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Executive Summary

This assessment is a product of the Boone Riveekstaed Project, a multi-partner
initiative under the overall coordination of PraiRivers of lowa RC&D, Inc. The partnership
seeks to improve the environmental performanceo€alture in the watershed in ways that best
support both a healthy farming economy and thesedteshwater wildlife and habitat of the
watershed. This document reports on work organigetihe Nature Conservancy under a grant
from the U.S. Environmental Protection Agency (Grén-83135201) to support the
development of a comprehensive watershed plarh&oBbone River watershed.

This report is a crucial step in assessing theatharistics that make the Boone River Watershed
a center of both productive agriculture and natiggatic diversity; and in identifying the kinds
of improvements in environmental conditions neeeillly support the native freshwater
wildlife and habitat of the watershed. For thisgmse, the watershed can be divided into two
ecologically distinct zones — an Upper Boone RWatershed zone, covering the area of the
watershed formerly covered in prairie and draing@rnaller streams, and a Lower Boone River
Watershed zone, including the larger streams oftershed with currently or formerly woody
riparian vegetation. A number of freshwater ecmalgcharacteristics of these two watershed
zones were considered and reviewed at the “Boower RVatershed Project Freshwater
Ecological Goals Workshop” held in Ames on Octob@r2004. Temiggins, J., R. Unnasch,
and C. Supples. 2007. Ecoregional Status Measugesiah 1.0: Framework and Technical
Guidance to Estimate Effective Conservation.
http://conserveonline.org/docs/2007/08/ERSM_FramkweINAL.pdf These ten are:

1. Freshwater Mussel Assemblage Composition
2. Topeka Shiner (Notropis topeka) Population Status
3. Fish Assemblage Composition and Health
4. Benthic Macroinvertebrate (Non-Mussel) Assemblagenfosition
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 informatidrhis information consisted of published
literature, published and unpublished datasetsiltam#&nowledge of experts from numerous
organizations and agencies including the lowa Diepent of Natural Resources, lowa State
University, the University of lowa, USGS, and otheilhe information was then integrated
using The Nature Conservancy’s standard conservapproach, which incorporates data for
one or more indicators for each key ecologicallaite in order to estimate its acceptable
(desired) ecological condition and rate its curstatus. Limitations in the available data
prevented a full assessment of all ten key eco#bgittributes for the Boone River watershed.
The following table summarizes the findings conaggrihe current status of these attributes in
the two watershed zones (definitions of the ratiatggories are provided in the main report):
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Key Ecological Attribute Upper Water shed Lower Watershed

Rating Rating

1. Freshwater Mussel Assemblage Composition

2. Topeka ShinerNotropis topekpPopulation Status ? (probably n/a)

3. Fish Assemblage Composition and Health Fair Fair

4. Benthic Macroinvertebrate Assemblage Composition Fair Fair

5. Riparian Community Vegetative Structure Fair

6. Aquatic Mammal Population Status ? ?

7. Hydrologic Regime ? Fair

8. Water Quality Regime Fair Fair

9. Channel Geomorphic Regime ? ?

10. Hydrologic Connectivity Fair Good

Clearly, the Boone River watershed requires adtioaddress the undesirable (Poor or
Fair) status of many of the ten key attributeshim tpper and Lower watershed. With the
exception of the status of the freshwater mussellse watershed, however, none of the key
attributes warrants a “crisis” response. On tliieohand, the status of the freshwater mussels in
the watershed appears to be dire, although frasfesiin 2005 may help clarify this situation.
Indeed, more data are needed on many fronts.
Two crucial goals of the Boone River Watershed é&uiojnust be:
1. to develop sufficient data to fully and regularlysaess the status of all ten key
ecological attributes for both the Upper and Loweatershed zones; and
2. to restore conditions such that all ten key ecologjiattributes can be rated as
Good or better in both zones.

This report provides an overview of the Boone Riveshwater ecosystem and the ways
in which changes to the landscape over the pasyé&® have likely affected this system, and
an overview of The Nature Conservancy’s conseragtlanning approach. The report then
presents information on each of the ten key eco#gittributes for the two watershed zones,
including an explanation for the selection of easta “key” ecological attribute, a description
and explanation of the selected indicators, ansassent of the ecologically acceptable range of
variation for each indicator, an assessment ottimeent status of these indicators relative to
their acceptable ranges of variation, and recomiagmas for further investigations. The report
concludes with recommendations for next stepsdfning and applying the findings.
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I ntroduction

The Boone River Watershed Project, lowa, bringettogr a broad spectrum of partners
to support the farming community in significantigproving the environmental performance of
agriculture in the watershed. The Boone Riverignttibutary streams are also recognized for
the richness of native freshwater wildlife theyllmr The Boone River Watershed Project
therefore seeks not only to improve the environagrerformance of agriculture, but to do so in
ways that best support both a healthy farming esgnand the native freshwater wildlife and
habitat of the watershed.

The Boone River Watershed Project has receivedrignd the form of a grant from the
U.S. Environmental Protection Agency to The NatDomservancy, to establish ecological goals
for freshwater wildlife and habitat quality in thatershed. Establishing these goals will make it
possible to assess the potential ecological benaffitmproved agricultural environmental
performance, and subsequently to help establism@maental performance goals for farming in
the watershed. This document presents a firgttiter of the ecological goals for the project,
along with suggestions for additional analysesiaméstigations to refine these goals.
Subsequent work will then refine these ecologicalg and also help establish specific,
measurable goals for agricultural environmentafqggerance to meet the ecological goals.

Undeniably, the conversion of lowa’s prairies toiang over the past two centuries has
changed the nature of stream life in the Boone Rixagershed. Freshwater ecological goals for
the watershed must recognize this crucial chafdpat is, the purpose of such goals is not to
guide restoration of the landscape to some préegetht status, nor to criticize past and current
land practices or to influence environmental retjoites. Instead, the purpose in setting these
freshwater ecological goals is to determine howhthlgitat requirements of the native freshwater
and riparian animals and plants of the watershadeamet in concert with highly productive
farming. By “native freshwater and riparian anismahd plants of the watershed,” we mean
those species known to have lived in the BooneRiagershed at least within the past 100
years. With such goals in hand, the partnerseBihone River Watershed Project can
determine such matters as: (a) the extent to whiehvatershed already meets these goals, (b)
whether and how it may be practicable to achievsdlgoals that are not yet met, (c) the ways in
which the agricultural community can help achidwese goals through specific changes in
environmental performance, (d) the kinds of redeaeeded to refine both ecological and
environmental performance goals, and (e) the kafasonitoring that will be needed to assess
our progress.

This document was strongly shaped by a “Boone RiVatershed Project Freshwater
Ecological Goals Workshop” held on October 28, 2@4he Story County Conservation
Headquarters, Ames, lowa; by interviews and enaailersations with many of the participants
in this workshop as well as with others unabletteral or identified only subsequent to the
workshop; and by a review of the available dataldaachture, which these many experts helped
us identify. We are grateful for the time and éalrthought contributed by these many experts,
and hopeful that this document captures the stdteawledge in this exceptional scientific
community. Appendix A provides a copy of the wdrp agenda, a list of participants in the
workshop, and a list of additional experts consllte
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I ntr oduction to the Boone River Water shed

The Boone River originates in Hancock County, l@amd flows nearly 100 miles south
before joining the Des Moines River just north tlaBord. The Boone River watershed
incorporates the Boone River itself and its numsroibutary streams, including Prairie, Otter,
Eagle, Buck, White Fox, and Brewer’s Creeks, ad asmany smaller tributaries and drainage
ditches (See Figures 1 and 2 and Appendix B.) efftiee Boone River watershed encompasses
approximately 900 square miles extending over eitral lowa counties.*

The Boone River has received recognition as arogamlly valuable lowa stream for
decades. The State of lowa in 1985 designatelbwter 25 miles of the river as a Protected
Water Area; this portion of the river continuesstestain high water quality and high fish
diversity, and is a popular destination for cangeind sport fishing. More recently,
NatureServe and The Nature Conservancy identifiedbone River and its tributary streams as
crucial to the conservation of freshwater biologaigersity within the Upper Mississippi River
Basin overall (Weitzelet al. 2003). Additionally, the U.S. Fish and Wildlifeice identified
portions of the Boone River watershed in 2004 @i&cal habitat for the Federally Endangered
fish, the Topeka shineNptropis topeka(USFWS 2004).

NatureServe and The Nature Conservancy identifiedbone River watershed as a
priority freshwater biodiversity conservation alesed on evidence and expert advice, which
indicated that the watershed still supports a ikt un-degraded stream ecosystem despite
facing a high likelihood of future degradation (M&thoury, pers. comm. 2004). Positive
attributes of the Boone River include good sandréfid habitat, historically rich mussel
communities, high aquatic Index of Biotic Integr{ti3l) scores, presence of sensitive aquatic
invertebrates, and high native fish diversity. &dts to the river ecosystem and its native
biodiversity include chronically high nitrogen camtrations, the presence of potentially
ecologically harmful farming practices in the watexd, and insufficient wastewater treatment
(M. Khoury, pers. comm. 2004).

In their uppermost portions, the Boone River asdributaries are generally small,
shallow streams and ditches draining wide, lowefelalleys with little or no timber (lowa
Conservation Commission 1985, Harktral. 1987). The bottom substrate of these streams is a
combination of silt and sand, and some streamaréfieially straightened and lengthened in
their extreme upper reaches (James Wabhl, pers. c@00d). Fish diversity is relatively low in
these smaller creeks and streams, and there arerfewprotective riparian buffers along their
banks. Prior to conversion to agriculture, thistipom of the watershed was dominated by a
prairie community that was maintained by fires fboatural and set by Native Americans) (see
Figure 3). The headwaters of many streams were graissy swales and interconnected
wetlands than true streams; in fact, many draimkigbes today occur in locations where no
channelized flow previously occurred. During tatel19' and early 26 centuries, European
settlers converted most of the prairie to farmleunile suppressing prairie fires on the rest.
Where the fires were suppressed, woodlands gremmvéesion of the prairie to farmland often
involved the draining of wetland and wet soils bgans of ditches and buried “tile” lines.
Currently, agriculture (primarily corn and soybeg@ngduction with localized, concentrated
livestock operations) is the primary land use tiglmut the Boone River watershed (Figure 4).

* 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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Further along their courses through the waterstiedBoone River and its tributaries
pick up gradient. The bottom substrate becomed aad gravel with more rocky areas, and the
stream corridor becomes steeper and more wood®da(dl, pers. comm. 2004). In their lowest
reaches, the Boone River and its tributaries age|aswift-flowing waterways with sand, gravel,
and bedrock substrate. They have good riffle babind travel through steep, wooded valleys.
In the late 18 through the mid-20 centuries, these woodlands were exploited for éimtn
Hamilton County, woodland area declined by 68 patrbetween 1850 and 1974 (ICC 1985).
Between the 1940s and 1960s cattle productionemebion increased, and much of the
remaining woodlands (both riparian and upland) wesed as pastureland. As mentioned above,
the State of lowa in 1985 placed a large segmetiteofower Boone River and its immediate
riparian corridor into the Protected Water Areastegn (Code of lowa 1984, Chapter 108A).
The protected segment includes 25 miles of rivegjtning in Webster City at the mouth of
Brewer’s Creek and ending at the confluence oBbene with the Des Moines River. A
management plan for the Boone River Protected Wiz was developed in 1985 (ICC 1985);
however, a comprehensive management plan for tive @matershed has not yet been outlined.

Ecological Goalsfor the Boone River Watershed: General Method

Ecological goals for the Boone River watershedoms set by dividing the watershed
into two target zones: (1) The waters of Uygper Boone River Watershewbnsisting of the
smaller, shallower tributaries in the upstream neamf the watershed; and (2) those of the
Lower Boone River Watersheadcluding the mainstem Boone River and its largesre swiftly-
flowing tributaries. The distinction between thése zones of the watershed is useful, as
ecological conditions differ between small and éastreams in the region. However, there is no
precise boundary between the two zones, as mesins$rin the watershed begin as small,
shallow waterways at their sources and becomenasgaft-flowing waterways toward their
mouths. For practical purposes, the two zonesheayistinguished by stream order and the
absence/presence of native woody riparian vegetafioe Upper zone includes aff o 3°
order streams and those streams lacking woodyiaipaegetation; the Lower zone includes all
4" to 68" order streams and those streams with woody ripaegetation.

Each of the two target zones sustains, or oncaisest (over at least the past 100 years),
numerous freshwater and riparian species of aniarasplants. Together, the species present in
each of the zones constitutes a distinct ecologmaimunity; the ecological goals proposed in
this document constitute goals for the conservatiogach of these two communities. In the
terminology of The Nature Conservancy, these twaroonities are théocal conservation
targets of the Boone River Watershed Project; conserviegehtwo targets means restoring or
maintaining theiecological integrity above some minimal threshold level.

The analysis of the requirements for freshwatetoggcal integrity in the Boone River
watershed, reported in this document, follows saathaénethods in The Nature Conservancy’s
conservation approach. These methods in turnviollidely-accepted ecological principles,
summarized by Parrish, Braun, and Unnasch in 2368 article Are We Conserving What We
Say We Are? Measuring Ecological Integrity witRirotected Areds(Bioscience Vol. 53 No.

9). This article follows a common definition ofcdogical integrity as “the ability of an
ecological system to support and maintain a comipufiorganisms that has species
composition, diversity, and functional organizatammparable to those of natural habitats
within a region.”
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The purpose of setting freshwater ecological gftalthe Boone River watershed is not
to guide restoration of the watershed to some tipe$ condition, as noted. Instead, the purpose
is to determine what specific factors aeressary and sufficietd maintain the native species
and communities that should be expected to rebigle t based on records of the past 100 years.
Thus, this assessment focuses more on the abilihedoone River and its tributaries to
“function” ecologically, rather than on broadly tesng “natural habitats” within the region.
Ecological conservation in active, working landssspuch as that of the Boone River watershed
must always ask and try to answer the difficultsjiom, “‘How much is enough?

The conditions necessary to support and maintdimenspecies and natural communities
in a functional setting are termekiey ecological attributes’ (or KEA) defined as “a limited
number of biological characteristics, ecologicalgasses, and interactions with the physical
environment—along with the critical causal linksarg them—that distinguish the target from
others, shape its natural variation over time grats, and typify an exemplary reference
occurrence” (Parrisht al.2003). For example, the hydrologic regime is aéeological
attribute for all streams of the Boone River wdterks It plays a pivotal role in a number of
biologically important processes such as ripariahia-stream habitat formation, sediment and
chemical transport, seed dispersal, fish spawraind,algal growth.

Any assessment of KEA, their desired status and dlotual (current) status requires the
identification of appropriatendicator s for each KEA. Indicators are field-based measr@s
that provide reliable information on the statusnfindividual KEA. Such indicators must be
sufficiently sensitive and accurate to inform masragf changes in the status of the KEA, while
also being practical to monitor. An example ofiragicator of the hydrologic regime of the
Boone River watershed is the portion of annuakaisenal stream discharge originating from
groundwater. This portion is called “baseflow” dadlenoted as %Qb. An example of an
indicator of fish assemblage composition and haalthe Boone River watershed is the Fish-
Index of Biotic Integrity used by the lowa Departmef Natural Resources.

Finally, setting ecological goals requires identifyanacceptable range of variation
(ARV) for each indicator, the limits of which coitate the minimum conditions for the long-
term persistence of a given species or commurtkity. example, in order to maintain existing
freshwater mussel beds, researchers might idemtifgcceptable range of variation in %Qb for
the Boone River watershed streams as falling with2®% of the estimated median pre-farming
%Qb. Outside this range, researchers might fiatlittie baseflow rate of the stream provides
either too much or too little flushing of nutriemtsthe water, allowing nutrient levels to fall too
low or rise too high for the tolerance of the freglter mussels. This is only a hypothetical
example, as the research necessary to identifesanigacceptable variation for key ecological
attributes has not yet matured in the Boone Rivatevghed or other watersheds in the region.
Nevertheless, it is often possible to establislghoapproximations, while also outlining the
research needed to refine these first estimaths. combination of conservation targets, their
key ecological attributes, their indicators, anelitacceptable ranges of variation together
establish thecological goals for each focal conservation target.

Once these goals are defined, it becomes possilalgsess the current status of each of
the indicators with respect to their acceptablgearof variation. Data and expert estimates of
the current status of each indicator provide tredfar assessing the current status of each key
ecological attribute. The Nature Conservancy asksir-part rating scale to assess the current
status of a key ecological attribute based on tice@able range of variation for its indicator(s),
as follows:
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Rating I ncrement Definition
Majority of indicators lie within their acceptalianges of variation and do not lie near or
show trends toward exceeding the limits of thesgea.
Majority of indicators lie within their acceptalianges of variation but more than half lie
near or are trending toward exceeding the limittheir acceptable ranges.

Majority of indicators exceed their acceptable emgf variation but more than half lie
near or show no trend further away from their atafgle ranges of variation.

Majority of indicators exceed their acceptable emgf variation and more than half lie
far from the limits of this range and/or show treridrther away from these limits such
that the target will fail if these trends are netersed within 15-25 years.

Good

Fair

Differences between the goals for each attributkthair current status help establish the
conservation action goals for each target and hence for the project as deykitese latter goals
identify both the kinds and magnitudes of actioadesl to bring any altered KEA back within
their acceptable ranges of variation. Thaths, purpose of conservation action is to maintain
or restore all key ecological attributes for all¢al conservation targets such that these KEA
all receive ratings of “Good” or better Finally, the assessment of ecological goals amdent
status together provide information for identifyicrgicial scientific gapsin monitoring and our
understanding of the Boone River watershed, itsrenmental dynamics, and its native species
and natural communities.

Boone River Water shed Ecological Assessment

This document identifies key ecological attribugi€EA) for the freshwater ecological
communities of the two target zones, the Upperlaowier Boone River Watershed. For each
KEA, we identify existing or potential indicatoraditheir possible acceptable ranges variation
(ARV); summarize information on the current stadigach KEA based on its indicators; and
rate its current status overall. We conclude aithinventory of crucial scientific gaps in the
monitoring of freshwater ecological conditions lre watershed and in our understanding of the
ecosystem.

The raw information summarized below comes frorerwviews with local and regional
experts, a review of the literature, and feedbacknfa large group of experts who assembled for
a workshop on October 28, 2004. The summary sfitfiormation using the KEA, indicators,
and ARV for each of the two focal conservation ésgconstitutes an initial ecological model — a
body of hypotheses to help guide initial conseoragfforts while also identifying additional
analyses and investigations to improve the modieis model isawork in progress; all of the
information contained herein is subject to review, and many gapsremain in our knowledge
of the Boone River Watershed system. Your advice is crucial to refining the model

The model information has been organized in twangis. The first format, represented
by the present document, is a narrative identifyind explaining the KEA, their indicators, their
ARV, sources of data, and estimated current statuke two focal conservation targets. This
presentation includes maps and a bibliographywahdre appropriate, refers to several tables of
data provided as appendixes. The narrative begthsan overview of the KEA and the sources
of data consulted, followed by a summary of théestied current status of all KEA for both
targets. The remainder of the narrative treath &&A one by one, usually for the two targets
together but noting where the two differ or areikdmnin their indicators and acceptable ranges of
variation. The narrative thus is organized arotnedKEA rather than around the targets. The
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second format is a spreadsheet in which the safoemation is summarized in a tabular form
used by The Nature Conservancy in all of its coreteyn planning efforts. A copy of this
spreadsheet will shortly be available on request.

