage area byedsitrg “micro landscape storage’™—
i.e. soils and small (less than a hectare) swal@sbportions of fields that historically
held water and even sent a small amount water toeitie atmosphere in May or June via
evaporation (Magner et al. 2004).
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Because of the natural tendency of channels torevolvards an equilibrium between
flow and sediment transport, the instream hydra@gid geomorphologic effects of
drainage are confounded when they occur in conjmetith ditch construction,
maintenance, and other modifications of surfacendge channels and networks. In a
stable natural stream, bed scour and aggradatmur atequilibrium, and channel
dimensions—including plan-form, width:depth, anabfliplain connections—are
determined by the effective discharge. All elsmbequal, in response to increased
discharge, channels must either downcut and/ormid@ccommodate the increased
discharge. Increases in channel forming flows teay to increase in channel cross
sectional area or decreased sinuosity. Althaughy channels have been entrenched
by design, through ditching and straightening, mamyodified natural channels have
incised in response to increased effective disehasgociated with surface and
subsurface drainage (Knox 1987, Faulkner 1998pé&itck et al. 1999, Magner and
Steffen 2000).

In addition to channel incision, increased effetilischarge or flashiness of flows can
also lead to loss of the channel-floodplain conibectand headward erosion of stream
channels (Magner and Steffen 2000, Knox 2001)bs8dace drainage may also
contribute to channel and bank erosion if it alstream and watershed hydrology.
Because waters discharging into streams from dyeitites are relatively sediment-free
relative to their sediment transport capacity (Lad@d 994, Hubbard 2005), delivery of
low sediment water via tile drains may cause effectalogous to creation of sediment
hungry water by impoundments. The role of low-seght water from tile drains in
causing downcutting has not been well-studied $ipatly as it relates to subsurface
drainage, and the effect may be difficult to sefgafilom the effect of increased effective
discharge. However, ongoing work in this area sstggthat this may be a significant
phenomenon in some landscapes (Ward et al. 2008n&42006).

Hydrologic and geomorphic alterations of streamgehmplications for nutrient cycling
and nutrient loads as well. Because sedimenPaae primarily a problem of surface
runoff, upland runoff may be a relatively minor soeiof sediment to surface water in
tile-drained watersheds. A significant loadingdeg may result from P that has
accumulated in already eroded sediments withirchflagnel and floodplain, which means
that even if watershed P loading is reduced, thexg be a lag time before surface waters
respond to reduced loading. Streambanks, ripaoaes and wetlands, once effectively
saturated, can become a long-term source of RhelMinnesota River Basin, much of
which is part of the same ecoregion as the BoorerRlioad analysis by the Minnesota
Pollution Control Agency suggests that as much6d af the P load is derived from

bank erosion and bank sediments. Explorationeftte of streambanks as a source of P
in the Boone River under different land use antbrasion scenarios could be developed
combining instream physical habitat measures, thotyanalysis of field and streambank
soil test P, with channel models such as CONCERIi®yjumeasured hydrological data or
model output from SWAT (Langendoen et al. 2006).

Channel alterations and channel incision have itagbns for nitrate loads and riparian
communities as well. Channel degradation discasrtee channel from the active
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floodplain and the riparian corridor, as well awéoing the water table below the riparian
corridor. This destabilizes riparian vegetatiod &abitat, as well as the riparian
corridor's ability to buffer environmental streas,shallow groundwater movement into
the channel begins to bypass the roots of flood@ad riparian vegetation.

Subsurface flow and tile drainag®issolved nutrients transported in subsurface
drainage water (leaching loss) are dominated bygtert N. Nutrient forms such as
ammonium-N and phosphate are largely adsorbedréoigtated) from solution as they
move with water through the soil to the saturat@aezin subsoils, where excess water
can move laterally to streams as base flow andficeal subsurface drainage. The most
important factors in determining leaching losstheamount of nitrate- N in the soil and
the timing and amount of precipitation or irrigatithat drives subsurface drainage.
Therefore, N management in terms of form, rate hogstand timing of application is
critical in determining concentrations and losgemual nitrate-N leaching losses from
row-crop land with artificial subsurface drainagage from 2 to 130 kg/ha/year (Randall
et al. 1997, Doering et al. 1999, Kladivko et &02). Timing of precipitation and
snowmelt has a great effect on the timing of retratrogen exports from crop fields.
The majority of nitrate loss in most watershedshef Midwest occurs from January to
June, with the peak coinciding with snowmelt andngprains of April-June.

Although sediment and sorbed contaminants suchaae Bonsidered primarily a
problem of surface runoff, preferential flow—i.Betmovement of water through cracks,
“macropores”, and other open flow pathways belogvdbil surface—has been found in
many studies to play the dominant role in transpbdontaminants to surface waters.
Sediment and other contaminants in runoff that dioelsits way into subsurface drains—
whether via macropore flow or surface tile inlgismarily during episodic storm event
—is discharged directly to surface waters, bypagbiurffers, hedgerows, upland
depressions, fencelines, grassed roadside ditahdxther “upland” sinks. In some
cases, preferential flow accounts for substarmisdés of sediment (Chapman et al. 2003,
Foster et al. 2003), phosphorus (Gachter et al3,198ns et al. 1998), liquid manure
(Dean and Foran 1992, Fleming and Bradshaw 199@hi@w et al. 2001), pesticides
and herbicides (Kladivko et al. 1999, Elliott et2000, Nieber 2001).

Because sediment in subsurface drainflow is diggthdirectly to surface waters, it may
be an important contributor to potentially algakédable P in surface waters. Uusitalo et
al. (2004) found that suspended soil material lvssface runoff from clayey soils in
Sweden contained as much P (47-79 mg kg-1) ahdidadiment in surface runoff (45—
82 mg kg-1).

Implications for aquatic biota in the Boone Riveatershed

The modification of geomorphological conditiondluvial systems that drives
homogenization of habitats is one of the majorate¢o aquatic biodiversity (TerHaar
and Herricks 1989, Frothingham et al. 2002). $trehannel incision—whether driven
by fluvial processes or by construction and maiatee of ditches for surface drainage--
typically leads to reduced spatial habitat hetenegg and greater temporal instability
instream (Shields et al. 1995, 1998). Comparedddbannel formed by natural fluvial
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processes, where benches, woody debris, and dtaenel or floodplain features may
create refugia for fish and other organisms, thersized trapezoidal channel typical of a
surface ditch provides very few refugia. An alteohannel can lead to scour, stranding,
and/or wash-out of benthic organisms, eggs, andlanfishes. Shields et al. (1998)
found, for example, that small fish species witktnieted microhabitats were eliminated
from a study site with high flow fluctuation, wharethe relative abundance of habitat
generalists that could tolerate deep, fast flovekpd at sites with greatest flow
variability. In Michigan streams, increased chdnneision was associated with reduced
biomass of total, game, and intolerant fish spe@rdante et al. 2000, Infante 2001).
McRae et al. (2004) found that sites with the rethiaussel assemblages in Michigan
streams had greater flow stability, lower perceatafffine sediments in the streambed
substrate, and lower channel incision. In the Ree@r Basin of Minnesota, Meneks et
al. (2003) found channelized reaches tended to geeader overall variation and greater
daily fluctuation in temperature and dissolved ay@DO), as well as a higher level of
intermittent flow than unchannelized reaches. @leéred reaches also exhibited lower
diversity of larval fishes, and are often dominabgchighly tolerant species such as the
fathead minnowRimephales promelas

As the ultimate indicator of watershed health amstanability, the decline of aquatic
species is the principle conservation concern for Nature Conservancy. Nationally,
dams have been the principle factor behind widespdeclines of fishes, mussels, and
other aquatic taxa, causing local extirpation afmaiory and anadromous species such as
channel catfishi¢talurus punctatusand redhorseoxostomaspp.). In the agricultural
Midwest, the main stressors affecting aquatic comtras have been the combination of
aquatic habitat loss, flow and channel alteratisegimentation, and water quality
changes associated with settlement and agricultiensdlopment (Menzel et al. 1984).

Potential water quality effects on musseBoth N and P drive degradation and
eutrophication in stream systems. Available P gkates additional algal and aquatic
plant growth, which is exacerbated by warm watemteratures. This can lead to
eutrophic and hypoxic conditions in freshwater eyt when production peaks, algae
and aquatic plants die, and biological oxygen dei{&®D) is created to support
breakdown and decomposition of excess organic matteaddition to causing fish Kills,
it also can cause fish population changes. Rowghsipecies are more tolerant to low
dissolved oxygen conditions than game fish andoemome dominant. Although P is
traditionally viewed as the driver of freshwatephic alteration and low DO, recent
research does present evidence of significanttsffgdN in freshwater due to nitrate
toxicity (Camargo et al. 2005), and some speciifdal mussels (Sharpe 2005). Ohio
EPA found a strong correlation between P and iastrbiodiversity; but did not
demonstrate similar correlations for N, and havietinerefore released a similar report
(Rankin et al. 1999). A growing number of studiese also demonstrated that ammonia
toxicity poses a chemical threat to freshwater ralssparticularly to juveniles
(Augspurger et. al. 2003, Newton et. al. 2003, Bindnmert et. al. 2003). Recent
evaluation of water quality criteria for ammoniadantrate suggest that these criteria
levels are not sufficiently protective for muss@amargo et al. 2005, Sharpe 2005).
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Toxic and/or bacterial contaminant3.he potential impacts of bacteria, pesticides and
herbicides on mussels are more poorly underst@gmicals in particular are very
poorly monitored and expensive to sample. Althohgtbicides including atrazine,
metalochlor, prometon, and simazine are frequetdgtgcted in agricultural watersheds,
most ambient concentrations of detected organitaceinants are at or near the method
detection limit, well below any aquatic life criter Fitzhugh (2005) suggested that
agricultural insecticide and herbicide runoff kelly responsible for some of the
association between agricultural land use andrstigata (Cooper 1993, Skinner et al.
1997); however, evidence comes primarily from |laead toxicity tests rather than from
landscape-scale investigations. For example, éaldosures using caged amphipods and
laboratory tests that exposed midge larvae tomstsadiments showed pesticide toxicity
in an agricultural catchment in the United Kingd{@mane et al. 1996). The
disappearance of 8 of the 11 most abundant invatiebaxa from a reach of headwater
stream after surface runoff from arable land wagbated to an insecticide (Schulz and
Liess 1999), although most species recovered wihirl months, indicating a pulse
disturbance. Because the concentrations of agui@llpesticides and herbicides are
seldom measured in studies relating agriculturad lase to stream biota, their role may
be more widespread than is recognized. Relatinélgquent releases, many of which
may never be reported or detected via grab samplowd cause infrequent but severe
damage to instream organisms, effects that indke of mussels are likely to persist for
decades.

Potential hydrologic/geomorphologic effects on agpibiota. Scour and sediment
deposition associated with altered hydrology amdeiased flashiness ranks as one of the
larger threats to mussel populations nationwidd, s been hypothesized to be a
significant problem for mussels in lowa. Mussets\aulnerable to scour at high flows
(during which they can ripped from stream bed aadived downstream) and low flows
(high temperatures and lack of oxygen). Becaussseis are less mobile than fish and
their populations are less able to respond to tiatice than most benthic invertebrates
due to their complex life history, they are thusywaulnerable to hydrologic changes.

Baker et al. (2004) found that many lowa strearagtjqularly tile-drained watersheds of
the Des Moines Lobe, seem to have experiedeedeasedlashiness and increased
baseflow from 1975-2001, during the same periodnwhappears there has been a
continued decline in mussels in the Boone Rivdre THA analysis from the Boone
River comparing 1940-1970 to 1970-2003 show tlmat$l have increased, across all the
indicators and recurrence intervals. Low flowsndd appear to be a critical issue, nor do
existing data on the condition of the banks, salbast; and the habitat in the lower
watershed point immediately to a significant chammesion or turbidity problem.
However, the increases in flow magnitudes acrdsealrrence intervals, as well as the
fact that a significant fraction of the water diadled into the Boone system is relatively
sediment-free, suggest that altered hydrology mdged be driving bank and bed
erosion, scour, and altered deposition in the Bdone
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Despite the apparent absence of a turbidity proltetine Boone, extensive research
done on the Blue Earth River Basin to the northgests that sediment and channel
change in response to intensification of the digenafrastructure from 1970 to the
present time has been a major driver of habitahgbs in that basin. As in the Boone
River, although the only major land use / cropmggtem change since the 1970s has
been a substantial increase in soybean acreagelymeplacing hay and other grain
crops), intensification of drainage—specificallyttean tile beginning in the 1980s—has
been proposed as a contributing factor to the ebgegpatterns (Magner and Steffen
2000; Magner et al. 2004). Thus, scour, strandiedimentation, and increased sheer
stress may indeed be contributing to impacts orseias

It is unlikely that observed declines in musselthim Boone River can be attributed to a
single stressor. More likely, mussel beds in tber® River are being impacted by
cumulative effects from multiple stressors. Sloavng, slow maturing mussel
populations may require a very long time to recdw@m even a brief short-term acute
events, such as an ammonium or pesticide runofftege a high flow event resulting in
scour. Poole et al. (2005) suggested that massslervation efforts are most critical in
highly sloping landscapes with less permeable sait&re low groundwater flows might
lead to unfavorable conditions for reproductiotat&wvide, they recommended
restoration of riparian woodlands and the protectibstreams from agricultural impacts
such as agro-chemical flux and siltation.

Neugarten and Braun (2005) suggested the creatipredictive (simulation) models and
indicesfor a number of watershed features. The SWAT rhode made progress
towards greater understanding of the relationsbtpveen land use, precipitation patterns,
hydrology, and water quality. However, many ofsheelationships remain unexplored.
Additional models could be developed in conjunctiath SWAT model hydrologic
outputs to explore channel versus upland sedinaritibution, channel stability or
migration, and implications for habitat qualityplmgical community response, and
restoration. The potential benefits from additiamadeling are further discussed in the
sections on potential and recommended actions.

Impending and Future Threats

Several ongoing and anticipated trends also haveadktential to drive significant change
in the Boone River watershed. These changes niagraxacerbate or mitigate current
stresses, as well as introducing new threats tiv®esity in the Boone River.

Climate change is anticipated to be a major ddfemgoing and future ecological
change at global, regional, and local scales. Ndieire Conservancy encourages
conservation planners and practitioners to asbessrpact of climate change and other
important drivers for conservation goals and taxgatdous et al. 2007). Shifts in
precipitation and temperature will drive a rangéndérrelated changes and system
stresses, including but not limited to, increasatigphication, altered instream nutrient
processing, altered hydrology and thermal regirakksted groundwater availability, and
increased disturbance frequencies, all of whicHikedy to result in significant shifts or
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changes in species composition, habitat availglalid use. Climate change also has the
potential to drive global, regional, and local ezoric feedback loops in ways that are
virtually impossible to predict. However, learnittgganticipate, monitor, detect and

adapt constructively to these changes, as wedt@sgnize chains of causality, will

become increasingly important.

One economic change that is already driving sigaift physical changes on the
landscape in the Boone River is the increase in pdces driven by the ethanol boom.
The rapid growth in corn demand associated withrethexpansion can even be seen, in
fact, as indirectly related to climate changehattt has been partially driven by the
concerns about climate change, oil independenckgavernment action to encourage
the development of renewable fuels.

The Boone River is located in the heart of the #naahas experienced the most rapid
ethanol development (Figure 3.6). There is curyemtle operational ethanol plant in the
Boone River Watershed located in Goldfield, IA that a current capacity of 50 million
gallons/year (Krogh et al. 2008). Fourteen othp@rational ethanol facilities are located
within 10 miles of the Boone River watershed bougdtour producing ethanol for in-
house use), with three more currently under coostmu (IDNR 2007). Water demand
for a 50 million gallon ethanol facility is estineat at between 100-200 million gallons of
water per year based on a low estimate of 2-4 gstd water per gallon of ethanol.

® Operational

“1 planned Facilities

Figure 3.6. Ethanol facilities as of 2007 (planned & opena#i). Source: Renewable
Fuels Association, modified from Gassman et al.8200
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At the current average production of 2.7 gallonstbfinol per bushel of corn (lowa Corn
Growers Association 2008), a 50 million gallon etblefacility would require 18.5

million bushels of corn. At 175 bu/acre averagedjithe facility could consume the
production output from 100,000-110,000 acres oplenods—or roughly 20-30% of
potential annual production in the Boone River watted. Each bushel of corn also
yields about 18 pounds of animal feed as a bypioofuethanol production, providing a
local source of low cost animal feed. This haspgbiential to stimulate expansion and
development of animal feeding operations in théoreg The watershed currently has
more than 100 animal feeding operations, estimatit@jal of ~250,000 animal units. A
large combined increase in corn-based ethanolpkd livestock operations would
have potential implications for both water quanéitd quality, as livestock facilities also
require significant amounts of water. Although #tleanol expansion has recently
showed signs of leveling off, as rising cost ofrctor fuel and feed has squeezed both
the ethanol and livestock industries, it is impblesto predict the demand for corn and
subsequent economic effects.

The SWAT model was developed partially to aid iplexng potential future scenarios
such as these, assessing how sensitive waterygaatitquantity responses may be to
potential changes in land use and cropping systemmsther driven by economics or
policy. For example, the SWAT model predicts thaignificant increase in continuous
corn acreage, replacing soybeans in corn-soybeatiaios in response to high corn
prices and demand, may result in nearly doublatinate loading to the Boone River
(Gassman et al. 2007). SWAT model scenarios stigfggsexpansion of continuous
corn would result in sediment decreases of 2 to {b&tause soybeans experience
greater erosion than corn) relative to the basé{Bassman et al. 2008).

Jha et al. (2003, 2006) also used SWAT, coupled avitegional climate model (RCM),
to explorethe effects of potential future climate change tweasnflows in the Upper
Mississippi River Basin (UMRB)The potential impacts of climate change on water
yield and other hydrologic budget components wieea quantified by driving SWAT
with current and future climates. A 21 percentéase in future precipitation simulated
by the climate model produced an 18 percent inereasnowfall, a 51 percent increase
in surface runoff, and a 43 percent increase inmgwater recharge. The net result was
a 50 percent annual increase in total water yrekthé UMRB. Confidence in model
predictions was good, given that the combined perémce of the SWAT and RCM
using observed weather data was good, and thattamtg analysis showed that the
simulated change in stream flow were robust ag&mstvn model biases. Increased
intensity of rainfall events and increased watetds both have negative implications for
sediment and nutrient loads to surface watersaribper Mississippi River Basin, and
could undermine conservation efforts to achievenll R load reductions recommended
in the Gulf Hypoxia Action Plan (USEPA Science Astwiy Panel 2007).

Climate change could also potentially drive improeats in water and environmental
quality. If concerns about climate change resufiolicy or economic changes that
reward carbon storage and increased perennialityoipping systems, this could generate
habitat benefits, restore watershed hydrology,raddce nutrient loading to surface
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waters. Gassman et al. (2008) also used SWAT filmexthe potential water quality
impacts of cellulosic biofuels production scenarimgincreasing the acreage of
switchgrass and other perennial grasses relatigertoand soybeans. Compared to the
baseline (current conditions), the perennial g(agduels) scenarios resulted in sediment
decreases ranging from 5 to 39% and nitrate lossedses of 3 to 26%.

Overall, climate change scenarios for the Uppeniist and the Great Plains reveal a
large degree of uncertainty in current climate geaforecasts for the region (Covich et
al. 1997, Easterling et al. 2001). The SWAT af@MRmodel results furthermore
indicate that simulated streamflows are very sesesib current forecasted future climate
changes (Jha et al. 2006). Although less wellistydt is likely that groundwater levels
may be similarly responsive.

Summary of Threats Across Targets

Assessment of critical threats is basedewverity, scope, contributioandirreversibility,
based upon the best available knowledge and judigmien each stress and priority
conservation target. For each target and stressrity and_scopare assessed based on
best available knowledge as “Very High”, “High”, ‘@dium”, or “Low”. Sources of
stress are assessed based on their contribanidiirreversibility Conservation strategies
should be designed to reduce or eliminate thosss#s that have high severity combined
with wide scope. Strategies are less importansti@sses with very severe impacts to
only a small area—unless that area is critical tor@servation target--or stresses that are
widespread but low severity.

Table 3.7 shows the summary of stresses and thaegiss conservation targets as they
have been summarized in the CAP Excel workbookedts are listed in the summary
table in order of importance according to bestlabte knowledge, with priorities for
strategy development listed at the top. Somessggsvhile not seemingly widespread or
severe, may actually be at or near a threshold@fersibility. That is, the severity
and/or scope of the stress may remain relativebllsower the next ten years but in the
future will increase inexorably and be impossilol@dverse if the source of stress is not
abated within the next ten years. The threat pbgeddimate change falls into this
category, and accounts for its high ranking. Ctamzhange is essentially irreversible at
the scale of the Boone River watershed, thus sgfiegevill ultimately be geared towards
anticipation, adaptation and mitigation of the #tiseposed to system and species
conservation targets.
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Table 3.7 Summary of Threats Across Targets

4 Streambank and cropland erosion

Chemical and bacterial contaminant
loading to surface waters

6 Groundwater contamination

Threat Status for Targets and Project

Situation Analysis

High

Upper Lower
Watershed Watershed
(uplands and (larger streams,
Threats Across Targets headwater rivers, and Overall Threat
streams) riparian- Rank
floodplain)
Project-specific threats 1 2
1 Climate Change High High High
2 Nutrler_1t loading from point and High High High
nonpoint sources
3 Habitat loss & degradation High Medium Medium

High

High

After evaluating the status of conservation targeis identifying critical threats, the next
step in the CAP process is situation analysisuaBin analysis involves drilling further
down into the “situation” describing the best catranderstanding of how threats,
targets, and potential strategies are linked. $t@p is not meant to be an unbounded
analysis, but instead probes the root causestafatrinreats and degraded targets to
bring explicit consideration to contributing facter i.e. what is the scope and magnitude
of current and anticipated threats, and indirecats? What are the drivers, key actors,
and opportunities for successful action? Specifiesions addressed in this step include:
“What factors positively & negatively affect thessgm, conservation targets, and key
attributes?” “Who are the key stakeholders linkeeéach of these factors?”

A situation analysis is designed to identify theettlis and opportunities linked to the
planning targets, including direct threats, inditiceats and opportunities. Each factor
can typically be linked to one or more stakeholdees those individuals, groups, or
institutions that have an interest in or will béeated by project activities. Through this
process, a fuller understanding can emerge of shatlly driving those critical threats,
what would motivate these conditions to change,vaimol the partners might be in the
efforts to change that trajectory.

Many of the stresses and impacts on the landscepatarrelated, and serve as linked
drivers of the health of the system. A systemymigican capture this information and
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put it into a visual, easier-to-understand formBhis system analysis depicts how the
threats can be related back to the targets. kicphar, the process of developing a
conceptual model, or “picture” — either in narratiorm or a simple diagram — of
hypothesized linkages between indirect threatsogupebrtunities, critical threats, and
targets, showing in particular where interventicowd have the most impact, can help
members of the project team create a common urahelisig of the project’s context —
including the biological environment and the sqa@lonomic, political, and institutional
systems that affect the biodiversity targetscah also aid in gaining understanding of
the relative scope and magnitude of a range oatlr@nd opportunities. The attempt to
depict chains of causality in visual form allowstasssess our conceptual models of
how the system is functioning, how we may affecaitd where there are areas of shared
understanding as well as uncertainty and/or disageat.

An example situation analysis for the Boone isghablem of nitrate loading of surface
waters via agricultural subsurface drainage aedotiftlets (Figure 3.4). The NO
problem in the Boone River is both local—i.e. eteddevels are well above those that
have been determined safe for aquatic life--andndti@am in scope--lowa is one of the
leading states as a source of ®the Gulf, and the Des Moines Lobe tile-drained
watersheds have been identified as some of thetgremurce watersheds contributing to
the Mississippi River loading. The figure illustes how driving factors at different
scales are connected to the key ecological ateshand indicators, as well as how water
quality, geomorphology, and ecological status iattics are connected to hydrology. It
also provides a well-studied and clear examplelof &landscape, functional, adaptive
management approach is needed for a componeneprahich as nitrate loss, restoring
hydrology and landscape function at the waterskatts A comprehensive landscape
approach to nitrate reduction has the potentigbta long way towards addressing P,
sediment, and aquatic habitat as well.
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Figure 3.4. Situation Analysis: Identifying places to takeiaw.
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Potential Solutions, Actions & Strategies

Strategies to sustain and restore the ecologi@dtihef the Boone River will require a
multi-pronged approach that addresses the intéecklenpacts of watershed land use on
aguatic habitat, water quality and altered hydrglo§ variety of drainage and
conservation techniques have been identified thatoe implemented to improve water
guality and instream aquatic habitat within agtietdl watersheds. There are two
primary approaches to reducing, mitigating, andrm@dimg agricultural impacts on
aguatic systems:

1. reducing nutrient and contaminant losses to surfaters in the Boone River,
including losses of nutrients from croplands aratlfrom point sources and
other sources; and

2. restoring the ecological function of the landscapprocess and remove
contaminants, including enhancing natural dengiatfion and nutrient retention
processes in each subwatershed throughout theshateand reducing the total
contaminant loads exported from the outlet of therf River.

Restoration Goals

1. Reduce loading & concentrations of total N and P&t aquatic life and human
health water quality standards
a. Nitrate
b. Phosphorus
2. Target load reductions of other contaminants totraeeeptable range of variation
a. Sediment
b. Pesticide
c. Bacteria
3. Restore streamflows to acceptable range of vandtipnatural hydrologic regime
a. ldentify and better quantify the nature, sevetyd causes of
sedimentation and instream bank erosion in the Bd&timer watershed
b. Quantify the effects of different potential restova actions on
hydrograph and sediment regime
4. Reverse the decline of mussels
5. Maintain biodiversity and abundance of Boone Rapcies and ecological
communities

The specifics of each goal above are as follows:

la. Nitrate reduction.Under current baseline conditions, the SWAT modetijgcts 30
year annual average N@ad at the outlet of the Boone River of roughly fillion kg.
Based on annual average discharge of 18-20 cfsnda®m annual concentration is
predicted to be about 10-11 mg/L. To bring the m&ancentration down to the 1.95
mg/L aquatic life standard—i.e. the level recommezhtbr protection of sensitive
aguatic life--would require reducing riverine loatghe watershed outlet by 85%.
Similarly, based on analysis of IOWATER and STORf&fa, nitrogen concentrations
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would have to be reduced 60% for median samplésltbelow the ecoregional water
quality standard of 1.95 mg/L. Table 3.2 showsrdsellts for each subwatershed based
on SWAT model output.

1b. Phosphorus reductiorRecent work on addressing hypoxia acknowledggisrot

only N, but reductions in P loads are needed tecéffely address hypoxia. Using the
SWAT model predictions to back-calculate the loadiuctions needed to reduce NO
concentrations to 2 mg/L suggests that N loads evoakd to be reduced by 80-85% (e.g.
from 7,000,000 kg N per year at the outlet to tess 800,000, assuming overall flows
remain the same). For phosphorus, average caatientat average annual load of
228,000 kg of TP is 0.36 mg/L. The load reductieeded to reduce the average
concentration to the 0.1 mg/L aquatic life standaritherefore ~72%.

P removal is a more complex challenge, becausegresm conversion of P through
benign, inert atmospheric forms is not as simpleiés N (which is converted to Nthe
most abundant gas in the atmosphere, through dieaition). Rather, excess P stored in
soils and sediments remains a long-term sourcerefease to surface waters unless
permanently removed from the system. Watershedhtve experienced long-term P
loading in excess of outputs can experience loggitaes before a response to P controls
may be observed in surface waters. The problesnrhact become global (Bennett et
al. 2001), with atmospheric P deposition a sigaificsource of P in many systems. The
potential problem of P loss from agricultural figid compounded in lowa because soil-
test summaries show that approximately 60% of tlils sf lowa have solil test
phosphorus (STP) levels that meet or exceed tle l@eded to optimize crop
production (Baker et al. 2004). High STP levels@ase the potential that P will leach
via dissolved forms.

2a. Sediment reductioRurther study and analysis is needed to estaljhstific targets

for sediment reduction in the Boone. Researclkeétlad to identify sediment sources
and to better quantify the nature, severity, angea of sedimentation and instream bank
erosion in the Boone River watershed.

3. Restoring streamflows to acceptable range ahtian. Restoration of aquatic
systems in agriculturally-modified watersheds saslthe Boone River requires the
restoration of the watershed hydrograph to nafioal volume and timing; and/or
reduction of the magnitude of peak flow events teval that existing, modified channels
can accommodate without further destabilizatiomalfsis of hydrologic data from the
Boone River indicate thdtase flows and flood discharges across a rangecafrence
intervals have increased 20-30% since permanemisgagre established in the early
1940s. Regional research and analysis of thdibagischarge scenario in comparison
to the all perennial scenario also suggests tret pad base flows are well above historic
levels. Although further analysis is needed talgsth specific targets for hydrologic
restoration, actions that serve to increase thdemse time in the watershed of storm
runoff and precipitation, whether in watershedsglothole depressions, or surface water
bodies is needed. Increasing residence time araigparticularly during the months of
April, May, and June, is needed to restore morarabhydrograph and moderate peak
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flow volumes to stream channels, returning the @sees of scour, sediment transport,
and deposition to equilibrium. Actions that in@geanfiltration, reduce the flashiness of
storm runoff events, and maintain groundwater reggavill be particularly beneficial.

4 & 5. Reversing the decline of mussels and mizimig overall aquatic biodiversity.
Conserving and maintaining aquatic system healtherBoone River requires
implementation of adaptive management to mitigaigoing or impending threats to
biodiversity in the Boone River. This includesiactto identify, monitor, and clarify
ongoing or impending threats to biodiversity; tleed to identify and reverse the major
factors driving continued mussel declines in themoRiver; and the strategy of
implementing restoration activities as actively mared experiments that acknowledge
and reduce uncertainty.

Actions & Strategies

This section analyzes recommended actions neededdbgoals and objectives above.
It also summarizes literature, research, and be$tgsional judgment regarding the
effectiveness, feasibility, costs and benefitsaikptial actions and practices.

Because the most significant threats to aquatitesysare interrelated and largely driven
by hydrology, solutions hinge on increasing thed&sce time in the watershed of water
that falls as precipitation. By increasing rescetime, effectively slowing flow

velocity, the power of the water to transport seshitrand attached phosphorus is
reduced. By reducing flow velocities and incregsiesidence time in the watershed,
fields, contaminants can settle out of the watéuroo, and denitrification and nutrient
uptake will be increased in soils, riparian zoraesl wetlands.

Table 4.2. Potential Actions and Practices

Reducing soil, water, and agrichemical losses from croplands
On-farm nutrient management
. Reducing nitrogen fertilizer application rates
. Managing the timing of nitrogen application
. Managing manure and manure spreading
On-farm changes in practices
. Cropping systems and cover crops
. Changing tillage methods
On-farm modification of drainage systems
. Modification of tile drainage depth and spacing
. Drainage Water Management/Controlled drainage
. Filtering tile intakes
Off-farm landscape management and management of hydrology
. Riparian zones and buffers
. Stream and wetland restoration
Urban and suburban nonpoint source control
Point source control
» Environmental technology
e Design and treatment
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A partial reduction in the quantity of nutrientssarface waters, especially chronically
elevated nitrate—nitrogen, can be accomplisheditfir@everal general approaches and
specific techniques (Table 4.2). These include frcadion of agricultural practices,
construction and restoration of riparian zoneswwatlands as buffers between
agricultural lands and waterways, control of urbad suburban nonpoint sources, and
use of environmental technologies such as tertragtment for point sources.

Reducing nutrient, sediment, and agrichemical l&wsn croplands can be achieved via
a number of strategies focused on on-farm practlesggned to prevent contaminants
from escaping or “leaking” from farm fields (Dinn2805). Preventing contaminant
losses from the farm requires focus on both surdacesubsurface drainage pathways
(see Figure 3.3).

Potential actions and practices are elaboratedibelo

Onfarm Nutrient Managementncludes a range of strategies addressing thetnatiag,
and retention of nutrients and fertilizer desigt@thcrease the efficiency of crop uptake
during the periods of peak crop growth, and therellyice losses to surface waters,
which also represent a financial loss to farmeéksariety of techniques and
recommendations are being studied and developegtéal to the specific setting and
cropping systems for different farms. These inelathtching crop needs to fertilizer
rates based on crediting (i.e., testing the sagMaluate N and P residual levels), spring
rather than fall application, and rate reductiombe lowa Soybean Association has been
conducting nutrient management trials in the Baener watershed to evaluate the
effectiveness and feasibility of different metheael timing of fertilizer application with
respect to both crop yields and nutrient losses.

Nutrient Timing and Rate Managemerdonservation practices include usswjl-tests,
remote sensing, and split season timing of apjpdinatto better match fertilizer
application to crop needs across fields and througthe growing season. This can in
theory be achieved with little or no impact on gl

Buffer stripsare areas of land planted to native or perennigétation-- rather than
annual row crops -- to prevent sediment and comtants from entering waterways.
Buffer strips can be used to line cultivated fieldse the banks of open ditches and
stream, and border wetlands.

Grassed Waterwayare uncultivated strips of grass sited in aredh@field where water
naturally tends to be channeled after rainfall ¢s/eaind where without cover and root
structure, field erosion is a problem. The roatems of grasses, forbs, and other
perennial plants hold the soil in place, while éve-ground growth acts to trap
sediment and filter contaminants. Velocity of rifrveater is slowed, and many
contaminants can be decomposed, transformed, en &k by the buffer vegetation
before reaching surface waters.
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Manure management lowa law requires that all manure from animad&g operations
of any size—including open feedlots and confinenfeatling operations -- be disposed
so that it does not cause surface or groundwatkrtjpm. Various separation distances
must be maintained between areas of land applicamo protected buildings or other
locations such as sinkholes, wells and agricultdrainage wells, described at the IDNR
web site. Recent changes in lowa law have addeerwatirces and high quality water
resources as protected areas.

Land application of manure as fertilizer or forgbsal requires a certified applicator.
Manure disposal is generally prohibited within 886t of a high quality resource water
(lakes, rivers, streams, ditches, etc.), or wi200 feet of a well, ag drainage well,
cistern, surface water inlet or regular water setakes, rivers, streams, ditches, etc.),
unless the manure is injected or is incorporatdtieérsoil on the day it is applied, or
unless permanent vegetation covers the area vthieet of the designated area, and no
manure is applied within the 50-foot area (IDNR wi&d).

Despite these precautions, in practice, manureesateface waters via noncompliance,
accidental releases, underperforming or inadecgiatage operations, as well as
inappropriate timing of manure applications to ¢aops. Manure releases to surface
water, groundwater, a drainage tile line or intakepther designated areas must be
reported to the DNR within six hours after occugror being discovered so that
potentially affected parties (including the publcay be notified, as well as to limit the
extent of the spill or prevent more extensive daenaganure can also be transported
into tile drains under conditions of preferential¥ (i.e, when runoff enters tile drains
through soil cracks or open tile intakes).

Several programs and practices are recommendedidce the probability of manure
discharges to surface waters. Although winteriappbn of manure-- i.e. application on
snow-covered or frozen ground-- is not regulaters, mot a recommended practice due to
significant risk of runoff and contamination of fage waters.

Tillage practices.Conservation tillage has the potential to reducéasa runoff
significantly, resulting in reduced erosion andgort of sediment and adsorbed
contaminants, improving water infiltration and nett adsorption, and reduced in-field
volume of runoff water. Leaving residue on thédiprotects the soil from raindrop
impacts and slows sheet and rill erosion. Consiervédillage practices vary in their
effects on runoff, ranging from moderate and redudketo mulch till and ridge till, to
minimum or no-till.

Cropping systemsDifferences among cropping systems can signifigantpact the
volume of surface runoff, drain flows, and assadatontaminant losses. The influence
of cropping systems is related to the effect ofeserand subsurface flow volumes, as
well as the implications of crop choice for nuttiémputs and management. Several
studies have shown that average annual runoffjisfeiantly less under perennial
cropping systems, such as alfalfa, than under drmnops such as corn and corn-
soybeans (Chung et al. 2001, Randall and Mulla ROB&rennial crops are able to
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reduce quantities of gravitational water that woatllderwise be lost via subsurface drains
under annual row cropping (Huggins et al. 2001mpkoying crop rotations where water
demand is more suitably matched to available wagrrreduce tile flows and potentially
adverse effects to surface waters.

Cover crops. In the Midwest, fall cover crops have been pemubas a strategy to
reduce N leaching by extending the growing seasdrlae uptake of N beyond that for
corn and soybean (Strock et al. 2004)coker cropis any annual, biennial, or perennial
plant grown as a monoculture (one crop type gravgether) or polyculture (multiple
crop types grown together) to prevent soil erosind nutrient losses, and/or to manage
soil fertility, soil quality, water, weeds, pestiseases, or habitat. Because of the cold
climate of the Midwest, fall cover crops are gefigidanited to small grain cover crops
(e.g. winter wheat, winter rye) that can take ugdeal N, released by mineralization
during fall and spring, and N released from fadlpplied anhydrous ammonia (MH
(Strock et al. 2004). The cover crops then rel¢laiseN as their residue decays the next
spring or summer. A potential disadvantage ortatron of this practice is the need to
kill off the cover crop before planting in the spgj which could be difficult in a wet
spring. Also this practice may require a net inseeof chemicals (herbicide), use of
fuels, etc.

On-farm modifications to Drainage Systems

Many researchers have concluded that the only faymepermanent and effective
solution to the problem of nitrate loss from crama involves “structural modifications”
of drainage systems (Lemke 2007). Improving til@mage-water management on farms
is the first step in reducing nitrate runoff.

Depth and spacing of subsurface drainage tile syssssignificantly affects nitrate losses
on drained lands. The effect on nutrient lossesiien primarily by the impact of depth
and spacing on total subsurface flow volumes (Sahdt 2003). In clay soils, the depth
of drains may have a lesser impact on the hydrdégiagcause there is less subsurface
flow in the pre-drained condition (Trafford 1973tnson 1990). Choice of drain tile
depth and spacing during installation is typicalétermined by drainage needs, and may
be sub-optimal from the standpoint of N managent®@kaggs and Chescheir 2003).
Denitrification requires contact time with orgamatter. In tile-drained fields, the
hydraulic residence time of runoff in and contaciet with organic matter is decreased,
because the primary water management objectiapid and efficient movement of
water out of the crop rooting soil zone. For tleiason, reducing nitrogen loss by control
of drain depth and spacing may have limited paaéas a management tool without
additional financial incentives.
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Drainage Water Management (DWMgka “Controlled Drainage”, or “Conservation
Drainage”, involves drainage outlet control struetuthat allow the water table to be
drawn down gradually throughout the growing seaddWM has the potential to
significantly abate nitrate losses, and has beemrmenended as a best management
practice (BMP) in some states. In many yearspdge water management may provide
an additional agronomic benefit relative to

conventional drainage by retaining water for crgp u

later in the growing season when the crop has gre: %
need for water and rains are less reliable. Thetipga -5
involves using a water control structure in a main,
submain, or lateral drain to vary the depth of the

drainage outlet. The water table must rise aboge th ===
outlet depth for drainage to occur, as illustrated
diagram. The outlet depth, as determined by the Conventional Drainage

control structure, is raised after harvest to limit
drainage outflow and reduce the delivery of nittate
ditches and streams during the off-season; lowerec ~&—%

early spring and again in the fall so the drain ttaw
freely before field operations such as planting or
harvest; then raised again after planting and gprin
field operations to create a potential to storeswédr
the crop to use in midsummer (Figure 4.1 (?)). Shallow Drainage
Controlled drainage has been found to reduce aitre
loss by 14-40% under a range of conditions (Tan e
al. 1998, Sands et al. 2003, Skaggs and Chescheit
2003).

In the past, research has shown that effective
controlled drainage systems were limited by physic

and economic feasibility of design to very flat Controlled Drainage
landscapes, i.e. fields with slopes < 0.5-1%. Figure 41. Controlled Drainage
However, Agrem (www.agrem.copa drainage (Drainage Water Management) vs.

contractor in lllinois, has developed a design for Conventional Drainage [reprinted from
controlled drainage on the contour, or subirrigatio  University of Minnesota extension

Subirrigation is a type of drainage water manageme¢ pyplication]

that can provide controlled drainage benefits amen

fields with significant slope. In these systemsile system on rolling terrain provides
drainage, sub-irrigation, fertilization, and nitrate removal. Water from the tiles is
collected and retained in a reservoir or wetlarglrbgor nitrate removal, and can be
recycled through the tile drain system during deyiqds for crop use via a pump system.
This technique is being pioneered in the MackinaveRBasin in lllinois by the
Conservancy’s Mackinaw River Basin project (Lindeaim and Kirkham, pers. comm.;
www.agrem.com).

Filtering open tile intakes. A significant pathway for direct delivery of caminants to
tile drains, including not just nitrate, but P esedliment, are open tile intakes located in
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cultivated fields, designed to drain areas thad tenpond. During storm events, a pit
often develops through which large amounts of @i sediment can be lost. Tile
intakes can be filtered using a grass buffer ayugh an artificial structure that fits over
the mouth of a tile line intake. A filtered intakan be designed to trap sediment and
debris while allowing water to pass through atfigaent rate during a flooding event.

A rock inlet in which the intake is buried beneath a pile raivgl, is another option.
During runoff events, water is able to percolatezddhrough the gravel and into the tile
line, but soil, phosphorus, and other debris getgbt up. Various filtration designs and
techniques have been successfully used in othersyeds, and could be potentially
used to reduce the amount of upland erosion dyreothtributing to the contamination of
Boone River.

Off-farm Landscape and Hydrology Management

Increasing the capacity of the landscape to procassl remove contaminants

It is unlikely that significant reductions in nugnt loading to surface waters will be
achieved through traditional, in-field managemdana (Schultz et al. 2004, Baker )
Denitrification in subsurface soils, wetland owtlednd restored reaches instream can
remove much of the nitrate load from drainage veaberfore it is delivered to
downstream surface waters. Denitrification isgmsicant pathway for N removal in
midwestern tile-drained streams during low flowymageriods (summer and autumn).
This accounts for improvements in water qualityestsed in mid to late-summer (Royer
et al. 2004; Schaller et al. 2004), also obsermdatie Boone River in 2007. Thus, much
of the excess N delivered to surface waters loaalybe removed by aquatic processing
in streams, rivers, wetlands, lakes, reservoird,estuaries, given sufficient residence
time (i.e., water does not move too rapidly int@é& downstream systems).

Riparian and wetland buffers

Riparian vegetation plays many important rolesathimatural systems and human-
altered ecosystems, acting to buffer surface wétens the impacts of upstream land
use. Both above-ground and below-ground biomassrap sediment, remove and take
up excess N and P from runoff and shallow groundrwyaind stabilize streambanks.
Riparian buffer zones therefore have a significafiience on the quality of water in
streams and rivers (Kalkhoff et al. 2000). Ripardaffers located along smaller
waterways and streams also provide important hadnitéh habitat corridors for terrestrial
and aquatic wildlife. They provide food, coverdaresting sites for a variety of bird
species.

Riparian buffer zones play an important role ingtreictural development of habitat
conditions instream, providing a source of woodgrde shade, habitat heterogeneity and
hydraulic roughness helping to trap sediments aackase residence time of water.
Many studies have shown invertebrate taxa indieativgood stream quality are
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associated with increased numbers of trees. Shradeded by trees can help to limit
rapid algal production, suppressing effects ofagltircation.

Redesign drainage system with fluvial and nutriesycling processes in mind

Compound Channelgaka 2-stage ditchh compound channel is a naturally occurring
feature of any river or stream, referring to tharatel's ability to handle two stages of
flow: normal flow and flood flows. Normal flows@confined to the meandering banks
of the channel, while flood flows are associatethwhe more expansive, flat, straighter
channel of the floodplain.

Surface drainage ditches are typically construsteds to contain flows as large as the
100 year recurrence interval within the ditch, #émas the bottom of the ditch is typically
wider than the channel bottom that would form bgurel fluvial processes (Mecklenburg
et al. 2001, Ward et al. 2003). Because the ditokides no floodplain for large flows,
many discharges above the 1-2 year recurrencevaitiérat would have been bankfull
flows in the natural channel occur as relativelgevand shallow flows within the
oversized channel. In areas that are extensivaiped by both surface and subsurface
drainage, subsurface drainflow contributes the lofikffective discharges, and the
dominant main channel and benches may be formelisbizarges which occur much
more frequently than discharges associated witlralthannels (Mecklenburg et al.
2001).

Open drainage ditches can be constructed to miompound stream channels. By
widening the ditch beyond the needs of normal flthe, stream can reestablish natural
meanders and fluvial features that provide greditarsity of aquatic habitats. Most of
the time a portion of the channel will not be inatedl, but that area remains available to
handle the high flows of spring thaw and storm ¢ven

“Passive restoration” to compound channels maynbepéion where ditches are already
adequately sized. In the absence of regular nraantze, fluvial processes often result in
the development of small meandering channels aedtedblishment of aggraded
sediment benches within the confines of the ditbhainage ditches can and do therefore
reestablish fluvial features over time, includingandering main channels, benches,
small floodplains, riffles and pools. Some actdi channels over time begin to support
relatively higher quality aquatic communities thraight be expected.

Mecklenburg (2004) provides a brief overview ofitgh two-stage ditch characteristics
and design considerations. Figure 4.2 comparegecional versus two-stage ditch
morphology for a 2 nidrainage area in N.W. Ohio. Stages of variousrreace

interval storms ranging from very frequent (0.24yescurrence interval) to infrequent
(100-year storm) are shown. While the flow demthkrge events are lower in the two-
stage design, depths of more frequent events amgedeDeeper flow has a greater ability
to scour and reduce the accumulation of fine sedlirneilding up on the bed.
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Figure 4.2. Conventional versus two-stage ditch morphologyaf@ mf drainage area in
N.W. Ohio, showing stages of various recurrencerual storms ranging from very
frequent (0.2-year recurrence interval) to infragu@00-year storm). [Reprinted from
Mecklenburg 2004]

Bedload Potential of Recurrence Interval Storm
450
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reducing the total
bedload and most
erosive events.

Figure 4.3 Relationship between storm recurrence intervdl an
bedload potential for alternative channel desi@Reprinted
from Mecklenburg 2004]

Wetland treatment of tile outlet drainage

Nitrate in surface waters is primarily transportexin crop land via subsurface drainage,
especially in extensively tile drained areas like €Corn Belt. Studies suggest that better
nutrient management has some potential to redii@anlosses from crop land, but that
potential is probably limited to 25% or less (Bakéal. 1997, Crumpton and Helmers
2006).

Although grass buffer strips, woody riparian busfeand many other practices have been
demonstrated to filter nutrients, sediment, andammants in surface runoff, these
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landcape features have little opportunity to ine@tanitrate loads in tile-drained
landscapes because the drainwaters are deliverestlgito surface waters in pipes--
completely bypassing landscape filters. Wetlarnigsl $0 intercept tile drainage have the
potential to significantly reduce nitrate loadsg dhis approach is particularly promising
for heavily tile drained areas like the Corn Bélt{mpton et al. 2004). Restoration of
wetlands has a significant potential to providerdgsdence time needed to naturally
clean contaminated water. Water that is high isalised nitrates can be denitrified
through biological processes before it seeps othefvetland and enters groundwater or
stream flow.

Wetlands also remove phosphorus and sediment fierwater cycle. Slow flow through
the wetland causes these solids to settle outspiesision. Movement of fecalcoliform in
the wetland environment can be slowed sufficietdlgllow microbial processes to break
down the harmful bacteria. Water exiting the camstrd wetland basin is either routed
out through tile lines into ditches, or seeps ralyinto the ground below.

The lowa Drainage District Association (IDDA) hasveéloped an active strategy to
address concerns about drainage through effodisgport, advise, and assist the
implementation of NQremoval wetland technologies through the lowa @oregion
Reserve Enhancement Program (CREP). The IDDA dpad to partner and
collaborate with the lowa CREP project by providithg necessary linkage to drainage
districts, boards of trustees, and affected landwain

CREP is a pilot program in lowa under CRP, designgurovide economic incentives to
farmers to re-establish wetlands. Farmers chodsiegroll in the program receive
monetary subsidies for the acreage they take octila¥ation and turn into a wetland. To
prepare a location, a buffer zone is planted ardbagerimeter and tile lines are routed
into the basin. Wetland restoration for a low awear an edge or corner of a field may
help make it practical to continue farming arouinel area. The closer a suitable site is
located to a drainage network can also ensurdhbatetland site is down gradient from
most of the field so that tile lines can be routaaard it.