Overview of Key Ecological Attributes, Boone River Water shed Conservation Tar gets

Ten key ecological attributes (KEA) were identifiled the two freshwater conservation
targets in the Boone River watershed:

1. Freshwater Mussel Assemblage Composition
2. Topeka Shiner (Notropis topeka) Population Status
3. Fish Assemblage Composition and Health
4. Benthic Macroinvertebrate (Non-Mussel) Assemblagenfosition
5. Riparian Community Vegetative Structure

6. Aquatic Mammal Population Status
7. Hydrologic Regime
8. Water Quality Regime
9. Channel Geomorphic Regime
10. Hydrologic Connectivity

The indicators identified for the above KEA incluslech measures as species richness
and relative abundance for the biotic communitiesiimum and maximum pH, dissolved
oxygen (DO), nutrient and temperature levels fotewguality; and minimum and maximum
sediment loads and channel instability levels farmel geomorphology. The acceptable ranges
of variation (ARV) for most of these KEA have naepiously been defined, with two groups of
exceptions. One group of exceptions consists témguality properties covered by lowa state
water quality standards (lowa Administrative Consioa Section 567 Chapter 61) and by
USEPA regional comparisons of reference streamittond. However, it should be noted that
state water quality standards were developed fmesdhat different purposes than those of
concern here and thus do not always coincide \wighdefinition of “acceptable range of
variation” used here. The other group of excetioonsists of lowa Department of Natural
Resources (IDNR) statewide indices of biotic intggiiBls) for fish and benthic
macroinvertebrate communities (Wilton 2004). IDN&S identified ranges of score values for
ratings of “poor,” “fair,” “good,” or “excellent” ér different stream types. In general, following
the framework used by The Nature Conservancy, R¥ for the fish and macroinvertebrate
community indices corresponds to a situation incllall sampling stations receive an IBI score
of “good” or better in the IDNR rating system, aaitdeast half receive a score of “excellent.”

Several primary sources of data were consultedtimate the current and recent historic
status of each of the above KEA based on theirese indicators. These sources are listed
below in the sections of this report addressingrdesidual KEA. Data sources of general
applicability included: the IDNR stream bioassessipeogram, which has collected biotic and
abiotic data from seven sites in the BRW since 1&9part of its statewide biological
assessment of lowa’s wadeable streams (Wilton 2@00&d)owa STORET database, which can
provide water quality data on the Boone River wsited (Hydrologic Unit Code: 7100005) from
its website ahttp://wgm.igsb.uiowa.edu/iastoretihe IDNR Watershed Initiative, which can
provide downloadable GIS and NHD data on the Bd®iner watershed (Hydrologic Unit Code:
7100005) from its website attp://www.igsb.uiowa.edu/nrgislibx/watershed/07Q008.htm the
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lowa Rivers Information System (IRIS), which contadata on historic fish surveys from lowa
streams (contact: Anna Loan-Wilsey); IOWATER vokeit monitoring data available at
http://www.iowater.netand the lowa Geological Survey Natural Resourt& IGorary,

including maps based on the historic Governmentll@ffice Vegetation Surveys (1832-1859),
recent aerial photographs, and National Wetlandsritory data, by county:
http://www.igsb.uiowa.edu/nrgislibx/Further, two case studies of other watershettswva
provided useful comparative information, as a restdheir similar goals and methods: (1) The
Bear Creek riparian restoration project (e.g., hsetet al. 1997); and (2) a study of the patterns
of discharge and suspended sediment transporé iMdinut and Squaw Creek Watersheds,
Jasper County, Water Years 1996-1998 (e.g., Sohi2iD00).

Nearly all of the data sources provide informatioat is most useful only for examining
the watershed as a whole; sampling densities gignara not sufficient to distinguish current
conditions in the upper versus the lower portioihthe watershed. However, we believe that the
distinction between these two zones is importamtha geomorphology, hydrology, species
compositions, land use, and protected status dinbeortions are different. We also caution
that further analyses are needed to better agsesxisting data for many of the KEA, and to
compare data from the Upper and Lower Boone Rivatevéhed. This document presents the
results of only a first round of analyses, subjeakvision as more data become available and/or
as more sophisticated analyses are performed.

The following paragraphs summarize the currentistaf the ten key ecological
attributes identified for the two Boone River watezd conservation targets:

1. Freshwater Mussel Assemblage Composition

The Boone River freshwater mussels are not farerg well. A recent study posits that
there has been a significant decline in Boone Rivassel populations since 1982 (Hoke 2004).
However, the extent of this decline is unclear ttudifferences in sampling methods among the
different mussel surveys conducted over these @sca#ls a general indicator, seventeen out of
22 mussel species documented in the Boone Rivarstedd are considered vulnerable,
imperiled, or critically imperiled in lowa; the $t& of the remaining five species is unknown.
Additionally, there is little evidence of age disity in the Boone River watershed mussels,
possibly indicating low reproductive rates (KellgdPe, pers. comm. 2004). A decline in Boone
River mussels would be consistent with the docustehuss of freshwater mussels nationwide;
freshwater mussels are sensitive to a wide vaaethanges in their habitat, including
population declines among the fish species thasgidarvae must parasitize in order to mature
(Strayeret al.2004). Mussel colonies naturally should diffecomposition between the Lower
and Upper Boone River Watershed freshwater commagnitonsistent with natural differences
in physical habitat conditions. However, the angidata are not sufficient to test this
hypothesis. Indeed, any differences in mussehalslsgie composition between the Upper and
Lower zones of the Boone River watershed detecigalytor in recent decades could also reflect
differences in the extent of habitat alteratiomeatthan natural habitat preferences. Taken
together, the two zones receive an alarming ragfri§oor” for this KEA.

2. Topeka Shiner (Notropis topeka) Population Stat

Topeka shiners were documented in the Boone Riagenshed as early as 1939 and as
recently as 2000. In July 2004, three areas witierwatershed were identified as critical
habitat for this endangered (Federally Listed) sge@JSFWS 2004). All three critical habitat
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areas are located on small ditches or streamshanefore lie within what we consider the Upper
watershed. The total number of Topeka shinersarBoone River watershed is unknown.
However, the number is probably quite small, asetieestimated to be only a few hundred
Topeka shiners in the entire state of lowa (Kim &wrhutz and Steve Clark, pers. comm.
2004). Until these numbers are better known, tatis of this KEA in either zone of the
watershed will remain undefined. However, in theamtime, the expected presence of this
species in the Boone River watershed needs todogmeed in management decisions for the
watershed. Additionally, guidelines for Topekangmihabitat restoration developed in nearby
watersheds may prove useful in the Boone Rivernshesl, as well. Thus, overall, it is not
possible to establish a rating of current statushis key attribute for the Upper watershed zone;
and this key attribute may not apply to the Lowetevshed zone.

3. Fish Assemblage Composition and Health

Preliminary analyses indicate that Boone River vghied fish population sizes and
health do not lie within acceptable ranges of \temm but also do not appear to be severely
impaired. Out of seven sites sampled, the IDNRd#ish IBI scores at two sites as “good,” but
only “fair” at five others. It is speculated thhe fish populations of the Lower Boone River
Watershed are healthier than those in the Uppen8&iver Watershed, where species diversity
is lower and habitat quality is generally poor@verall, this key attribute warrants a Fair rating
for both the Lower and Upper watershed zones.

4. Benthic Macroinvertebrate (Non-Mussel) AssemigaComposition

Preliminary analyses also indicate that the contjposof the Boone River watershed
benthic macroinvertebrate (essentially aquatica)sessemblage, while not severely impaired,
does not lie within its acceptable range of vamiati Out of seven sites surveyed at least once,
the IDNR has calculated BM-IBI scores greater tharfconsidered a “good” ranking) at two
sites and greater than 30 (considered “fair”) at father sites. One site could not be scored due
to a lack of data. It is speculated that fewesi®@ species (such as mayflies) would naturally
be present in the Upper Watershed than are prestdm Lower Watershed; however, more
sampling and data analysis are needed to tedtypisthesis. Overall, this key attribute warrants
a Fair rating for both the Lower and Upper watedshenes.

5. Riparian Community Vegetative Structure

The present-day riparian vegetation of the BooneRvatershed varies widely in its
abilities to provide ecological support to the aguacosystem, including buffering the aquatic
ecosystem from the effects of adjacent land usstokically, the Lower Boone River Watershed
zone included a wooded riparian corridor, whileriparian areas of the Upper Boone River
Watershed were covered in prairie. Today, it islear what percentage of the total stream miles
in the watershed is protected by a functional igravegetative community. Land cover data
show that portions of the Lower Boone River Watedshre flanked by riparian woodlands, but
there are signs that the wooded area may haveasectr@ver time. Much of the Upper
watershed has been converted from native grassbamav crop agriculture. Some segments of
the streams and ditches making up the Upper Boorer Ratershed are probably protected by
grassy riparian buffer strips, although no dataaaaglable on the extent of such buffer strips or
whether they are functional in terms of protecting streams from nutrient and sediment inputs.
Habitat surveys indicate that riparian zone buffeiths are relatively high (75 feet or more).
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However, at least one site in the watershed igdaolci an active cattle pasture. Thus, the
riparian vegetation communities of the Lower Bo&ieer watershed are probably deserving of
a “Very Good” rating, whereas those of the Uppetanshed probably warrant a “Fair” rating.

6. Aquatic Mammal Population Status

Unfortunately there are no data on the status oatgymammals in the Boone River
watershed. Beaver and river otter were selecté@wsquatic mammals because of the
functional role each species plays in aquatic estesy and because their population status
provides information on water quality, stream hatbifuality, and the healthy interaction of the
freshwater and riparian communities. For exammpdayver fell trees and build dams, altering the
riparian ecosystem and the flow of water througbagershed. River otter can be significant
predators, affecting communities of fish and musséinecdotal evidence suggests beaver are
thriving in the Boone River watershed, particulalgng smaller streams and tributaries. River
otter have been sighted but there are no data pulgtoon size or effects on the ecosystem.

7. Hydrologic Regime

Likewise, little is known about the integrity ofetliBoone River watershed hydrologic
regime relative to any natural range of variatidio gauge records exist prior to intensive
modification of the watershed for agriculture, ditite of the gauge record even predates the
massive additional changes in the farm economyttiokt place after World War Il. Changes in
weather patterns within the period of record alskencomparisons over time difficult. The
State of lowa has set a protected low flow valugdbtfs for the Boone River (ICC 1985), but it
is unclear why this value was chosen, where o is& measured, what ecological importance it
holds, or how it could be enforced. The annualdag low flow recorded at the USGS gauging
station at Webster City has fallen below 24 cf&@nof the 18 years since the “24 cfs” rule was
put in place. A preliminary analysis of the USG&®am gauge record for the Boone River
gauging station at Webster City also indicates liodh the annual one-day low flow (lowest
one-day discharge of the year) and the percentlaigeéab annual discharge occurring as
baseflow have increased since 1940. This kindhiff sas been observed in other watersheds in
lowa over the same period, and is seen as a lda@igequence of changes in land use and soil
drainage technologies. Additionally, hydrologicaebng of storm runoff from the Boone River
watershed suggests that the one-year, five-yeayedh and 100-year flood peaks in the
watershed have increaseddiyieast18%, 14%, 12%, and 9% respectively as a result of
cumulative historic losses of wetlands and natcoakr across the watershed (USACOE 1994).
The ecological significance of such changes ha®een studied, but both are likely to have
altered habitat conditions. In the absence ofregiee data on an acceptable range of variation, it
is not possible to determine a rating for the auire¢atus of the hydrologic regime for the Upper
watershed zone; the failure of the lower river teefrthe state protected low-flow value of 24 cfs
more than half the time since this criterion waslagsshed suggests a Fair rating for the Lower
watershed zone.

8. Water Quality Regime

Data are available with which to analyze a widegeaaf indicators of the water quality
regime in the Boone River watershed. Turbidity dis$olved oxygen values were all within or
close to acceptable ranges of variation, desewiray*Good” rating. Median values of nitrite
and nitrate nitrogen (NO+ NO;) and total nitrogen, however, consistently excdegteeeptable
ranges of variation, which is consistent with rigkgliy high agricultural nitrogen inputs in the
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watershed. Total phosphorus, which was only ctersity measured at one site on the lower
Boone River, also consistently exceeded acceptahbpes of variation. Finally, median values
of Chlorophyll-a, an indicator of algal biomassce&ded acceptable ranges of variation for non-
summer seasons. All these indicators point to higthient loads in the water. However, there is
no indication that nutrient loading is having arewhelmingly negative effect on the biological
communities in the watershed. Therefore, curreient levels merit a “Fair” water quality
rating. Several toxic chemicals, such as herbgcatel pesticides, have been detected at average
concentrations in the water that exceed staterieriter acute exposure. Sample sizes are too
small and widely spaced in time to determine whetihese same compounds exceed state
criteria for chronic exposure, but their averagecemtrations do presently exceed these criteria.
Several compounds have also been detected indmletsamples, but it is not known if they are
causing health problems in the fish populationthefwatershed. Overall, taking the weight of
evidence across all indicators, water quality im Boone River watershed rates only Fair in most
respects, both for the watershed as a whole antiéddpper and Lower zones taken separately.

9. Channel Geomorphic Regime

Almost no inquiry into the Boone River watershech&nnel geomorphic regime has
taken place. It is speculated that much of therahsediment load is transported during short-
term, high-flow events. An unknown fraction ofglsiediment load may be the result of erosion
of channel bed and bank sediment, however, ratiaer the result of fresh erosion of soil from
the uplands. It is generally assumed that, paaonversion of the landscape to intensive
farming, little soil eroded off upland surfaces da¢he dense vegetation cover and low
topographic gradient of the watershed. As notelieeamany headwater areas with channelized
flow today lacked defined channels prior to intgedand conversion. Where present, natural
stream channels would likely have been more stdeless entrenched, with a more
heterogeneous substrate and, along the Lower BRwvae and its large tributaries, more
plentiful large woody debris. Without further syuitlis unclear if geomorphologic changes are
having an effect on Boone River watershed bioldgioammunities. IDNR has also performed
assessments of physical habitat parameters at séesnn the watershed, including rapid visual
assessments of overall habitat quality at 4 siteeg sites scored below median habitat quality
index (HQI) scores for lowa streams, and one sitesistently scored above median HQI scores
(Tom Wilton, pers. comm. 2005)

10. Hydrologic Connectivity

This assessment has identified three ecologicalportant aspects of hydrologic
connectivity for the Boone River watershed: conivégtof stream reaches with their
floodplains, connectivity of stream channels whb groundwater system, and
upstream/downstream connectivity within the draenagstem. Unfortunately, almost no inquiry
into these topics has taken place in the BoonerRvagershed. There is currently only one
small, low-head dam on the Lower Boone River Wéieds interrupting natural upstream-
downstream connectivity. Some streams in the UBpene River Watershed may be modified
by beaver dams, which once would have been commtreiwatershed. Some of the extreme
upper reaches of the streams are artificially gtt@ned, which affects habitat quality and the
movement of water, sediments, and nutrients betweewaterways and their floodplains.
Levees are absent, but some Upper Boone River gaeistream reaches may be excessively
entrenched, resulting in reduced overbank flooding lower groundwater elevations under
floodplain soils. The gravel and bedrock substodtine Lower Boone River channel probably

Boone River, lowa, Watershed Ecological Goals Assent, Narrative 10



prevents such entrenchment there, however, reguttia more natural flooding regime for the
adjacent bottomlands. Without further study mmelear if such changes in connectivity are
having negative effects on Boone River watershetbgical communities. Nevertheless,
connectivity may be quite intact at least for ttever Boone River Watershed. Overall, the
weight of the evidence for hydrologic connectistyggests a rating of Good for the Lower
watershed zone and Fair for the Upper zone.

Summary of Current Status
The following table summarizes the assessmenteottinrent status of the ten key
ecological attributes of the two watershed zondgh@Boone River watershed.

Key Ecological Attribute Upper Water shed L ower Watershed

Rating Rating

1. Freshwater Mussel Assemblage Composition

2. Topeka ShinerNotropis topekpPopulation Status ? (probably n/a)

3. Fish Assemblage Composition and Health Fair Fair

4. Benthic Macroinvertebrate Assemblage Composition Fair Fair

5. Riparian Community Vegetative Structure Fair

6. Aquatic Mammal Population Status ? ?

7. Hydrologic Regime ? Fair

8. Water Quality Regime Fair Fair

9. Channel Geomorphic Regime ? ?

10. Hydrologic Connectivity Fair Good

1. Freshwater Mussd Assemblage Composition

I ntroduction:

Freshwater mussels are often described as thenfagshanalogs to the proverbial
“canaries in the coal mine”. The native freshwateissels of North America all belong to the
family, Unionidae, the members of which share savelaracteristics that make them highly
vulnerable to environmental degradation (e.g.,y@trat al.2004).

Most crucially, these mussels produce larvae thadtrparasitize a host fish in order to
mature. The different species of mussels havevedolidely varying means for attracting
individual host fishes to approach close enoudgbettome infected by the larvae, called
glochidia Infection of a host fish occurs through direahtact between fish and mussel or
through exposure to the glochidia that a mussehsas into the water when it detects the close
approach of a suitable host. The glochidia attheinselves to the gill membranes and live off
the fish’s blood supply until they mature. Diffatespecies of mussels are adapted to infecting
different species of fish; some mussels are gestsaable to parasitize several fish species,
while others are specialists, relying on only onénm fish species for their reproduction. This
stage in the life cycle is vulnerable to any chaimgeonditions that makes it less likely for fishes
to approach closely to mussels during the timeufdl release, less likely for the individual
mussels to attract or detect approaching fishes,likely that the glochidia and fishes will
remain together in the water long enough for tleelgidia to become attached, or less likely that
a chosen fish will provide a healthy home for itetthikers. Low fish or mussel population
densities, turbidity, poor fish or mussel healtig ather factors can all contribute to a failure at
this stage. Also, after maturing, the glochidiave their host and settle in the stream bottom.
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Since the fish are mobile, the location where gldiehtry to settle may not be very close to their
birthplaces; the locations may also not providesonain as suitable habitat.

Outside of the complexities of their reproductiyele, freshwater mussels are vulnerable
to environmental changes in still other ways. Asl& they are filter feeders, vulnerable to
changes in the plankton and organic matter floatrthe water, to changes in the concentration
of suspended sediment that can interfere with fegdind to changes in water chemistry. They
are also vulnerable to competition for food anditalirom non-native mussels; and to losses of
suitable substrate as a result of sedimentaticanroél destabilization (altered channel erosion
and deposition) and other geomorphic adjustmenthanges in hydrology, and artificial
channel modification. It is important to note, ttiwat different mussel species have different
food and substrate preferences, prefer differebit&iz across a watershed, and therefore have
different vulnerabilities to human impacts. Additally, factors affecting the composition of the
host fish assemblage and the ability of fishes ¢oa@rfreely in the drainage network (i.e.,
without encountering artificial barriers) also affenussel viability in a watershed.

When viewed as a whole, the freshwater mussel Wwhfedhus leaves it vulnerable to
nearly every kind of change that humans can impos stream system. At the same time,
mussels are crucial components of stream ecosystamgter filters, consumers of plankton,
and food for large predatory and omnivorous spesiie as raccoons and otter. The
composition of the freshwater mussel assemblageftire is included as a key ecological
attribute for the freshwater communities of the Bpgnd Lower Boone River watershed. The
mussels are important components of the nativegichl diversity of the watershed, and
alterations to the mussel assemblage provide strmhications of the ways in which humans
may be changing the freshwater system in waysatgaharmful to many other otherwise
unaccounted species, large and small.

Indicators:

While no formal indices for freshwater mussel papionhs exist, several indicators are
routinely used to monitor the health of this asskewg, including:

» Overall abundance of living mussels

» Mussel species diversity (abundance and richnets)we to historic diversity

* Evidence of mussel recruitment (juveniles or sreladlls)

* Incidence of rare or threatened mussel species

* Incidence of invasive exotic species such as ZetusselsDreissena polymorpha

or Asiatic clamsCorbicula fluminea

Beyond these basic indicators, other measureseasdful in gauging the health of a
mussel community:

» Evidence of parasites/disease

* Presence of fish host species

» Relative abundance of mussel species that arespesialists vs. host-generalists

» Persistence of native species colonies (also cédeds”) through time

» Diversity of taxa that require different habitapé&g, such as taxa that typically occur
in standing water, slow-flowing water, or modertst-flowing water (see
www.natureserve.orfpr a description of mussel types)

* Proximity or density of mussel bed occurrencese(@ff fertilization success)
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Acceptablerange of variation:

Informally, we can say that the freshwater musssémblage of the Boone River
watershed should consist of healthy (i.e., no disgmarasites), viable (i.e. reproducing)
populations of native species in both target zondsally, current species diversity should
closely match historic diversity, and any rareloeatened species present should occur in
sufficient numbers to be self-sustaining. Sedinagnt nutrient loads should not be at
concentrations high enough to harm mussels. Fample, Arbuckle and Downing (2000) found
that highest mussel species richness occurreteatwith total phosphorus below 0.5 mg/L and
total nitrogen below10 mg/L (also Kelly Poole, persmm. 2004). Stream shading also can
benefit mussel species richness; however, the weedgtation of shaded streams promotes
good water quality, too, so it is not clear if sitmeshading provides direct or indirect benefits to
mussels. Suitable fish hosts should be presetitegsare necessary for mussel larvae survival
and help found new colonies; and native musselg@séralists and host-specialists should both
occur. Few or no artificial barriers should exdastong mussel colonies, and there should be few
or no individuals of non-native mussel species.