Urban and suburban nonpoint source control

The Boone watershed is not an area experiencirtigylarly rapid development
pressures. However, the RWA did identify ripartlavelopment along the river corridor
as a potential priority resource concern for themn Planning is needed to ensure that
developments have minimal hydrologic and wateriguahpacts on the river.

Point source control

Point source discharges from permitted municipalustrial, and agricultural sources are
regulated under the Clean Water Act and facilitynpes. However, in some cases failing
or underperforming municipal or industrial facii$é, unsewered communities, and failing
septic systems may be responsible for discharggp®nsible for stream impairments.
These should be identified during load analysisireql in the development of TMDL
plans for state-listed impaired waters. New emwinental technologies can be identified
that can help achieve additional reductions fronmtpsources.
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Strategic Analysis of Alternatives

Three important factors merit consideration intsigac analysis of potential actions and
alternatives: (1) benefits, (2) feasibility, ar®) ¢osts.

Benefits

— Sufficiencytowards achieving the threat abatement or target@cement outcome

— Duration of outcome

— Leveragetowards achievingnotherimportant outcome within the conservation area,
or elsewhere

Feasibility

— Ability of lead individual/institution to implemerstrategy

— Ability to motivate key constituencies

— Degree of complexity/difficulty

Cost

— Staffing & direct costs (one-time & recurring)

Sufficiencyassesses whether the proposed solutions aretiadaguate to achieve the
threat abatement or protection outcome. For exanappractice that results in a very
small but significant reduction to a threat maynleeessary but not sufficient.
Sufficiency is therefore related to whether thdeschthe solution matches the scale of
the problem.

Feasibilityrefers primarily to social and technical capaaitymiplement proposed
actions.

Costsshould be assessed both in terms of discretior@lgrd and human capital. There
are opportunity costs involved in both dollars &dhan capital in terms of funds and
time that could be applied for some other purpose.

Costs can also be assessed in terms of both pawdtpublic net costs and benefits. The
private benefits of reducing sediment and nutriesses include improved land
productivity and sustainability from lowered erasiand fertilizer loss. For example,
Goolsby et al. estimated that agricultural feréiliz share (about 55%) of the 1.80X kg

per year of N added to the Mississippi River’s lmwtfin the 1990s would be worth about
$410 million annually if applied as anhydrous fezér.

In general, most of the benefits to the water dqualnd biodiversity are social benefits,
while the costs of practices borne by the farmedtavner may exceed the private
benefits. It is therefore often necessary to mlevunding to mitigate the private
financial costs of socially and ecologically bengfi practices and to achieve adoption at
the scale necessary to see biodiversity, aestlagticpther public benefits.

Targeting
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Critical source areas Research has shown that generally some areas ateasived
contribute disproportionately to contaminant loaglsereas others are potentially better
sited to intercept and “treat” pollutants, or argoortant as critical habitat for
conservation targets. Just as the nature of dgmaliand land use impacts on
conservation targets can vary geographically angpteally depending on the specific
characteristics of a given watershed, so too ddesires for reducing the impacts vary in
their effectiveness, depending on local soils, pnog systems, tillage practices,
topography, rainfall, and agricultural practic8he costs of implementing conservation
practices also vary across the landscape; therétargeting” practices where the cost
benefit ratio is highest is often the most coseeile strategy for maximizing benefits
from finite conservation dollars (Walter et al.Schnepf and Cox 2006). As a result, it is
critical to target where, when and what actionspansued in a watershed to maximize
their performance and cost effectiveness. Targétas the potential to increase benefits
(sufficiency, duration and leverage), feasibilayd/or to reduce costs.

Due to the size of the Boone River watershed, anehghe administrative and on-farm
costs of most conservation practices, it is likalghibitive to apply treatment and
programming to the entire basin. In theory, fuods be used more efficiently by
targeting resources to the areas needing the gtedtention and to programs and
practices that most closely match the type of raitan needed at a given stage (e.g.,
farm and area wide planning, wetland restoratiechiical assistance, conservation
practices). Findings from initial baseline samgddlection can be used to define future
monitoring efforts.

Areas to be targeted depend on the nature of tht#gim (e.g. hydrologically sensitive
areas, soil test P, nitrate). For nitrate reductibthe scale of the Mississippi River, the
natural places to target are identified by thedilained landscapes of the Midwest
dominated by corn-soybean rotations that have beewn to contribute by far the

highest nitrate loads to the Gulf. But within thadscape, there are areas that have much
greater natural uptake and processing of nutrients.

Substantial reductions in surface water contanonaby sediments and bound nutrients
requires changes in tillage practices, crop ratati@and idling of cropland acreage—all
of which reduce yields, at least in the short tefPnato and Wu (1996) found that field-
level targeting (i.e. targeting conservation comptie to specific fields responsible for
the bulk of inputs) was more effective for reducthg level of nonpoint source pollutants
and erosion than farm or watershed-scale targdtug,educed net private and social
benefits due to more unequal distribution of-- fowder overall--expenditures. Yang et
al. (2003) found under multiple policy scenarioatttand parcels targeted for retirement
should be those that are highly sloping and adjacea water body. Yang et al. (2005)
also estimated that current acreage enrolimemtarCionservation Reserve Enhancement
Program (CREP) in an lllinois watershed was insidfit to achieve the 20% goal set for
reducing erosion /sediment, and was four timesst leost solution that involved optimal
targeting.

At the scale of the Boone River watershed, the SW#Heling exercise has been
designed to facilitate targeting of appropriate affdctive actions towards the least
cost/highest benefit lands. Phase Il of the SWAeting will include a policy analysis
that will assess the minimum set of preferred afieves needed to achieve stated goals.
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For example the model could analyze which alteveatcould reduce nitrogen & P by
the amounts required to meet federal and stater\ga#dity standards and aquatic life
criteria.

Water quality monitoring conducted at 30 siteshmy lbwa Soybean Association (ISA) in
2007 confirms and supports the analysis of STOR&® dt 46 sites in the Boone River
watershed. Combined with the outputs from the SWiAdidel, these have helped us
identify areas of the Boone watershed that areoresiple for the highest nutrient
loading, and/or where the most abatement can beathfor least cost.

At subwatershed scales, additional assessmentegeting work is needed for sediment
and phosphorus. Identifying critical source afeasoil and phosphorus losses is
essential for correct allocation of BMPs (Strausal €2007). Field scale practice data
developed for the SWAT model could be adaptedrgetecritical source areas for P at
the field level, using the lowa P index methodologyeloped by NRCS. The index is a
tool designed to help evaluate the current risknf® reaching surface water from a
specific site, based on the relative weight ofdesiwvhich dominate the risk of P
transport to surface waters. Description of théhme and an Excel spreadsheet for
calculating site-level risk is available for dowatbat
www.ia.nrcs.usda.gov/technical/Phosphorus/phossteandard.html

Minimum areas Although the landscape has a great capacity torbpsiver, and
process nutrients, biological processes in ripdoigfifers and wetlands have natural
limits; thus there is a saturation capacity beywhith additional nutrient uptake and
processing does not occur. Wetlands, ripariars safld other natural landscape features
may in fact become a long-term source of phosphaites reaching saturation with
anthropogenic inputs. Thus, the efficacy of wetlkaand buffers is subject to threshold /
minimum area requirements. l.e., how big does ttawe have to be to treat a sub-
watershed of a specific size? The effectiveneskeasfe off-site features in filtering
contaminants depends on hydraulic loading rategasure of both the amount of water
moving through the system and how much nutriergentains; therefore how likely
terrestrial/wetland vegetation and microorganisrilshe& able to process it) and the
source area: treatment area ratio.

At the landscape scale, studies of watershed laachnd on-the-ground paired watershed
studies in the Midwest suggest that adverse biockbgiffects on aquatic ecosystems can
be detected when 20-30% of a watershed is in dgrraliland use (Yoder and Rankin
2003). Arbuckle and Downing’s (2000) statewidevey of mussel status in lowa rivers
and streams suggested adverse impacts on mussisspehness and communities
occur at a much lower threshold, at > 25% agricaltSigns of degradation of water
quality and stream biota become more pronounce8@&i80% agriculture (Wang et al.
1997, Yoder and Rankin 2003). Schilling and Lifnand a linear relationship in drained
lowa watersheds (subsurface drainage) for nitrate@ntrations, with mean annual
nitrate concentrations in mg/L corresponding roydbl10x the percentage of the
watershed in row crop land use (i.e., 10% row erdpng/L nitrate; 90% row crops = 9
mg/L). This would suggest that only watershed$uass than 20% row crop could meet
water quality criteria of 2 mg/L nitrate.
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At more than 80% row crop plus at least 4% pastheeBoone River watershed is well
above all these thresholds. However, Yoder ankiRg2003) also conclude that with
effective targeting of appropriate best managerpsattices, buffers, and other
conservation land uses, clean water act goal usestdl be attained at up to 70-80%
agricultural land use.

Below we include a literature review and analysiglering the sufficiency and
effectiveness of proposed conservation strategessribed in the previous section.
Further information and evaluation of effectivenekthese practices in lowa can be
found in a comprehensive assessment of conservat@mtices produced by Dana Dinnes
of the National Solil Tilth Lab for the lowa Depadnt of Natural Resources (Dinnes
2005). A copy of this publication is included ippendix D. The reference section
includes an online web address for obtaining threpiete document in Adobe Reader
(pdf) electronic format. Further discussion of teasibility and applicability of different
conservation practices in the Boone River is disedsn the context of the analysis,
including additional research and analysis needs.

Onfarm changes in practices

Nutrient Management -- Rate and Timing

Any field that receives fall N fertilizer applicaiis may benefit from shift in timing to
spring, late-spring or early summer time periodsemwthere is less time for the nutrients
to be lost before the crop reaches the stage wheasa use them (Dinnes 2005).

Practice Range of Effectiveness
Timing

Spring Pre-Plant vs. Fall Application -25% to ¥60
Soil-Test Based Split In-Season vs. Fall | -25% to +70%
Application

Soil-Test Based Split In-Season vs. Spring -50% to +70%
Pre-Plant

Rate

Yield Goal or Crop Removal Based vs. +10% to +90%
Excessive

Soil-Test Based vs. Excessive +10% to 90%
Soil-Test Based vs. Yield Goal or Crop -50% to +70%
Removal Based

Source:Dinnes 2005.

The effectiveness of shifts in rate, timing or fasrsubject to a substantial range of
variation, based oseasonal climatic variability in temperature ashasltiming,
duration, and intensity of rainfall, especiallylfating application. Soil conditions are
often too wet for equipment trafficking in the sggj and greater than normal
precipitation may lead to N deficiencies in coriNifs applied based on normal
conditions. There are potential constraints aailakility and cost of high-clearance
equipment for practices that include late-seas@pplication, as well as on farm labor
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during spring planting season. Commercial N fizgils are also typically more
expensive in the spring and late-spring/early suntimee periods than in the fall

Saleh et al. (2007) used measured values of watdityjindicators from the Walnut
Creek watershed (WCW) in central lowa to verify tdagability of SWAT-M to predict
the impact of late-spring nitrate test (LSNT) ape cover crop management on N
reduction at the subbasin level. The results obthfrom SWAT-M simulation results,
similar to field measurement data, indicated a 288tiction in N@-N under the LSNT
scenario. A farm level economic model was alsa useestimate the cost of practices,
and showed a corresponding increased annual c8&tlod across all farms in the
watershed for the LSNT.

Nitrogen management trials conducted in the BoarerRinder the auspices of the lowa
Soybean Association (ISA) using the corn stalkogiém test have suggested that the
optimal fertilization rate and form may differ ineg Boone River from those promoted by
lowa State University based on research througloova (Blackmer, 2008). Additional
work is needed to refine recommended nutrient BldPthe Boone to improve
efficiency of fertilizer application in the Boone.

Conservation Tillage

The effectiveness of tillage methods for reducingdes depends on numerous factors,
including crop rotation and crop present at time of considamasoil types, slope and
slope length, climate, conditions during rainfaleats, event duration and intensity,
timing of applications, etc. Especially on fielakere there are relatively high erosion
rates, reducing tillage can be more beneficiatéolucing P losses as long as P fertilizers
and manure are knifed or injected into the soihvwatinimal soil disturbance.

The degree of P loss reduction depends on typ#agfe systems being compared; more
P loss reduction is possible when changing fronoldboard plow tillage system to no-
till than from a chisel plow tillage system to nib-tReductions in TP that can be
achieved with conservation range from 25-80% moWam intensive tillage to
moderate, 30-60% from moderate to no-till, and B&3rom intensive to no-till (Dinnes
2005). Large rainfall events following P fertilizer manure application in soils
characterized by tile drainage or macropores may ie elevated soluble P leaching
losses via preferential flow, though sediment-boBridsses from reduced runoff and
erosion will still be reduced. Zimmerman et 20Q3) used the ADAPT model to
estimate a watershed-wide reduction in runoff df%o¥gom a combination of increased
conservation tillage, riparian buffers, and pernmanvegetative cover.

There may be significant potential for increasedpdithn of conservation tillage in the
Boone River watershed because a large percentageménds are still managed under
conventional tillage. This is partly because piogld drainage in heavy soils such as
those prevalent in the Boone pose managementudifés for no-till (Dinnes 2005).
These problems can be overcome with proper pracfgge Appendix D). There is a
transition period from conventional and reducddde systems to no-till as field soils
develop improved physical properties under no-tithcreased adoption of conservation
tillage may be accelerated with financial incengigeich as those being offered by NRCS
(see Appendix D).
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Cropping systems

Choice of cropping system significantly affectsriarit losses from agricultural lands.
Smith et al. (1993) showed that nitrogen yieldstreams draining corn and soybean
agriculture were twice that of streams drainingamrbreas, and streams draining wheat
agriculture carried less nitrogen than either urtsacorn soybean catchments. High
nitrate concentrations were found in streams wightighest percentages of corn and
soybeans, and probabilities of exceeding the 1@ mgter quality standard increased
dramatically as the percentage of corn increaséakller et al. (1993) found the most
important basin-scale variable explaining variaiiomitrate concentrations throughout
the corn-growing region of the Midwest was the patof land upstream used for
growing corn and soybeans. Mclsaac and Hu (208d)raported the largest N fluxes in
the Mississippi River from agricultural basins doated by corn-soybean production
with extensive subsurface drainage, i.e., soutMeénmesota, lowa, lllinois, Indiana and
Ohio.

The influence of cropping systems is related toeffiect on drainflow volumes, and to a
lesser extent implications of crop choice for Idegn nutrient management. Reduced
nitrate loads observed under alfalfa, CRP, or gteeennial crops relative to corn or
soybeans are closely tied to differences amongsaroprater use (Drury et al. 1996,
Randall et al. 1997, Chung et al. 2001, Bahksh. 2082, Kanwar et al. 2005). All else
being equal, total annual basin water yield is galhegreater from corn/soybeans and
other row crops than from perennial crops or pastidecreases in perennial crops (i.e.,
pasture and alfalfa) typically results in less etegnspiration in April, May, and June
and larger nitrate-N losses (Randall et al. 1997).

Studies across the humid Midwest consistently ssigwificant reductions in runoff and
associated contaminants with conversion from anrvalcrops to perennial vegetation.
Updegraff et al. (2004) applied a field-scale rdnsédiment and nutrient transport model
(Agricultural Drainage and Pesticide Transport, ADIA Ward et al. 1988) to simulate
the hydrologic effects of converting 10, 20 and 3&%pland to short rotation woody
crops, grown on a 5-year rotation, in a MinnesateRsub-watershed. At the highest
conversion level, mean annual runoff was reducedptp 9%, sediment loads by 28%
and nitrogen (N) loads by 15%, although total phosps (P) loads increased by 2%.
The benefits of conversion at the field level weoatingent on solil type, drainage status
and alternative crop. For a 52 kiow-relief watershed in central lowa that is 90%
farmed and 75% tile-trained, Chaplot et al. (20@€8d SWAT to explore 9 different
cropping system and N management scenarios ov@lyaed simulation period.
Converting from corn-soybeans to pasture reducgchdrge, sediment, and MS by

58, 50, and 97% respectively. Prato (1995) folmad ¢ropping systems that efficiently
decreased sediment loss were less expensive dackdifrom those that efficiently
decreased nitrate concentrations.

The Boone River SWAT model showed potential wateality benefits from shifts in
cropping systems that might be possible if marketselop in the future for cellulosic
biofuels. Converting 50% of croplands to perengralss cropping systems reduced
losses of sediment by 20-25%, nitrate and minetal PO-15%, and organic N and
organic P by nearly 50% (Gassman et al. 2008). UM&B scale SWAT model
developed by CARD was also adapted to explore veptality impacts of future
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cellulosic biofuels scenarios (Secchi et al. 200Bg¢veral biofuels scenarios resulted in
water quality improvements (i.e. decreases in sedtrand nutrient losses relative to
corn-soybean and continuous corn rotations fronaegion of perennial grass cropping
systems). However, the model also showed thahthet economically efficient targeting
of biofuel expansion was in watersheds closeratlainstem of the Mississippi River
with more highly erodible land, and thus did natlirde the Boone (Secchi et al. 2008).
The report acknowledged that much is unknown reggrdevelopment of markets for
cellulosic feedstocks, and that subsidies will adtreeertainly be needed to stimulate the
development of a cellulosic fuels industry if itcscompete with established corn-based
ethanol.

Cover cropping

Fall cover cropping in corn-soybean rotations hasgotential to be an effective
management tool for reducing NN loss from subsurface drainage discharge, despite
challenges to establishment and spring growthemttrth-central states (Logsdon et al.
2002, Strock et al. 2004). Rye cover crops itipaar can result in significant
reduction in N@-N in tile drains (Jaynes et al. 2004, Strock e2@804). Research
conducted on a moderately well-drained soil in Beut Minnesota found that the rye
cover crop did not reduce soybean yields, but edilice drainage discharge, flow-
weighted mean nitrate concentration (FWMNC), and-NODloss (13%) relative to
winter fallow. The magnitude of the effect varigmhsiderably with annual precipitation.
Three-year average drainage discharge was 11% leitlea winter rye cover crop than
without (p = 0.06), while nitrate loss was redud&&s.

Saleh et al. (2007) used SWAT-M to model scenarawsbining multiple practices,
including combinations of late spring nitrate tegtand winter cover cropping. Results
showed a progressive reduction in sediment andemtiiosses as adoption rates of both
practices increased. Use of the rye cover cropaddbeut $25/ha to $35/ha to the annual
cost of the average farm, indicating that some-shate support may be necessary to
encourage farmers to use winter cover crops.

The Boone River SWAT model also showed signifiq@80) reductions in annual
organic-N losses with a cover crop (Gassman @0fl8). Reductions were considerably
more modest for sediment, organic and mineral P.

Controlled Drainage / Drainage Water Management

Controlled drainage, aka drainage water manage(@&kiiV), creates wet, anaerobic
environments upstream of the restriction that esulk in beneficial denitrification.

DWM has been found to reduce nitrate loss at #ld 8cales by 20-40% percent over
conventional (free flowing) subsurface drainageawdver, Randall (2004) suggested the
practice may be of limited value in northern regievhere the majority of drainflow and
nitrate loss occurs during the winter or early sgprvhen field operations require lowered
water tables. Retention of water to minimize nénass earlier in the year (fall or late
winter) would also potentially conflict with the gloof minimizing flood risk by lowering
water tables to maximize soil storage capacitycmmmodate spring snowmelt and
precipitation.

Boone River Conservation Action Plan 103



To evaluate the potential for controlled drainagi@ihage water management) to reduce
NOs contribution to Gulf hypoxia, Dan Jaynes, a soiéstist at the

Soil Tilth Lab in Ames, and colleagues (2007) rdlyedeveloped a regional scale

GIS spatial model. The model predicts that if dage water management was
implemented on all suitable land in the UMR, 8% total NQ load to the Gulf could
be removed. Assuming a subsidy to the landownethfoextra cost involved, the cost
for N removal was estimated at roughly $1/kg N reeth which is comparable to other
costs for N removal.

The model suggests that controlled drainage mappécable to a relatively small
fraction of tile drained land in lowa. Accuratdiemtes were available for a few large
drainage districts in north central lowa for whiary high resolution topography have
been developed. Although 50 to 75% of the croplarttiese drainage districts is tile
drained, only about 10% has a slope less than oaly about 3% has a slope less than
0.5% (Matt Helmers, lowa State University, Ag Dage Website,
http://www3.abe.iastate.edu/agdrainage). Howehermodel may not be representative
of other regions of the Corn Belt. Based on sailsrmation maintained by NRCS,
lllinois, Indiana, and Ohio may have twice as maabpland suitable for controlled
drainage as lowa (Jaynes 2007).

Figure 5.1 shows a map of cropland areas withirBitene River watershed that
potentially satisfy criteria for Drainage Water Ma@ement. Analysis of the statewide
DEM (at 30 m resolution) indicates that perhaps yusler 5000 acres of currently
cropped lands within the watershed have slopesruh8ie- 1%, and are therefore
potentially suitable for controlled drainage, ostjd-2% of the watershed. Higher
resolution topography (e.g. LIDAR) will soon be dable, and could provide a much
better basis for this assessment

A larger portion of the watershed may be eligildedconomically feasible drainage
water management-- especially if crop prices rerhah-- using the subirrigation
(controlled drainage on the contour) design beinggered in the Mackinaw River, IL
by Agrem in cooperation with The Nature Conservancy

Filtered tile intakes

Research at a demonstration farm in southern Motadsgas shown that approximately
20% of the sediment bound contaminants delivereddepression by runoff enter an
open inlet (Rainaivoson et al. 2002). By repladimgopen inlet with a gravel filter,
losses of sediment bound contaminants was redu&z@28% (Ranaivoson et al. 2002)
The gravel filter preferentially trapped sedimeritivihigher P concentrationslowever,
survey evidence suggests that farmers are extreskeptical about filtered intakes, as
they consider infeasible any practice that willgratally interfere with field drainage
(Casey et al. 1995). ISA and Prairie Rivers RC&vdédeveloped a proposal to
implement tile intake filters in the northern Boorldowever, the proposal has not yet
successfully been funded.
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Figure 5.1. Estimated acreage with potential for cost effectiontrolled drainage
(cropped lands with < 0.5-1% slope), by 12-digitevehed.
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Off-farm practices: Landscape restoration

Many researchers have concluded that although ir@ppon-farm nutrient management
can not achieve the reductions needed to meet\aiar quality standards or to address
hypoxia. For example, most cost effective BMP’aayally reduce nutrient and sediment
losses by less than 20% in their current condif@gnacmort et al. 2006), yet the 2008
Gulf Hypoxia Action Plan requires dual nutrient i@ral of 45% of the N and P load.

Wu et al (2004) developed a Mississippi River seafgpirical model to estimate the
effects of farmers’ production practice decisiamsasponse to alternative conservation
policies. Although payments for conservation gjfaand crop rotations did increase
adoption of those practices, the programs wereostteffective on their own for
addressing hypoxia. The Boone River SWAT modeicaigd that even a 100%
reduction in N fertilizer could not achieve 45% wetlon in N and P loss. Clearly this is
an unrealistic scenario given the negative impawtsrop yields.

The limits to effectiveness of on-farm BMPs—uwitle thossible exception of cropping
system changes—is related to nutrient dynamics twetfarm and at the landscape scale.
At the farm scale, despite the use of best managiepnactices for nitrogen (N)
application rate and timing, significant lossesibfate nitrogen in drainage discharge
continue to occur from row crop cropping systemso et al. 2004). The extensive
network of subsurface drainage pipes means thehileg through the soil profile will
continue to deliver excess nitrate directly to acef waters, even on fallow ground with
no fertilizer inputs (Randall 2004, Tan et al. 20Dihnes et al. 2002).

At the landscape scale, the problem of nutrierdilugto surface waters is driven by the
alteration of hydrology and reductions in landscapetion resulting from wetland
drainage, riparian cover removal, land use charayjesdrainage system modifications
including channelization, ditching, and tiling. 83e changes are at least as important as
nutrient additions from fertilizer.

Research on streams has shown that, in compandarger rivers, small streams remove
a higher proportion of their incoming nitrogen peit of water travel time (Alexander et
al., 2000), per stream reach (Seitzinger et al220ihd per unit length (Wollheim et al.
2006; Helton 2006). However, larger streams remanger masses of nitrogen because
more nitrogen passes through them (Seitzinger. 2082, Wollheim et al. 2006, Helton
2006). Small streams receive and transport a stgniff amount of N to larger rivers,
because N loads to headwaters account for 45%edb#d delivered to the entire river
network in the northeastern U.S. (Alexander e2@07). Improvements due to small
decreases in agricultural N losses might be areglifiownstream by augmented
processing of lower concentration, slower movingrtige waters through restoration of
landscape features such as stream channels, ngmarfgers, and onstream wetlands.

Most nitrate is exported from croplands during hilglivs from January to June (Royer et
al. 2006), and denitrification removes an insigr@fit fraction of this flux (Royer et al.
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2004, 2006). It is critical to focus on enhandmgtream removal during this period of
high flows, because removal during low flows (Q &dian) has a relatively insignificant
impact on annual loads (Royer et al. 2006).

The following “off-farm”, or landscape restoratipnactices are recommended as part of
an overall strategy for the improvement of watealligy and aquatic biodiversity in the
BRW.

Compound channels and 2 stage ditches

In agricultural landscapes that have been extelysaltered and channelized, agricultural
drainage ditches may provide a majority of the labde headwater stream habitat in a
watershed. In Ohio, Smiley and King (2006) fouhattdrainage ditches represent 25%
of stream habitat miles, and suggested that manageswstions that alter the hydrology
of ditches will exhibit a greater impact on fislmomunities than other types of
management actions.

Three environmental benefits can be achieved bgtoacting compound channel
ditches:

1. Channel complexity and fluvial features such asndees increase storage and
decrease flow velocity. By dissipating the waterigergy around every bend, the
erosive capacity of flows is reduced.

2. Slower moving water can not carry such high sedireads. Rather than
transporting sediment from uplands to the river ésmdutlet, portions of the load
will be deposited in buffers, throughout the measadm accretionary or
depositional point bars. The floodplain providestaer surface onto which
sediment can be deposited during the recessionat o flood flows, without
causing sedimentation problems for benthic orgasisnthe channel.

3. As flow velocity is dissipated throughout the chalthe residence time of water in
the channels is increased, allowing for greatdreasn processing and uptake of
nutrients and contaminants.

Economic benefits from compound channels includemg@l reductions in long-term
ditch maintenance costs, fewer and less frequest for ditch clean-outs, and reduced
ditch bank erosion (Mecklenburg et al. 2001, Wad84). In Michigan, two-stage ditch
designs are showing up to 45% reduction in nitratesup to 40% reduction in TP load
(Ward et al. 2006). Compound channel experimaenisdiana are showing 10-30%
reductions of nutrients.

When evaluating the need for and feasibility ot&ge ditch designs versus natural
stream restoration or simply passive recovery atdral re-establishment of riparian
buffer vegetation, several factors should be carsdl Can restoration of a riparian
buffer initiate passive restoration via naturagatn processes? If so, structural
restoration may not be the most cost-effectivetsmiun the long run. Is the channel
incised and therefore cut off from the floodplaia faigh terraces and previous bank
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failures? If so, a 2-stage ditch may be the most-effective approach, requiring the
least amount of land to be taken out of production.

In southern Minnesota, a consortium of groups basntly implemented several
experimental compound channel projects. The Unityeof Minnesota is conducting a
paired-ditch evaluation project at its Southwestddech and Outreach Center in
Lamberton to evaluate the performance of two sindieches to remove nitrogen under
varying physical and flow characteristics (Busmad &ands 2002).

Additional ditch studies are occurring at the SeathResearch and Outreach Station at
Waseca, MN. The Nature Conservancy in Minnesaédsis involved in a proposed 2-
state ditch study in the Minnesota portion of thegl@r River, just upstream of Austin (see
map). Research results

are only just beginning to

be obtained and analyzec Murphy Creek 2-Stage Ditch

Buffers

Riparian buffers have the
potential to remove as
much of 90% or more of
a range of contaminants
in a variety of landscapes
(Table 5.3; Simpkins et
al. 2002, Schultz et al.
2004, Dinnes 2005,
Gregory et al. 2006).
Research shows,
however, that the
effectiveness of riparian
buffers in trapping or
filtering contaminants can |
vary significantly
depending on a number ¢
site-specific factors. The
width and vegetative
composition of the buffer,
whether the buffer is

= Proposed 2 Stage Ditch #™w Rivers

X == Murphy Creek WQEJ F
continuous or patchy, anc 0 0102 B4wies K3
S

T

whether it is located so as
to intercept the bulk of runoff or drainage fronogland and other factors may affect the
proportion of runoff water that is filtered througite buffer and the length of time water

is in contact with the buffer. In highly slopingndscapes where runoff events may occur
very rapidly, for example, large amounts of runeéiter may pass so rapidly through the
buffer that little of the sediment or nutrients tained in the runoff are removed.

Likewise, in tile drained landscapes or settingem@hgroundwater flows to the stream
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pass below the root zone, drainage waters may bypasuffer almost completely.
Where groundwater passes through riparian zoneg htaive substantial denitrification
potential (Lowrance et al. 1997, Groffman et aD20Gregory et al. 2006). Therefore,
targeting buffers where they can be the most effeds important (Bentrup and
Kellerman 2004, Burkart et al. 2004, Dosskey e2@05), along with better coordination
of restoration efforts at larger scales (Gregorgl &006).

Table 5.3. Reported effectiveness of riparian buffers fatu@ng nonpoint-source
pollutants (runoff, sediment, nutrients and pedas).

Parameter Range (%) Mean n Source
(%)

Runoff 21-88% 51 8 | Gregory et al.

2006

Biological oxygen demand 18 18 1 -

Ammonium 28-87% 65 9

Nitrate (runoff) 9-99% 69 13

Nitrate (subsurface) 49-91% 72 €

Phosphate 36-98% 73% 8

Total Kjeldahl nitrogen 11-79%

From Gregory et al. 2006

Buffer strips are more effective in decreasingdpant of sediment and sediment-carried
nutrients in overland flow than they are in remavdissolved nutrients. Transport of
soluble nutrients can be decreased if runoff wiatidtrates the buffer strip area.

Buffer strips can also be effective in removingriautts from subsurface drainage if
shallow groundwater move laterally through subsiailthe riparian zone, in other words,
if no “short circuiting” or bypassing is provided hrtificial drain pipes.

Riparian buffers can also play an important rolstabilizing stream sediments (Wynn
2006). Vegetation indirectly affects soil eroslmnchanging soil physical and chemical
properties including soil organic matter, aggregaadility and bulk density (Wynn
2006). Woody and herbaceous roots significanttyaase slope stability over bare
conditions, acting to stabilize banks by increasiai shear strength (Simon and
Collison, 2001).

Odgaard (1987) studied erosion along meander bafntds major rivers in lowa and
determined that erosion along wooded streambanksalthat along sparsely
vegetated banks. In Bear Creek, lowa, Zaimes ¢2@06) riparian forest buffers had
significantly lower magnitude of streambank erosamid total soil loss than other riparian
land uses. Establishment of riparian forest bufédosig all of the nonbuffered subreaches
would have reduced stream-bank soil loss by amastd 77 to 97 percent, significantly
decreasing sediment in the stream.
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Qiu and Prato (1998) used SWAT to estimate watalitytbenefits of riparian buffers by
combining experimental data and simulated watelityuepacts of farming systems.
Results found net economic value of riparian bgffarreducing atrazine and greater
savings in government cost, and strongly suppaetieits that encourage farmers to
develop or maintain riparian buffers adjacent teans.

Lovell (2006) recently reviewed the environmentahéfits of conservation buffers in the
U.S. and explored the reasons why they have bederutilized, and suggested that
many important questions related to performanceimptementation have not been
answered. They suggest additional multidiscipyinasearch on aesthetic and economic
issues related to buffer adoption, and recommenutsdifying policies to better reflect
the preferences of landowners and local conditions.

Minimum area effectiveness for nutrient remowvéllost research on nutrient removal by
buffers has been conducted on small areas withl smaice-area-to-buffer area ratios not
representative of actual conditions in most ofilagershed. Across the studies depicted
in Table 5.3, the source-area-to-buffer ratio rahigem 0.4:1 to 55:1 (median: 5.5:1).
Gregory et al. (2006) estimated that 18% of aguical land would have to be converted
to buffers to achieve this ratio. Dosskey et2002) also attempted to depict the
performance of buffers at a range of source-ardastter ratios (Figure 5.2).

Targeting. Cumulative water quality benefits downstream aspend on placement of
buffer restoration in the landscape. Buffer parfance is improved where shallow
groundwater flow system channels water throughbtiféer at velocities that allow for
denitrification and uptake (Simpkins et al. 200Burkart et al (2004) developed
hydrologic and terrain analysis methods to aidriategic location of riparian buffers,
using elevation and streamflow data to developcesliof sediment trapping efficiency,
groundwater interception, and flow. These indicas be used to target areas along the
drainage network where buffers would be likely toyide the greatest water quality
benefits. In general, areas along first ordeastiehad a much greater opportunity to
intercept significant proportions of water than dréas adjacent to larger streams
(Burkart et al. 2004). Significantly smaller vatuef the sediment transport index along
smaller streams also provide enhanced opporturidredeposition of sediment and
associated contaminants.

Wetlands

Wetlands --constructed, restored, reconstructedatural-- have the potential to remove
N in flow-through water and also can remove somé&Rhough empirical studies show
30-90% nitrate reductions from lowa wetlands, Crtong2007) feels 70-80% is
possible if wetlands are appropriately sited. A3®/Ib removed, they concluded
wetlands are much cheaper than the “next bestboptivith the exception of P
associated with suspended solids, wetlands area@bnlkess effective at retaining P than
at removing N@(Reddy et al. 1999). Unlike N, P cannot be permépeonverted to
inert atmospheric forms, but rather continuallylegahrough the landscape being
released and taken up. Thus a critical factoPfoeduction is overall watershed balance
(input from sources versus output in crops and tatigs).
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Figure 5.2.Relationship between sediment trapping efficiefiy percent of input load
retained by the buffer) and buffer-area ratio depet! for conditions on four farms in

Nebraska. Buffer-area ratio = (Buffer area/fialdoff area.) Figure from Dosskey et al.
2002.

If water storage, retention and wetland treatmesrevio be pursued in the Boone River,
where might this water be stored? The CREP wettmadgram has several criteria or
requirements for siting. Wetlands must be siteénalthey can intercept tile drain flows
and pollutants downstream of agricultural landeey'must represent at least 0.5-2% of
the drainage area, with a minimum area drained0fderes. To ensure that wetlands are
sited appropriately in the landscape, areas witlribysoils are preferred.

Because the region was historically rich in wetgr@pportunities for wetland restoration
are numerous, and there is considerable topogrgoténtial for restored wetlands to
intercept tile flow. Potential sites are defingddxisting topography and hydrology.
Aerial photographs taken in a series after a pasidteavy rain may help identify
portions of the watershed that tend to pond afspem event, and could be used to map
out areas in the upland region that are naturakgaptible to ponding. Areas that
represent natural depressions in the landscapge;sakks” representing natural “pothole”
depressions, may also be identified from a DEMgistandard ArcView Spatial Analyst
tools (ESRI 2007; see example in Figure 5.3). obogphic analysis of the 90m lowa
Digital Elevation Model (DEM) shows there are ~ZI)&cres of “sinks”, or areas
representing natural depressions in the Boone Rmaggrshed (compare to the 21,900
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Middle Boone River
12-digit "Drainage Ditch 9"

Figure 5.2. Example from a Middle Boone River 12-digit wated, showing, as predicted
based on the Digital Elevation Model, (a) soil vt (shown in graduated shades of green)
and (b) landscape depressions (“potholes” or Singhown outlined in lavender) that
potentially meet wetland/buffer siting criteria.

acres identified as wetlands by the GLO estimaj@esettliement cover). These
depressional areas already represent areas ofreggogally constrained drainage, given
that only 67% of these acres are in row cropse Mhjority of these depressional areas
meet the CREP criteria for upstream watershedgnesgter than 500 acres. The stream
network intersects depressional areas totalling78.acres; the rest occur in headwater
locations upstream of the existing drainage netwdikese areas may also represent a
starting point for exploring the possibility of apan and wetland restoration.
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Standard Arc GIS hydrologic tools can also geneadtoil wetness index”, predicting
areas most likely to have saturated soils basdtbanpaths, defined as significantly
(p<0.05) greater probability of saturation. Besmuparian areas along first order
streams have greater potential to intercept groateivor runoff than similar areas along
larger streams (Burkart et al. 2004), the “wetnedex” may help identify areas where
riparian buffers are likely to provide the greatesnefit. Figure 5.3 depicts the soll
wetness index for a sample 12-digit subwatershekarBoone, generated based on the
DEM. Targeting buffers in these areas enhancepdtential for groundwater
interception. Evaluated in relation to existingdacover, the model suggests that
existing natural cover in near-riparian areasrigaaly highly associated with soil
wetness.

Minimum effectiveness based on source area: trastarea ratio

The Conservancy'’s paired watershed demonstratigjegis in the Mackinaw River,
lllinois subwatersheds are showing ~40-90% redustiomitrate from multiple wetlands
and some early success at removing phosphoruslasimigal results from the wetland
treatments in the Mackinaw River suggest that@mnmnent area representing 5-9% of the
source area may be needed to achieve the 80-9Q%ti@mts necessary to meet local
water quality objectives. Research in lowa (Cruwon@nd Helmers 2006) suggests
wetland area as small as 2% is sufficient to ttegpland runoff for nutrient runoff, if
wetlands are appropriately sited.

Based on a restoration criteria requiring thatttbetment area must represent at least
1%, and probably closer to 5-9%, of the upstreanemshed cropped or urban area to
achieve effective wetland area: source area raties, between 5000 — 45,000 acres of
wetlands or riparian areas are needed downstreamoplands in the Boone River
watershed.

Minimum effectiveness area based on hydraulic lnqdate (HLR)

To estimate potential nitrate removal by wetlanti®ss the same grid area, Crumpton
and Helmers (2006) used mass balance simulatioestitmnate percent nitrate reduction
for hypothetical wetland sites distributed acrdss WMR and Ohio River basins. Results
were used to develop a nonlinear model for pencgrate removal as a function of
hydraulic loading rate (HLR) and temperature. Magsite removal for potential
wetland restorations distributed across the UMR@hub River basins was estimated
based on the expected mass load and the predieteeind removal (Figure 5.4). These
functions explained most of the variability in pemt and mass removal reported for field
scale experimental wetlands in the UMR and OhiceRbasins. They concluded 1-5%
of the watershed would be sufficient to handlerttegority of the N load, and that across
the UMR and Ohio River Basins a 30% reduction trate load could be achieved using
wetlands targeted towards the highest nitrate dmriing areas.
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Figure 5.4. Modeled nitrate removal efficiencies for CREP laetls based on 1996 to
2005 input conditions and measured nitrate remeffaiencies for CREP wetlands in
2004 & 2006. [Reprinted from Crumpton & Helmers @p0

Implications for the Boone River

Table 5.4 contains estimates for the Boone Rivénetotal area within each 12-digit
subwatershed, what percent of that is currentlyrapland, and how much would be
needed to achieve a 1%, 5%, and 9% treatment atieaof buffer or wetlands to source
area (cropland upstream). We used two differenhots to estimate the total amount of
riparian or wetland buffers needed along streamadans to achieve water quality and
biodiversity goals:
1) a 100 m buffer around all stream channels
2) wetland treatment area: source area of 1, 5, anda88ming wetlands and
riparian zones would be located in natural depoesswith surface tile outlets, as
well as in sinks along riparian corridors

We then estimated the percent nitrate removaldohéreatment area: source area ratio
(1, 5, and 9%) based on the Hydraulic Loading Ratéexpected mass load for each
scenario using two equations provided by Crumptahtelmers (2006):
a. Equation 1: % nitrate removed = -0.45*og (X) +3,.%vhere X = N@N loading
in g-N/m2-year
b. Equation 2: Mass nitrate removed = 10.3 * HLR(*}*6WA (HLR= Hydraulic
Loading Rate in m/year; FWA = flow weighted averageate concentration in
mg/L)

Using these methods, we developed a range of ésméthe minimum riparian land in

the Boone currently in cropland that would be ireglivould be converted to natural
cover or wetlands to achieve water quality critefased on those acreage ranges, we
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develop a rough estimate of the implied cost ofllparchase or rental. Based on the
2002 land use cover, total area of cropland irBthene is 2161 ki of which 245 krh
(60,476 acres) of the watershed are within 100 m 86" order perennial stream (i.e.,
slightly more than 10% of the watershed area). WVaicthis land is already in grass or
perennial vegetation; only 54% of the land in tifpgrian area is cropped.

Under the most optimistic scenario, assuming tffeient targeting of field-scale BMPs
could reduce existing loads by 20%, average loattseeanouth of the Boone River
would decline to 4.8 million kg. To achieve a tatduction of 45% (to 3 million kg/ha)
an additional 1.5 million kg load reduction would beeded. At the most optimistic
estimated removal rate for high performing wetlaofl200 kg/ha N, the minimum
additional wetland acreage needed in the Booneduvoa[7500 ha, or 3125 acres
(~0.6%).

Assuming a more realistic scenario involving a eed/riparian treatment area: cropland
ratio of 1:20 (5%) in each subwatershed, 40-200%udfler area in each sub watershed
would be needed, or ~8700 hectares (21,500 acrab)g 5.4). Based on current nitrate
loading estimated by the SWAT baseline scenariousiy the HLR equations to
estimate percent nitrate removal, a 5% treatmesa: @ource area ratio of riparian buffer
or wetlands would result in an estimated 38-55%atetreduction at the watershed outlet.

Assuming that all the land needed for such a pteyecld have to be purchased at 2006
farmland values for an acre of lowa corn land i2&3 the cost would be $65-75

million. Annual rental rates for corn/soybean lamdhe Boone River watershed counties
range from $140-$160 per acre. Price tags likedften lead analysts to conclude that
land retirement is not cost-effective or feasilelen if it results in the greatest reductions
in runoff and nonpoint source pollution (Wu et 8D2, Petrolia et al. 2005). However,
the fact that only 54% of riparian area in the Be&iver watershed is currently cropped
suggests that recreation, aesthetic, and suitabiihefits are already playing a role in
land use decision-making. Furthermore, the cotrgieted restoration on an additional
~5% of the landscape represents a small fractignass economic activity in the
watershed. For example, if we assume at leas080@cres planted to corn in the
Boone watershed per year (about 75% of current@ndp, with an average yield of 175
bushels/acre, gross receipts for corn in the Bdtimer watershed easily exceed $250
million per year at a price of $4/bushel.

SWAT model results for wetland treatment

Future targeting analysis involves use of the SWddel to evaluate the feasibility and
effectiveness of wetland treatment of tile drainagsubwatershed outlets, and to refine
the estimate of wetland acreage needed. Limitatidrthe SWAT model are such that
only one wetland can be simulated at each subwegénsutlet; thus a proxy approach
must be used for 30 subwatershed configuration.ifilial baseline simulation estimates
50% long-term nitrate reduction predicted usin@a@bwatershed wetland approach
(Gassman et al. 2007). The alternative appraaatives dividing the watershed into
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405 subwatersheds to identify suitable subwatesstteat meet wetland siting criteria,
without assuming a single large aggregated wetitlde outlet of larger subwatersheds.
Although not spatially explicit, the methodologyatves identifying the percentage of
subwatershed that drains to each theoretical wettl&@urrently, refinements to the
SWAT wetland module are needed (Gassman et al.)200% initial analysis suggested
there is a need to improve the baseline nitratelsition, nitrogen transformation
routines, test the model with sediment and P @aid reconstruct an alternative wetland
delineation (requiring some measured data). Howehis work is currently not funded.

Summary — Conservation Practices

Targeting conservation practices to fields and satbrvgheds where the greatest benefit
can be achieved for the least cost is the goalwmimmonpoint source water quality
improvement and watershed restoration researchvelder, environmental benefits and
trade-offs are notoriously difficult to measure aqpiately. Feather et al. (1999)
demonstrated how estimates of nonmarket valuesge@more robust set of
information for the targeting of agricultural consation programs, facilitating cost
comparisons against a full range of benefits, aadihg to better evaluation of programs.
Table 5.5 attempts to qualitatively summarize bigsefosts and feasibility of proposed
actions and strategies discussed in the previai®gs, across a range of potential
benefits.
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Table 5.4. Estimates of minimum effectiveness areas for rggabiuffers and treatment areas by subwatershedasea on source
area (cropland acres) and estimated nutrient loads.

@ (b) Wetland/ riparian ha (b) % NO3 re_moved _by HLR (c) % NO3 remO\_/ed basgd
needed for equation 1 at: on HLR equation 2 at:
Cumulative Area of
upstream % 100m 1% 5% 9% NO3 load 1% 5% 9% 1% 5% 9%
HUC_12 SWATNO area (ha) Cropped buffer (kglyear)

071000050702 28 4481 84% 481 38 188 339 130,571 9% 40% 52% 30% 51% 62%
071000050201 19 4689 91% 156 43 213 384 73,711 22% 54% 65% 34% 58% 71%
071000050501 16 4940 88% 368 43 217 391 180,323 5% 37% 48% 30% 51% 62%
071000050304 10 5152 89% 1078 46 229 413 292,991 - 28% 40% 24% 41% 49%
071000050703 26 5912 87% 742 51 257 463 59,303 30% 62% 73% 32% 55% 67%
071000050701 25 6151 85% 399 52 261 471 38,063 39% 71% 82% 33% 56% 68%
071000050401 1 6824 85% 769 58 290 522 141,442 16% 47% 59% 31% 52% 63%
071000050601 21 7198 84% 1387 60 302 544 133,443 18% 49% 60% 27% 46% 56%
071000050301 15 7316 86% 1215 63 315 566 174,574 13% 45% 56% 33% 56% 68%
071000050402 2 7501 88% 715 66 330 594 206,843 11% 42% 54% 32% 55% 67%
071000050102 7 9157 89% 500 82 408 734 96,068 30% 61% 73% 42% 71% 86%
071000050602 22 9637 83% 783 80 400 720 50,763 42% 73% 85% 35% 60% 73%
071000050103 12 10336 87% 986 90 450 809 415,646 3% 35% 46% 27% 46% 55%
071000050303 11 10793 90% 606 97 486 874 118,267 29% 61% 2% 41% 70% 85%
071000050101 8 10924 87% 1249 95 475 855 159,173 23% 54% 66% 39% 67% 81%
071000050202 20 11703 89% 1133 104 521 937 169,588 23% 55% 66% 38% 64% 78%
071000050603 24 12042 85% 1139 102 512 921 274,367 14% 45% 57% 24% 41% 50%
071000050503 4 12255 86% 406 105 527 949 82,299 38% 69% 81% 53% 89% 109%
071000050302 9 14725 87% 671 128 641 1153 429,657 9% 41% 52% 32% 54% 65%
071000050203 18 26299 88% 813 231 1157 2083 379,205 23% 55% 66% 37% 63% 7%
071000050403 6 26889 83% 1417 223 1116 2009 559,743 15% 46% 58% 32% 54% 66%
071000050104 13 36031 88% 846 317 1585 2854 774,129 16% 47% 58% 35% 60% 73%
071000050305 14 39320 87% 773 342 1710 3079 969,848 13% 44% 56% 34% 58% 70%
071000050306 17 81753 83% 731 679 3393 6107 | 1,944,114 12% 44% 55% 34% 58% 70%
071000050502 3 115446 7% 750 889 4445 8000 | 2,976,462 9% 41% 52% 33% 56% 68%
071000050504 5 139561 78% 1706 1089 5443 9797 | 3,559,667 10% 41% 53% 34% 57% 69%
071000050505 23 179611 69% 648 1239 6197 11154 | 4,579,219 7% 39% 50% 32% 55% 67%
071000050704 29 225949 71% 800 1604 8021 14438 | 6,118,286 7% 38% 50% 32% 54% 65%
071000050705 30 235198 74% 1208 1740 8702 15664 | 6,593,333 7% 38% 50% 32% 54% 66%

24474 1740 8702 15664 | 6,593,333 7% 38% 50% 32% 54% 66%
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Table 5.5. Anticipated benefits associated with different agjtural management options (multiple sourc&&)me management
practices offer minimal (or even negative) improess at very high cost to farmers. On the othedhtirere are many highly
effective conservation practices that are eithiatikeely inexpensive or highly cost-effective. Sewery cost-effective examples are
alterations to fertilizer application methods t@idase surface runoff and/or leaching losses @il ,alterations to tillage regimes to
decrease sediment/runoff losses.