More formally, no estimates are available for atable densities or distribution. Kelly
Poole (pers. comm. 2004) reports finding only imdliial mussels during surveys in the
watershed, rather than distinct beds or coloniesalso reports evidence of relict colonies.
However, it is unclear whether mussels naturallylddave occurred widely or only in distinct
mussel beds in the watershed. Taxonomically, 2Z&aeaussel species are known from historic
and current records for the watershed (Hoke 2084)ce none of these species is known to be
extinct, the list of 22 recorded species definesatceptable range of variation for species
occurrence, but we do not know enough to estinegie acceptable relative abundances. All 22
recorded species should show signs of recruitmidotvever, successful recruitment need not
take place every year, making it difficult to idénptcceptable ranges of variation in recruitment
frequency or magnitude for these species. Theg#2Riss have not yet been categorized into
type according to habitat preference or host géimateon/specialization. The mussels of this
region may tolerate the presence of some non-natussels, but the limits of this tolerance are
not known.

Freshwater mussels are believed to be sensitimatteent and suspended sediment
exposure. Currently mussel thresholds of toxifmtymost nutrients are unknown; however
research shows that mussels are more sensitivartmaia nitrogen than species such as
salmonid fish (Newton 2003, Newt@n al. 2003, Augsburgeet al. 2003, Bartsclet al. 2003,
Mummertet al.2003). This means that EPA-recommended concentrigvels of ammonia,
classically based on salmonids, are probably nateptive of mussels.

Sour ces of Data:

Three intensive freshwater mussel surveys have pedgarmed in the Boone River: the
first in 1982 (Hoke 2004), the second in 1984-8%&¢F1987) and the third in 1998-99 (Arbuckle
and Downing 2000) (see Appendix C for species)listtowever, none of these surveys was
meant to be comprehensive for the watershed, atiogreé followed slightly different sampling
protocols, making comparisons difficult. Additidsampling in some smaller tributaries is
planned for 2005 by Kelly Poole (formerly Kelly Artkle), to improve our knowledge of
mussel occurrences outside the Boone River mainsizaa from these surveys, as well as
maps of historic and recent survey sites, shoulavadable soon.
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In addition, the volunteer water monitoring progrldWATER has conducted biological
surveys that include information on mussel presem@dsence. While these data may not
provide information about species diversity or aance, they may help assess overall
distribution patterns and locate sites that shbeldurveyed for mussels in the future. The
IOWATER online database, which includes biologigdiysical, chemical, and habitat
assessments performed by trained volunteers atnoussites throughout the watershed
(contact: Brian Soenen). The website, www.iowatsy.identifies the locations of these
sampling sites and their monitoring histories. Tdwa Natural Heritage database also includes
information on rare mussel species occurrenceddcbrDaryl Howell).

Current Status:

The Boone River probably ranks in the middle orargme-third among lowa rivers in
native mussel diversity and density (Kelly Poolersp comm. 2004). Fortunately, no non-native
species have been documented in the Boone Riversiad, and thus are not currently
threatening native mussels. IOWATER volunteersshacorded “mussels or clams” as present
at 13 out of 27 sites examined between 2000 and.2B@wever, for sites that were re-sampled,
volunteers did not consistently record the presesence of mussels and clams. The
appearance of variation in mussel occurrence evideahe IOWATER data therefore may
indicate changing conditions affecting mussel Vigib , fluctuating mussel populations, or only
inconsistent sampling methods.

Nevertheless, a number of sources indicate thantresels of the Boone River are in
peril. Of the total of 22 species of freshwaterssels documented from the Boone River
watershed, 17 species are considered vulneralyperiled, or critically imperiled in lowa, and
the status of the remaining 5 has not been revi€iNatureServe 2004, see Appendix C).
Fortunately, no non-native species have been doctatién the Boone River watershed, and
thus are not currently threatening native mussels.

A study comparing the three most recent intensiusegal surveys in the watershed (see
above) suggests an alarming decline in native nhassmdance and distribution in the Boone
River since 1982 (Hoke 2004). For example, theayenumber of species collected per sample
site decreased from 10.75 species in 1982, tof0ies in 1984-85, to only 4.25 species in
1998-99 (Hoke 2004). For sites that were sampleckrthan once, the number of species found
also decreased between earlier and later sampliflgs frequency that each mussel species was
collected (the number of times a particular spegias collected divided by the total number of
sites sampled) also decreased between 1982 anedP998nfortunately, differences in
sampling methods make it impossible to further gf\athe precise extent of the decline in the
Boone River mussels. A decline in Boone River ralss&ould be consistent with the loss of
freshwater mussels nationwide (Williarisal. 1993; Strayeet al. 2004).

Other, less formal indicators may also point teeelicie in Boone River mussels. In
many parts of the country, freshwater mussels flange colonies. In the Boone River, relict
mussel colonies have been observed at a few sithsating that historically mussels may have
been present in large beds (Kelly Poole, pers. co2®®4). In the 1998-99 surveys, however,
mussels were observed only individually or in vemyall numbers at any single location,
possibly indicating that historic mussel beds hdwereased in size or completely dispersed. As

" Mussels can bury themselves in sediment, andrads@ horizontally in response to stimuli (Nature®e2004).
Freshwater mussels also can bury themselves dilmingiinter months and re-emerge in the spring; vewehe
IOWATER data did not indicate a consistent relagitip between mussel presence/absence and season.
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noted above, on the other hand, it is unclear wWieapresence/absence of mussel beds mussels
indicates about the viability of mussels in theevshed. It may also be noteworthy that the
Boone River mussels sampled in 1998-99 did notkeiximuch age diversity, possibly indicating
that recent reproduction and recruitment leveleHhasen low (Kelly Poole, pers. comm. 2004).
However, IOWATER volunteers at least one site (Ofeeek, Jones site; 2002) did note that
there were “Lots of small clams present, the sizb@fingernail on the little finger,” so it seems
that mussels are reproducing in at least one stiedhne basin. Finally, participants in the
October, 2004, workshop speculated that musseks persisted in the Boone River may be host-
generalists rather than host-specialists; therltdted to be more sensitive to changes in fish
populations. A decline in Boone River mussels widag consistent with the loss of freshwater
mussels nationwide (Williamet al. 1993; Strayeet al. 2004).

The reasons for poor mussel recruitment have rext budied in the Boone River
watershed. However, studies of other river systewisate that upstream watershed
characteristics may negatively affect freshwatesselipopulations in the lower watershed
(Williams et al. 1993, Arbuckle and Downing 2002, Straka and Dogr#000, Strayeet al.

2004). Hypothetically, increased baseflow duegstieam drainage and ditching, and increased
peakflow due to increased watershed runoff, cduldaten mussel beds by destabilizing stream
channels. High levels of siltation and suspendetinsent due to upstream field and channel
erosion could negatively affect mussels, as coigt mputs of nutrients, fertilizers, or pesticides
associated with agricultural practices, or low digsd oxygen (DO) concentrations due to
eutrophication. In general, the Upper Boone Ridatershed is heavily agricultural and appears
to have less protective riparian buffers. Dueitfedent habitat characteristics in the Lower and
Upper Boone River Watershed, it would be reason@boéxpect differences in mussel species
representation between the Lower and Upper Boower RVatersheds. It is not yet known
whether there are mussels in the Upper Boone Riiagershed zone and if they are threatened
by land use practices in that region.

Altogether, the weight of evidence seems to indi¢hat freshwater mussel assemblage
composition within the Boone River watershed do&die within its acceptable range of
variation, warranting no better than a “Fair” rgtinin fact, the declining survey findings and
lack of evidence of recruitment lead to a prelinyni@oor” rating. It is not possible yet to
distinguish conditions in the Upper versus the Lowatershed.

Resear ch Needs:

Some mussel sampling is scheduled to be perform#teismaller tributaries of the
watershed in 2005 (Kelly Poole, pers. comm. 20@Jditional, coordinated sampling is needed
to provide comprehensive, current data on the oenae of freshwater mussels in the entire
Boone River watershed, and shed light on any diffees in mussel communities between the
Upper and Lower Boone River Watershed zones.

Mapping of the data from existing and new musseleys is needed to permit an
analysis of the distribution of mussel speciehswatershed as well as distances among
individuals and colonies, an indicator of viabilititopefully maps of mussel survey sites will
soon be made available. However, locational infirom on rare mussel species must be
protected due to the threat of poaching, so sugtsrahould be handled carefully. The site-scale
data from the surveys could be aggregated to laagget-scale measures (for the Upper and
Lower Boone River Watershed zones, for exampl&nggainto account both frequency and
average number of unacceptable station-scale ¢onslifsuch as mussel colonies that are
declining, unhealthy, non-recruiting, or isolated).
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Better information is needed on the fish host sggetor Boone River mussel species,
either from the literature or from experts. Thigormation could inform the Fish Assemblage
Composition and Health assessment (see below) dmipguish “host generalists” from “host
specialists” among the mussel species, and helpgeas understand threats to mussel viability.

Nutrient concentrations and sediment loads alse Baynificant effects on mussels. A
literature review and/or further expert interviewseeded, to determine juvenile and adult
mussel thresholds of toxicity that could be incogbted into the acceptable ranges of variation
for water quality indicators (see Water Qualityldvg. It should be noted that such thresholds
might vary seasonally, and depend upon the lifgestglochidial, juvenile, or adult) and the
species of mussel.

Participants in the October 28, 2004, workshop affered suggestions that concern the
communication of science findings: as these tagaeaatively unfamiliar to non-scientists, some
additional background information on the threatsrfg freshwater mussels, and their ecological
significance would be helpful. Specific recommerates of what a healthy mussel population
should look like in a river system like the Boonied® watershed would be helpful to managers.
For example, “Freshwater mussels should be found innumber of stream reaches. A total of
____number of species should be found, with __ %h@fpopulation made up of juvenile
mussels and % as mature mussels. Referenamstomditions for mussel habitat are "

2. Topeka Shiner (Notropis topeka Population Status

I ntroduction:

The Topeka shineNptropis topekajs a minnow that once ranged widely throughout the
streams of the Des Moines Lobe in lowa, as wefi@ations of lowa, Kansas, Minnesota,
Missouri, Nebraska, and South Dakota (Clark 2000has experienced a significant decline in
population throughout portions of its range: thewn geographic range (watershed area where
the species was known to occur) has been reducagddimgximately 90 percent, and the number
of historically known collection sites (documentadhe literature or by museum specimens) has
been reduced by approximately 70 percent, with@pprately 50 percent of this decline
occurring within the last 40-50 years (USFWS 2002).

The Topeka shiner was identified as a candidatédderal Endangered Species listing
in 1996 and was effectively listed in January, 1898FWS 1998). In July, 2004, the USFWS
delineated critical habitat for this species timatudes portions of the Boone River Watershed
(see “Current Status,” below) (USFWS 2004).

Many reasons for Topeka shiner declines have bemoped. Landscape-level changes
such as stream channelization, loss of ripariaigavater removal, and nutrient and pesticide
inputs have all been suggested as possible cu(Baidesset al. 2003). In Kansas, the
introduction of largemouth bashklicropterus salmoidgswvas found to have coincided with
Topeka shiner extirpation, perhaps due to preddsohranket al.2001). The number of small
impoundments per watershed was also found to ederglith lower numbers of Topeka shiner
in Kansas, as did the relative abundance of “trogkneralists” (fish species that eat anything);
a high relative abundance of trophic generalistslbmaan indicator of habitat degradation overall
(Schranket al2001, Mammoliti 2002).

Flow of streams occupied by Topeka shiners is slesds than 5 cubic feet per second
(NatureServe 2004). A wide range of water tempeeat from near freezing in winter to 90 F
(32 C) in summer is tolerated by Topeka shinerdyid&erve 2004). Dissolved oxygen levels
are generally near saturation. In Missouri, Bag/etsal. (2003) found generally low pH levels in
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water where Topeka shiners are found; they proffagehis results from high dissolved carbon
dioxide concentrations in the groundwater that na@ans water levels in these pools and streams.

However, there is some debate in the literatureiabopeka shiner habitat and water
quality needs. Topeka shiners have been foundavange of different substrates, from silt to
gravel (NatureServe 2004, Kuitenen 2001), but 8esm to prefer pools of small, unchannelized
prairie streams with coarse sand or gravel sulesti@lark 2000, Baylest al.2003). The
water may range from clear to murky (from plankibdmoms or suspended fine clay particles
when the water is very warm), but oversedimentasafetrimental because it covers fish eggs
and food-harboring grabble and rubble (NatureS26@1). Some sources report that Topeka
shiners require high water quality (NatureServe4d0but others report finding little or no
correlation between water quality and Topeka shimesence (Baylest al.2003; also Douglas
Noltie, pers. comm. 2004).

While generally considered a stream species, rexgmeys in lowa have reported
Topeka shiners, sometimes abundantly, in off-chiamalgitats (Clark 2000, Kim Bogenschutz,
pers. comm. 2004). Examples of off-channel halmtEdtide oxbows that are connected at one
end, or ephemeral pools or wetlands located witherfloodplain. These areas are not
constantly influenced by stream flows, but ard stithin the reach of bankfull or higher stream
flows. The wetting of these areas tends to be ta@i@d by groundwater and/or the elevation of
water in the nearby flowing channel. Floodinglué bff-channel habitats on a regular basis
and/or the presence of groundwater-bearing alldegbsits with adequate groundwater
elevations therefore could be critical for maintagnpermanent populations of Topeka shiners
(Clark 2000).

One researcher has speculated that lowa Topekerstgangregate in these off-channel
areas during floods, in order to escape high watkrcities, and are therefore more concentrated
and easier to locate (Steven Clark, pers. comm4)208owever, he thought the shiners probably
utilize stream channels as travel corridors betweenhannel sites.

Topeka shiners in streams of the Des Moines Loparapntly also prefer locations with
prairie-like riparian vegetation (e.g. grasslanthvittle row crop agriculture or forest/woody
cover) (Clark 2000). Topeka shiners have beend@djacent to grazed grasslands, although
the presence of cattle may only be tolerable ratiem preferable for the shiner (Steve Clark,
pers. comm. 2004). Nevertheless, across its emtirge, Topeka shiners may occur in waters
with either grassy or woody streambank vegetatiatifreServe 2004, Kuitenen 2001).

Topeka shiners have been reported to use greeistis@rdpomis cyanellug)ests to
reproduce (NatureServe 2004 and others); the pres®reproducing green sunfish therefore
could enhance the quality of Topeka shiner habitat.

Topeka shiner population status is included asyakelogical attribute for the Boone
River watershed targets because of its sensitiwitiie interaction among several other key
ecological attributes — specifically the hydrologggime, channel geomorphic regime, riparian
community condition, and connectivity — at a relaly fine spatial scale, and its sensitivity to
potentially other environmental and biological adies that have not otherwise been identified
as KEA. The population status of this shiner sgealso may be a KEA for the freshwater
community of the Upper Boone River Watershed zartenbt for the Lower Boone zone, given
its preference for small grassy streams and offusabhabitat. We also considered treating the
Topeka shiner as its own conservation target fefBbone River watershed, rather than treating
its population status as a key ecological attrilwdtine larger aquatic ecosystem. Until more is
known of this species in general and its potewlistribution within the Boone River watershed,
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however, this did not appear to be advisable atttirie. It may make sense to do this at some
future date.

Indicators:
This assessment identified four plausible indicafor this KEA:
» Topeka shiner presence/absence
» Topeka shiner abundance
» Evidence of Topeka shiner reproduction
» Geographic distribution of Topeka shiner relatiwdistoric range of occurrence
and/or critical habitat identified by Clark (2000).

Acceptable Range of Variation:

This assessment did not find sufficient informatiaith which to make quantitative
recommendations for the acceptable range of vandtr the four suggested indicators for this
species. Topeka shiner populations clearly shbelthrge enough to be self-sustaining, and
there should be evidence of reproduction. Unfately, at this time it is unknown what
population size is necessary for this species teelfesustaining either in general or in a
watershed the size of the Boone River watershed.

Sour ces of Data:

* NatureServe (2004)

» USFWS (1998, 2002, 2004)

» Historic fish records, including some data on Tapskiners, are available from the
lowa Rivers Information System (IRI)t{p://maps.qis.iastate.edu/iris/index.html
Contact: Anna Loan-Wilsey) (see Appendix D).

» Steven J. Clark wrote his masters’ thesis on tlaioaship of Topeka shiner
distributions to geographic features in the DesrsiLobe (Clark 2000).

» Dr. Douglas Noltie at the University of Missourigarrently involved in a study
looking at land-use impacts on Topeka shinersneethvatersheds in Missouri
(Martin et al, unpublished data). Dr. Noltie has historic ocence records and
aerial photographs that were digitized for thisi@cg and would be interested in
doing similar studies on other watersheds if histdata are available (but such data
do not appear to be sufficient in the Boone Rivatesshed).

* Microhabitat and flow needs of Topeka shiners mmRock River watershed in
Minnesota have been investigated by Ann Kuituneut(den 2001).

Current Status:

The presence of Topeka shiners has been documerttesiBoone River watershed as
early as 1939 and as recently as 2000 (IRIS d&ta¢. exact number of Topeka shiners in the
Boone River watershed today is unknown, althoughprobably quite small (Kim Bogenschutz
and Steve Clark, pers. comm. 2004). Sampling épeka shiners in the Boone River watershed
has frequently only one individual at any singlte sind has never turned up more than 12
individuals at any single site (Appendix D). Howevsampling methods tend to be very
inefficient for locating this species. It is spktad that their habitat has been harmed by
changes in the watershed such as agricultural alyaipractices that cause stream channel
straightening and a lowering of the water tablsulting in a general decline in their numbers in
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the watershed (Bruce Menzel, pers. comm. 2004} dlso important to note that evidence of
Topeka shiner reproduction in lowa streams is galydow; out of 490 sites surveyed in the
Des Moines Lobe between 1970 and 1999, Topekarshivere collected at 37 sites, and
evidence of reproduction was found at only fouesiiClark 2000). More information on shiner
biology will likely arise from habitat restoratia@iforts underway in the North Raccoon River
and in its tributary, Buttrick Creek, on the weskesof the Des Moines River basin SW of the
Boone River watershed.

The current status of Topeka shiner physical habdaditions in the Boone River
watershed is unknown. The USFWS in July 2004 ifledtthree areas within the watershed as
critical habitat for this endangered species (USRRO®HA):

* The Eagle Creek confluence with the Boone Riveatlamilton County upstream

through section 30 T 91 N R 25 W in Wright County

* The Ditch 3 in Wright County confluence with BooR&er upstream through section

30 T91 N R 26 W in Wright County

* The Ditch 19 in Wright County confluence with BodR&er upstream through

section 31 T 91 N R 26 W in Wright County

We can also note information on two biological etates of Topeka shiner habitat.
Green sunfish are present in some portions of tenB River watershed (Appendix E),
although it is not known if they co-occur with Tdgeshiners in this system; and largemouth
bass have not been reported from the Boone Rivearsieed.

Resear ch Needs:

Spatially representative surveys for the speciésiown and suspected habitat areas as
well as “control” locations are needed to establiakeline data on population sizes and habitat
correlates of Topeka shiners in the Boone Riveersaied. More information also is needed on
Topeka shiner demography and habitat requiremeniscrease our understanding of how best
to protect populations of this species in the BoBner watershed and elsewhere, including our
understanding of where good habitat should occlneaestored within the Boone River
watershed. For example, additional research sinal&nn Kuitunen’s 2001 study of
microhabitat and flow needs in Minnesota would kieeely valuable to examine Topeka
shiner habitat requirements in the Boone River vsaed.