Reduce N
loads to Reduce P Aesthet  Multipl
downstream loads in Reduce Reduce Carbon Local Bio- ics/ e
surface surface upland bank GW seques  wildlife diversit recreati benefit Feasi-
Management Option waters waters erosion erosion  quality  -tration  habitat y on s Cost bility
On-farm
Nutrient Rate and Timing
Management
Reduce fertilizer N and/or
P application + + na 0 + 0 + + + 6 M M
Spring fertilizer N and/or P
application +15% +30% na 0 + 0 0 0 0 3 M M
Soil test based Split-in-
season vs. fall +30% na 0 + 0 + + + 4 M M
Soil test based Split-in-
season vs. spring +15% na 0 + 0 + + + 4 M M
Soil test based vs.
excessive +60% +40% 0 + 0 + + + 4 L H
Yield Goal or Crop
Removal based (vs
excessive) +35% na 0 + 0 + + + 4 L H
Deep Tillage vs broadcast
P) na -15% 1 L M
Shallow tillage vs
broadcast (P) na -10% 1 L M
Knifel/injection vs
broadcast (P) na +35% 1 L M
Nitrification/urease
inhibitors +10% na 1 M M
Improve manure
management + + na na + 0 0 0 0 3 LtoH required
Conservation Tillage
Moderate vs. intensive +3% +50% + + 4 L H
No-till vs intensive +10% +70% ++ ++ 4 L H
No-till vs moderate +5% +45% + + 4 L H
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Reduce N

loads to Reduce P Aesthet  Multipl
downstream load in Reduce Reduce Carbon Local Bio- ics/ e
] surface surface upland bank GW seques  wildlife diversit recreati  benefit Feasi-

Management Option waters waters erosion erosion  quality -tration  habitat y on s Cost bility
Cropping systems
Cover crops +50% +50% + + 0 + 0 0 0 3 M M
Diverse cropping systems +50% +50% H LtoM
Perennial cropping
systems + + + + + + + + + 9 H LtoM
Drainage Water
Management + - +/- + 0 0 0 0 0 2 M
Decrease drainage
intensity + - + 0 0 0 + + 3 H L
Shallow/wide vs. Standard +20% -5% - 0 0 0 0 0 1 M H
Controlled vs uncontrolled +25% -5-10% - 0 0 0 0 0 1 M M
Subirrigation with
treatment wetland +30% +10% + + 0 0 0 0 0 1 M LtoM
Pasture/grassland
management
Rotational grazing +20% +25% + - L H
Seasonal grazing +20% +50% - L H
Livestock exclusion +30% +75% +/- - L M
Increase acres of farmland
retired + + + + + + + + + 9 H L
Edge-of-field / Off-farm
2-stage ditch & stream
channel restoration 20-60% +20-75% + + + + + + + 7 Mto H H
Increase freshwater -50% to
wetlands 30% +80% + + 0/? + + + + 6 H M
Forested riparian bufffers 40% 45% + + + + + + + 7 LtoM H
Herbaceous riparian
buffers + + + + + + + + + 9 LtoM H
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Recommended Strategic Approaches

Table 6.1 Summary of strategic approach

Retain and restore important landscape features, geern, & processes

0 riparian corridors and buffers

o wetland sinks, outlet treatment, spatial & tempababitat connectivity

Minimize “leakage” / maximize retention

o Controlled drainage
Nutrient management (timing & amount)
Perennial & cover crops
Treatment of tile runoff
Wetlands/buffers at tile outlets
0 Bioreactors/bioremediation

o 00O

Redesign drainage with fluvial and nutrient cyclingprocesses in mind

0 2 stage ditch / compound channels

Build capacity for sustainable management of the warshed

o0 Assessment and Monitoring
o Planning and Targeted Implementation
o Communication and Outreach Plan

Table 6.2. Current Status of planning & assessment

Status

Adaptive assessment & management of watershedreesou

= Ecological Assessment

Completed and available online

= Rapid Watershed Assessment

Completed; soon to be available
online

=  SWAT model

Phase | modeling completed;
results include baseline scenario
and multiple cropping system /
nutrient management scenarios

= Ongoing spatial / targeting analysis

ISA monitoring (3 years); see
separate monitoring plan

Table 6.3 Action steps and measures for assessthgir effectiveness

Action Steps

Measures / Notes

Build Capacity for Sustainable Watershed Management

Work with watershed organizations to implement taland water
quality restoration

Formation of the BRWA
# working projects in
collaboration with RC&D, etc.

Increase awareness of watershed condition

Survey (?)

= Demonstration, education and outreach programe &ae #3)

# Field days / # attendees

= Qutreach workshops to communicate assessment/miogito
results

# of workshops / # attendees

Develop monitoring capacity
= Build volunteer monitoring working with ISA, IOWATIE,
IDNR and other programs:
= Conduct assessment & monitoring training workshops

# volunteers trained &
participating

20-25 sites — Fish, habitat
assessment & macroinvertebrate
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= Conduct public water quality “snapshots” presentsi monitoring
2 (visual survey) and 5 year
(intensive monitoring) rotations

Future research needs

Geomorphology Conduct sediment workshop /
— Evaluate instream sediment and estimate streamdrasion meeting with key researchers to
0 integrate CONCEPTS and SWAT design next generation sediment
0 conduct RASCAL habitat assessment for Lyons Creek | study
subwatershed

Groundwater Studies - understand the pathwaysaafrgtwater-surface | Incorporate water table
water interactions, impacts of restoration on wadbles and adjacent | monitoring as part of paired

lands watershed studies
Multi-species monitoring Possible coordination with
e Mussels multiple partners for summer
* River otters 2008-2009
e Fish

Implementation Strategy

The Implementation Strategy involves three plan ponents:
1. Monitoring and Assessment
a. Status assessment/monitoring
b. Effectiveness monitoring
2. Planning and Targeted Implementation
3. Communication and Outreach

1. Monitoring and Assessment

As identified in the Boone River Ecological Assessity additional research and
monitoring is needed in the short-term to provide@ae complete understanding of the
status of biodiversity in the Boone River. Additad monitoring and assessment is
needed, including both further development of naimiy capacity — through training
additional staff and further development of the IBTER monitoring network of
certified samplers — as well as specific assessmeads.

Status versus effectiveness monitoriBgatus monitoring is monitoring designed to track
the overall health and biodiversity of the watetsbeer time. Such sampling is critical
to assessing the acceptable ranges of variatioc@mnent status of each of these key
attributes, individually and in relation to one #mer. Effectiveness monitoring, by
contrast, is monitoring designed to detect evidehaeactions taken as part of the
conservation action plan for the Boone are haviregdesired or hypothesized effects.
Are our strategies working? Both status and affeoess monitoring are needed in the
long-term. Table 6.4 lists a summary of recommendenitoring activities for the

Boone River watershed, broken down by status vesBastiveness monitoring goals,
action steps, and indicators.
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The Conservancy and Boone River partners shoul# teogstablish a long-term
monitoring network for periodic, watershed-wide gding of key ecological attributes
and indicators. The goal of this sampling effodwd be to augment baseline
understanding of conditions throughout the watetsteea basis for assessing
effectiveness of activities and projects as wellcaisack the long-term status of the key
ecological attributes. The Conservancy and pestsieould work with IOWATER
network trainers, volunteers, and ISU to train gps@f watershed residents to conduct
macroinvertebrate and physical habitat assessraemw®ll as “snapshot” water quality
sampling. This could be initiated in the summe2@®8 through a 1-2 day workshop on
water quality, benthic macroinvertebrate, and ptgidiabitat assessment, followed by a
1-day data sampling event (July or August) designembllect information
simultaneously across the watershed (“snapshadtaining would involve introduction
to water quality protocols, macroinvertebrate idfe@tion, and volunteer collection
procedures with expert trainérs The RC& D and TNC would coordinate organization
of the volunteers.

Long-term effectiveness monitoring requires spe@fans to assess implications and
results of implemented actions. The Conservanoulshpartner with BRWA, NRCS,
RC&D, etc. to encourage and track ongoing implemugon of on-farm best management
practices (e.g., buffer strips). Effectiveness iawimg should also be designed to
evaluate any experimental and “adaptive managensérafegies implemented in the
watershedsuch as riparian buffers, channel/drainage systmrations, or restoration
projects to monitor environmental effects. Contimsiononitoring of such projects is
needed to ensure they are making progress towtaidsl goals.

Mussels as the “Canary in the Coal Mine” waterslsdtus indicator.Because mussels
are long-lived, slow to reproduce, and sensitiverteironmental stress, they may serve
as an excellent long-term indicator of Boone Riwvatershed health. Understanding the
causes of mussel declines in the Boone may reqairsiderable additional research.
Mussels are relatively difficult to identify. Bacse of the threatened status of many
species in the Boone, care should be taken in aimduother sampling and assessment
work to avoid disturbing mussel beds. The impatt®creation and scientific research
may themselves be significant, and should be adojdéatters 2000). Periodic sampling
should be conducted based on methodology developathtewide mussels assessment
by Kelly Poole. A repeat study by Ellet Hoke (wémnducted the 1984 baseline work) is
recommended for summer 2008 or 2009. This couldlwevadditional sampling in the
Upper and Lower Zones. Appropriate involvemenivatershed residents in sampling
events may help to build awareness and concerthéocondition of Boone River
mussels. Additional ISU faculty, such as Kevin Roay be recruited to conduct a
mussel ID workshop.

It would also be helpful to evaluate the Boone mlpspulation condition in the context
of an ecoregional analysis of mussel species diyeasd distribution, developed from

the statewide mussel survey. At the watershe@ soepping would indicate distribution
of species within the watershed, distance betwetmies, and identify important mussel

® (IOWATER/Mary Pat Heiman and Lynette Seigley; Wtz and Greg Courtney, ISU
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beds on which to focus protection. Because thatioe of rare species is potentially
sensitive information, this information should lmerewhat protected.

Hydraulic models and studies may be helpful to ssbgpotheses regarding observed
mussel declines, in particular whether mussel nesp@s influenced by sediment
transport and scour during increasingly frequeghtiiow events, or whether exploitation
by raccoons, river otters, and other predators Ieagiaying a role in declines.
Alternative hypotheses include chronic water guafitpairments, periodic acute
mortality events and timing of events, or all thewee. Mussel and aquatic mammal
sampling could potentially be funded through staitdlife action grants.

Additional short-term assessment and monitoringlaéeclude the following:

o0 Sediment/Erosion/Geomorphology/Hydrology Assessment
o Continuous flow monitoring equipment is neededdgib developing stage-

discharge-sediment transport curves and channéltewo stage determinations
in targeted subwatersheds

o Streambank erosion assessments should be conductcjunction with stream
water quality biological monitoring. This may inde visual assessment of
channel and bank conditions; as well as assesamamy habitat assessment
protocols developed for IDNR watershed programs

o Streambank erosion and sediment loads should beaded during both low and
high flow conditions to address the variability amttertainty associated with the
estimates presented here. More TP data shouldlleeted from eroding
streambanks both within the Boone and in other ishegls in the Des Moines
Lobe and other landforms to evaluate how much Bitgeenters streams from
upland versus fluvial processes (Wilson 2003).

o Stream visual assessments of riparian conditionsgoiures could be adapted for
use in the Boone River watershed. Many watersasirration initiatives are in
the process of developing rapid, standardized patsdor physical habitat
assessment, modeled after EPA, USDA, and NRCSquistaViodeling work for
sediment using CONCEPTS with SWAT outputs coulg ledlicidate relationship
of sediment to channel erosion and instability.

o Water Quality: A load analysis is needed to estenhe role of point source
contributions to water quality impairments in thedBe River watershed, including
potentially failing municipal and/or septic perfaante and unsewered communities.

o0 lIterative assessment of the implications of ong@ognomic and other drivers of
change that impact conservation targets in thedufor example:

o0 Impacts of expanded corn acreage under ethanchsosrior Upper and Lower
watershed key attributes

o Impacts of climate change, ethanol, cellulosic etthand other emerging
technologies for groundwater sustainability, bagater yield and stream
hydrology

5 RASCAL
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Table 6.4.Recommended monitoring activities

Status Monitoring

Action Steps & Indicators

Watershed-scale, coordinated, spatially
representative sampling effortfocused on key
ecological attributes.

Water quality at subwatershed outlets
IHA indicators

Channel geomorphology and
riparian/wetland/aquatic habitat

health of the following:

» beaver and otter populations in the watersheda d
from DNR on otter/fur trapping tags

« distribution of beaver and effects on ecosystem
structure

» baseline reptiles & amphibian surveys

Systematic field surveys needed to assess statius an Coordinate with Karen Kinkead --lowa

Multispecies inventory & monitoring program:
at Baseline population estimates

e Species richness
Relative abundance
Distribution

Mussel assessment

Contract with Ellet Hoke, K&iekead, Kevin
Roe, and/or Kelly Poole

Additional fish & macroinvertebrate surveys for IBI
tracking.

Work with Tom Wilton (IDNR) to establish repeat
sampling of REMAP sites for fish 1Bl and
macroinvertebrates (3-5 year sampling rotation),.

Topeka shiner assessment

Climate Change detection

Establish continuous thermal and flow
recording at 1-5 permanent flow gage locations
Summer and low flow DO measurements
Groundwater monitoring

Effectiveness monitoring

Action Steps & Indicators

Develop Paired Watershed (control & treatment)

Hucl12 outlets and paired subbasins with projects

BMP’s - Innovations in Nutrient and Soil Manageme|

ISA on-farm field trials

« Encourage adoption of Nutrient Best Managemer
Practices

» Grassed waterways

« Cover crops

n# Farmers adopting / % of acres in practices
#/% Farmers adopting / practices
t# Farmers adopting / % of acres in practices

Acres in grassed waterways
Acres in cover crops ; cost of incentive

Manure Management

# projects / water quality penforce

Tile drainage management
« alternatives to open tile intakes
« controlled/conservation drainage innovations

# installed

water quality performance at outlet
# projects and acreage %

water quality performance at outlet

Ditch & Stream Habitat Restoration & Rehabilitation
Compound Channels / 2 stage ditches

Miles of redtetream
Water quality performance upstream-downstream
Macroinvertebrate 1Bl
Fish IBI

Streambank Stabilization / restoration

Miles ofdéng streambanks
Sediment yield at subwatershed outlet
Sediment-discharge relationship

Riparian Buffer Zones

# stream miles protected dnywng buffer widths
Work with Tom Isenhart / Keith Schilling /
Demonstration Farm

Wetland Restoration

Farm-scale treatment wetlands modeled on
Mackinaw project

Tile outlet treatment wetlands modeled on

lowa CREP and/or Mackinaw project

Acres of restored wetlands

# projects

% eligible farmers participating
% basin drainage area “treated”
water quality at outlet
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2. Planning & Targeted Implementation

Water quality improvement plans for 303d listed ampd waters are required
under consent decree from the U.S. EnvironmentgkBtion Agency.
Watershed improvement planning activities in them®®River watershed
scheduled for 2008 include Buttermilk Creek (low m@ganic matter). Lyons
Creek (fish kill of unknown origin) is scheduled 2009. The Des Moines River
nitrate plan is also scheduled for 2008, and bexthesBoone is a tributary to the
Des Moines River, nitrate reductions targeted exBloone may be potentially
considered remedial actions under the Des MoineB I jglan.

Identify and target phosphorus critical source sirea

» Develop an implement the NRCS P index at fieldesaatop 1-3 watersheds

with highest per acre loading, using field datdemted by Charlie Kiepe for
SWAT model if possible.

» Assess soil test P levels in eroding streambanétidank erosion contribution

to P loads

Erosion and sediment reduction

» ldentify heavily eroding banks in the main charared pursue cooperators
and funding for active bank stabilization/streastoeation demonstration

» ldentify potential 2 stage ditch/channel restoraiioareas where maintenance
is planned or landowners have stream bank erosgmdoncerns

Nitrate reduction and hydrologic retention

» Targeting largest contributing subwatersheds basd®A monitoring data
and SWAT model outputs

* Inventory planned drainage projects: contact caidra, county and district
engineers, private landowners planning improvemeipgrades, etc.

» Explore feasibility of expanding controlled draie#dyainage water
management on eligible lands (< 0.5% slope)

* Explore feasibility of implementing tile outlet &lBnent wetlands in low slope
areas or in eligible sinks in the landscape (baselydraulic loading and
nutrient loads/willingness to participate)

» Assess willingness to participate in wetland treatbhschemes at various
payment and delivery levels

* Explore opportunities to expand and augment exggiparian buffers;
willingness to participate

On the Ground Restoration/demonstration projedis: Conservancy should

work with District Conservationists & RC&D to idefyt opportunities in existing

farm and water quality programs.

- Paired watershed — The Conservancy should devetgogals to implement
a demonstration projects in the Boone River. As plthe implementation,
the Conservancy should consider contracting witlalléarmers and/or
agricultural outreach professionals to conducteadh through Boone River
watershed association specifically to increase toloand publicize
incentives for adoption of the following practices:

= controlled drainage / outlet treatment / bioreagtor
= 2 stage ditch design / design of compound charfoelditches
scheduled for maintenance
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= Stream restoration for unstable banks with upstreagiment traps
where needed (a la Pecatonica)
= Range of wetland restoration designs a la MackiRawer with
modified adaptive siting criteria
= Riparian buffers
* Funding and fund-raising:
* The Conservancy should work with District Consansasts & RC&D to
identify funding sources available to help applydod implement grants.
= Watershed Improvement Review Board (WIRB)
= |IDNR Watershed Planning & Assistance Grants
= Clean Water Action EPA 319 / TMDL planning grants
= NRCS Farm Bill Conservation Program Funds
» The Conservancy should consider developing a dglpegram of
economic incentives and outreach designed to aehmeplementation at a
scale above the minimum threshold required to deteasurable
outcomes in targeted subwatersheds. For exampl&gatial role for the
Conservancy is to work with NRCS to make up theigdgSDA CREP
payments between the federal price and what theupes/landowner
needs to participate in programs acknowledged théenost
environmentally effective. Outreach staff, whetaemployed by the
Conservancy or partners, should facilitate commatioa throughout the
process with potential landowner cooperators.

3. Communications/Education Plan

The Conservancy and partners should develop oltreaterials summarizing the
assessment, threats, and potential solutionsd Bagts and media events, including press
releases to local newspapers and radio stationg|dshe a component of activities. In
targeted watersheds, surveys soliciting informatiom producers and landowners about
the feasibility and willingness to accept or imp&rhdifferent practices may be helpful.

An interactive, comprehensive websgkould be established to serve as a one-stop
repository/directory index for monitoring data, bysés, reports, and plans, as well as
updates on ongoing and scheduled activities. Tétesite could be maintained by The
Nature Conservancy, Prairie Rivers RC&D, or the BoRiver Watershed Association to
provide a one-stop information to managers, waegtshsidents, and volunteers,
organizing links to other sources of informationtba Boone, such as the DNR, NRCS,
and USGS, as well as the completed Rapid Wateskseissment conducted for NRCS.

A media and outreach plan should be developed degitp disseminate the results of
activities, both online, and through conventionad #&raditional media outlets in the area.
This could involve public meetings/workshops idegtst 4 communities distributed
throughout the Boone River watershed to presenassessment & CAP.

Partners involved in Boone River watershed plansimguld continue to solicit and

incorporate lessons learned from other watershe@gis Outreach efforts will benefit
from inviting project leaders involved in similaatershed efforts (lowa and neighboring
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states) to talk about their successes and expeseartd lessons learned. For example,
representatives from TNC projects on Mackinaw and Pecatonica Rivers could be
invited to discuss successes, lessons learnedyrayaing challenges.

The Conservancy and partners should, where possaiidenpt to hire and/or work with
local residents, opinion leaders, or existing atheprofessionals to conduct outreach
and publicize events and programs.

The Conservancy should help enable key local wiagerprofessionals and producers to
attend select field days at conservation practeraahstration sites in neighboring
watersheds and states.

For subwatersheds targeted for projects and peaktiplementation, a survey tool could
be designed to gauge the level of public conceravemess over Boone River watershed
condition, and to identify the acceptability of posed actions, incentives, and voluntary
management practices. Many such survey and facugpdools have been developed to
move projects forward (Casey et al. 1995, Tisl Baths 1998). For example, a survey of
watershed residents and landowners was carriegaolytin the Bear Creek restoration
project to assess willingness to adopt buffersathdr practices (Isenhart et 4097).

Boone River Conservation Action Plan 127



Literature Cited

Aadland, L.P. 1993. Stream habitat types: their issemblages and relationship to flow. North Aozari
Journal of Fisheries Management 13:790- 806.

Abell, R. A., D. M. Olson, E. Dinerstein, P. T. Hey, J.R. Diggs, W. Eichbaum, S. Walters, W.
Wettengel, T. Allnutt, C. J. Loucks, and P. Hed2@00. Freshwater Ecoregions of North America: a
conservation assessment. World Wildlife Fund UBnid Press, Washington, DC. 319 pp.

Aldous, A., P. Gonzales, and K. Popper. 2007. AHdé for Incorporating Climate Change into
Conservation Action Plans. The Nature Conservandregon.

Alexander, P.J. Johnes, E.W. Boyer and R.A. S182. A comparison of models for estimating the
riverine export of nitrogen from large watersheBiegeochemistry 57/58: 295-339.

Alexander, R.B., R.A. Smith and G.E. Schwarz. 2@fect of stream channel size on the delivery of
nitrogen to the Gulf of Mexico. Nature 403, 758-761

Allan, J. David. 1995 Stream Ecology. IslandsBr&Vashington, D.C.

Angermeier, P. L., and I. J. Schlosser. 1995. Quitgg aquatic biodiversity. Am. Fish. Soc. Symp: 17
402-414.

Arbuckle, K.E. and J. A. Downing. 2000. Statewidsessment of freshwater mussels Bivalvia: Uni@nida
in lowa streams. lowa Department of Natural ResesirDes Moines.

Arbuckle, K.E.and J. A. Downing. 2002. Freshwateissel abundance and species richness: GIS
relationships with watershed land use and geolGagy. J. Fish. Aquat. Sci. 59: 310-316.

ASCE. 1998. River width adjustment. I: Processasraachanisms. Journal of Hydraulic Engineering.
124(9):881-902.

Augspurger, Tom, Anne E. Keller, Marsha C. Black,®egory Cope, and F. James Dwyer. 2003 Water
quality guidance for protection of freshwater misgmionidae from ammonia exposure.
Environmental Toxicology and Chemistry 2211: 256F2.

Bailey, R.G., W.H. McNab, P.E. Avers, and T. Kifg,1994. Ecoregions and Subregions of the United
States (Lower 48). Vector digital data, WashingddA, USDA Forest Service. URL:
http://www.fs.fed.us/institute/ecoregions/eco_davea.html

Bailey, R.M. 1956. A Revised List of the Fishedm#fa: With Keys for Identification. lowa State
Conservation Commission, Des Moines, lowa.

Bain, M.B., J.T. Finn, and H.E. Booke. 1988. Stréam regulation and fish community structure.
Ecology 69: 382-392.

Baker, D.B., R.P. Richards, T.T. Loftus, J.W. Kran2004. A New Flashiness Index: Characteristiat an
Applications to Midwestern Rivers and Streams. daliof the American Water Resources
Association 40(2): 503-522.

Baker, J. 2007. Drainage Water Quality: ContinuGosn versus Corn-Soybean Rotation. 2007 IA-MN
Drainage Research Forum, 11-27-08, Ames, lowa.

Bakker, K.K, D.E. Naugle, K.F. Higgins. 2002. Inporating landscape attributes into models for
migratory grassland bird conservation. Conserveafimiogy 16 6, 1638—1646.

Boone River Conservation Action Plan 128



Barbour, M.T. and J.B. Stribling. 1991. Use of labassessment in evaluating the biological integrfi
stream communities. In, Biological criteria: resgmaand regulation, proceedings of a symposium.
EPA-440/5-91-005. U.S. Environmental Protection Age Office of Water. Washington, D.C. 171p.

Barbour, M.T., J. Gerritsen, B.D. Snyder, and EBibling. 1999. Rapid Bioassessment ProtocoldJfe
in Streams and Wadeable Rivers: Periphyton, Belaicroinvertebrates and Fish, Second Edition.
EPA 841-B-99-002. U.S. Environmental Protection Age Office of Water; Washington, D.C.

Beach, T. 1994. The fate of eroded soil: sedimikissand sediment budgets of agrarian landscapes in
Southern Minnesota, 1851-1988. Annals of the Asgmsi of American Geographers 84:1, 5-28

Becher, Kent D., Stephen J. Kalkhoff, Douglas hriéebelen, Kimberlee K. Barnes, and Von E. Miller.
2001. Water-Quality Assessment of the Eastern IBagsins—Nitrogen, Phosphorus, Suspended
Sediment, and Organic Carbon in Surface Water, 4986 U.S.G.S. Water-Resources Investigations
Report 01-4175.” 56 pp.

Bennett, E.M., Carpenter, S.R. and Caraco, N.F12B@man impact on erodable phosphorus and
eutrophication: a global perspective. BioScience22l/—234.

Berg, J.A., T.A. Petersen, Y. Anderson, and R. Bak@04. Hydrogeology of the Rock River watershed,
Minnesota and associated off-channel habitatseoTthpeka shiner. Final report submitted by the
Minnesota Department of Natural Resources. 13+ pp.

Bernot, M.J., J.L. Tank, T.V. Royer, and M.B. Dava®05. Nutrient processing in streams draining
agricultural watersheds of the Midwestern U.S. Rneter Biology in press.

Bogan, AE. 1993. Freshwater bivalve extinctions {Msza: Unionoida): A search for causes. American
Zoologist [AM. ZOOL.] 33, no. 6, pp. 599-609.

Booth, D.B., D. Hartley, and R. Jackson. 2002 eBbcover, impervious surface area, and the midigat
of stormwater impacts. Journal of the American &/&esources Association, v. 38:835-845 2002

Borah, D.K. G. Yagow, A. Saleh, P. L. Barnes, Ws&ahal, E. C. Krug, L. M. Hauck. 2006. Sediment
and nutrient modeling for TMDL development and ierpentation. Transactions of the ASABE. Vol.
494: 967-986. @2006

Burkart, M.R., Simpkins, W.W., Morrow, A.J., & Gamm, J.M. 2004. Occurrence of total dissolved
phosphorus in surficial aquifers and aquitardoind. Journal of the American WaterResources
Association, 40(3), 827-834.

Camargo, J.A. and Alvaro Alonso. 2006. Ecological toxicological effects of inorganic nitrogen
pollution in aquatic ecosystems: A global assessntatvironment International Volume 32, Issue 6,
August 2006, Pages 831-849

Camargo, Julio A., Alvaro Alonso, Annabella Salag®r?005. Nitrate toxicity to aquatic animals: a
review with new data for freshwater invertebra@semosphere 58: 1255-1267.

Casey, M.A., Gary Wyatt, Amy Rager, Cindy Arnevidave Pfarr, Jim Anderson, Les Everett, and Lowell
Busman. 1995. Addressing Nonpoint Source AgricaltBollution in the Minnesota River Basin:
Findings from focus groups conducted with FarmAgency Staff, Crop Consultants, and
Researchers. December 1995. Study conductedddviinnesota Department of Agriculture as part
of the Minnesota River Agricultural Research Bagal®s Project, University of Minnesota. St. Paul,
MN. URL last accessed 3/20/2008: http://www.saitsn.edu/research/mn-river/doc/fgrptweb.html

Changnon, S.A. and K.E. Kunkel 1995. Climate-reldtectuations in Midwestern flooding. Journal Wate
Resources Planning and Management, 121: 326-334.

Boone River Conservation Action Plan 129



Changnon, S.A., and D. Winstanley 2000. Temporargles in Corn-weather Seasons in lllinois. Climatic
Change, 47: 353-372.

Changnon, S.A., and M. Demissie. 1996. Detectiothahges in streamflow and floods resulting from
climate fluctuations and land use-drainage charg@satic Change (Historical Archive) 32(4):411 —
421.

Clark, W.R. 2006. River Otter Ecology and Managetiie lowa. Ecology, Evolution and Organismal
Biology, lowa State University. Ames, lowa. URL:
http://www.eeob.iastate.edu/faculty/Clarkw/homephtyel

Covich, A.P., S. C. Fritz, P. J. Lamb, R. D. MafzdlVv. J. Matthews, K. A. Poiani, E. E. Prepas,B\.
Richman, T. C. Winter. Potential effects of climatenge on aquatic ecosystems of the Great Plains
of North America. 1997. Hydrological Processes Vindul1, Issue 8 , Pages 993-1021.

Crumpton, W. G., G. A. Stenback, B. A. Miller, alld J. Helmers. 2006. Potential Benefits of Wetland
Filters for Tile Drainage Systems:Impact on Nitratads to Mississippi River Subbasins. Final
project report to U.S. Department of Agriculturepjéct number: IOW06682. lowa State University,
Ames, IA.

Crumpton, W.G. and Matthew Helmers. Integrated irge-Wetland Systems for Reducing Nitrate Loads
from Tile Drained Landscapes. American Society gfiéultural and Biological Engineers, St. Joseph,
Michigan www.asabe.org. Citation: Paper numbelPa®04.

Daniel, T. C., A. N. Sharpley, and J. L. Lemuny®®98. Agricultural phosphorus and eutrophication: A
review. J. Environ. Qual. 27:251-257.

Darby, S.E. and A. Simon Eds. 1999. Incised Rivear@els: Processes, Forms, Engineering and
Management. S.E.. Wiley, Chichester, 1999. 442184.line diagrams, 59 photographs, 24 tables, and
8 color plates.

DeWalt, R.E, C. Favret, and D.W. Webb. 2005. JustHmnperiled Are Aquatic Insects? A Case Study of
Stoneflies Plecoptera in lllinois. Ann. Entomol.cSém. 986: 941-950

Diamond, J.M. VB Serveiss. 2001. Identifying sosroéstress to native aquatic fauna using a wagersh
ecological risk assessment. Environ. Sci. Tech3sl24: 4711 - 4718.

Dils, R.M. and A.L. Heathwaite. 1999. The contraiakrole of tile drainage in phosphorus exportifro
agricultural land. Water Science and Technologyuvtad 39, Issue 12, Pages 55-61.

Dinnes, D.L. 2004. Assessments of Practices to &edlitrogen and Phosphorus Nonpoint Source
Pollution of lowa’s Surface Waters. USDA-ARS Natd®oil Tilth Laboratory, for the lowa
Department of Natural Resources, In Cooperatioh thie USDA-ARS National Soil Tilth Laboratory.

Dinnes, D.L., D.L. Karlen, D.B. Jaynes, T.C. Kasght. Hatfield, T. S. Colvin, and Cynthia A.
Cambardella. 2002. Nitrogen Management Strategi®etluce Nitrate Leaching in Tile-Drained
Midwestern Soils. Agronomy Journal 94:153-171.

Dodds, W.K., and E.B. Welch. 2000. Establishingieut criteria in streams. Journal of the North
American Benthological Society 19(1): 186-196.

Dodds, W.K., Val H. Smith, and Kirk Lohman. 20024trNgen and phosphorus relationships to benthic
algal biomass in temperate streams. Can. J. Riplat. Sci. 59: 865-874 (2002)

Doering, O.C., F. Diaz-Hermelo, C. Howard, R. Heé@tn) F. Hitzhusen, R. Kazmierczak, J. Lee, L. Libby
W. Milon, T. Prato, and M. Ribaudo. 1999. Evaluataf the Economic Costs and Benefits of Methods

Boone River Conservation Action Plan 130



for Reducing Nutrient Loads to the Gulf of Mexidmpic 6 Report for the Integrated Assessment on
Hypoxia in the Gulf of Mexico.

Doisy, K.E., C.F Rabeni. 2004. Effects of Susmeh8ediment on Native Missouri Fishes: A Literature
Review and Synthesis. Missouri Cooperative Fish\jildlife Research Unit. St. Louis, Missouri.

Donner, M.T. Coe, J.D. Lenters, T.E. Twine, and. Féley. 2002. Modeling the impact of hydrological
changes on nitrate transport in the MississippeRBasin from 1955 to 1994. Global Biogeochemical
Cycles 163: 1396.

Dosskey, M.G., D.E. Eisenhauer, and M.J. Helmeél852Establishing conservation buffers using
precision information. Journal of Soil and Watem&ervation 60(6): 349-354.

Downing, J.A. 1997. Relationship between habitarabteristics and the extinction of lake mussels in
Minnesota. Final report submitted to the Minnedoépartment of Natural Resources. 10 pp.

Downing, J.A., Hendrik Van Leeuwen, L. Antonio Dadto. 2000. Substratum patch selection in the
lacustrine mussels Elliptio complanata and Pyganagtandis grandis Freshwater Biology 44 4, 641—
648.

Eash, David. 2001 Techniques for estimating floadifiency discharges for streams in lowa. USGS
Water Resources Investigations Report 00-4233.ilda online:
http://ia.water.usgs.gov/pubs/reports/WRIR_00-4288.

Easterling, D.R., and T.R. Karl. 2001. Potentiatsequences of climate variability and change fer th
Midwestern United States, Chapter 6. In: Climatenge impacts on the United States: the potential
consequences of climate variability and changeyntep Congress of the National Assessment
Synthesis Team. New York: Cambridge University Br&67-189.

Environmental Protection Agency EPA. 2000 Ambifdter Quality Criteria Recommendations:
Information Supporting the Development of State @rilal Criteria, Rivers and Streams in Nutrient
Ecoregion VI: Corn Belt and Northern Great Plaig®?A Report 822-B-00-017. Available online:
http://lwww.epa.gov/waterscience/criteria/nutrieotfeegions/rivers/rivers_6.pdf.

Environmental Protection Agency EPA. 1995. CaselystBear Creek, lowa. Chapter 6 in: Ecological
Restoration, EPA 841-F-95-007, November 1995. /A&dd online:
http://www.epa.gov/IOWOW/NPS/Ecology/chap6bea.html.

ESRI. 2007. Creating a depressionless DEM Release
http://webhelp.esri.com/arcgisdesktop/9.2/index2itm3914&pid=3910&topicname=Creating_a_dep
ressionless_ DEM

Euliss, Jr. Ned H., David M. Mushet. 2004. Impaaftsvater development on aquatic macroinvertebrates,
amphibians, and plants in wetlands of a semi-and$cape. Aquatic Ecosystem Health &
Management, Volume 7, Issue 1 January 2004 , pédle84

Faulkner, D.J. 1998. Spatially Variable Historiédluviation and Channel Incision in West-Central
Wisconsin. Annals of the Association of Americaro@ephers 88 (4): 666-685.

Fitzhugh, T. 2005. Watershed Characteristics aqdafic Ecological Integrity: A Literature Review.
http://www.nature.org/initiatives/freshwater/resoes/art17025.html#docs

Fitzpatrick, F.A., J.C. Knox, and H.E. Whitman. 89&ffects of historical land-cover changes on dliog

and sedimentation, North Fish Creek, Wisconsin.eWBResources Investigations Report 99-4083.
U.S. Department of Interior, U.S. Geological Survey

Boone River Conservation Action Plan 131



Frenzel, S. A. and R. B. Swanson. 1996. Relatidfisio community composition to environmental
variables in streams of central Nebraska, USA. iemvhental Management VVolume 20, Number 5:
689—705.

Frest, T.J. 1987. Mussel survey of selected intéawa streams. University of Northern lowa, Final
Report to lowa Department of Natural Resourceslh® Fish & Wildlife Service. 354 pp.

Frothingham, K. M., B. L. Rhoads, and E.E. Herrick302. A multiscale conceptual framework for
integrated ecogeomorphological research to sugb@am naturalization in the agricultural Midwest.
Environmental Management 29(1):16-33

Garbrecht, J., M. Van Liew, and G.O. Brown. 2004ends in precipitation, streamflow, and
evapotranspiration in the Great Plains of the Uh&éates. J. Hydrol. Engin. 9, 360-367.

Gassman, P.W. 2008. A simulation assessment d@dbae River watershed: baseline
calibration/validation results and issues, andriitesearch needs. PhD. Dissertation, lowa State
University, Ames, lowa.

Gassman, P.W., M.R. Reyes, C.H. Green, and J.Qld\rg007. The Soil and Water Assessment Tool:
Historical Development, Applications, and futureearch directions. Trans. ASAE. 50(4):1211-1250

Gassman, P.W., Silvia Secchi, and Manoj Jha. 2888cssment of Bioenergy-Related Scenarios for the
Boone River Watershed in North Central lowa.

Gelwicks, G. T. 1999. Evaluation of the importanéespecific in-stream habitats to fish populatiamsl
the potential for protecting or enhancing lowa'teiior river resources (F-160-R). lowa Department o
Natural Resources, Federal Aid to Fish Restoratiomual Performance Report-Study 7006, Des
Moines.

Gelwicks, G. T. 2000. Evaluation of the importao€especific in-stream habitats to fish populatiams!
the potential for protecting or enhancing lowa'teiior river resources (F-160-R). lowa Departmént o
Natural Resources, Federal Aid to Fish Restoratiomual Performance Report-Study 7006, Des
Moines.

Gentry, L.E., M.B. David, K.M. Smith, and D.A. Koeia. 1998. Nitrogen cycling and tile drainage rtéra
loss in a corn/soybean watershed. Agric. Ecosystirn. 68:85-97.

Geohring, L.D., O.V. McHugh, M. T. Walter, T.S. 8tduis, M. S. Akhtar, M.F. Walter. 2001. Phosphorus
transport into subsurface drains by macropores aftaure applications: implications for best manure
management practices. Soil Science 166(12): 896-909

Geohring, L.D., Sr., Tammo S. Steenhuis, AndreBr8oks, Melissa N. Rosenwald, Jennifer Chen,
Cornell University and Victor J. Putnam, Essex QgWianning Department. December 1999. Cost-
Effective Phosphorus Removal from Secondary WadtavEfluent through Mineral Adsorption.
Larry D. LCBP Technical Report #36.

Glysson, G.D., 1987. Sediment-transport curves. G&blogical Survey Open-File Report 87-218. 47 pp.

Goolsby, D.A., W.A. Battaglin, B.T. Aulenbach, aRithard P. Hooper. 2001. Nitrogen input to the Gulf
of Mexico. J. Environ. Qual. 30:328-336.

Goolsby, D.A., W.A. Battaglin, G.B. Lawrence, RM&8tz, B.T. Aulenbach, R.P. Hooper, D.R. Keeney,
and G.J. Stensland. 1999, Flux and sources ofemigrin the Mississippi-Atchafalaya River Basin:
Topic 3 Report. White House Office of Science aredhinology Policy Committee on Environment
and Natural Resources, Hypoxia Work Group, Washimgb.C. Online:
http://www.nos.noaa.gov/products/pubs_hypox.html.

Boone River Conservation Action Plan 132



Gowda, P.H. 1998. Agricultural Non-point Pollutdmatading Patterns in Upper Mississippi River
Watersheds. USGS, Upper Midwest Environmentalr®eieCenter. Long Term Monitoring Program
Project Status Report 98-12. http://www.umesc.ggngreports_publications/psrs/umesc_psr.html

Green, C.H., Tomer, M.D., DiLuzio, M., & Arnold,@. (2006). Hydrologic evaluation of the Soil and
Water Assessment Tool for a large tile-drained vehieed in lowa. Transactions American Society of
Agricultural and Biological Engineers, 49(2), 41324

Greenhalgh, Suzie , Faeth, Paul. 2001. A Potentiegrated Water Quality Strategy for the Missipsip
River Basin and the Gulf of Mexico. TheScientifiovid Vol 1  Supplement no.:s2 976-983

Hanson, M., K. D. Zimmer, M. G. Butler, B.A. TangghR. Herwig, and N. H. Euliss, Jr.. 2005. Biotic
interactions as determinants of ecosystem struatyseairie wetlands: an example using fish.
Wetlands 25:3

Harlan, James, Everett Speaker, and James May®8&#.lawa Fish and Fishing. lowa Department of
Natural Resources, Des Moines. 323 pp.

Heiskary, S. and H. Markus. 2003. Establishing Ratahips Among In-stream Nutrient Concentrations,
Phytoplankton and Periphyton Abundance and ConipasiFish and Macroinvertebrate Indices, and
Biochemical Oxygen Demand in Minnesota USA Rivevlnnesota Pollution Control Agency, St.
Paul, MN.

Heitke, J.D., C.L. Pierce, G.T. Gelwicks, G.A. Sioms. 2006. Habitat, Land Use, and Fish Assemblage
Relationships in lowa Streams: Preliminary Assesgrnmean Agricultural Landscape. American
Fisheries Society Symposium 48:287-303.

Hey, D. L. and N. S. Philippi. 1995. Flood reduntibrough wetland restoration: The Upper Missisisipp
River Basin as a case history. Restoration EcoBigy

Higgins, J. V., M. T. Bryer, M. L. Khoury, snd W. Fitzhugh. 2005. A freshwater classification agguoh
for biodiversity conservation planning. ConservatBiology 192: 432.

Hoke, Ellet. 2004 The freshwater mussels Mollug&iaalvia: Unionidae of the Boone River, North
Central lowa. Journal of the lowa Academy of Sceeh111,2: 43-47.

Horwitz, R.J. 1978. Temporal Variability Pattermglahe Distributional Patterns of Stream Fishes.
Ecological Monographs, Vol. 48, No. 3 : 307-321.

Hoyer, B.E., and Hallberg, G.H., 1991, Groundwateinerability Regions of lowa: Department of
Natural Resources, Special Map Series 11.

Hupp, C. R. 1992. Riparian vegetation recoverygpa#t following stream channelization : a geomorphic
perspective. Ecology 73:1209-1226.

Infante, D.M. 2001. The effects of channel shapésinassemblage structure. M.S. thesis, Universfity
Michigan, Ann Arbor, MI.

Infante, Dana M., M.J. Wiley, and Paul W. Seelb&f00. The Effects of Channel Incision and Low Flow
Hydraulic Radius on Stream Fish Assemblages, Usityeof Michigan, School of Natural Resources
and Environment, 430 E. University, Ann Arbor Ml

lowa Administrative Code, Environmental Protectommission Section 567 Chapter 61: Water Quality

Standards effective 1977. Online:
http://www.legis.state.ia.us/Rules/2003/iac/56 B&g61/56761.pdf.

Boone River Conservation Action Plan 133



lowa Conservation Commission ICC. 1985 Boone RiRmatected Water Area Management Plan, Des
Moines. 65 pp.

lowa Department of Agriculture and Land StewardgHALS). 1998. lowa Wetlands and Riparian Areas
Conservation Plan. Division of Soil ConservatiomsIMoines.

lowa Department of Natural Resources IDNR. 2003d BEagle restoration. Available online:
http://www.iowadnr.com/wildlife/pdfs/eagle%20log%Zm3%20complete.pdf.

IOWATER volunteer water monitoring data: http://wviewater.net

Isenhart, T.M., J.D. Colletti, and R.C. Shultz. T9%atershed restoration and agricultural practiceke
Midwest: Bear Creek in lowa. Chapter 19 in WilligrdsE. ed. Watershed Restoration: Principles and
Practices. American Fisheries Society. BeltsvM®&. Available online:
http://www.ag.iastate.edu/centers/iawetlands/Béantml.

James, A. 1999. Time and the persistence of allnvRiver engineering, fluvial geomorphology, and
mining sediment in California. Geomorphology 3sues 1-4, December 1999, Pages 265-290.

Jha, M., Jeffrey G. Arnold, Philip W. Gassman,pgpilb Giorgi, Roy R. Gu (2006) Climate Change
Sensitivity Assessment On Upper Mississippi RivasiB Streamflows Using SWAT. Journal of the
American Water Resources Association 42 (4) , 99751

Jha, M., Zaitao Pan, Eugene S. Takle, and Roy G@8.2The Impacts of Climate Change on Stream Flow
in the Upper Mississippi River Basin: A Regionaintite Model Perspective. Working Paper 03-WP
337.

Jha, P.W. Gassman, J.G. Arnold, S.S. Secchi, TpBalhand C.L. Kling. 2004. Hydrologic Modeling of
the Upper Mississippi River Basin Using SWAT. Papember 042069, ASAE Annual Meeting.

Jones, P.M. and Winterstein, T.A. 2000. Characiéiomn of rainfall-runoff response and estimatioritef
effect of wetland restoration on runoff, Heron L&@sin, Southwestern Minnesota, 1991-1997: U.S.
Geological Survey Water-Resources Investigation®oRe0-4095, 160 p.

Kadlec, R. H. 2005. Nitrogen Farming for PollutiGontrol. Journal of Environmental Science and Healt
Part A, Volume 40, Issue 6 & 7: 1307 - 1330

Kalkhoff, S.J., Barnes, K.K., Becher, K.D., SavogbE., Schnoebelen, D.J., Sadorf, E.M., Porter, S.D
and Sullivan, D.J., 2000, Water Quality in the Eastowa Basins, lowa and Minnesota, 1996-98:
U.S. Geological Survey Circular 1210, 37 p., orelat http://pubs.water.usgs.gov/circ1210/

Karr, J.R., K.D. Fausch, P.L. Angermeier, P.R. Yand 1.J. Schlosser. 1986. Assessing biological
integrity in running waters: a method and its radile. lllinois Natural History Survey, Special
Publication 5. 28 p.

Keeney, D. and M. Muller. 2006. Water Use by Ethdtants: Potential Challenges. Institute for
Agriculture and Trade Policy. Minneapolis, MN.

Khoury, M. 2004. Expert opinion cited in Weitzella. 2003, Conservation Priorities for Freshwater
Biodiversity in the Upper Mississippi River Basin.

Kiepe, C. 2005. Field-level survey of the BoonedRiwatershed including current land use, crop iamat
tillage practice, conservation practices; livestoplkrations; and eroded gullies or stream banks. Mr
Kiepe is a former USDA-NRCS employee and has peréafr similar surveys for several smaller
watersheds in different parts of lowa.

Boone River Conservation Action Plan 134



King, K.W., Smiley, P.C., Baker, B.J., Fausey, N2R05. Assessing the impact of conservation
management practices on water and soil qualitydpdy Big Walnut Creek watershed [abstract].
ASAE Annual International Meeting. Paper No. 05-212

King, K.W. xxx. Impact assessment of conservatt@nagement practices on water quality in Upper Big
Walnut Creek Watershed.

King, K.W., Fausey, N.R. 2006. Assessing ConseswaBenefits and Costs. Ohio Country Journal. p. 47.

Kladivko, E.J., L.C. Brown, and J.L. Baker. 200&skcide transport to subsurface tile drains in igum
regions of North America. Critical Reviews in Erarimental Science and Technology 31(1): 1-62.

Klein, R. 1979. Urbanization and stream quality @ainment. American Water Resources Association.
Water Resources Bulletin. 154.

Knight, G. L. and K.B. Gido. Habitat Use and Sudit®iity to Predation of Four Prairie Stream Fishes
Implications for Conservation of the Endangered 8lk@pShiner. Copeia Article: pp. 38—47

Knox, J.C. 1987. Historical valley floor sedimeiaatin the Upper Mississippi Valley. Annals of the
Association of American Geographers 77(2) : 224-244

Knox, James C. 2001. Agricultural influence on lscape sensitivity in the Upper Mississippi River
Valley. CATENA Volume 42, Issues 2-4 : Pages 193-22

Kronvang, B., R. Grant, and A. L. Laubel. 1997. i&etht and phosphorus export from a lowland
catchment: Quantification of sources. Water Airl &ail. 99:465-476.

Kunkel, K.E., K. Andsager, and D. Easterling. 199®ng-term trends in extreme precipitation evewsr
the conterminous U.S. J. Climate 12, 2515-2527.

Lane, E.W. 1955. The importance of fluvial morphgpion hydraulic engineering. Proceedings of the
American Society of Civil Engineers 81:1-17.

Langendoen, E.J., Simon, A., Pollen, N.L., WilligrRsG., Lowrance, R.R. 2006. A comprehensive
stream-riparian corridor model to study the impzatiparian buffers on channel and edge-of-field
processes: simulation of streambank hydrologyPhaceedings of the 3rd Federal Interagency
Hydrologic Modeling Conference, April 2-6, 2006,r®e Nevada. CDROM.

Laubel, A., O.H. Jacobsen, B. Kronvang, R. Gramd, ld.E. Andersen. 1999. Subsurface drainage loss of
particles and phosphorus from field plot experiraeartd a tile-drained catchment. Journal of
Environmental Quality. 28( 2): 576-584.

Leopold, L.B. 1994. A View of the River. Harvard Wersity Press, Cambridge, MA.

Lewis, D. B., and J. J. Magnuson. 1999. Landscpptia patterns in freshwater snail assemblagessacr
northern highland catchments. Freshwater Biologl-42P.