3. Fish Assemblage Composition and Health

I ntroduction:

The composition of fish species in a particulagaitn generally reflects habitat
characteristics of the stream, such as streamlsorym substrate, and water quality. lowa
streams are no exception; physical habitat charatits, in particular, correlate with and explain
(statistically) a large proportion of the varianedish assemblage composition among sampling
locations across lowa (Wilton 2004). For examppeecies such as bigmouth shingoiropis
dorsalig, creek chub (Semotilus atromaculatus), and blas&maceRhinichthys atratulus
favor small, shallow streams (such as headwatearsis) whereas freshwater druaplodinotus
grunniens)and flathead catfisiPf/lodictis olivarig favor larger, deeper wadeable streams and
rivers.

Consistent with this larger pattern, the compositbthe fish assemblage in the Boone
River watershed varies with stream size and hathatacteristics. Fish diversity is greatest in
the Lower Boone River Watershed target zone, wterastreams are fairly swift-flowing, with
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sand, gravel, rock, and bedrock bottom substrateiging extensive riffle-pool habitat (James
Wabhl, pers. comm. 2004). Out of approximately &altfish species that have been documented
in the entire Boone River watershed (see Appendli8E have been collected in the Boone
River below Webster City (ICC 1985). Channel chtfictalurus punctatusare the dominant
sport fish in this stretch, along with large nunsbef smallmouth bas$Aicropterus dolomieui

and some rock bagdmbloplites rupestris Walleye Gtizostedion vitreujrare also frequently
found, with some northern pik&gox luciuy and flathead catfish. Sensitive species of non-
game fish include banded darteliSHeostoma zonal@and northern hog suckerdypentelium
nigricang.

Fish diversity is not as high in the Upper BoonedRiWatershed target zone, where the
streams — sometimes ditches or artificially chaizeel streams — are fairly small and shallow
with a silt or sand substrate (James Wahl, peranta2004). Typical headwater species include
minnows, shiners, suckerGgtostomuspp.), the exotic common car@yprinus carpio)and
bullhead catfishAmeiurusspp). Sensitive species in this portion of théenshed include
northern pike Esox luciuspnd brook sticklebackJQulaea iconstars A few spring-fed streams
and pools contain the Federally Endangered Topekeis(Notropis topeks as noted earlier.

The composition and health of the fish assemblagge selected as a key ecological
attribute for both the Upper and Lower Boone Riwatershed conservation targets because it is
a crucial aspect of their aquatic biodiversity. dkabnally, some measures of fish assemblage
composition and health provide information on pbgkhabitat and water quality. For example,
diseased fish or an overabundance of non-nativeiespean be indicators of physiological
stressors acting on the system, which if allowepeisist could limit the overall biological
diversity of the watershed.

Indicators:

The lowa Department of Natural Resources (IDNR)desloped a Fish Index of Biotic
Integrity (F-IBI) for use in the biological assessmhof lowa’s streams and rivers (Wilton 2004).
It incorporates twelve metrics (below), combinegbtovide a community-level assessment of
stream biological conditions (Wilton 2004). Théselve metrics and their expected responses
to degradation in stream quality are listed inftiowing table.

Predicted Responseto
IDNR Fish Index of Biaotic Integrity (F-IBI) Metric Degraded Stream
Quality
Native fish species richness Decrease
Number of sucker (Catostomidae) species Decrease
Number of sensitive fish species Decrease
Number of benthic invertivore species* Decrease
Percentage abundance of three dominant fish species Increase
Percent of fish as benthic invertivores Decrease
Percent of fish as omnivores Increase
Percent of fish as top carnivores Decrease
Percent of fish as simple lithophilous spawners* Decrease
Fish assemblage Tolerance Index Increase
Adjusted catch per unit effort (depends)
Percent abundance of fish with deformities, erdifes] lesions, or tumors Increase
* Note: These two metrics concern the proportioindfviduals belonging to specialized feeding aaditat groupsbenthic
invertivoresfeed on invertebrates (other than insects) thatifi or on the bottom substrate; aiighple lithophilous spawners
do not build nests nor require clean substrate {iee of silt/clay and algal mats) on which tg &gs.
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In general, high-quality streams exhibit high dargr both in the number of fish species
or feeding groups represented and in the balanca@imem. A healthy fish community is
rarely dominated by a few species, particularlylmospecies that tolerate significant
disturbance. Catch per unit effort is a measuteo®f numerous (easy to catch) fish are in a
given sample site. Depending on species compasgitigh catch per unit effort can either
indicate a healthy, diverse fish community or al&tively, a fish community choked by tolerant
species (such as carp). Finally, health problesush( as deformities, eroded fins, lesions, and
tumors) are generally indicators of low habitatlgualeading to physiological stress.

The twelve metrics associated with the F-IBI anesied to obtain an overall index
score, ranging from 0 to 100. Score values frodividual samples can then be compared to
scores from “reference” sites located in the sacoeagjion (see Wilton 2004 for more details on
calculation of IBI scores). The Boone River walhexd lies in EPA level IV ecoregion 47b, the
Des Moines Lobe ecoregion. Two sites in the LoB@one River watershed, on the Boone
River at Bells Mill Park near Stratford and WhitexFCreek near Webster City, are considered
ecoregional reference sites due to their high sconea number of the above metrics. In the Des
Moines Lobe ecoregion, F-IBI scores typically rafigen 15 to 85 with an average score of 44;
IDNR considers F-IBI scores of 0-25 as “poor,” 2bds “fair,” 51-70 as “good,” and 71-100 as
“excellent” for this ecoregion (see table, below}IBI scores can also be compared to other
indicators of stream quality, such as habitat aatemquality parameters. As a general rule, F-
IBI scores show a positive correlation with stregumality indicators in lowa, as shown in the
following figure reproduced with permission from N (2004).

Excellent
F 3

Fish IBI

Poor . Optimum

Stream Habitat Quality
Figure 1-3 from “Biological assessment of lowa’'sd@able streams”
(Wilton 2004, reproduced with permission). Thgutie shows how Fish
IBI scores are positively correlated with strearbita quality in lowa
(measured using the Barbour and Stribling (199b)tabquality index.)
Sampling data are from IDNR 1994-1998 referenassand test sites.
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Table 5-10 from Wilton 2004 (reproduced with persios). Qualitative scoring
guidelines for the FIBI.

Biological
Condition Characteristics of Fish Assemblage
Rating

Fish (excluding tolerant species) are fairly abundant or abundant. A high number of
native species are present, including many long-lived, habitat specialist, and
sensitive species. Sensitive fish species and species of intermediate pollution
tolerance are numerically dominant. The three most abundant fish species typically
comprise 30% or less of the total number of fish. Top carnivores are usually present
in appropriate numbers and multiple life stages. Habaitat specialists, such as benthic
wmvertivore and simple lithophilous spawning fish are present at near optumal levels.
Fish condition 1s good; typically less than 1% of total fish exhibit external anomalies
associated with disease or stress.

Fish (excluding tolerant species) are fairly abundant to very abundant. If high
numbers are present, intermediately tolerant species or tolerant species are usually
dominant. A moderately high number of fish species belonging to several families
are present. The three most abundant fish species typically comprise two-thirds or
less of the total number of fish. Several long-lived species and benthic invertivore
species are present. One or more sensitive species are usually present. Top
carnivore species are usually present in low numbers; however, one or more life
stages of each species are often missing. Species that require silt-free, rock substrate
for spawning or feeding are present in low proportion to the total number of fish.
Fish condition 1s good; typically less than 1% of the total number of fish exhibits
external anomalies associated with disease or stress.

Fish abundance ranges from lower than average to very abundant. If fish are
abundant, tolerant species are usually domunant. Native fish species usually equal
ten or more species. The three most abundant species typically comprise two-thirds
or more of the total number of fish. One or more sensitive species, long-lived fish
species or benthic habitat specialists such as suckers (Catostomidae) are present.
Top carnivore species are often, but not always, present in low abundance. Species
that are able to utilize a wide range of food items including plant, animal and detritus
are usually more commeoen than specialized feeders, such as benthic vertivore fish.
Species that require silt-free, rock substrate for spawning or feeding are typically
rare or absent. Fish condition is usually good: however. elevated levels of fish
exhibiting external anomalies associated with disease or stress are not unusual.

Fish abundance 1s usually lower than normal or, 1f fish are abundant, the assemblage
is dominated by a few species. The number of native fish species present is low.
Sensitive species and habitat specialists are absent or extremely rare. The fish
assemblage 1s donunated by just a few ubiquitous species that are tolerant of wide-
ranging water quality and habitat conditions. Pioneering, introduced and/or short-
lived fish species are typically the most abundant types of fish. An unusually high
number of fish with external physical anomalies 15 more likely to occur.

71-100
(Excellent)

51-70
{(Goad)

26-50
(Fair)

0-25

(Poor)

The presence of sensitive species such as smahrbass (particularly in association
with freshwater mussels), banded darters, or northegsuckers can serve as an informal
indicator of fish assemblage health and composipomarily applicable to the Lower Boone
River Watershed. Smallmouth bass require free ectivity between rivers and their tributary
streams, as they migrate up such tributaries tarisgd. Wahl, pers. comm., 2004). They prefer
clean rock or gravel bottom substrate with consisiew and over which to spawn. Young
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Smallmouth bass stay and feed in the tributariésréenigrating back to the larger creeks, and
therefore do best in streams with some habitatsiitye(pools and riffles). They can not spawn
in highly channelized streams or actively maintdidéches, which tend to be silty, have highly
fluctuating flow, or otherwise have little physidabitat diversity. Banded darters or northern
hogsuckers, similarly, are considered sensitivieatuitat degradation, and therefore their
presence indicates good habitat quality.

Other positive indicators of fish assemblage statdsch increase with increasing
assemblage integrity) include the persistence tiweapecies over time (traceable via historic
records, see Appendix E) and evidence of reprooluctie., eggs and juveniles), the presence of
a self-sustaining Walleyés(izostedion vitreujrpopulation, and the presence of species of fish
that serve as hosts to freshwater mussel larvaaley¢ must be restocked in many watersheds
due to lack of appropriate spawning habitat. Bipiscies requires clean sand or gravel spawning
habitat, which is decreasing in the Midwest, pesh@ipe to sedimentation (J. Wahl, pers. comm.
2004). In turn, the presence of species of fisl serve as hosts to freshwater mussel larvae is
important for sustaining mussel populations.

Negative indicators of fish assemblage status (wincrease with decreasimagsemblage
integrity) include the presence of tolerant nonveaspecies, particularly common carp.
Common carp adapt better than most fish specipsltotion caused by sewage or agricultural
runoff. If stream quality is good, native fish sps can do well in the presence of at least small
numbers of common carp. However, where streanitgusipoor, common carp can become so
numerous that they out-compete native species;alseystir up bottom sediments, contributing
to further habitat degradation. Large numbersoofimon carp are therefore an indicator of
poorer-quality habitat and degraded biological dhitg.

Acceptablerange of variation:

In general, a fish community should have healtagreducing, persistent populations
representing a large proportion of the native diitgrof the region. Species from different
feeding guilds (benthic invertivores, top predatoranivores) should be present, and few or no
non-native species (e.g., common carp) should ésept or dominant. All of these variables are
taken into account in the F-1BI score, so generatly=-1BI score above 51 (the IDNR cutoff for
a “good” or “excellent” ranking) is desirable (dable below for more information). Following
The Nature Conservancy'’s rating framework (see @hdfie acceptable range of variation for
the F-IBI for both the Upper and Lower Boone RiViéatershed would be one in which the
majority of sampling locations in each target aghibit F-IBI values above 50; and among this
majority, at least half exhibit values above 7@uasing that the sampling locations are
statistically representative for the two waterstegdet zones overall.

Additionally, the Lower Boone River Watershed tdargene should contain healthy,
reproducing populations of top predators and spbrguch as channel catfish, walleye, northern
pike, and smallmouth bass. Smallmouth bass incp#at should be numerous, as they are an
indicator of good quality habitat. The walleye ptation should be self-sustaining; no stocking
should be needed. Common carp should not be preskamge numbers. In turn, the Upper
Boone River Watershed target zone should contaattthe reproducing populations of species
adapted to these small, headwater streams suble d®peka shiner, bigmouth shiner, creek
chub, and blacknose dace. Large populations gbptegators and sport fish are not necessarily
an ecological goal for the fish assemblage in thpdd watershed, as such species probably did
not naturally occur there in high numbers. Rede&teeded to determine whether the
watershed can sustain recreationally attractivaufadons of these species without
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compromising other ecological concerns. Commop should not be a dominant species.
Further research is needed to establish specifiotgative values for these more informal
indicators.

Sour ces of Data:

Bioassessments were performed by the IDNR at &dbasites in the Boone River
watershed between 1994 and 2003 (IDNR stream lasasgent program,
unpublished data provided by Tom Wilton, 2004-200bhree sites on the Boone
River itself — at Bells Mill Park near StratfordeRwick, and Webster City — fall
within the Lower watershed zone. The other foat Brainage Ditch 49 near Eagle
Grove, Otter Creek near Holms, Otter Creek neadfizddl, and White Fox Creek
near Webster City — fall within the Upper zone. eGite (Drainage Ditch 49) was
sampled twice in 2002 and another site (White Foeek) was sampled 13 times
between 1994 and 2000. F-IBI scores were calalifateall 7 sites. Figure 5 shows
the locations of the seven bioassessment sitée iwatershed. These samples were
part of a larger survey of 98 stream and riverssitelowa (Wilton 2004). Some
sampling is performed in each ecoregion every yaat,IDNR maintains an overall
5-year sampling cycle, thus additional formal bgessment data will be available in
the future (contact: Tom Wilton).

Tom Wilton’s (2004) Biological Assessment of low&&adeable Streams provides
results on fish sampling from 98 sites in lowawa#l as multi-ordination analyses of
the relationship between fish assemblage compasitial various physical and
chemical parameters, such as bottom substratapsgkading, nitrite plus nitrate
nitrogen, turbidity, etc. In addition to lookingspecies composition, simple
regression analyses of the relationship betwedsl Bdores and physical/chemical
parameters are presented.

Historic fish records are available from as eadyl832 from the lowa Rivers
Information System (IRIS)h{tp://maps.qis.iastate.edu/iris/index.hi@dntact: Anna
Loan-Wilsey). However, these records are baseddividual studies and are
therefore not consistent in terms of sampling éffor

Current Status:

One of the seven sites sampled in the Boone Riaggrahed by the IDNR between 1994
and 2003 — Bells Mill Park in the Lower watershede — received an IDNR “excellent” score,
and one in the Upper watershed — Otter Creek -bé@gHiaverage F-1BI values in the IDNR
“good” range. Four sites — two in the Lower waltexd and two in the Upper watershed — fall at
the upper end of the IDNR “fair” range; and onecoBe River at Renwick — falls near the lower
end of the IDNR “fair” range (unpublished data pd®d by Tom Wilton, 2004). These rankings
reflect the average F-IBI scores across all samgles, for those locations sampled more than
once. These results do not fall within the acdelpteange of variation for either the Lower or
Upper watershed zone, as defined above, althowghuimber of sample locations is quite small.

For comparison, there was a substantial rangelBl Beores calculated from the 1994-
1998 sample data IDNR used to calibrate and tesfigh index of biotic integrity state-wide
(Wilton 2004). A high score of 85 (excellent) watasned in the Little Cedar River, Floyd
County and the low score of 4 (poor) was measurééeg Creek, Mills County. The median
score was 43 (fair). The majority of sites receiedtier a "fair" rating (49%) or "good" rating
(28%)) for fish assemblage condition, while smabieyportions of sites were rated as either
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"poor" (13%) or "excellent" (10%). Wilton points tthat the distribution of scores was probably
skewed toward good biological condition since thivets of the sites sampled between 1994 and
1998 were candidate reference sites. The datatiierfDNR Boone River watershed sampling
sites therefore would also likely be skewed towgwdd biological condition, suggesting that, in
reality, the fish communities of the watersheda@rerall less healthy than these few sites
indicate.

Fifty-eight species of fish (57 native species and invasive species) have been
documented within the entire Boone River watergigibendix E). Twenty-seven of these
species were documented as early as the 19308/-dtght species have been recorded in the
watershed since 2000, and seven other speciesemmaled as recently as 1998, indicating a
high persistence of species between the 1930soalay {Appendix E). Unfortunately, survey
methods changed from the 1930s to the presenthgakore quantitative analyses difficult.

The data give no indication of the historic popiolatsizes or geographic ranges of native fish
within the watershed.

It is also important to consider whether some histspecies have been lost to the Boone
River watershed due to physical obstacles betweewatershed and the larger Des Moines and
Mississippi rivers (see Upstream/Downstream Corviggtbelow). Large migratory fish such
as sturgeon historically might have traveled upstrénto the Boone River before dams blocked
their path. However, these species do not appdasioric records for the watershed; thus, if
they did occur historically in the Boone, they wace identified or were already extirpated by
the 1930s. On the other hand, dams may also beqgtirg the Boone River watershed from
invasions of exotic species such as bighead ¢dypdphthalmichthys nobiljgr silver carp
(Hypophthalmichthys molitr)xwhich are aggressively invading other rivershia Upper
Mississippi River Basin.

It is also useful to consider whether, if the datae available to compare the fish
assemblages of the Lower versus Upper Boone Riaeidhed, the Lower assemblage would
score higher on formal and informal indices of grity than would the Upper assemblage. This
difference would be expected because of the predmeerally poorer habitat quality of the
Upper watershed streams. For example, represesdaif several feeding guilds occur in the
Lower Boone River Watershed, including top predasarch as northern pike and benthic
invertivores such as channel catfish. The LowesrigoRiver Watershed also supports thriving
populations of smallmouth bass, an informal indicaff high-quality habitat; and possibly
supports a self-sustaining population of walleyspecies that must be restocked in many
adjacent watersheds (J. Wahl, pers. comm. 2004rthét, the non-native common carp is
present in the Lower Boone River Watershed buimat high numbers as in the Upper
watershed. In turn, the Upper Boone River Watatgitebably has fewer species and feeding
guilds represented. Common carp are fairly nungratiich may indicate relatively lower
habitat quality. However, the Upper watershed dmedgain small populations of the Topeka
shiner and populations of northern pike, which@residered sensitive to major degradation
such as loss of connectivity or sedimentation [sdew). Persistence of these species in certain
streams could indicate that such streams are dcaltygfunctional.

Overall, it appears that the key ecological attebof Fish Assemblage Composition and
Health warrants a “Fair” rating for both the Lowaerd Upper Boone River watershed zones.

Resear ch Needs:
A formal analysis of the IRIS historic fish survegta would be useful to determine the
extent to which native fish species have persistedis system since the 1930s. However, such
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assessments should take into account the diffeseanpling methods used for the historic
surveys. Another analysis could be performed Ipassing the IRIS data into fish communities
of the Upper and Lower watershed areas or othexdocategories to look at spatial differences.
Additional, substantial coordinated sampling aneeasment of fish assemblages (including use
of the F-IBI metrics) is needed in both the Uppad &ower Boone River Watershed areas to
increase sample sizes and their temporal (seasomalal) and spatial representativeness,
establish a baseline of data on current conditiand,support comparative analyses. As
discussed below, physical habitat data should beated alongside the sampling of fish
assemblages, to improve our understanding of iihirrelationship. Results of these surveys
could be compared to habitat and water quality da&ach site, similar to the methods used in
Wilton’s 2004 report. Furthermore, the resultslddae compared to IDNR fish, habitat, and
water quality survey data from streams and rivessirad the state in order to get an idea of the
relative condition of BRW streams.