Libra, Robert D. and Calvin F. Wolter. 2004. Nitewgand Phosphorus Budgets for lowa and lowa
Watersheds. lowa Department of Natural Resour@snlogical Survey Technological Information
Series 47, Des Moines. 47 pp.

Loan-Wilsey, A.K., C.L. Pierce, K.L. Kane, P.D. Bvo and R.L. McNeely. 2005. The lowa Aquatic Gap

Analysis Project Final Report. lowa CooperativehFasid Wildlife Research Unit, lowa State
University, Ames, lowa.

Boone River Conservation Action Plan 135



Logsdon, S.D. Thomas C. Kaspar, David W. Meek, Jofth H. Prueger. 2002. Nitrate Leaching as
Influenced by Cover Crops in Large Soil Monolithgrén. J. 94:807-814.

Lovell, S.T. 2006. Environmental benefits of consion buffers in the United States: Evidence, psem
and open questions. Ecosystems & Environment Vel@d®?, Issue 4: 249-260

Lytle, D.A. and N.L. Poff. 2004. Adaptation to netlflow regimes. Trends in Ecology and Evolution
19(2):94-100

Mac, M.J. 1995. Aquatic ecosystems overview. Inr [duing resources: a report to the nation on the
distribution, abundance, and health of U. S. plaartémals, and ecosystems. U.S. Department of the
Interior, National Biological Service, Washingt®C. http://biology.usgs.gov/s+t/index.htm

Magilligan, F.J. and M.L. Stamp. 1997. Historicard-Cover Changes and Hydrogeomorphic Adjustment
in a Small Georgia Watershed. Annals of the Asdmiaof American Geographers 87 (4), 614-635.

Magner, J.A. and L. Steffen. 2000. Stream morphioldgesponse to climate and land-use in the
Minnesota River Basin. In: American Society of CEEngineers, Water Resources Engineering,
Planning and Management. 2000. Reston VA.

Magner, J.A., G.A. Payne, L.J. Steffen. 2004. Dagaeffects on stream nitrate-N and hydrology irtlso
central Minnesota (USA), Environmental MonitoringdaAssessment 91, Issue 1-3: 183-198.

Mallawatantri, A.P., D.J. Mulla, and M.W. Seele®9D. Long-term flow trends within the Minnesota
River. Hydrologic impacts of drainage. Technicatdm, Minnesota-lowa Drainage Forum, St. Peter,
MN.

Master, L. L., S. R. Flack, and B. A. Stein (Ed€98. Rivers of life: Critical watersheds for priiag
freshwater biodiversity. The Nature Conservanayington, Virginia.

Master, L.L., B.A. Stein, L.S. Kutner, and G.A. Har@rson. 2000. Vanishing assets: Conservation status
of U.S. species. Pages 93-118 in Stein BA,KutnerAdaims JS, eds. Precious Heritage: The Status of
Biodiversity in the United States. Oxford (Unitethgdom): Oxford University Press.

Mathews, W. J. 1998. Patterns in Freshwater Figldgy. Chapman and Hall, N.Y., NY.

Maxwell, J. R., C. J. Edwards, M. E. Jensen, 8allistain, H. Parrot, and D. M. Hill. 1995. A Hietsical
Framework of Aquatic Ecological Units in North Armer Nearctic Zone. General Technical Report
NC-176. St. Paul, MN: USDA Forest Service, Nortmal Forest Experimental Station.

Mayerfeld, D., Hallberg, G., Miller, G., WintersteeW., Hartzler, R., Brown, S., Duffy, M., and DeftVi
J., 1996, Pest Management in lowa: Planning foFttere: lowa State University publication IFM
17, University Extension, lowa State University, dsnlA, 89 p..

Mclsaac, G.F. and X. Hu. 2004. Net N input andniive N export from lllinois agricultural watersheds
with and without extensive tile drainage. Biogeaulstry, 70(2), 253-273.

McRae, S. E., J . D. Allan and J. B. Burch. 200da¢h- and catchment-scale determinants of the
distribution of freshwater mussels (Bivalvia: Unig&e) in south-eastern Michigan, U.S.A. Freshwater
Biology (2004) 49, 127-142

Meek, S.E. 1893. Fishes of the Cedar River basoc.Powa Acad. Sci. 1: 105-112.

Meneks, M.L., B. Vondracek, and J. Hatch. 2003vahfish as indicators of reproductive success in

unchannelized and channelized tributaries of thet Rger Basin, Minnesota. Journal of Freshwater
Ecology 18(1): 141-154

Boone River Conservation Action Plan 136



Menzel, B. W. 1981. lowa's waters and fishes: Ataey and a half of change. Proc. lowa. Acad. Sci.
88(1): 17-23.

Menzel, B.W., J.B. Barnum, and L.M. Antosch. 19&%ological alterations of lowa prairie-agricultura
streams. lowa State Journal of Research 5-30.

Miller, R.C. 1999. Hydrologic effects of wetlandailtage and land use changes in a tributary watgishe
the Minnesota River Basin: A modeling approach. M.&esis, University of Minnesota, St. Paul,
Minnesota.

Miranda-Castro, Leopoldo. 2006. Forging Partn@sifior Habitat Restoration: Endangered Species
Update.

Mitsch, W.J. and J. W. Day. 2004. Thinking big withole-ecosystem studies and ecosystem restoration:
legacy of H.T. Odum. Ecol Modell 178 133-155.

Morton, L.W., S.S. Brown, J. Leiting. 2008. Watssues in lowa: A Survey of Public Perceptions and
Attitudes about Water. Presentation at Februarg26®a Water Monitoring Conference.

Mueller, D.K., B.C. Ruddy, and W.A. Battaglin. 19%elation of nitrate concentrations in surfaceanvb
land use in the upper Midwestern United States,4389n Goolsby, D.A., Boyer, L.L., and Mallard,
G.E., eds., Selected papers on agricultural chésniicavater resources of the midcontinental United
States: U.S. Geological Survey Open File Repord 88-p. 41-50.

Mummert, Andrea K., Richard J. Neves, Tammy J. N@wlt, and Donald S. Cherry. 2003 Sensitivity of
juvenile freshwater mussels Lampsilis fasciolaldgd iris to total and un-ionized ammonia.
Environmental Toxicology and Chemistry 2211; 25452..

NatureServe. 2004 NatureServe Explorer: An onlimeyelopedia of life [web application]. Version 4.0.
NatureServe, Arlington, Virginia. Available onlinlttp://www.natureserve.org/explorer

Neugarten, R. and D. Braun. 2005. Boone River Yghtsl Ecological Assessment. The Nature
Conservancy, Des Moines, lowa.

Newcombe, C. P., and J. O. Jensen. 1996. Charsgtisded sediment and fisheries: a synthesis for
guantitative assessment of risk and impact. NortteAcan Journal of Fisheries Management 16:693—
727.

Newton, T.J. 2003 Letter to the Editor: The effaaftammonia on freshwater unionid mussels.
Environmental Toxicology and Chemistry 22: 2543-254

Newton, T. J., John W. Allran, Jonathan A. O'Domnidichelle R. Bartsch, and William B. Richardson.
2003. Effects of ammonia on juvenile Unionid musdedmpsilis cardium in laboratory sediment
toxicity tests. Environmental Toxicology and Chetny 2211: 2554-2560.

Nilsson, C. and M. Svedmark. 2002. Basic principled ecological consequences of changing water
regimes: riparian plant communities, EnvironmeMahagement 30(4): 468-480.

Niyogi, D.C., K.S. Simon and C.R. Townsend. 2004dnd. use and stream ecosystem functioning: nutrient
uptake in streams that contrast in agriculturaktlgvment. Arch. Hydrobiol. 160 (4): 471-486.

Odgaard, A. J. 1987. Streambank erosion alonge2giin lowa. Water Resources Research 23(7): 1225-
1236.

Omernik, J.M. 1987. Ecoregions of the Conterminduged States. Annals of the Association of
American Geographers 77(1): 118 - 125.

Boone River Conservation Action Plan 137



Poff, N. LeRoy, J. David Allan, Mark B. Bain, JanfesKarr, Karen L. Prestegaard, Brian D. Richter,
Richard E. Sparks, and Julie C. Stromberg. 198@ rmatural flow regime: A paradigm for river
conservation and restoration. BioScience 47: 789-7

Poff, N.L. and J.D. Allan. 1995. Functional orgaatian of stream fish assemblages in relation to
hydrological variability. Ecology. Vol. 76, no. gp. 606-627.

Poole, K.E. 2005. Assessment Of Stream Habitat undey For Mussel Species Boone River Watershed,
lowa. The Nature Conservancy. DECEMBER 2005

Porter, S.D., 2000. Upper Midwest river systems—ad\land nutrient conditions in streams and rivers in
the upper Midwest region during seasonal low-flmmditions, in Nutrient criteria technical guidance
manual, rivers and streams: Washington, D.C., Brsironmental Protection Agency, Office of
Water, Office of Science and Technology, EPA-820@-002, p. A-25—A-42.

Porter, S.D., Harris, M.A., and Kalkhoff, S.J., 20@nfluence of natural factors on the quality of
midwestern streams and rivers: U.S. Geological 8uWater-Resources Investigations Report 00—
4288.

Postel, Sandra and Brian D. Richter. 2003. Rif@rtife. Island Press, Washington, D.C.

Prato, T. and Shunxiang Wu. 1996. Alternative $p&triteria for Targeting Soil and Water Quality
Improvements in an Agricultural Watershed . Revavgricultural Economics 18, No. 2 (May,
1996), pp. 293-301

Published by the American Society of AgriculturatiaBiological Engineers, St. Joseph, Michigan
www.asabe.org

Rahel, F. J. 2000. Homogenization of fish faunaesscthe United States. Science 288(5467):854-6.

Rahel, F. J. 2002. Homogenization of freshwatendasu Annual Review of Ecology and Systematics Vol.
33:291-315

Randall, G.W., D.R. Huggins, M.P. Russelle, D.XH3) W.W. Nelson, and J.L. Anderson. 1997. Nitrate
losses through subsurface tile drainage in ConservReserve Program, alfalfa, and row crop
systems. Journal of Environmental Quality 26:122a@71

Rankin, E., B. Miltner, C. Yoder and D. Mishne 1998sociation Between Nutrients, Habitat, and the
Aquatic Biota in Ohio Rivers and Streams. Techriidletin MAS/1999-1-1. Ohio EPA, Columbus,
OH.

Richter, Brian D., Jeffrey V. Baumgartner, JennFewell, and David P. Braun. 1996 A method for
assessing hydrologic alteration within ecosystef@snservation Biology 10: 1163-1174.

Richter, Brian D., Jeffrey V. Baumgartner, Robeiigifgton, and David P. Braun. 1997 How Much
Water Does a River Need? Freshwater Biology 37244

Roseboom, D. P. 1987. Case studies of stream amdrastoration. Management of the lllinois River
system: The 1990s and beyond. lllinois River Res@ilanagement. A Governor’'s Conference held
April 1-3. Peoria, Il

Rowe, D. and C.L. Pierce. 2006. Evaluations of Riay$1abitat, Stressor, and Biological Response
Indicators for Wadeable Streams in lowa’s Regidalironmental Assessment and Monitoring
Program. Annual Progress Report to lowa DepartrmENatural Resources. U.S. Geological Survey
lowa State University by Department of Natural Rese Ecology and Management and lowa State
University U.S. Geological Survey lowa Cooperatiigh and Wildlife Research Unit.

Boone River Conservation Action Plan 138



Saleh, A. E. Osei, D. B. Jaynes, B. Du, J. G Arnd@807. Economic and environmental impacts of LSNT
and cover crops for nitrate?nitrogen reduction ialWit Creek Watershed, lowa, using FEM and
enhanced SWAT models. Transactions of the ASABE 5081-1259.

Samson, F.B. and F.L. Knopf editors. 1996. Praaaservation: Preserving North America's most
Endangered Ecosystem. Island Press, Covelo, Gakfd340 pages.

Schilling, K.E. 2000. Patterns of discharge angended sediment transport in the Walnut and Squaw
Creek watersheds, Jasper County, lowa: Water J&€#86-1998. lowa Department of Natural
Resources, Geological Survey Bureau, Technicalitmition Series 42, Des Moines. 47 pp.

Schilling, K.E. 2002. Chemical Transport from RdiAgricultural and Restored Prairie Watersheds.
Journal of Environmental Quality 31:1184-1193 2002

Schilling, K.E. 2004. Preliminary analysis of US@&uge data at Webster City Word document serg¢-via
mail 10/12/2004.

Schilling, K.E. and C.F. Wolter, 2001. Contributiof Baseflow to Nonpoint Source Pollution Loadsiin
Agricultural Watershed. Ground Water 39:49-58.

Schilling, K.E. and C.F. Wolter. 2005. Estimatidnstreamflow, baseflow, and nitrate-nitrogen loads
lowa using multiple linear regression models. daliof the American Water Resources Association
41 |ssue 6, 1333-1346.

Schilling, K.E. and D.S. Lutz. 2004. RelationMifrate Concentrations and Baseflow in the Raccoon
River, lowa. Journal of the American Water Resesrassociation 40:889-900.

Schilling, K.E. and J. Spooner. 2006. Landscapk\datershed Processes: Effects of Watershed-Scale
Land Use Change on Stream Nitrate Concentratidrisnviron Qual 35:2132-2145

Schilling, K.E. and M. Helmers.

Schilling, K.E. and R.D. Libra. 2000. The relathip of nitrate concentrations in streams to rospdand
use in lowa. J. Environ. Qual. 29,1846-1851.

Schilling, K.E. and R.D. Libra. 2003. Increaseddfiow in lowa over the second half of the 20thtagn
Journal of the American Water Resources Associ&8851-860.

Schilling, K.E. and Y.K. Zhang. 2004. Contributiof Baseflow to Nitrate-Nitrogen Export in a Large
Agricultural Watershed, USA. Journal of Hydrolog§52305-316.

Schilling, K.E., M.D. Tomer, Philip W. Gassman, Bat. Kling, Thomas M. Isenhart, Thomas B.
Moorman, William W. Simpkins, and Calvin F. Wolt@007. Tale of Three Watersheds: Nonpoint
Source Pollution and Conservation Practices adoyga. Choices Magazine 2nd Quarter 2007.

Schilling, K.E., T. Hubbard, J. Luzier, J. SpoorZ906. Walnut Creek Watershed Restoration And Water
Quality Monitoring Project: Final Report. lowa Gegical Survey Technical Information Series 49.
lowa DNR, lowa City, IA.

Schlosser, 1.J. 1995. Critical landscape attribtliasinfluence fish population dynamics in headwat
streams. Hydrobiologia 303: 71-81.

Schnepf, M., C. Cox, and P. Groffman (Editors). 20@&nvironmental benefits of conservation on
cropland. Soil and Water Conserv. Soc., Ankeny,

Boone River Conservation Action Plan 139



Schnepf, M., C. Cox, and P. Groffman (Editors). 200anaging Agricultural Landscapes for
Environmental Quality. Soil and Water Conserv. Séokeny, 1A | pp

Schnoebelen, Douglas J., Stephen J. Kalkhoff, KefBecher, and E.M. Thurman. 2003 “Water-Quality
Assessment of the Eastern lowa Basins: Selectditides and Pesticide Degradates in Streams,
1996-98." USGS Water-Resources Investigations Ré€)#:#4075. 61 pp.

Schrank, S.J., C.S. Guy, M.R. Whiles, and B.L. Br&001 Influence of instream and landscape-level
factors on the distribution of Topeka shiners Npisdopeka in Kansas streams. Copeia 20012: 413-
421.

Schultz, R.C. T.M. Isenhart, W.W. Simpkins and LBlletti. 2004. Riparian forest buffers in
agroecosystems — lessons learned from the Beak @/a&rshed, central lowa, USA. Agroforestry
Systems Volume 61-62, Numbers 1-3 .

Science Assessment and Strategy Team SAST. 198dc8dor Floodplain Management into the 21st
Century. Part V of the Report of the InteragenmoBplain Management Review Committee to the
Administration Floodplain Management Task Forcevaifable through the USGS, Reston, VA, or
online at http://edc.usgs.gov/sast/.

Sekely, A.C., D.J. Mulla, and D.W. Bauer. 2002e8mbank slumping and its contribution to the
phosphorus and suspended sediment loads of theEitle River, Minnesota. Journal of Soil and
Water Conservation 575: 243-250.

Sharpe, A.J. 2005. What factors influence freshiai@luscan survival in the Conasauga River? MS
Thesis NCSU.

Sharpley, A.N. and H. Tunney. 2000. Phosphorusarekestrategies to meet agricultural and
environmental challenges of the 21st century. JdwhEnvironmental Quality 29: 176-181.

Shearer, J.S. 2003. Topeka shiner Notropis topel@gement plan for the state of South Dakota. South
Dakota Department of Game, Fish and Parks, Piéfildlife Division Report No. 2003-10, 82 pp.

Shields, F. D., S. S. Knight, and C. M. Cooper.8l3ehabilitation of aquatic habitats in warmwater
streams damaged by channel incision in Mississlgpirobiologia 382, Numbers 1-3: 63-86.

Shields, F.D., Jr, S. S. Knight and C. M. Coop®8@3l. Effects of channel incision on base flow strea
habitats and fishes. Biological Conservation 7243t

Simon, A. 2006. Flow energy, time, and evolutiordghamic fluvial systems: implications for stakéltion
and restoration of unstable systems. In: Procesdifithe 2006 World Environmental and Water
Resources Congress R. Graham, Ed., May 21-25, Z®&ha, Nebraska. CDROM.

Simon, A. and A. Collison. 2001. Scientific basis $treambank stabilization using riparian vegetati
Proceedings of the 7th Federal Interagency SedatientConference, Reno, NV. pp. V-47-54.

Simon, A. and A. Collison. 2002. Quantifying theahanical and hydrologic effects of riparian vegetat
on stream bank stability. Earth Surface Processgd andforms. 27:527-546.

Simon, A. and M. Rinaldi. 2000. Channel instabilitythe loess area of the Midwestern United States.
Journal of the American Water Resources Associd@in133-150.

Simon, A., W. Dickerson, and A. Heins. 2004. Susieelsediment transport rates at the 1.5-year

recurrence interval for ecoregions in the Uniteat&: transport conditions at the bankfull and
effective discharge? Geomorphology 58: 243-262.

Boone River Conservation Action Plan 140



Simpkins, W.W., T.R. Wineland, R.J. Andress, D.8hdston, G.C. Caron, T.M. Isenhart and R.C.
Schultz. 2002. Hydrogeological constraints on liggabuffers for reduction of diffuse pollution:
examples from the Bear Creek watershed in lowa, USater Science and Technology 45(9): 61-68.

Smiley, P.C., King, K.W. 2006. Fish-habitat relatships in drainage ditches within a predominantly
agricultural watershed in central Ohio. EcologiBatiety of America Abstracts. p. 364.

Smith, R.A., R.B. Alexander, and G. E. Schwarz02WNatural background concentrations of nutriégmts
streams and rivers of the conterminous United Stafmvironmental Science & Technology 3714:
3039-3047.

Soil Use and Management 23 (s1) , 5-15

Sprenger, M. D., L. M. Smith, and P. Taylor. 20B&storation of riparian habitat using experimental
flooding. Wetlands 22:49-57.

Strahler, A. 1964. Quantitative geomorphology d@fidage basins and channel networks. In: Chowpedit
Handbook of Applied Hydrology. NewYork: McGraw-Hill

Straka, J.R. and J.A. Downing. 2000 Distributiod abundance of three freshwater mussel species
Bivalvia: Unionidae correlated with physical habitharacteristics in an lowa reservoir. Journal of
the lowa Academy of Science 1072:25-33.

Strauss, P. A. Leone, M. N. Ripa, N. Turpin, J.tMdscot, R. Laplana (2007) Using critical sourceaar®r
targeting cost-effective best management practesitigate phosphorus and sediment transfer at the
watershed scale. Soil Use and Management 23 (st§-153

Strayer, David L., John A. Downing, Wendell R. Ha@gnothy L. King, James B. Layzer, Teresa J.
Newton, and S. Jerrine Nichols. 2004 Changingmexatives on pearly mussels, North America’s
most imperiled animals. BioScience 54: 429-439.

Strock, J.S., P. M. Porter and M. P. Russelle. 2@@4er Cropping to Reduce Nitrate Loss through
Subsurface Drainage in the Northern U.S. Corn Beltrnal of Environmental Quality 33:1010-1016.

Sullivan, D.J. 2000. Fish Communities and Theiradfleh to Environmental Factors in the Eastern lowa
Basins in lowa and Minnesota, 1996. U.S.G.S. WREsources Investigations Report 00-4194. 27

pp.

Taylor, C.A., Guenter A. Schuster, John E. CooRehert J. DiStefano, Arnold G. Eversole, Premek
Hamr, Horton H. Hobbs 1ll, Henry W. Robison, Choisher E. Skelton, and Roger F. Thoma. 2007. A
Reassessment of the Conservation Status of Cragfishthe United States and Canada after 10+
Years of Increased Awareness. Fisheries Vol 32 no 8

TerHaar, M.J., and E. E. Herricks. 1989. Manageraadtdevelopment of aquatic habitat in agricultural
drainage systems. UILU-WRC-89-212. Water Resou@zager, University of Illinois, Urbana, 145

pp.
The Nature Conservancy (TNC). 2000. The Five-3riessiork for Site Conservation: A Practitioner’s

Handbook for Site Conservation Planning and Meagutionservation Success. Volume |, Second
Edition.

The Nature Conservancy TNC. 2005 Indicators adddipgic Alteration, Version 7.0.0. Available
online: http://www.freshwaters.org/tools.

Boone River Conservation Action Plan 141



Thomason, S. K., C. R. Berry, Jr., C. A. Niehug] 81 S. Wall. Constructed Impoundments in the
Floodplain: A Source or Sink for Native Prairie ks, in Particular the Endangered Topeka Shiner
Notropis Topeka?

Tisl, J., and Palas, E., 1998, Sny Magill Creek &k&tted Project Final Report; Clayton County Sail an
Water Conservation District, 54 p.

Tomer, M.D., D. W. Meek, D. B. Jaynes and J. L.fiéld. Evaluation of Nitrate Nitrogen Fluxes frcan
Tile-Drained Watershed in Central lowa. JournaEofironmental Quality 32:642-653 2003 © 2003
American Society of Agronomy, Crop Science Soca@tamerica, and Soil Science Society of
America

Tornes, L.H. 1986. Suspended sediment in Minnestoémams. U.S. Geological Survey. Water Resources
Investigation Report 85-4312. St. Paul, MN.

Trimble, Stanley W. and Pierre Crosson. 2000. Sl Erosion Rates--Myth and Reality. Science 289
(5477): 248-250

U.S. Environmental Protection Agency (USEPA), SceeAdvisory Board. 2007. SAB Hypoxia Panel
Draft Advisory Report. 8-30-2007.

U.S. Fish and Wildlife Service USFWS 2002. Desigmrabf critical habitat for the Topeka shiner. Fede
Register 67162, p. 54262-54306.

U.S. Fish and Wildlife Service. 2004. FINAL ENVIROMNENTAL ASSESSMENT. DESIGNATION OF
CRITICAL HABITAT FOR TOPEKA SHINER Notropis topekaPrepared by Kansas Ecological
Services Field Office, Manhattan, Kansas.

Ulén, M. Bechmann, J. Fdlster, H. P. Jarvie, H.fayn(2007) Agriculture as a phosphorus source for
eutrophication in the north-west European countiiesway, Sweden, United Kingdom and Ireland: a
review

United States Army Corps of Engineers USACOE 1%9pacts of Wetlands on Floods, Boone River
Basin. U.S. Army Corps of Engineers, Hydrologigirering Center, Report PR-23. On file,
Hydrologic Engineering Center and Rock Island Diswffices.

United States Department of Agriculture USDA. 19%ream Visual Assessment Protocol. National
Water and Climate Center, Technical Note 99-1.

United States Environmental Protection Agency. 2Q08EPA National Assessment Database online at
http://iaspub.epa.gov/tmdl/w305b_report_V4.huc?g=07100005&p_state=IA

United States Fish and Wildlife Service USFWS 1®Réview of plant and animal taxa that are cand&late
for listing as endangered or threatened speciederal Register, 61, p.7596.

United States Fish and Wildlife Service USFWS 13&dangered and threatened wildlife and plantsl fin
rule to list the Topeka shiner as endangered. Bé&agister, 63, p.69008.