4. Benthic M acroinvertebrate (Non-M ussel) Assemblage Composition

I ntroduction:

Benthic macroinvertebrates are animals without baoks, larger than 2 millimeter, that
live in and on stream and river bottoms. Theyudel aquatic worms, aquatic larvae of insects
such as the mayfly, crustaceans such as crayfsimafusks such as snails and mussels. Here
we treat mussels separately. Benthic macroinveateb play crucial roles in freshwaters, as
consumers of microorganisms and particulate orgawaitter and as food for larger fauna,
particularly fish. Benthic macroinvertebrates @tthan mussels) are also relatively fast-
growing and sensitive to environmental conditianaking them useful for monitoring both
short- and long-term changes in environmental derdi. Decades of study in North America
have produced numerous studies of the environmsetdlitivities of different benthic
macroinvertebrate taxa, many of which are widestributed (e.g., Karr and Chu 1999).
Different taxa are sensitive in different ways kemical pollution, changes in the kinds and
guantities of organic matter entering a water beggimentation rates, channel stability,
shading, temperature, turbidity, hydrologic coradi, and other factors. The research on
macroinvertebrates environmental sensitivitiesiiedped researchers develop environmental
indexes, in which the proportions of different tg@ed taxa of macroinvertebrates in a sample
provide information on the types of environmenttdrations experienced by the sampling
location. Benthic macroinvertebrate (non-musssteablage composition therefore is included
as a key ecological attribute for the Boone Rivatesshed targets both because these species are
crucial components of a freshwater ecosystem’sieosity and because they provide sensitive
information on the effects of human activities asra watershed on the ecosystem.

Indicators:

The lowa Department of Natural Resources has dpedla twelve-metric, Benthic
Macroinvertebrate Index of Biotic Integrity (BM-IBfor lowa, similar in structure and purpose
to its F-IBI (Wilton 2004). The twelve BM-IBI mats are given below.

As with the F-IBI, the BM-IBI metrics relate to @axichness, community balance,
pollution tolerance, and feeding guild compositigks a rule, high benthic macroinvertebrate
diversity (number and relative abundance of tax&prrelated to the overall health of a system,
as it indicates that niche space, habitat, and sopgly are all abundant. On the other hand, low
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diversity and/or a relative abundance of “tolerasgécies indicates degraded or polluted habitat.
Similarly, a high proportion of generalist feedessa simplification of the trophic web (as when
a single functional feeding group becomes heawlyithant) can indicate degradation. The
Biotic Index metric is an indicator of the macroaémtebrate assemblage response to organic
waste and nutrient pollution. The BM-IBI is adgdtto stream size. As with the F-1BI, BM-IBI
scores are calculated and then compared to refessmees in the ecoregion. Two sites in the
Lower Boone River watershed, the Boone River alsBdlll Park near Stratford and White Fox
Creek near Webster City, are considered “referenites for the BM-IBI as well as for the F-
IBI. Sampling of 98 stream sites in lowa indicatest BM-IBI scores have a positive
correlation with various indicators related to habguality, such as the percent of coarse rock
substrate and the “habitat quality index,” whicb\pdes a general estimate of the health of a
stream system (Wilton 2004). Unfortunately, thesxe not enough data from the Boone River
watershed to perform such an analysis for this ishesl.

IDNR Benthic M acroinvertebrate I ndex of Biotic | ntegrity Prgd;;:;;egproer;ﬁto
(BM-1BI) Metric Quality:
Multi-habitat taxa richness Decrease
Standard-habitat taxa richness Decrease
Multi-habitat Ephemeroptera/Plecoptera/Trichop{&®@T) richness Decrease
Standard-habitat EPT richness Decrease
Multi-habitat sensitive taxa richness Decrease
Percent abundance of three dominant taxa Increase
Biotic Index (adapted from Hilsenhoff Biotic Index) Increase
Percent abundance of EPT taxa Decrease
Percent abundance of Chironomidae (midge) taxa Increase
Percent abundance of Ephemeroptera taxa Decrease
Percent abundance of scraper organisms Decrease
Percent abundance of dominant functional feedioggr Increase

Acceptablerange of variation:

In general, the benthic macroinvertebrate (non-elisssemblage should have a high
diversity of species, particularly aquatic inseetsc this diversity should include taxa that are
sensitive to environmental degradation such as lieayttoneflies, and caddisflies (EPT taxa)
and scraper organisms. Multiple functional feedingups should be represented. Taxa that are
tolerant of degradation (such as midges or aquairens) should not have high relative
abundance. Indexes similar to the Hilsenhoff Bititidex should indicate a low level of nutrient
enrichment. As most of these factors are takemantount in the IDNR BM-IBI system, a high
BM-IBI score (above 55) is desirable — a BM-IBI szof 56-80 qualifies as a “good” score and
81-100 qualifies as “excellent” in the IDNR ratifrgmework (see table below). However, site-
by-site differences in aquatic macroinvertebratesifl be accounted for. For example, experts
at the October 2004 workshop pointed out that kygglity forested streams tend to be
dominated by species that feed on plant particutettter, whereas high quality streams in
prairie areas tend to contain more organisms, agdtrapers, that feed on plankton and
biofilms. Following The Nature Conservancy’s rgtinamework (see above), the acceptable
range of variation for the BM-IBI for both the Uppend Lower Boone River Watershed zones
would be one in which the majority of sampling lboas in each target area exhibit BM-IBI
values above 55; and among this majority, at leaktexhibit values above 80.
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Table 5-5 from Wilton 2004 (reproduced with pernas3. BM-IBI qualitative scoring

ranges.
Biological
Condition Characteristics of Benthic Macroinvertebrate Assemblage
Rating
High numbers of taxa are present, including many sensitive species. EPT taxa
are very diverse and are numerically dominant in benthic macromnvertebrate
76-100 samples. Habitat and trophic specialists, such as seraper organisms, are
{Excellent) present in good numbers. All major functional feeding groups (ffg) are

represented, and no particular ffg is excessively dominant. The assemblage is
diverse and reasonably balanced with respect to the abundance of each taxon.

56-75 (Good) | taxa and some habitat specialists may be reduced in abundance or absent. The

Taxa richness 1s slightly reduced from optimum levels: however, good
numbers of taxa are present, including several sensitive species. EPT taxa are
fairly diverse and numerically donunate the assemblage. The most-sensitive

assemblage is reasonably balanced, with no taxon excessively dominant. One
ttg, often collector-filterers or collector-gatherers, may be somewhat
dominant over other figs.

31-55 (Fair) taxa have been replaced by more-tolerant EPT taxa. The assemblage is not

Levels of total taxa richness and EPT taxa richness are noticeably reduced
from optimum levels: sensitive species and habitat specialists are rare; EPT
taxa still may be dominant in abundance: however. the most-sensitive EPT

balanced: just a few taxa contribute to the majority of organisms. Collector-
filterers or collector-gatherers often comprise more than 50% of the
assemblage: representation among other ffgs is low or absent.

0-30 (Poor)

Total taxa richness and EPT taxa richness are low. Sensitive species and
habitat specialists are rare or absent. EPT taxa are no longer numerically
domunant. A few tolerant organisms typically dominate the assemblage.
Trophic structure 1s unbalanced: collector-filterers or collector-gatherers are
often excessively dominant: usually some ffgs are not represented.
Abundance of organisms is often low.

Sour ces of Data:

lowa DNR has performed benthic macroinvertebrateesis as parts of overall
stream bioassessments at seven sites in the Baveewtershed at various times
between 1994 and 2003 (IDNR unpublished data peaviy Tom Wilton, 2004).
These are the same seven sites described earlibeftbNR sampling of fishes.
One site on Drainage Ditch 49 was sampled twic0®R2, and one site on White Fox
Creek was sampled more than a dozen times betv@ehahd 2000. This was part
of a larger survey effort of 98 streams and riverl®owa (Wilton 2004). Some
sampling is performed in each ecoregion every yaat,overall, there are 5-year
sampling cycles, thus more formal bioassessmeatfdain the BRW will be
available in the future (Tom Wilton, pers. comm02Q) However, the life cycles of
macroinvertebrates are so short that more freqeanpling intervals may be
necessary.

Tom Wilton’s 2004 Biological Assessment of lowa’'sa?éable Streams provides
results of benthic macroinvertebrate sampling f@8sites in lowa, as well as

Boone River, lowa, Watershed Ecological Goals Assent, Narrative 28



analyses of the relationship between BM-IBI scaned various physical and
chemical parameters, such as bottom substratapsgkading, nitrite plus nitrate
nitrogen, turbidity, etc.

 |OWATER volunteers have performed approximatelyjp&Bogical assessments,
within the Boone River watershed system that inelassessments of macro-
invertebrates. The reports are available fronr thieiine database:
http://www.iowater.net Some of these reports include multiple streases@ments
from the same site.

Current Status:

IDNR has documented one site among their seventorong stations in the Boone River
watershed (see above) with an “excellent” BM-IBbis; Otter Creek at Goldfield in the Upper
watershed zone; and one with a “good” score, Bdimer at Bells Mill Park in the Lower zone.
Four sites — three in the Upper zone and one ilhdeer zone — received scores at the upper end
of the “Fair” range. One site, Boone River at Rekywwas unscored due to a lack of replication
in the data. The results for White Fox Creek anaiiage Ditch 49 are average scores across all
sampling dates (13 and 2 dates, respectively)doh site. These results do not fall within the
acceptable range of variation as defined abovegitber the Upper or Lower watershed zone,
although the number of sample locations is quitalkm

For comparison purposes, BM-IBI scores from IDNB8ssample sites in lowa ranged
from 15 (poor) — 90 (excellent), and the mediarrsegas 63 (good) (Wilton 2004). Most of the
scores were rated either good (60%) or fair cate@8%). Only 10% of the values were rated
as excellent, and 7% were rated as poor. Wiltaasthat the distribution of scores was
probably skewed toward good biological conditiamcsi two-thirds of the sites sampled between
1994 and 1998 were candidate reference sites.efidrer the benthic macroinvertebrate
communities in the overall Boone River watershedppbably also less healthy than the few
IDNR data points indicate.

An analysis of the IOWATER data could yield moréommation about the
macroinvertebrate assemblages at many other siteg watershed. For example, mayflies
were identified as present in 40 out of the 65 IOVER reports for the watershed, whereas
caddisflies and stoneflies (other sensitive taxajewdentified as present in only 15 and 8
reports, respectively. Aquatic worms were docum@im 30 out of 65 reports, and bloodworms
were documented in 38 out of 65 reports.

No information is available regarding the relatstatus of the macroinvertebrate
assemblages in the Upper and the Lower Boone R¥atershed target zones. However, the
differences in hydrology and habitat conditionsaestn the Upper and Lower watersheds (see
below) should result in differences in the dominfamictional feeding groups between the two
zones. For example, the greater diversity of lalotthe Lower Boone River Watershed
(provided by woody debris, more heterogeneous bo#iobstrate, and stream shading) would be
expected to promote greater benthic macroinverteliaersity.

Overall, the key attribute of Benthic Macroinvematie Assemblage Composition and
Health appears to warrant a “Fair” rating for thenMer and Upper Boone River watershed zones.

Resear ch Needs:
A detailed analysis of IOWATER biological assesshuata for macroinvertebrates in
the watershed would be useful. Unfortunately, sofrtbe data are too general to be used to
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generate BM-IBI scores, as the IOWATER reports Ugul® not identify species to the level of
detail required for the BM-IBI metrics. Identifittan to the genus or species level is often
necessary. However, the IOWATER site reports cbeldised to build a rough estimate of
which sites sustain relatively high quality asseagkk (those that report clear water, more
sensitive taxa, and fewer worms) and which do 1®ite-specific IOWATER data could also be
combined at the scale of the two watershed zonpsrtit a comparison of the Upper and
Lower Boone River Watershed macroinvertebrate askages.

Additional, methodologically consistent samplinglassessment of macroinvertebrate
assemblages (permitting use of the BM-IBI metriss)eeded in both the Upper and Lower
Boone River Watershed zones to increase samplg Gimenber of sampling locations) and
spatial representativeness, establish a baselidatafon current conditions, and support
comparative analyses. In general, genus or spksiekdata will also be more useful than
family or order-level data. Some of this samploogild be performed by students of Dr. Greg
Courtney at lowa State University, if priority Stevere identified and some funding was
procured. The accumulation of such data would pé&sanit modification of the BM-IBI itself to
take into account differences in expected referencelitions between the Upper and Lower
Boone River Watershed benthic macroinvertebratenaskages.

5. Riparian Community Vegetative Structure

I ntroduction:

The riparian area of a stream consists of the landsediately adjacent to the stream that
may be subject to flooding, support wetlands ohlggoundwater levels that affect conditions in
the stream, support vegetation that provides shadeplant litter to the stream, or provide
habitat for animals that use the stream as paltedf normal activities. The vegetation and soll
microbes in riparian zones take up and releaséemigrfrom and to the stream and filter
impurities from surface and groundwater; ripari@agetation also consumes groundwater and
helps slow flood waters that spread over the strieank. Plant roots provide structure to the
soil, affecting bank stability and patterns of @as Overhanging blades, leaves and branches
shade the water, providing a mosaic of warm, caahny, and shady conditions that foster
communities of phytoplankton (algae), zooplanktmc(obes), and macroinvertebrates. Woody
debris can fall into the water, providing orgamputs and physical habitat for phytoplankton,
zooplankton, macroinvertebrates, and fish. Thepmsition and extent of the riparian vegetative
community therefore is included as a key ecologattibute for both the Upper and Lower
Boone River Watershed conservation targets, bedhissattribute strongly affects the
hydrology, geomorphic stability, water and habgaslity, and food web of the adjacent stream.

Indicators:

Many indicators can provide information on the tiglahealth of a riparian vegetative
community. These include measures of native spetiersity, degree of fragmentation,
successional stage frequencies, incidence/abunadmaee species, incidence/abundance of
exotic species, and incidence of disease or dishwd However, such indicators go beyond the
primarily concerns of this assessment, which fanughe functional effects of riparian
community condition on stream conditions. Thesefiwnal characteristics include: the ability
of the riparian area to filter sediments and chafsitrom surface and groundwater, provide
stream shading, stabilize soils and stream bamived inputs of dissolved and particulate plant
matter and coarse woody debris, and provide hdbitanimals that participate in the aquatic
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ecosystem. For the purpose of this study, we Fauesed only on these latter functional
characteristics; with the exception of the overglhrian vegetative community type. However,
other indicators of general health of a ripariamownity should be addressed in other
conservation efforts directed at the riparian comityutself.

Potential indicators related to the function of tiparian community all concern its
structure and spatial extent. These include:

* Percentage of stream miles that have adjaceniaipaegetation dominated by native
species; any (non-crop) riparian vegetation (e¥&ns an agricultural buffer strip
planted in non-native species); or none

* Width of riparian vegetation (where present) orleecentage of stream miles with
riparian vegetation greater than some minimallyeptable (reference) width

* Percentage stream surface area shaded or covemaihanging riparian vegetation

* Presence/retention of woody debris

» Cattle access/grazing

* Riparian vegetative community type (e.g., woodypdpwith herbaceous
understory, shrub-dominated, herbaceous) or aifitat®n based on direct
measurements of the cover of different vegetatoragonents (woody, shrub,
herbaceous)

In addition, IDNR has identified several charadics of riparian habitat quality as part
of their stream biological assessments (Wilton 208de section 9, below, for a complete list of
habitat quality characteristics measured by IDNRese include:

* Riparian buffer rating (0-20)

* Average % stream shaded

» Stream bank condition rating (0-20)
* % Bare lower streambank.

Finally, the USDA-NRCS “Stream Visual Assessmemt&tol” (USDA 1999) contains
some metrics for use in assessing riparian commugnitdition. The U.S. Department of the
Interior, Bureau of Land Management visual assesspretocols for "Riparian Preferred
Condition" in the western U.Shttp://www.blm.gov/nhp/200/nap/index.html#)calso
potentially could be adapted to the Boone Riverwnsited system.

Acceptablerange of variation:

One possible way to assess riparian buffer queliby comparing sites in the BRW to
sites throughout lowa. For example 250", and 78' percentile values of riparian habitat
guality characteristics at 98 sites in lowa arevmted in Wilton (2004). These values could be
used to set quantitative standards for riparianmanity vegetative structure. For “riparian
buffer rating” these percentiles are 13, 16, anddSpectively (see table below, in the Channel
Geomorphology section.) Applying this system, i@ buffer rating below 12 would be
considered “Poor”, 13-15 would be considered “FéiB-17 would be considered “Good”, and
over 17 would be considered “Very Good.”

In addition, the best quality biotic assemblagesiglstream reaches with woody riparian
vegetation are usually found around 40-60% strezadiag; this provides another
recommendation for an acceptable range of varidtoone of the indicators (Tom Wilton, pers.
comm. 2004). The 2550", and 74 percentile values for average percent stream shiad®8
sites in lowa are 25%, 44%, and 64%, respectivéherefore stream shading less than 25%
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could be considered “Poor”, 25-43% could be consdéFair”, 44-63% could be considered
“Good” and 64% and higher could be considered “\&opd”.

Similar standards could be developed for streank bandition rating and % bare stream
bank. For stream bank condition rating, scoreswél could be considered “Poor”, 7-9 could
be considered “Fair”, 10-11 could be consideredd@opand 12 to 20 “Good.” In the case of %
bare stream bank, less is better, because baagrsbi@nks are usually indicators of disturbance
and are prone to erosion — therefore 40% or laveerd be “Very Good”, 41-60% “Good”, 1-
70% “Fair”, and over 70% “Poor.”

Another possible way to assess riparian bufferityuiaglto set minimum standards for the
width of a designated “buffer zone.” The precigdttv might vary with stream size or watershed
size, but in any case the riparian area shouldifficiently wide to provide its full potential
range of functions. For example, researcherseaBdar Creek restoration project (Isenledrdl.
1997) examined the effects of a 66-foot buffempstiThe researchers found much lower nitrate
and atrazine (an herbicide) concentrations in tils sf the buffer strip than within an adjacent
field. Levels of nitrate ranged from 10-30 pargs million (ppm) within the field, but never
exceeded 3 ppm in the buffer strip directly adja¢ernhe stream. In contrast, in a field without
a buffer zone, no difference was found in nitroggarels in the middle of the field and directly
adjacent to the stream.

The vegetative composition of the riparian zone gy affect its function. For
example, the experimental 66-foot buffer striphat Bear Creek restoration project included
zones of native trees, shrubs, and prairie grelgsvever, in some areas species such as shrubs
and/or grasses might be sufficient for functionaigmses, either alone or as understory cover.
The Bear Creek project found that a 21-foot widégdwrass (Panicum virgatum) component of
a buffer strip was capable of reducing sedimentainad in runoff from nearly 1,000 ppm to
less than 250 ppm, a 75% reduction (Isenéial. 1997). For the Boone River watershed,
expert opinion suggested that a relatively simplamunity could be considered “functional” as
riparian buffer vegetation in terms of simply agt@s a filter for nutrients and sediment. Such
communities could be made up of silver maple wittuaderstory of grass, or grasses alone, for
the Lower watershed zone; and grasses alone faspgper. However, such a simplified
community might not be desirable from the standpoimiparian community biodiversity itself,
or from the standpoint of the full range of bersefhat riparian vegetation provides to streams.

Following the recommendations of the Bear Creekntege propose a minimum riparian
area width of 20-30 feet on both sides of streanthe Boone River watershed, both the Upper
and Lower zones. This may be adequate merelystmduish acceptable from unacceptable
widths, with the differences in vegetation notedah In areas with active flood zones, this
width might be expanded to include the entire 2%®&year flood zone (see Hydrologic
Connectivity, below).

Cattle grazing and stream access should be mamagedrly to prevent cattle from
compacting the soil, trampling riparian vegetatidamaging stream banks, or directly polluting
the water. Overhanging vegetation should be ptese¢he Lower Watershed zone, to provide
some amount of shade and woody debris.

Expectations for this attribute and its severaidatbrs differ between the Upper and
Lower target zones (Figures 3 and 4, Appendix$jecifically, much of the riparian area of the
Lower Boone River Watershed zone historically washohated by forest communities or
scattered trees with a grassy understory. As redéder, the presence of woody riparian
vegetation is a distinguishing characteristic & tlower Boone River Watershed zone. In
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contrast, the riparian vegetation community of thmper Boone River Watershed zone was
naturally dominated by herbaceous prairie spepiasarily grasses, rather than woody
vegetation. Patches of shrub vegetation may haga present locally along some reaches.
Additionally, many of the streams in the Upper Bedtiver Watershed zone are naturally quite
small in size, and tend to be fairly deep and cdld.a result, the acceptable minimum width of
the riparian buffer might be less in these sub-vshieds, in proportion to the smaller amount of
water, nutrients, and sediments that must be psedesNevertheless, the functional roles and
some of the indicators for the condition of gragpgrian communities are similar to those for
woody riparian communities.