United States Fish and Wildlife Service USFWS 2@®4dangered and Threatened Wildlife and Plants;
Final Designation of Critical Habitat for the Toe8hiner. Federal Register, 69, p.44736 36 pp..

USEPA. Tolerance and trophic guilds for selecteld $pecies. Appendix C. RBP guidance online
http://www.epa.gov/owow/monitoring/rbp/app_c-3.html

van Gorp, C. 2007. Improving the Raccoon River.

Boone River Conservation Action Plan 142



Wall, S.S., C,R. Berry, Jr., C, M. Blausey, J, nlds, and C,J. Kopplin. 2004. Fish-habitat modgfor
gap analysis to conserve the endangered Topekarskairopis topeka. Can. J. Fish. Aquat. Sci. 616:
954-973.

Ward, A., E. Powell, A. Jayakaran, J. Witter, JABbrosio, and L. Williams. 2003. Why Small
Floodplains (Benches) Sometimes Build In Agricudiudrainage Ditches -Are They Beneficial?Andy

Watters, G.T. 2000. Freshwater mussels and watditguA review of the effects of hydrologic and
instream habitat alterations. Proceedings fo ttet Freshwater Mollusk Conservation Society
Symposium, 1999, pp. 261-274.

Weitzell, R. E, M.L. Khoury, P. Gagnon, B. Schreuds Grossman, and J. Higgins. 2003 Conservation
Priorities for Freshwater Biodiversity in the Uppdississippi River Basin. NatureServe and The
Nature Conservancy, Arlington, VA.

Whiting, P.J., J.F. Stamm, D.B. Moog and R.L. Omfigld 999, Sediment transporting flows in headwater
streams: Bull. Geol. Soc. America, v. 111, p. 456-4

Wilkin, D.C. and S.J. Hebel. 1982. Erosion, redéjms and delivery of sediment to Midwestern sinsa
Water Resources Research 18(4):1278-1282.

Williams, J.D., M.L. Warren, Jr., K.S. Cummingd,.Harris, and R.J. Neves. 1993 Conservation statu
freshwater mussels of the U.S. and Canada. Fish8ig: 16-22.

Wilson, B.N. 2000. History of Drainage ResearcthatUniversity of Minnesota. University of Minneaot
and lowa State University Drainage Research Forum.

Wilton, T. F. 2004 Biological Assessment of lowd/adeable Streams. Project Report. lowa Department
of Natural Resources, Environmental Protection €on, TMDL and Water Quality Assessment
Section. Des Moines, lowa. Available online at
http://www.iowadnr.com/water/tmdlwga/wqa/streambidéx.html

Winston, MR Spatial and Temporal Species Assoaiatigith the Topeka Shiner Notropis topeka in
Missouri. Journal of Freshwater Ecology [J. Fresh&aol.]. Vol. 17, no. 2, pp. 249-262. Jun 2002.

Winter, T.C. 1999. Relation of streams, lakes, wetlands to groundwater flow systems. Hydrogeology
Journal 7 1: 1435-0157

Withers, A.J., P. M. Haygarth (2007) Agriculturdgsphorus and eutrophication: a European persgectiv
Soil Use and Management 23 (s1) , 1-4

Wright, J.P. and C.G. Jones. 2006. The Conceptrghfiisms as Ecosystem Engineers Ten Years On:
Progress, Limitations, and Challenges. BioScier&8)5 203-209.

Wright, J.P., W.S.C. Gurney, and C.G. Jones. 2Ba#ch dynamics in a landscape modified by ecosyste
engineers. Oikos 105: 336-348.

Wu, J., E.N. Castle, K. Tanaka. Reducing NitroBemoff from the Upper Mississippi River Basin to
Control Hypoxia in the Gulf of Mexico: Easementslaxes?

Wu, J., Richard M. Adams, Catherine L. Kling, anat&uya Tanaka. 2004. From Microlevel Decisions To
Landscape Changes: An Assessment Of Agriculturas€wation Policies. Amer. J. Agr. Econ. 861
February 2004: 26-41

Wynn, T. 2006. Streambank retreat; a Primer. Vé¢htat Update 4(1). AWRA Hydrology and Watershed
Management Technical Committee.

Boone River Conservation Action Plan 143



Yang, W., M. Khanna, R. Farnsworth and Hayri O8803. Integrating economic, environmental and GIS
modeling to target cost effective land retirementniultiple watersheds. Ecological Economics 46(2):
249-267.

Yang, W., M. Khanna, R. Farnsworth, H. Onal. 20855eographical Targeting Cost-Effective? The Case
of the Conservation Reserve Enhancement Progrditimiis. Review of Agricultural Economics,
Volume 27, Number 1, Spring 2005 , pp. 70-8819

Yuan, Y., Bingner, R.L., Langendoen, E.J., WelllR RSimon, A., Alonso, C.V. 2006. Determination of
watershed sediment sources using USDA watershedtanthel models. American Society for
Agricultural Engineers. Paper No. 062048, St. Josbfichigan, 17 pp.

Zaimes, G. N., Schultz, R. C., Isenhart, T. M. 20B#eam bank erosion adjacent to riparian forefels,
row-crop fields, and continuously-grazed pastutesg@Bear Creek in central lowa. Journal of Soil
and Water Conservation Ankeny, 2004 Vol. 59 No9427

Zaimes, G.N., R.C. Schultz, T.M. Isenhart. 200¢drian land uses and precipitation influences east
bank erosion in central lowa. Journal of the Arcemi \Water Resources Association 42 1, 83-97.

Zedler, J. B. and S. Kercher. 2005. Wetland regsirstatus, trends, ecosystem services, and retityra
Annual Review of Environment and Resources 30: 89-7

Zucker, L.A.and L.C. Brown. 1998. Agricultural Dnaige: Water Quality Impacts and Subsurface
Drainage Studies in the Midwest Bulletin 871-98id>&tate University Extension.

Boone River Conservation Action Plan 144



Appendices

Boone River Conservation Action Plan



Appendix A. Additional Data, Figures, and Tables

Table A.1.STORET water quality data for Boone River site Q#2006

a. Total Phosphorus

Median Max

10400001 Boone River near Stratford 0.19 1.3

11400001 Boone River at Woolstock 0.14 0.19

11400002 Lyons Creek in Webster City (Site LC1) 0.20 0.49

11990003 Buttermilk Creek near Goldfield (Site BMC1) 0.50 1.3

22400004 Briggs Woods Lake 0.05 0.08

22990001 Lake Cornelia (maximum water depth) 0.07 0.13

b. Nitrogen, Nitrite (NO2) + Nitrate (NO3) as N

STORET ID Average Maximum
10400001 Boone River near Stratford 8.0 28
11400001 Boone River at Woolstock 8.5 14
11400002 Lyons Creek in Webster City (Site LC1) 8.7 27
11400003 Lyons Creek near Webster City (Site LC2) 0.4 0.44
11990001 Buttermilk Creek near Goldfield (Site BMC1) 3.1 12
11990003 Buttermilk Creek near Goldfield (Site BMC3) 4.1 15
22400004 Briggs Woods Lake 10.2 16
22990001 Lake Cornelia (at maximum water depth) 0.0 0.3
22990002 Lake Cornelia (mean water depth) 0.0 0.11
22990003 Lake Cornelia (shallow water depth) 0.0 0.12

c. E. coli
Median N Min Max

10400001 Boone River near Stratford 580 86 0 21000

11400001 Boone River at Woolstock 204 5 50 400

11400002 Lyons Creek in Webster City (Site LC1) 4739 9 280 23000

11400003 Lyons Creek near Webster City (Site LC2) 4200 1 4200 4200

11990001 Buttermilk Creek near Goldfield (Site BMC1) 1075 10 220 5400

11990003 Buttermilk Creek near Goldfield (Site BMC3) 540 7 150 860

21400001 Briggs Woods Park & Golf Course Beach 158 30 0 2200

21990001 Lake Cornelia Park Beach 60 29 0 1100

d. Atrazine — Boone River Near Stratford

Year N samples  Average Max
1999 3 0.087 0.26
2000 12 0.145 1.3
2001 12 0.139 0.66
2002 12 0.187 0.92
2003 12 0.097 0.29
2004 12 0.13 0.28
2005 12 0.114 0.31
2006 11 0.118 0.49
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Table A.2. Suspended sediment effects on warmwater stretesfimdapted from Doisy and Rabeni 2004).

Species Lifestage Conc(mg/L) Duration (h) Class Effect Source

Warmwater fishes Adult (A) 620 * 48 lethal Fish kills downstream Hesse & Newcomb 1982
Warmwater fishes A 22 * 8760 lethal Fish populations destroyed Menzel et al. 1984
Warmwater fishes A 40 8760 chronic Depressive effect on populations Gammon 1970

Bluegill A 423 * 0.05 chronic Rate of feeding reduced Gardner 1981

Bluegill A 15* 1 chronic Reduced prey detection Vinyard & O'Brien 1976
Bluegill A 1445 * 720 chronic Growth retarded Buck 1956

Bluegill A 62.5* 720 chronic Weight gain reduced Buck 1956

Bluegill A 1445 * 720 reproductive  Unable to reproduce Buck 1956

Bluegill I (Juvenile) 195 ** 24 chronic Increased coughing Carlson 1984

Bluegill 1(J) 76 336 chronic 25% reduction in biomass Sweeten 1996

Bluegill 1(J) 244 336 lethal 50% reduction in biomass Sweeten 1996

Bluegill Immature (1) 11 96 chronic 25% reduction in biomass Sweeten & McCreedy 2002
Bluegill | 20.4 48 chronic 25% reduction in biomass Sweeten & McCreedy 2002
Bluegill | 11.7 168 chronic 25% reduction in biomass Sweeten & McCreedy 2002
Bluegill | 36 168 chronic 25% reduction in biomass Sweeten & McCreedy 2002
Bluegill | 200 96 chronic 25% reduction in biomass Sweeten & McCreedy 2002
Bluegill 1(J) 315 336 chronic >20 — 40% mortality Sweeten 1996

Bluegill | (Larval) 39 168 lethal >40 — 60% mortality Sweeten 1996

Bluegill (L) 79 168 lethal >60 — 80% mortality Sweeten 1996

Bluegill 1 (L) 158 168 lethal >60 — 80% mortality Sweeten 1996

Bluegill (L) 315 168 lethal >40 — 60% mortality Sweeten 1996

Bluegill | 500 24 chronic 0 — 20% mortality Sweeten & McCreedy 2002
Bluegill | 500 48 chronic 0 — 20% mortality Sweeten & McCreedy 2002
Bluegill 32 48 chronic 0 — 20% mortality Sweeten & McCreedy 2002
Bluegill | 16 168 chronic 0 — 20% mortality Sweeten & McCreedy 2002
Bluegill | 16 96 chronic 0 — 20% mortality Sweeten & McCreedy 2002
Black bullhead A 100000 24 chronic Change in behavior Wallen 1951

Black bullhead A 225000 lethal >80 — 100% mortality Wallen 1951

Black crappie A 85000 lethal >80 — 100% mortality Wallen 1951

Black crappie A 200000 lethal >80 —100% mortality Wallen 1951
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Species Lifestage Conc(mg/L) Duration (h) Class Effect Source

Blackstripe

topminnow A 175000 2 lethal >80 — 100% mortality Wallen 1951

Creek chub A 45* 168 chronic Change in behavior Gradall & Swenson 1982

Darters A 2045 * 8760 lethal Darters absent Vaughn 1979

Emerald shiner A 11,750 ** 1 chronic Decreased feeding Bonner & Wilde 2002 (sb)

Fathead minnow A 39 1 chronic Change in behavior Abrahams & Kattenfeld 1997

Fathead minnow A 738 96 lethal >20 — 40% mortality Smith et al. 1965 (cg)

Fathead minnow A 2000 96 lethal >60 — 80% mortality Smith et al. 1965 (cg)

Fathead minnow A 2000 96 lethal >20 — 40% mortality Smith et al. 1965 (ck)
Reduced activity, metabolism

Fathead minnow A 100 24 chronic change MacLeod & Smith 1966 (cg)

Gizzard shad A 53-92* 8760 lethal Population absent Gammon 1970

Golden shiner A 20000 24 chronic Change in behavior Wallen 1951

Golden shiner A 200000 2 lethal >80 — 100% mortality Wallen 1951

Golden shiner A 50000 24 chronic 0 — 20% mortality Wallen 1951

Golden shiner A 338 ** 0.3 chronic Increased activity Chiasson 1993

Green sunfish A 9,600 * 1 chronic Rate of ventilation increased Horkel & Pearson 1976

Green sunfish A+ 20000 24 chronic Change in behavior Wallen 1951

Green sunfish A+ 50000 24 chronic 0 — 20% mortality Wallen 1951

Green sunfish A+ 210000 2 lethal >80 — 100% mortality Wallen 1951

Largemouth bass A 62.5* 720 chronic Weight gain reduced Buck 1956

Largemouth bass A 1445 * 720 chronic Growth retarded Buck 1956

Largemouth bass A 1445 * 720 reproductive  Unable to reproduce Buck 1956

Largemouth bass A 51 8760 chronic Growth retarded Hasting & Cross 1962

Largemouth bass A 84 ** 1 chronic Change in food habits Foster 1980

Largemouth bass A 20000 24 chronic Change in behavior Wallen 1951

Largemouth bass A 101000 lethal >40 — 60% mortality Wallen 1951

Largemouth bass A 115000 lethal >80 — 100% mortality Wallen 1951

Largemouth bass A 150000 lethal >80 — 100% mortality Wallen 1951

Largemouth bass 1 (J) 30 ** 720 chronic Reduced activity Heimstra et al. 1969

Largemouth bass 1 (J) 150 ** 1 chronic Decreased feeding Reid et al. 1999

Largemouth bass I 108 96 chronic 25% reduction in biomass Sweeten & McCreedy 2002

Boone River Conservation Action Plan



Species Lifestage Conc(mg/L) Duration (h) Class Effect Source

Largemouth bass | 53 168 chronic 25% reduction in biomass Sweeten & McCreedy 2002
Largemouth bass | 116 96 chronic 25% reduction in biomass Sweeten & McCreedy 2002
Largemouth bass | 138 168 chronic 25% reduction in biomass Sweeten & McCreedy 2002
Largemouth bass (L) 39 168 lethal >40 — 60% mortality Sweeten 1996

Largemouth bass (L) 79 168 lethal >40 — 60% mortality Sweeten 1996

Largemouth bass (L) 158 168 lethal >40 — 60% mortality Sweeten 1996

Largemouth bass (L) 315 168 lethal >40 — 60% mortality Sweeten 1996

Largemouth bass | 500 168 lethal >40 — 60% mortality Sweeten & McCreedy 2002
Largemouth bass | 125 96 chronic 0 — 20% mortality Sweeten & McCreedy 2002
Largemouth bass | 250 96 chronic 0 — 20% mortality Sweeten & McCreedy 2002
Largemouth bass | 500 96 chronic 0 — 20% mortality Sweeten & McCreedy 2002
Orange spotted

sunfish A 200000 2 lethal >80 — 100% mortality Wallen 1951

Plains minnow A 50000 24 chronic Change in behavior Wallen 1951

Plains minnow A 150000 336 lethal >60 — 80% mortality Wallen 1951

Quillback A 53-92* 8760 lethal Population absent Gammon 1970

Redear sunfish A 62.5* 720 chronic Weight gain reduced Buck 1956

Redear sunfish A 1445 * 720 chronic Growth retarded Buck 1956

Redear sunfish A 1445 * 720 reproductive  Unable to reproduce Buck 1956

Red shiner A 11,750 ** 1 chronic Decreased feeding Bonner & Wilde 2002 (sb)
Red shiner A 100000 24 chronic Change in behavior Wallen 1951

Red shiner A 190000 2 lethal >80 — 100% mortality Wallen 1951

Rock bass A 38250 2 lethal >80 — 100% mortality Wallen 1951

Sand shiner A 11,750 ** 1 chronic Decreased feeding Bonner & Wilde 2002 (sb)
Smallmouth bass A 53-92* 8760 lethal Population absent Gammon 1970
Smallmouth bass*** A 8 — 81* 0.3 chronic Reduced prey detection Sweka and Hartman 2003
Smallmouth bass 1(J) 35 168 chronic 25% reduction in biomass Sweeten 1996

Smallmouth bass 1(J) 305 168 lethal 50% reduction in biomass Sweeten 1996

Smallmouth bass 1(J) 315 168 lethal >20 — 40% mortality Sweeten 1996

Smallmouth bass | 114 24 chronic 25% reduction in biomass Sweeten & McCreedy 2002
Smallmouth bass | 5.8 48 chronic 25% reduction in biomass Sweeten & McCreedy 2002
Smallmouth bass | 58 24 lethal 50% reduction in biomass Sweeten & McCreedy 2002
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Species Lifestage Conc(mg/L) Duration (h) Class Effect Source

Smallmouth bass | 9 48 lethal 50% reduction in biomass Sweeten & McCreedy 2002
Smallmouth bass | 25 24  lethal 50% reduction in biomass Sweeten & McCreedy 2002
Smallmouth bass | 282 96 chronic 25% reduction in biomass Sweeten & McCreedy 2002
Smallmouth bass | 32 168 chronic 25% reduction in biomass Sweeten & McCreedy 2002
Smallmouth bass | 8 24 chronic 0 — 20% mortality Sweeten & McCreedy 2002
Smallmouth bass | 16 24 lethal >20 — 40% mortality Sweeten & McCreedy 2002
Smallmouth bass | 32 24 lethal >20 — 40% mortality Sweeten & McCreedy 2002
Smallmouth bass | 64 24 lethal >20 — 40% mortality Sweeten & McCreedy 2002
Smallmouth bass | 125 24 lethal >40 — 60% mortality Sweeten & McCreedy 2002
Smallmouth bass | 250 24 lethal >40 — 60% mortality Sweeten & McCreedy 2002
Smallmouth bass | 500 24 lethal >60 — 80% mortality Sweeten & McCreedy 2002
Smallmouth bass | 8 48 lethal >20 — 40% mortality Sweeten & McCreedy 2002
Smallmouth bass | 16 48 lethal >40 — 60% mortality Sweeten & McCreedy 2002
Smallmouth bass | 32 48 lethal >60 — 80% mortality Sweeten & McCreedy 2002
Smallmouth bass | 64 48 lethal >60 — 80% mortality Sweeten & McCreedy 2002
Smallmouth bass | 125 48 lethal >60 — 80% mortality Sweeten & McCreedy 2002
Smallmouth bass | 250 48 lethal >80 — 100% mortality Sweeten & McCreedy 2002
Smallmouth bass | 500 48 lethal >60 — 80% mortality Sweeten & McCreedy 2002
Walleye 1 (J) 74 72 lethal >40 — 60% mortality Smith et al. 1965 (ag)
Walleye 1(J) 100 72 lethal >40 — 60% mortality Smith et al. 1965 (ag)
Walleye 1 (J) 272 72 lethal >40 — 60% mortality Smith et al. 1965 (ag)
Walleye 1(J) 2000 72 lethal >40 — 60% mortality Smith et al. 1965 (ag)
Walleye 1(J) 100 72 lethal >20 — 40% mortality Smith et al. 1965 (cg)
Walleye 1(J) 272 72 lethal >80 — 100% mortality Smith et al. 1965 (cg)
Walleye 1(J) 738 72 lethal >80 — 100% mortality Smith et al. 1965 (cg)
Walleye 1 (J) 2000 72 lethal >80 — 100% mortality Smith et al. 1965 (cg)
Walleye 1 (J) 220 ** 1 chronic Decreased feeding Vandenbyllaardt et al. 1991
Western

mosquitofish A+ 40000 24 chronic Change in behavior Wallen 1951

Western

mosquitofish A+ 150000 2 chronic 0 — 20% mortality Wallen 1951

Western

mosquitofish A+ 225000 2 lethal >80 — 100% mortality Wallen 1951
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Table A.3. Physical habitat parameter (average values) forfHDsample sites in the Boone River watershed.

Drainage White Fox
Habitat parameter Boone River  Ditch 49 Otter Creek  Creek
Buffer Vegetation Type - Field/Sprayed/Lawn
Buffer Vegetation Type - Herbaceous
Buffer Vegetation Type - Mixed Grassy/Woods
Buffer Vegetation Type - Woody
Buffer Width - Average (feet) 100.00 45.75 93.75 100.00
Canopy - Average Percent of Channel Shaded 41.31 9.50 42.50 49.83
Canopy - Standard Deviation - Percent of Channel Shaded 17.97 21.30 24.60 31.24
Canopy - Transect Maximum Percent of Channel Shaded 73.88 52.00 70.50 93.00
Canopy - Transect Minimum Percent of Channel Shaded 10.81 0.00 20.50 40.00
Coarse Rock Embededness - Average 2.20
Fish Cover - Large Features % Areal Cover - EPA Method 9.50
Fish Cover - Large Features % Areal Cover - IDNR Method 16.50
Fish Cover - Natural Concealment Features % Areal Cover - EPA
Method 18.75
Fish Cover - Total Percent Areal Cover - IDNR Method 45.00
Fish Cover - Total Percent Areal Cover - EPA Method 33.25
Instream Cover - Artificial Structure - Average Percent 0.25
Instream Cover - Boulders - Average Percent 7.00
Instream Cover - Depth/Pool - Average Percent 10.50 16.50 4.00 8.17
Instream Cover - Filamentous Algae - Average Percent 0.00
Instream Cover - Macrophytes - Average Percent 0.00
Instream Cover - Overhanging Vegetation - Average Percent 9.25
Instream Cover - Small Brush - Average Percent 11.00
Instream Cover - Trees/Roots - Average Percent 1.75
Instream Cover - Undercut Banks - Average Percent 0.50
Instream Cover - Woody Debris - Average Percent 11.67 4.00 64.00 28.75
Macrohabitat - Percent Pool 54.00 9.00 68.00 27.75
Macrohabitat - Percent Riffle 6.47 4.00 11.00
Macrohabitat - Percent Run 39.20 91.00 30.50 65.92
Maximum Depth (feet) 4.27 3.90 2.55 3.41
Maximum Depth Exceeds Measuring Capacity
Reach - Total Habitat Reach Length (feet) 1180.00 513.00 855.00 1184.46
Segment Sinuosity 1.57 1.88
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Drainage White Fox
Habitat parameter Boone River  Ditch 49 Otter Creek  Creek
Stream Gradient (feet/mile) 3.00 6.00
Stream Width - Average (feet) 86.71 11.82 27.20 38.36
Streambank - Percent Bare 67.17 54.25 70.00 58.27
Streambank Angle - Percent Horizontal (0-15 degrees) 55.00 0.00 35.00 13.33
Streambank Angle - Percent Moderate (20-50 degrees) 31.67 37.50 22.50 11.15
Streambank Angle - Percent Undercut (115-180 degrees) 0.00 0.00 2.50 2.69
Streambank Angle - Percent Vertical (55-110 degrees) 13.33 32.50 32.50 9.62
Substrate - Percent Bedrock 0.00
Substrate - Percent Boulder 1.33 2.00 4.00
Substrate - Percent Clay 0.00 5.50 2.00 3.50
Substrate - Percent Cobble 12.33 3.00 2.00 14.92
Substrate - Percent Detritus/Muck 0.50 4.00 4.40
Substrate - Percent Gravel 13.67 31.50 18.50 30.15
Substrate - Percent Other 0.00 2.00
Substrate - Percent Rip-Rap 0.00
Substrate - Percent Sand 58.33 33.00 71.00 38.00
Substrate - Percent Silt 14.00 16.50 4.50 11.17
Substrate - Percent Soil 0.00 20.00 2.00
Substrate - Percent Wood 0.00 4.00 2.40
Thalweg Depth - Average (feet) 1.57 2.36 0.87 1.40
Thalweg Reach Transect - Percent Soft Sediment 75.00
Transect Depth - Standard Deviation (feet) 0.63 0.74 0.44 0.63
Width - Thalweg Depth Ratio 40.77 4.33 24.50 22.92
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Critical habitat for Topeka Shiners in the BoongdRiwatershed.
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Appendix B. Boone River Ecological Assessment and AppendRRashel Neugarten
and David Braun, 2005.



Appendix C. Boone River Rapid Watershed Assessment, NRCS, 2008.



Appendix D. Assessments of Practices to Reduce Nitrogen ansibRbaus Nonpoint Source
Pollution of lowa’s Surface Waters. USDA-ARS Nat@b&oil Tilth Laboratory, for
the lowa Department of Natural Resources, Dana &ink005.
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