It should also be noted that herbaceous vegetatinrchange over time more rapidly
than can woody vegetation, and can require moemgne field survey work for data collection.
In addition, the riparian areas of the Upper BoBRinger Watershed zone have been altered more
drastically by human activities than have thosthenLower Boone River Watershed, making it
difficult to distinguish what “functional” ripariaareas should look like in the Upper zone.

Sour ces of Data:

The sources of data on riparian vegetative commugtiiticture and extent are the same
for the Upper and Lower zones of the watershedwéder, very little field research has been
done in Upper Boone River Watershed riparian areas.

* The IDNR Geological Survey has historic vegetatiata available through the

Natural Resources GIS Libraryttp://www.igsb.uiowa.edu/nrgislibx/Mappable
data are organized by county or theme, includingg@ament Land Office
Vegetation Surveys 1832-1859 (Map 3), National Afetk Inventory data from the
1980s, black and white aerial photographs froml®®&0s, and 2002 color/infrared
aerial photographs, among others;

* Michael Polly of The Nature Conservancy of lowa besated maps and performed
comparative analyses of the historic (1832-185%)racent (20022003) land cover
data (see Figures 3 and 4 and Appendix F);

» As part of their Biological Assessments, IDNR hasf@grmed habitat assessments at
five sites in the Boone River watershed that ineludormation on average riparian
buffer width, buffer vegetation type, and averagean shading. These habitat
assessments are part of a statewide sampling effeering 98 stream sample sites in
lowa (Wilton 2004);

 The IOWATER database has data on 11 habitat suthayfhave been performed at
8 sites in the Boone River watershed (6 sitesentpper watershed and 2 sites in the
Lower watershed) and includes riparian vegetatata;d

» Local efforts to survey vegetation have been carmigt in some counties. For
example, Jimmie Thompson has intensively surveljedségetation in Hamilton
County (see Appendix G for a list of some of thecgs identified).*

* A study on riparian restoration efforts in the BEaeek watershed of lowa (Isenhart
et al. 1997 and EPA 1995) might provide information andignce for the Boone

" Thompson reports several rare species as occureagthe Boone River in Hamilton county, includargeping
yellowcress Rorippasylvestrisjand halfchaff sedgedemicarpha micranthags well as tall cottongrasErfophorum
angustifolium) a species of special concern in lowa, and thpeeiss of orchids, including the imperiled showgya
slipper Cyprepedium reginge The exotic invasive garlic mustardlifaria petiolata) has also been observed colonizing
understory areas, probably to the detriment ofedtierbaceous species. While not crucial infornmafiiom the

standpoint of riparian function, the presence of end invasive species matters from a generaleceation perspective.
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River watershed Project. However the goals andhaust utilized in the Bear Creek
study (such as tree planting) might differ from guals of the Boone River
Watershed Project. Contacts for this project amm Tsenhart and Rick Schultz.

Current Status:

Few specific data exist on riparian condition ia ttower or Upper Boone River
Watershed zones. Some information can be deducedrbparing historic and recent land
cover data, and from speculations about differamd luse in the two watershed zones. As
mentioned above, IDNR performed six habitat assestsrin the watershed, two of which (at
Bells Mill Park and at Renwick) are located in thewer” watershed zone along the Boone
River mainstem, and four of which (Drainage Dit&) White Fox Creek, Otter Creek at
Holmes, and Otter Creek at Goldfield) are locatethe “Upper” watershed zone (Appendix K).
Of eight habitat assessments performed by IOWATEIRnteers, six are located in the Upper
watershed zone and two are in the Lower watersbed.z

Land cover -Several indicators point to a historic declinearekt cover in the Lower
Boone River watershed. However, the extent of sudbcline and its actual or potential impact
on the aquatic ecosystem are not clear. In Ham{ltounty, the area of woodlands declined by
68 percent between 1850 and 1974 (lowa Conserv@immnmission 1985). Much of the
remaining woodlands were used to graze cattle twlee 1940s and 1960s. A preliminary
analysis of land cover (see Figures 3 and 4 anceAg F) using data from 1832-1859 and
2002 indicates declines in the total amount of woeeljetation in the watershed. The data from
the mid-1800s, indicate that about 3.9% of the BoRiver watershed contained woody
vegetation, based on the occurrences of severalywegetation types: “timber” (relatively
steep, large areas of large trees), “scatterirmsigsaic containing both grasses and trees),
“openings” (small clearings surrounded by timbaryd “groves” (relatively small, dense stands
of small trees). In 2002, about 2.2% of the wédtedswas made up of woody vegetation
(including “bottomland,” “coniferous” and “decidustuforests). These figures indicate a 44%
decline in woodlands in the entire watershed; fail would have occurred within the Lower
watershed zone as defined for purposes of thigteptowever, the data for the two time
periods rest on different definitions of vegetatigpes, which make this estimate of percentage
change imprecise.

A visual comparison of the maps based on the 1&%8 And 2002 data (Figures 3 and 4)
suggests that the majority of the woodlands inBbene River watershed should occur along the
banks and floodplain of the Boone River itselfnfrthe confluence of Prairie Creek in northern
Wright County to the mouth of the river. The mapggest that this wooded zone has become
slightly smaller since the mid-{'%entury, but its placement within the watershepeaps
unchanged for the simple reason that it has allwags a riparian woodland community.

A decline in the area of woody riparian vegetaiiothe Boone River watershed, for the
purposes of this assessment, is only significaibthids an impact on the aquatic ecosystem.
Currently, the existing woody vegetation in muclited Lower Boone River Watershed is large
enough to provide shade cover and large woody siébthe streams (Tom Wilton, pers. comm.
2004). However, the system is not always abletaim the woody debris, perhaps because of
the type of flows experienced here, as in simitavd river systems in which peak flows have
increased and channels may be entrenched relatieir floodplains. Without more research it
is difficult to determine whether declines in riger forests, if they have occurred, have changed
the character of the aquatic communities in the éloBoone River Watershed zone.
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The status of riparian areas of the smaller cresksams, and agricultural ditches that
make up the Upper Boone River Watershed is unch&r.know that the Boone River
watershed historically (1832-1859) was dominategiayrie (92%) (Appendix F and Figure 3).
An additional 3.5% of the watershed was marsh, lwatwe would probably call “prairie
wetlands” today. Agriculture was introduced to #rea in the mid to late 1800s, and by the
1950s row crop agriculture probably made up ab6ét 6f the land in the watershed (David
DeGeus, pers. comm. 2004). Today, row crop aducilprimarily corn and soybeans) makes
up about 85% of the Boone River watershed areaat\({@&ppendix F; Figure 4).

Extent of riparian buffer zones A 25-mile stretch of the Lower Boone River Wateshe
between Webster City and the river mouth was placeter protection in 1985 under lowa’s
Protected Water Areas system (ICC 1985). Thisagtain prohibits further structure
modifications to the Boone River and those portiohigs major tributaries included in the
protected area. The statutory language requireRINarticulate the details (such as follow-up
research and regulation) of protected status l&ihés not yet been done. However, there is
some funding available.

Therefore, it is likely that riparian buffer zona® relatively intact in the Lower
watershed, particularly in the protected portiard avould merit at least a “Good” rating.
However, it is likely that the riparian vegetatiohthe Upper watershed is in poorer shape than
that of the Lower Boone River Watershed, and thigt¢ondition results in harm to the aquatic
ecosystem. For example, surveys of stream-banditbom in the early 1980s documented badly
eroded banks in six areas within the proposed EtexdéArea of the Lower watershed, all of
which were associated with intensive row crops imiaiely adjacent to the stream (ICC 1985).
By implication, cultivation close to the stream kaimn the Upper watershed zone, which we
expect is common, is likely associated with widegprbank instability and consequently
degraded aquatic habitat. Therefore the extenipafian buffer zones in the Upper watershed
would most likely warrant no better than a “Fating.

Plant species composition No statistically representative data exist anglant species
and communities of the Boone River Watershed. aHat of native and exotic species thought
to occur in the riparian areas of Hamilton Cousge Appendix G. As of 1985, the protected
section of the Lower Boone River watershed zonkidex two mature dry forest types (maple-
basswood and oak-hickory), a mature floodplaindbcemmunity, and a number of successional
or disturbed forest types resulting from the ndtaoaversion of grazed prairie to woodland, as
well as present and past human disturbance (ICG)198

The IDNR and IOWATER habitat assessments do natigggamuch specific data on
riparian vegetation. IDNR habitat assessment aialainclude general vegetation types — for
example, the Boone River at Bells Mill Park sits haoody” and “field/sprayed lawn” buffer
vegetation types on each of its banks, DrainagehDi® has “field/sprayed lawn” on both banks
(the comments on this site mention that it is aivacattle pasture), one Otter Creek site (at
Goldfield) has “field/sprayed lawn” on both banksother Otter Creek site (at Holmes) has
“herbaceous” vegetation on one side and “mixedsyasods” on the other, and White Fox
Creek at Webster City has “mixed grassy/woods” ‘ambdy” vegetation in its riparian zone.
Overall, one Upper Watershed site (Drainage Di@hwlould probably warrant a “Poor” rating
in terms of riparian plant composition, whereadla other sites (one in the Lower Watershed
and three in the Upper Watershed) would merit ei@idair’ or a “Good” rating. Given this
range of conditions, an overall rating of “Faireses warranted for both the Lower and Upper
watershed zones.
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Out of 8 sites where habitat assessments wererpetbby IOWATER volunteers, trees
were generally reported to cover 0 percent of ifh&rian zones, except at two Lower Boone
River sites (Boone River and Boone River, west @ol8tock) and one site on Buttermilk Creek
where tree cover was reported to be between 25@%d The IOWATER analyses report that
“low plants/grasses” cover an average of 60-65%hefriparian zones in the eight sites sampled,
six of which were located in the Upper watershedezaovhere historically grasses would have
been the predominant form of vegetation.

Stream shading Average stream shading at the six IDNR stream bassnent sites
ranged from 10% to 67%. Using the rating systestdeed above, two sites (Drainage Ditch
49 and Otter Creek at Holmes) would merit a “Paating, one site (Boone River at Bells Mill
Park) would merit a “Fair” rating, one site (Whiex Creek) would merit a “Good” rating, and
the other two sites (Otter Creek at Goldfield amdbiBe River at Renwick) would merit a “Very
Good” rating.

Riparian buffer width -The width of the riparian zone was high (more tf&rieet) at all
the sites sampled by IDNR, thus meriting a “Veryo@brating.

Bare stream bank -The average percent of bare stream bank of thé\&IBites ranged
from 80% (Otter Creek at Goldfield) to as low a&b@rainage Ditch 49). According to the
rating system described above, one site (OtterkCae&oldfield) would merit a “Poor” rating,
the two Boone River sites would merit “Fair” ratsygnd three sites (Otter Creek at Holmes,
Drainage Ditch 49, and White Fox Creek) would m&gibod” ratings in terms of stream bank
cover.

Stream bank condition rating- Unfortunately, no data on stream bank conditaiimg
was available. IDNR collected such data at otlrelas sites in lowa but it is not clear if the
agency assessed stream bank condition at Boone Ratershed sites.

Overall, the key attribute of Riparian Communitygééative Structure appears to warrant
a rating of “Very Good” for the Lower Boone Riveratershed zone and “Fair” (or perhaps
worse) for the Upper zone.

Resear ch Needs:

There is a clear need for a more sophisticated/sisadf recent data or photographs from
the Geological Survey’s Natural Resources GIS lipta assess the current status of riparian
areas throughout the Boone River watershed. Thé ®Rational Resource Inventory could
also be examined for statistical average percergrege of vegetation cover types for the
counties in the watershed, as well, but the greatsed is for spatially explicit data on the sdatia
extent of, and the major vegetative constituentsipérian vegetation across the watershed.

Widespread and spatially representative monitosumdj analyses of the resulting data are
needed to: (a) gauge the size, distribution, carddnd vegetative structure of current riparian
buffers; and (b) assess the degree to which higthtgversus poor quality or absent) riparian
vegetation is associated with improvements in waiality and stream habitat quality. These
are needs for both the Lower and Upper watershedszoFinally, it would be useful to evaluate
whether concepts and monitoring protocols in th®BSStream Visual Assessment” or the
BLM "Riparian Preferred Condition" procedures cobkladapted for use in the Boone River
watershed.
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6. Aguatic Mammal Population Status

I ntroduction:

The use of the river, tributary streams, and thparian areas by certain birds and
mammals historically likely played a crucial or {lstone” role in shaping the freshwater
communities of the Boone River watershed ovenallturn, their population status today can
provide useful information on the integrity of teesame communities. The experts consulted
for this document, including those who patrticipaitethe October, 2004, workshop identified
several potential candidates for this categoryeyskone bird and mammal species: beaver
(Castor canadensjstop predators such as river otteuira canadensis bald eaglesHaliaeetus
leucocephalus and wading predatory birds such as the great Ivbwon Ardea herodiakg
migratory waterfowl; and large grazing mammals sagHtisonBos bisoi).

Beavers would have had significant impacts on teshfwater ecosystem through their
creation of ponded waters and wetlands behind tfaeirs and through their consumption of
particular kinds of riparian woody vegetation. ¥rebundance in turn would have depended on
the availability of stream channel reaches withrappate morphology (low gradient, low banks,
etc.) and the availability of their preferred woatyarian food and construction species. River
otter, eagles, and heron would have had signifisapacts through their consumption of fish,
shellfish and other aquatic animals. As top predathey would also be especially sensitive to
the effects of pollutants that “bio-accumulate™aingh the food web. Their abundance in turn
would have depended on the availability of theegferred nesting and hunting habitat, on the
availability of prey, and on the absence of harnshémicals in those prey. Migratory waterfowl
seasonally would have consumed significant quastif wetland plant material, converting
much of it into soluble and particulate wastes.dAson herds would have trampled and
consumed riparian vegetation, trampled stream banéeds, and introduced their wastes.

Today, beaver reportedly (anecdotally) are faidynerous in the Boone River
watershed, primarily in the Upper watershed. His#dly, bison were probably present or
common visitors in the Upper Boone River Watershedries. Although bison are absent today,
another large grazer, domestic cattle, is pres€ntrently, approximately 1.5% of the watershed
area is devoted to cattle grazing, although suahigg has decreased in the Boone River
watershed since the mid-1980s (Mike Polly, Dave B pers. comm. 2004). Either too much
or too little grazing along streams can be harndwdn aquatic ecosystem; large grazers can be
benign or even beneficial components of a praiagevshed if managed properly. The lowa
Natural Heritage program reported an active batfleeaest on the Boone River in 1998 (IDNR
2003); it is worth noting that this species isdsas “endangered” in lowa. Heron rookeries
have also been reported. Several river otter baea sighted along the Boone River and around
nearby lakes and small ponds within the waterstiech as Briggs Woods (Jimmie Thompson,
pers. comm. 2004).

We have selected the beaver and river otter agseptative keystone animal species for
the Upper and Lower Boone River freshwater ecosystbased on their apparent relative
abundances (which make monitoring easier), potenti@s as herbivore-engineers (beaver) and
top predators (otter) in the watershed, sensitidtthe availability of habitat, and sensitivity to
some forms of chemical pollution. We have alsongeal the label of this KEA to reflect this
decision, from the term “Critical/Keystone Faunaeéd in the October 2004 workshop to
“Aquatic Mammal Population Status.” The aggregaipulation status of these two aquatic
mammals serves as a key ecological attribute Eseharget ecosystems both because of the
functional roles of these two species in theseystems and because they provide information
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on water quality, stream habitat quality, and thelthy interaction of the freshwater and riparian
communities.

Indicators:
Potential indicators of the population status aie and otter include:

Abundance and distribution. Both beaver and aterbe tracked simply based on
their numerical presence and spatial distributiormo annual or multi-year basis.
Survey methods must be designed to ensure thaidiodis of each species are not
counted multiple times on any single survey date.

Persistence and reproduction. It is possible f@atershed to support individuals of
a species but not provide conditions suitableteirtpersistence and reproduction. A
poor-quality habitat may be repeatedly colonizedhéglthy individuals born
elsewhere, so long as a healthy source area ogearby. Monitoring persistence
and reproduction requires some combination of treiclndividuals (e.g., through
tagging) and recording information on nesting draraising of young.

Individual health. Captured individuals can be pbad (or autopsied) for evidence of
health stresses, such as disease, tumors, anch@easfeharmful chemicals in
different parts of the body.

Habitat effects. Both beaver and otter producéliigisible indicators of their
activities. Beaver activities can be monitoreatiyh surveys of their lodges, dams
and dam maintenance, and evidence of tree consomptter activities can be
monitored through surveys of their dens and midderts, piles of mussel shells).
Care must be taken with middens, however, sincerqtredators (e.g., raccoons) can
leave similar deposits.

Acceptablerange of variation:

At this time it is not possible establish an acabj# range of variation for any of the
proposed indicators of beaver or otter populatiatus in the Boone River watershed. Both
species should be present, active, and successépltgducing, although both would likely occur
preferentially in the Lower watershed zone. Few®individuals should show health anomalies
associated with exposure to harmful chemicals.

Sour ces of Data:

The IDNR Heritage database has information onspeeies occurrences in the
Boone River watershed

The lowa Geological Survey’s Natural Resources lBiary has statewide GAP
predicted species distributions for many birds, mmeats, reptiles, and amphibians in
lowa. However, these data are not organized bgnsfa¢éd. This library also
includes statewide data on threatened and endahpgket and animal species and
communities.

The lowa NatureMapping website (http://www.extensiastate.edu/naturemapping/)
has records of animal species, organized by coudbtywever, these data are not in
downloadable form (contact: NatureMapping coordinalason O’Brian).

Finally, local volunteer animal and bird surveysd@arobably been performed in
various counties within the Boone River watershedyever such surveys (if they
exist) and the data they yielded have not beemizgd on a watershed scale.

Boone River, lowa, Watershed Ecological Goals Assent, Narrative 38



Current Status:

Beavers are evidently fairly numerous in the BoBineer watershed, primarily in the
Upper watershed, based on anecdotal reports. Hatitative data are available on their
abundance, distribution, or reproductive viabiliy, how much of the watershed might be
modified by their structures, or on their effectshabitat, flow and sediment regimes. Jimmie
Thompson (pers. comm. 2004) has reported obseotiegnear the Boone River and adjacent
lakes (such as Briggs Woods) and small ponds. ,H@preno quantitative data are available on
their abundance, distribution, or reproductive iligh or on their influence on the ecosystem.
Given the lack of systematic information, it is paissible to assign a rating of current status for
Aquatic Mammal Population Status in either the LoareUpper Boone River watershed.

Resear ch Needs:

Systematic field surveys are needed to assessatus aind health of beaver and otter
populations in the watershed, their distributiomg @ossible effects on the ecosystems of the
Upper and Lower watershed zones. It would alsodedul to establish some means by which
residents in the watershed could report sightings.

It is also possible that wildlife other than agaatiammals should be included in any list
of sensitive or keystone species in the watersli@d.example, Dr. James Christiansen at Drake
University has access to herpetological data thakocindicate if sensitive or keystone species of
reptiles and amphibians exist in the Boone Rivelevghed. An analysis of the GAP predicted
species distributions from the Geological SurvéN&ural Resources GIS library could indicate
which other potentially significant or rare aninsglecies occur in the Boone River watershed
currently, and their likely past occurrences inwsdershed.

7. Hydrologic Regime

I ntroduction:

The hydrologic regime of a stream consists of gepn of flow of water through the
system — the overall magnitude of flow; the timifrgquency and duration of flows of different
magnitudes; and the changeability of flows frommtouhour, day to day, and season to season.
The hydrologic regime includes both the so-calledrfnal” or typical flows and hydrologic
disturbances such as extreme high- or low-flow &szen

The hydrologic regime is sometimes called a “méastariable or driver in freshwater
ecosystems (Po#t al. 1997; Postel and Richter 2003; Silk and Cirunab20Q@.iving in flowing
water itself poses physical challenges for botimisland animals; moving water carries with it
dissolved and solid materials; and the force offlineing water gives physical shape to river
channels, banks, and floodplains. Hydrologic regamary tremendously from one region of the
world to the next, as a result of variation in cie, topography, vegetation, and geology. In
turn, the animal and plant species found naturalgny stream or river system have evolved
ways of life adapted to the hydrologic regime @tthystem. These species are able to find
adequate food and shelter, and tolerate the exsrefrlew (and temperature and other related
variables); in many cases, natural flow conditi¢ag., the first surge of spring snowmelt) help
trigger particular life cycle events. Changing Hyelrologic regime of a river or stream,
therefore, can make that river or stream less kafslgi to some native species, and more
hospitable to other species that formerly were éessmon or absent in the system.

The hydrologic regime therefore is always a key@gioal attribute for the conservation
of river and stream ecosystems. Four componerttsediydrologic regime likely are
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ecologically particularly important in the BoonevRi watershed: (1) “peak” flow events,
occurring every 10 years or more, that flood bottords, fill wetlands, and can rapidly change
the shape of stream channels and banks; (2) “istiate” flow events, occurring every 1-10
years, in which water overtops stream banks and¢aase moderate changes in stream channels
and banks; (3) normal or “base” flows, that occetween substantial runoff events; and (4)

“low” flow events, occurring every 10 years or modering which flow decreases to very low
velocities, exposing both bank and bar sedimert,afiowing water temperatures to rise much
higher than under normal base-flow conditions.

Further, the hydrologic regime of the Boone Rivatevshed has likely been altered in
several ways by human activities. The most lilamgtributors to the hydrologic alteration
include the conversion of the watershed from ormaidated by perennial herbaceous species
such as grasses to one dominated by annual row;difaodraining of wetlands and other areas
of poor surface drainage through ditches; and thmithg of soils through the use of sub-surface
“tile” drains:

* Perennial plant species have relatively long groveieasons, during which they
process water and nutrients and stabilize the Jaikir root activity helps maintain
soil permeability, permitting the infiltration ocainwater and snow-melt; the presence
of vegetation and vegetative debris on a natural kurface reduces the speed at
which water can move as runoff into wetlands anelbshs; and the presence of
perennial vegetation on floodplains helps thesasaretain floodwaters, smoothing
out the hydrograph. During the winter, even deagpnial vegetation still has some
capacity to stabilize soils and soak up excesggtatton. Annual row crop species
have shorter growing seasons and relatively Mtigetation is left to overwinter,
leaving the soil and water vulnerable to erosiot mutrient inputs. Row crops are
also actively maintained through tilling and inpatschemicals, which further
changes soil and water quality. The shift fromeparal native vegetation to row
crops therefore has likely decreased evapotrargpirand infiltration and increased
runoff, leading to an increase in peak flows foliogvrain storms and snow melt.

* Alower rate of infiltration would also lower théegation of the water table; the
natural draining of the water table maintains strélaws between runoff events, and
any lowering of the water table would thereforedléareduced low-flows. However,
the loss of perennial vegetation also can reduapa@vanspiration from a watershed,
leaving more water in the solils to drain out via gnoundwater system. As a result,
low-flows may not always decline in agriculturalteshed such as the Boone River
watershed.

» The draining of wetlands removes a crucial hydrid@gpmponent of a watershed,
reducing its ability to store or retain water folimg rainfall and snow-melt. Wetland
losses typically lead to increases in storm ruaoff peak-flow magnitudes in a
watershed.

* The installation of subsurface drainage systenasvallsoil moisture to drain out of
the soil system without first infiltrating to becerpart of the water table system, and
thus maintains the water table at an artificiabiywér elevation. Drainage tile systems
are likely to prolong the time following storm evemluring which stream flows
remain elevated, and likely to result in lower atreflow volumes during dry seasons
and during times between widely separated stormtsve
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» At the same time, the construction of ditches emBoone River watershed has
extended the network of drainage channels wellrepst from the historic points of
origin of all headwater streams. This has incrédlse spatial extent of stream
habitat in the watershed, while also increasing #te at surface water and soil water
flow out of the watershed following rainfall andssmmelt. We would expect that
this change has increased peak-flow event magratade exacerbated the contrast in
flows between wet and dry seasons.

Indicators:

The integrity of each of the four components offtbes regime, noted above, provides
an indicator of the overall integrity of the hydyglc regime. Each of these flow components
influences the structure, composition, and distrdyuof biota in the aquatic system, from the
scale of microhabitats up to that of geomorphololyyturn, each of these four components
involves multiple "parameters” or specific measigaspects of the flow regime, such as mean
magnitude and degree of inter-annual and seasanation, frequency of particular flow
magnitudes, duration, and/or other aspects of lyydph shape. These multiple parameters need
to be combined as metrics into an "index" for eiachcator. Fortunately, monitoring all of these
parameters does not require any more equipmenttiogaiitoring just one: all of the proposed
metrics are merely statistical components thateaaxtracted from a gauge record of mean
daily flow. However, a watershed the size of tlowBe River watershed demands the operation
of multiple gauging stations across both the Loared Upper watersheds, to distinguish
conditions in different parts of the watershed (#var contributions to downstream
hydrographs), and to sort out the effects of d#fédand-use practices (including experiments
with alternative practices).

The proposed indicators for the hydrologic regimithe Upper and Lower Boone River
watershed, and their contributing metrics are:

» Total annual discharge and annual discharge péotidrainage catchment area

* Peak Flow integrity

0 Magnitude of 10, 25, 50, 100-year peak flow events
o Frequency of reference peak flow magnitudes (eggimated historic 10, 25, 50,
100-year peak flow magnitudes)
o Timing of annual peak flow
o0 Shape (duration) of recessional limb
0 Multi-metric index combining the above
* Intermediate Flow integrity
0 Magnitude (discharge rate) of intermediate flowsws that occur ever 1-10
years on average)
o Frequency of intermediate flow relative to refereronditions
o Duration of intermediate flow (average, minimum xmnaum)
0 Multi-metric index combining the above
* Base Flow integrity
o Percent of total annual flow occurring as basef{@Qb)
o Percent of baseflow occurring in each month
0 Multi-metric index combining the above
* Low Flow integrity
o0 Magnitude of 10, 25, 50, 100-year low flow events
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o Frequency of reference low flow magnitudes (e stingated historic 10, 25, 50,
100-year peak flow magnitudes)

o Timing of annual minimum flow

0 Multi-metric index combining the above

Acceptablerange of variation:

Historic gauge records can provide a basis foibéistang an acceptable range of
variation for the hydrologic regime in a watershétbwever, such records have their own
limitations. First, they may not cover a suffidigriong — or even any — period of years prior to
the onset of significant human impact, with whiokestimate a reference or “natural” flow
regime. Second, even if present, a period of ypaicted hydrologic conditions may date to a
time that is not representative of the same ramgesather conditions experienced in later years.
The USGS stream gauge at Webster City (Gauge IBXHD) provides the oldest continuous
gauge record within the Boone River watershed,iyegg March 9, 1940. This gauge record
thus does not provide any information on hydrolaginditions in the watershed prior to thé"20
century, and even very little information on coruadis prior to the onset of the system of
mechanized, intensive corn-soybean rotational fiagrtihat emerged after World War 1.

Alternatively, such limited historic gauge recorday be compared with longer records
from other, surrounding watersheds; if the recenbrds show strong similarities, the older
records from the other gauge(s) may be used tdeceestatistical model of older or less altered
conditions in the subject watershed. We have abtgrried out such an assessment of other
gauges in the region of the Boone River watershed.

Alternatively, too, computer modeling provides aveoful means for estimating the
hydrologic regime of a watershed in the absencggriificant human alteration. Two computer
models exist for the Boone River watershed; bo#h*avent” models that simulate the way the
watershed hydrograph responds to individual staremes of varying magnitude and duration.
One, developed by the Army Corps of Engineers (USEQ994) produced estimates of the
effects of land-use practices on the one-year;year, 25-year, and 100-year flood peaks in the
watershed. Specifically, the study was commissido#owing the large floods in the Upper
Mississippi River basin in September, 1993, to ss#ee ways in which alternative land-use
practices could have resulted in lower flood magies. The study found that the one-, five-,
25-, and 100-year flood peaks could be reducedd®y, 14%, 12%, and 9% respectively, if
certain practices were followed. These practicesl@vinvolve the restoration of all pot-hole
wetlands in the watershed to their natural hydrgl@egndition and the implementation of all
NRCS recommended practices for soil and runoffridete (based on practices approved as of
1994). The other computer model tested in the Bd®iner watershed was developed under
contract with the National Weather Service to asgissability to forecast river floods from
weather data (Georgakaketal. 1995, Cayan and Georgakakos 1995). This modeatdidseen
used to estimate pre-impact or post-restoratiormghed hydrographs.

Fortunately, the Center for Agriculture and RuravBlopment (CARD) at lowa State
University is presently developing a continuousigldlow simulation model for the Boone
River watershed, to aid the Boone River WatershregeEt. The main purpose of this model is
to permit simulation of alternative future land-s&enarios for the watershed, to examine the
potential environmental and economic consequeniclesd-use practices intended to improve
stream conditions. The model will also be useéstomate the hydrologic regime of the
watershed in the absence of significant human itsgacunoff and soil drainage.
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However, even estimates of the natural flow redione river system have limitations,
for assessing the acceptable range of variatiohydrologic conditions in a working landscape
such as the Boone River watershed. Specificdlipaly still be unclear how much deviation can
occur from that natural regime before ecologicairhaccurs. Evidence from a region may
indicate that losses of stream plant and animadrdity begin in a watershed when human
activities push one or more critical componentthefhydrologic regime beyond some threshold.
Such evidence would provide the most reliable méanastimating the acceptable limits of
hydrologic alteration for the watershed. Withoutls evidence, conservation programs usually
develop first approximations for the acceptableyeaof variation based on some fractional
deviation from estimated pre-impact conditionsr &mample, the acceptable range of variation
may be estimated to lie within one standard-demmatir one quartile of the pre-impact mean or
median value for each parameter (Ricleteal. 1996, 1997). The standard deviation or quartiles
are also estimated from the pre-impact data.

The Boone River watershed provides a few otheataimg bits of information on an
acceptable range of variation for its hydrologiginee. The State of lowa established a
protected low flow of 24 cfs for the Boone Rivembaintain adequate water supplies for uses by
households, livestock, fish and wildlife; and faution of wastewater and pollutants (ICC
1985). However, it is unclear why this magnitudé @~ was selected, what point on the river it
is meant to apply to (presumably it applies toph&ected portion at or below Webster City) or
what it means for the watershed above that poirthemiver. Information on the hydrologic
requirements of biotic communities in the BoonedRiwatershed might also be useful to
identify acceptable ranges of hydrologic variatidtor example, the endangered Topeka shiner
is often found in off-channel oxbows that have lovwzero water velocity but are maintained by
groundwater inputs (baseflow) and relatively fratguftooding (at least every 2 years).

Restoring or maintaining habitat for this specle=r¢fore may impose specific limitations on the
acceptable range of variation in the hydrology edidwater streams with suitable substrate. The
discussion of recent hydrologic conditions in thetevshed, below, provides additional
information on possible acceptable ranges of vianat

Sour ces of Data

» Daily streamflow data are available for the USGS8gga05481000 on the Boone
River at Webster City since 3/9/194ft://waterdata.usgs.gov/ia/nwisjsw

» Keith Schilling at the lowa Geological Survey hasfprmed a preliminary analysis
on baseflow trends in the Boone River watershecksi®40 (Appendix H)

» Dr. David Eash at USGS has estimated flood-frequeiischarges for streams in
lowa, including the Boone River at Webster City (REsWater-Resources
Investigations Report 00-4233) (Appendix 1)

» The Nature Conservancy has conducted preliminaalyaes of the Boone River
USGS gauge record for Webster City using its Ingdicaof Hydrologic Alteration
tool (Richteret al. 1996, TNC 2005), to investigate trends in minimama maximum
flows since 1940 (Appendix J)

» Stage data (water level) are available from a A@oyps of Engineers gauging
station on the Boone near Goldfield operating sit2@/
(http://water.mvr.usace.army.n)il/
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* IDNR'’s bioassessments from 7 sites on the Boonladec‘flow rate” and “turbidity”
measurements. These measurements are by no repaesentative but might be
useful as baseline data.

Current Status

The seasonal discharge of the Boone River follossrasistent pattern, based on the
records of the USGS Webster City gauge from 1946day (Water Years 1940-current
Monthly discharge is generally low from mid-JulyRebruary, and high from March to mid-
July. June is typically the month with the largesinthly discharge, even in dry years; and
September and January typically see the lowestmhodischarge (Figure 6). The highest one-
day discharge of the year is most likely to occuduine, but can also occur in March, May, July,
or August (Figure 7.a). The largest single-daglisge recorded at Webster City since
continuous records began, 19,500 cfs, occurredarch 1954; however, Eash (2001) reports
that the largest Boone River flood reported in egoord, 21,500 cfs, occurred in September,
1918, prior to the start of continuous gauge resoi@nly one large flood has occurred in
September over the entire period of the USGS coatia gauge record). In fact, the lowese-
day discharge of the year typically occurs in Segtter or October, although the months of
January and February also see modest numbers adlasingle-day minimum discharges
(Figure 7.b). The smallest two discharge valuesnded at Webster City since continuous
records began are 0.0 cfs in February, 1977, &hdfd.at the end of September in both 1956 and
1957. Ecologically, it may make sense to distisguhe late-summer/early-fall low-flow season
from the mid-winter low flow season; extreme expedio stream banks and bottoms during the
relatively warm summer/fall season may adversdicadifferent species than may extreme
exposure during the often very cold mid-winter s@as

Eash (2001; see below, Appendix I) provides esesaft the magnitudes of intermediate
and peak flows with different return frequenciesha Boone River watershed. As noted, the
largest recorded flood on the Lower Boone River &&tted occurred in 1918 and had a
magnitude of 21,500 cubic feet per second. Fladdlis magnitude would be expected to occur
every 120 years on average, assuming similar |aedand climate. Intermediate flows of
approximately 3,000-5,000 cfs should occur every y&ars on the Boone River at Webster
City, on average; flows of 5,000-9,000 cfs evemears on average; and flows of 7,000-12,000
cfs every 10 years on average. A range is givea hecause different statistical methods
produce slightly different estimates. Peak flow9,600-15,000 cfs are expected to occur
approximately every 25 years on average, 11,000008;fs every 50 years, and 13,000-21,000
cfs every 100 years. These estimates derive fhrenhistoric gauge record for the watershed,
and therefore reflect the hydrology of the watedsteder land-use practices and weather
conditions since 1939. These estimates are showigure 8. There is reason to expect that the
numbers would have been lower prior to the extenagricultural conversion of the watershed.

Additionally, the results of U.S. Army Corps of Engers simulation modeling of the
Boone River watershed indicate that peak flowheBoone River watershed today are
probably greater than those that would have ocdwreler pre-agricultural conditions. The

“The “Water Year” is a hydrologic book-keeping yeatending from October 1 to September 30, withYtear
label corresponding to that of the end-date. Tfarsggxample, Water Year 2003 began on Octobef@22nd
ended on September 30, 2003. The USGS providiesabfjauge records for a given water year onlgraft
extensive checking to ensure consistent data guatithe time of preparation of this documentioidd records are
available for water years 1940-2003.
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Army Corps used its HEC-1 simulation method to exenthe potential effects of certain
changes in farm land-use practices on peak flomtsvia the watershed (USACOE 1994).
These simulated changes included the restoratipotefiole wetlands so that they regained most
of their ability to store runoff following a rainfaevent, and widespread implementation of soil
and water conservation practices supported by BiBAJConservation Reserve Program (CRP)
and the Food and Security Act of 1985 (FSA) asdlogerated in 1993. These practices
included the use of CRP to convert highly erodistgplands, converted wetlands, and
drainageway buffers to grassland; and the use Afgr8grams to maximize soil infiltration on
croplands through changes in residue managemeriiliage practices (SAST 1994). The
simulations thus examined the effects of removimmes croplands from crop production, while
all other croplands continued to be used for cra@plpction but with improved soil management.

The Army Corps modeling effort, as noted abovedpoed estimates that one-year, five-
year, 25-year, and 100-year flood peaks in the nshéel could probably be reduced by 18%,
14%, 12%, and 9% respectively through the combeéftatts of CRP, FSA, and pot-hole
wetland restoration. Pre-agricultural peak flowesessarily would have been even lower than
those achievable through the efforts simulatedabse the Army Corps modeling does not
provide estimates of watershed hydrology in theeabs of intensive farming. The pot-hole
wetland area subject to the restoration was simdla comprise only 10% of the total Boone
River watershed area, and full implementation oPGRd FSA practices would have removed
only a small additional area from production. Temaining agricultural areas of the watershed
were simulated to remain under intensive productooty with altered soil and residue
management. Figure 8 shows the results of the Si@&lation modeling.

It can be seen in Figure 8 that the peak-flow ntagleis estimated by the COE model
exceed those estimated by Eash (2001) for the szion® intervals. It is not clear why these
estimates differ, since the COE estimates shollilevithin the range of the historic record. In
this, it is important to that the COE “Current” jpeffow estimates shown in Figure 8 are also
output results of the simulation model, with thedmloconfigured to generate estimates under
current land-use practices. The COE results pighmbvide reliable estimates of the relative
differencein peak flows to be expected from the implemeatatf more water-retaining
farming practices. Unfortunately, we have no figldasurements with which to determine
exactly how much smaller the natural (pre-agricalfupeak flows might have been, nor any
means to estimate how much alteration from nattoadlitions can occur without ecological
harm.

The Army Corps study simulates average hydrologidions since the 1940s.
Additional analyses suggest that peak flow mageiutave increased in the Boone River
watershed over these decades. Using Indicatdydfologic Alteration (IHA) analytical
program (Richteet al. 1996, TNC 2005), The Nature Conservancy has foadannual 7-day
and 30-day maximum flows (the largest flows obseree any 7-day or 30-day interval in each
year) both increased over the period of recorthefdSGS stream gauge on the Boone River at
Webster City (Appendix J). For example, the tren@d-day maximum flows shows an increase
from approximately 3000 cfs in 1940 to 4000 cf2@®3; the 30-day maximum shows an
increase from approximately 1300 to 2300 cfs. Theseases could be a result of changes in
weather since the 1940s or increased efficientyamrainage coupled with increasing runoff
rates associated with more intensive forms ofgéla

The Army Corps simulation also covers intermediites, as defined above. The
results of the Army Corps modeling indicate thataffi flows with return intervals of 1-5 years
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were (as of 1994) at least 14-18% larger than cbaldchieved through the hypothesized effects
of CRP, FSA, and pot-hole wetland restoration.-&yecultural intermediate flows therefore
would be expected to have been even smaller treme thimulated by the Army Corps model.
Again, however, we presently have no field measergmwith which to determine exactly how
much smaller the natural (pre-agricultural) intedmage flows might have been, nor any means to
estimate how much alteration from their naturalditbons can occur without ecological harm.

The magnitude of base flows may also have increaketth Schilling has carried out a
preliminary analysis of data from the USGS gaugé&/abster City (Keith Schilling, pers. comm.
2004, see below, Appendix H). His results indicasg the percent of total flow occurring as
base flow in the Boone River (%Qb) increased betvdl0 and 2000. However, the increase
is not as significant as that observed in somerdtwea rivers. These increases could be the
result of increased precipitation, or increasedatfiace flow from increasingly efficient tile
drainage and the progressive conversion of lanerciogm pasture to annual row crops.

Low flow magnitudes also have increased. The Nafionservancy’s IHA analysis of
the USGS Webster City gauge record (see above)dtesi that the magnitudes of the annual 1-
day, 7-day, and 30-day minimum flows (the lowestflobserved each year for a one-day, 7-day
or 30-day time interval) increased between 194020@8. For example, the trendline for the 1-
day minimum flows increased from an average of ati@wcubic feet per second (cfs) in 1940 to
an average of 30 cfs in 2003. Flow at the WelsSilgrgauge has practically ceased on three
occasions since the start of the continuous reaoddfallen below 5 cfs on ten occasions; all but
one of these ten extreme events occurred befor@. 188ese changes in extreme low flows
could be caused by the same changes affectingloasenoted above. The trend away from the
most extreme low-flow values is probably ecolodicakeneficial; for the reasons presented
earlier, seasonal low flows and base flows in isikegly agricultural watersheds such as the
Boone River watershed are generally lower than @bel expected to occur in the absence of
intensive farming.

Finally, the State of lowa has decreed a “protetdedfiow” of 24 cfs for the Boone
River, as part of the Boone River Protected WatetaAnanagement plan (ICC 1985). A
protected low flow is meant to ensure that therwsays some water in the waterway to protect
wildlife and dilute sources of pollution. Howevéris unclear why this particular magnitude of
flow was chosen, where on the Boone River it ismh&@aapply, and whether it has ever been
enforced. In fact, the annual one-day low floworeled at the USGS gauging station at Webster
City has fallen below 24 cfs in 10 of the 18 yesirge the “24 cfs” rule was put in place.

Thus, it is likely that the hydrologic regime hdsnged in response to farming practices
across the Boone River watershed. However, ibig/at possible to estimate the acceptable
range of variation for most individual hydrologilsaracteristics in the watershed. The fact that
the Lower Boone River does not meet even its sedaired low-flow level, however, suggests a
rating of Fair for this key attribute for at ledlsé Lower zone. It is not possible to offer amrgti
for the Upper zone.

Resear ch Needs:

The first priorities for hydrologic research ared@velop estimates of (a) the hydrologic
regime as it would stand in the absence of sigmitiGiuman alteration; and (b) the extent and
ways in which the regime could be altered withausing ecological damage. A variety of
tools are available for estimating watershed hyaigl characteristics, from simple water
budgeting spreadsheets to spatially explicit, GdSelal computer simulation programs. Once
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estimates are available, we can develop recommenddbr the acceptable ranges of
hydrologic variation based on the methods discuabede.

It might also be useful to develop seasonal “whtefgets” or hydrologic regime
estimates for the upper and lower portions of théevshed, to develop management goals. For
example, hypothetically, management goals migpukdte that “... in the spring, surface runoff
should contribute 80% of total flow and ground w&@%, whereas in the summer, the
percentages should be 33% and 66%, and in ththé&llshould be 66% and 33%, respectively.”
It is important to bear in mind, too, that the qtitative goals for the hydrologic regime will not
include recommendations for specific flow condigan every year, but rather recommendations
for the range of acceptable conditions that shatikk from the interactions of weather with
ground conditions in the watershed. The recomnmetathus will address annual and inter-
annual flow statistics rather than individual flewents — the latter sometimes called “designer
flows.

It is crucial to establish additional gauging sia#i within the watershed, to examine the
hydrology of the Upper and Lower Boone River Wdtetstarget zones separately and provide
data with which to calibrate hydrologic models. mitoring flows in the Upper zone will require
gauging stations at a sample dtdrder streams as well as on a sample of the rréjotaries.
Experimental projects in sub-watersheds will alswrant their own hydrologic stations, to help
assess the impacts of experimental practices. fomtathe Army Corps of Engineers gauging
station on the Boone River near Goldfield could/sexs baseline data for the hydrology of the
Boone River at a point north of Webster City. Nakand Houser (2004) have developed an
equation for this site to convert its stage data @stimated discharge values.

8. Water Quality Regime

I ntroduction:

The term “water quality” refers to the physical atebmical properties of the water itself
that affect its suitability for human use and apito support native aquatic life. The physical
properties of concern may include temperatureatheunt of inorganic and organic particulate
matter carried in suspension, and the related piyppéturbidity — the relative clarity or ability
of water to allow light to penetrate. All aquagicimals and plants are adapted to living in
waters with particular, often limited ranges of frature and turbidity. The chemical
properties of concern may include pH and acid-radéiatng capacity; the total concentration of
dissolved matter and the related property of datimind the concentrations of specific dissolved
gases and specific dissolved inorganic and orgaubistances. The most important gas of
concern to aquatic life is oxygen; dissolved oxy@witen denoted as “DQ”) is crucial to all
aguatic animal life — all the more so because ésdwot dissolve readily into water, particularly
warm water, unlike the carbon dioxide (g@eeded to support aquatic plant life. The most
important other dissolved inorganic substancesidethe so-called key nutrients of nitrogen,
phosphorus, carbon, sulfur, and silica when theypagsent in dissolved forms such as ions of
nitrate, phosphate, carbonate, sulfate, and licihese key nutrients provide the basic
materials for building the molecules of life. Dadged nitrogen and phosphorus are often the
least available of these key nutrients, and sotes called “limiting nutrients” for supporting
plant and algal growth in streams and riVeissolved organic substances include soluble

Y Freshwater life consumes nitrogen and phosphdras approximate ratio of 16 atoms of N to 1 ofWhen one
of these elements is present at a lower concemtrétian this ratio demands, its availability wiithit the amount of
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organic compounds produced by the decompositigrianit and animal matter in the water, in
the bed and bank sediments, and carried into arstlg/ surface runoff and groundwater.
Dissolved and particulate organic matter providesial food for the microorganism and
macroinvertebrates that make up the base of tearatfood web.

This list of course emphasizes materials and cmmditthat occur naturally in streams
and rivers (for a broad overview, see Allan 1999uman activities can drastically change the
physical properties of water and the concentratainssually naturally occurring substances. In
addition, human activities can introduce microbed ehemical substances that would otherwise
occur only very rarely or do not resemble any radlyioccurring substances. Farming practices,
for example, can introduce very large concentratioinsoluble nitrogen and phosphorus from
fertilizers and livestock waste, introduce herbésicnd pesticides that have no natural analogs,
and introduce solvents and other industrial chelsigsed in the maintenance of farm buildings
and equipment. Antibiotics and hormones used asypdiceuticals in animal husbandry also can
find their way into a watershed’s streams, as @hqgens from animal wastes. The elimination
of perennial land cover and root mass, and thevetilbn of riparian zones together can also
reduce the influx of both particulate and soluliigamic matter into stream waters. Losses of the
shading provided by riparian vegetation and ina@sas the relative inputs of surface runoff
versus groundwater to streams can also lead teases in water temperature. Farming
activities are not the only human activities thet @alter stream water quality, too. Storm runoff
from buildings, pavement, and landscaped groundsicipal and residential wastewater
discharges; and spills and waste materials fromagstrchl activities can all harm aquatic
ecosystems in a watershed.

The changes in water quality brought about by huawivities across a watershed can
make streams less hospitable to native aquati¢gpéard animals and sometimes more
hospitable to non-native species able to toletaaattered conditions. Such changes in water
guality may include changes in the timing, magretudequency, and duration of specific
conditions. Prolonged or frequent excessive tupiébr example, can make a stream
inhospitable to animals that rely on sight to fiodd or mates and avoid predators, and
inhospitable to plant life (including algae) thapeénd on sunlight and might otherwise thrive in
deeper water. Animal life adapted to cooler watieis persistently warmer waters inhospitable;
and warmer water holds less dissolved oxygen tb&decwater, so higher water temperatures
are doubly harmful to aquatic animal life. Redaes in inputs of natural particulate and
dissolved organic matter can starve the microosgasiand macroinvertebrates that feed on
these materials. Inputs of additional key nutsediring the warmer months, on the other hand,
can lead to massive increases in algae, and thehamge the entire structure of the stream food
web. When the algae die, further, their decompmsitonsumes large quantities of dissolved
oxygen, leading to a crash in that chemical propidt can makes entire stream sections not
merely inhospitable but lethal to many aquatic aigm Herbicides, pesticides, antibiotics, and
hormones, finally, can kill aquatic life or at thery least make both plants and animals ill and
harm their ability to reproduce. Some pollutaras also accumulate through the food web,
becoming increasingly concentrated in the tissdiemimnals that feed on other, smaller animals.
Top predators such as walleye, river otter, arfedigting birds (e.g., eagles) can accumulate
harmful pollutants to such a level that they sickain, or fail to reproduce even when the

plant life (macrophytes and algae) that can livehenwater body. Thus, for example, if the elerakratio of N:P in
a stream is greater than 16:1, as is often the tesstream is called a “phosphorus-limited” wétedy.
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concentration of the pollutant in the water islitgeite low (see discussion of Aquatic Mammal
KEA, above).

It is therefore crucial to include water qualityaakey ecological attribute for the
freshwater ecosystems of the Upper and Lower Béuwer Watershed zones. It is also
important to recognize that most natural propexiesater quality naturally vary over time,
sometimes over the course of each day, almost alfvagn one season to the next, and always
from year to year (Poolet al. 2004). This natural variation in water propertas be as
important as the averages. For this reason, #yigkological attribute focuses on the water
quality “regime” rather than on average annual k.

Indicators:

Water quality involves many different propertiesaadter, as just noted. Many of these
properties vary relatively independently of eadheot are affected by different human activities,
and have different effects on aquatic life wheeraltl. As a result, indicators of the integrity of
the water quality regime need to cover a large rermobbases. A literature review, discussions
with experts and the advice of the workshop paéiots lead us to propose five water quality
indicators for the aquatic ecosystems of the UpperLower Boone River watershed zones,
with associated metrics:

» Dissolved oxygen regime —daily minima and duratdiow-DO concentrations

* Temperature regime — daily and seasonal or momiyma and maxima

* Nutrient regime (N,P) integrity — high- and lowAfleevent concentrations (for

chemical concentrations) and seasonal medians/rmimaxima (for all)
Nitrate/Nitrite (NG + NO3)
Total N (TKN + NG + NO;)
Total P (dissolved + suspended P)
Chlorophyll-a
Periphyton/phytoplankton taxonomic metric (to béedmined)
* Turbidity regime — daily and seasonal medians/maimaxima
» Organic carbon input regime — daily and seasondlianémin/max concentrations
o Dissolved organic matter
o Total organic matter (dissolved + suspended)
» Agricultural-Municipal-Industrial toxic pollutantgime — pathogens, herbicides,
pesticides, metals, petroleum and combustion pitsdetc.
o Water column concentrations associated with anpeak-, median-, and low-
flow conditions
0 Benthic sediment concentrations
0 Biological accumulation (in a common fish or mussgatcies, TBD)
o Note: Organism-scale indicators of exposure toct@xillutants are included in
the F-IBI discussed above

0]
(0]
0]
(0]

(@)

Acceptablerange of variation:

State water quality standards provide one founddtio proposing acceptable ranges of
variation for water quality indicators in the BooR&ver watershed. The State of lowa classifies
the Boone River and many of its tributaries as $6IB” waters, protected for wildlife, fish,
aguatic and semiaquatic life use (lowa Administ&tCommission, Section 567, Chapter
61.3(3b)). The stream reaches within the watershtdthe highest present-day water quality
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are classified as “Class B Warm-Waters” [B(WW)].€Ek are defined as “waters in which
temperature, flow, and other habitat charactessiie suitable for the maintenance of a wide
variety of reproducing populations of warm wateshfand associated aquatic communities,
including sensitive species” (61.3(1)b(7). Segraafithe BRW designated as B(WW) include:

* Boone R. from mouth to confluence with Middle Boddén Wright County;

* Middle Branch Boone R., from mouth to confluencéwan unnamed tributary in

Hancock County; and
» Otter Creek, from mouth to confluence with Wese®&reek in Wright County.

All tributary streams in the Boone River watershed classified as “B(WW)” are
classified as Limited-Resource (LR) waters. Thagedefined as “waters in which flow or other
physical characteristics limit the ability of thet®r body to maintain a balanced warm water
community. Such communities support only popufeioomposed of species able to survive
and reproduce in a wide range of physical and ct&mbnditions, and are not generally
harvested for human consumption” (61.3(1)b(8). ns&gs of the BRW that are designated as
B(LR) include:

* Boone R. from confluence with Middle Boone R. inigit County to confluence with
Drainage Ditch No. 10 in Hancock County (note: gestion is immediately upstream of
B(WW) section.);

* White Fox Ck from mouth to confluence with unnanautary in Wright County;

* Buck Ck from mouth to confluence with Drainage bitdo. 144 in Hamilton County;

» Eagle Ck from mouth to confluence with Little Eaglk in Wright County;

» Drainage Ditch 94, from mouth to western line oft®m 3, Wright County; and

» Prairie Ck from mouth to confluence with Drainagiéch 116, Kossuth County.

State water quality standards for Class B watefg/\®) and B(LR)] include standards
for pH, dissolved oxygen (DO), temperature, angkotihemical constituents. For example, the
pH of a Class B water should not be less than 6dgseater than 9.0; and the maximum
allowable change resulting from a waste dischahgellsl not exceed 0.5 pH units. For Class B
Warm Water bodies, the minimum allowable DO conaidn at any time during a 24-hour
period is 5.0 milligrams per liter (61.3(3) Table State standards for temperature in Class B
Warm Waters and Limited Resource waters are marergk they specify a maximum
temperature of 32 C but otherwise do not specifg@eptable range of variation by month or
season except for limits on how much change campédce over a given span of time (61.3(3)).

Additionally, the state classifies the lower Bodriger from Brewer’s Creek downstream
to the Des Moines River as a “significant resoweem water” and a “high quality resource
water” (lowa Administrative Commission, Section S€hapter 61.3(5), p. 26). High quality
resource waters are defined as “waters of subatastireational or ecological significance
which possess unusual, outstanding, or unique palysihemical, or biological characteristics
which enhance the beneficial uses and warrant ajpectection” (61.3(1)b(6).

Waters designated as high-quality resource wat#§.w receive protection of existing
uses through maintaining water quality levels ngagsto fully protect existing uses or improve
water quality to levels necessary to meet the desegl use criteria [see document for tables of
these criteria] and at preserving or enhancingthsical and biological integrity of these
waters. This involves the protection of such features efater body as channel alignment, bed
characteristics, water velocity, aquatic habitahdathe type, distribution and abundance of
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existing aquatic specie$61.2(2f), emphasis added). As noted aboveStia¢e of lowa
classifies only the lower Boone River (from BrevgeCreek to the Des Moines River) as subject
to these “high-quality resource water” restrictioidhe state has not yet established the exact
specifications for protecting the habitat featudescribed in these regulations (e.g., channel
alignment, bed characteristics, water velocity,)etc

State water quality regulations have driven improgets in water quality throughout
lowa for decades. However, the “Class B” regulaiavere not intended to support the full
range of freshwater life that is the subject of phesent document. They do not yet address
many of the water properties of concern here, ssdurbidity or nitrogen levels, and provide
only very general temperature requirements. Furthe regulations identify the minimum and
maximum acceptable values for pH, DO, and some wasnand bacteria, but many ecological
processes are affected by the patterns of daihya@nand flow-associated fluctuation of these
elements. For example, seasonal and weather{tlisteiations in nutrient inputs from farming
are known to affect the biotic communities of losteeams (Sullivan 2000, Bechaitral. 2001,
Schnoebelert al.2003). Finally, the effects of water chemistryistituents often interact. For
example, concentrations of nitrogen, phosphorus dissolved oxygen have compounding
effects on the biota. A species that is relatitelgrant to nitrogen might become less so if
concentrations of DO are too low, and vice veM&ater quality goals for the Boone River
watershed need to take such potential interactidnsaccount. For these reasons, the “Class B”
regulations do not provide information on the at¢able ranges of variation for all water quality
characteristics that affect stream ecological intgg

Three additional approaches can help estimatedtepéable ranges of variation for the
water quality indicators proposed here for the BoBiver watershed conservation targets. First,
we can examine historic and modern data from regjioeference” sites, which are sites (stream
reaches) with relatively healthy aquatic biologicalnmunities and habitat. Water quality data
from such sites provide information on the rangeafditions under which healthy aquatic
communities can persist. Second, we can examewdber quality preferences and tolerances
of specific organisms that occur within the Upped dower Boone River watershed zones and
are particularly sensitive to changes in water i(puaFor example, if known, the water quality
preferences and tolerances of freshwater mussaleywe Stizostedion vitreujpnorthern pike
(Esox luciuy, flathead catfishRylodictis olivarig, banded darteré&(heostoma zonagleand
northern hog suckersiypentelium nigricansmay provide information on the acceptable range
of water quality variation for the Lower Boone Riwmone. Similarly, if known, the preferences
and tolerances of freshwater mussels, northern(ggex luciu$, brook sticklebackQulaea
iconstan$ and the Topeka shingd@tropis topekamay provide information on the acceptable
rang of water quality variation in the Upper BodRiger zone. Third, we can use computer
simulation methods to estimate the natural ran§&aration in some water quality properties,
such as N, P, and sediment loads. The simulatiogr@ms available for such purposes are often
the same ones available to estimate watershed logittdehavior, as well. The first approach
is presently feasible for the Boone River watersiieel second and third should be explored.

The USEPA and USGS have conducted analyses tafidbath reference and
background (natural) conditions for several wataliqy properties for the region encompassing
the Boone River watershed, particularly Total N @acdomponents, Total P, Turbidity, and
Chlorophyll-a (EPA 2000, Smitét al. 2003). The Boone River watershed lies within EPA
Level Il ecoregion 47Western Corn Belt Plain®ne of the sub-regions of Aggregate Nutrient
Ecoregion VI,Corn Belt and Northern PlainsThe EPA sought to assess the aforementioned
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water quality properties for state reference s#es, planned to use the uppel’ f#rcentiles for
these properties among the reference sites as mended water quality criteria for the states to
incorporate into water quality standards for aquise use. Unfortunately, the identification of
appropriate reference sites for the analysis pr@vetlematic. Instead, the EPA developed its
recommendations based on the lowef gércentile of all sites available in the regional
databases, although with strict data controls. HRA (2000) reports that the lower'®5
percentile of all sites usually produces resulty smilar to those based on the uppef 75
percentile of reference sites, when these two @mbres have been compared in other regions.
The EPA investigators (EPA 2000) based their aimtys all monitoring sites within
each Level Il ecoregion, for which water qualigngples were available for the ten years of
1990-1999, and which met several criteria for adptality and documentation. They calculated
the median value for this decade for each watelitgymoperty for each seasoior each site
The resulting data allowed them to calculate (é)zﬁh percentile of the distribution of these
median values across all analyzed sites in theegemr,for each seasqrand (2) the median of
the resulting four seasonal™percentile values. The four seasondl-p&rcentile values serve
as seasonal water quality criteria; and the anmeglian of these four values serves as the
recommended annual water quality criteribithe following table (repeated in Appendix L)
summarizes the information on seasonal and anrfap@rcentile values for all sites for 1990-
1999, for the water quality properties examinedHooregion 47, excluding all seasonal values
based on observations at fewer than two sites.

Level 111 Ecoregion 47, 25" Per centiles® Fall® Spring® | Summer® | Winter ® Annual
Total Kjeldahl Nitrogen (mg/L N) 0.60 0.80 0.65 B.6 0.65
NO,+NOs; (mg/L N) 0.83 1.77 2.17 2.3D 1.965
Total N — calculated from above (mg/L N) 1.43 257 2.82 2.95 2.615
Total N — reported (mg/L N) 1.68 3.50 3.02 3.85 63|2
Total Phosphorusuify/L P) 100 130 130 106 118.13
Turbidity measured as NTU 135 15 15
Turbidity measured as FTU 8.00 7.38 11/50 4.00 7.69
Turbidity measured as JCU 9i8 19.5 10.5 7.0 10.15
Chlorophyll-a by Method Fug/L) © 2.5 24.3 4.4 4.4
Chlorophyll-a by Method Sug/L) © 8.68 7.02 11.5(€ 0.32 7.85
Chlorophyll-a by Method Tg/L) © 3.63 31.00] 9.38 9.38
© Sources: EPA (2000) Table 3b and Appendix B;adse Figure 5 for explanation of methods.
® The EPA nutrient assessment (2000) defines thsoss as follows: Spring, April to May; Summer, etm
August; Fall, September to October; Winter, NoventbeMarch.
© Method F = Fluorometric method with acid correntiMethod S = Spectrophotometric method with acid
correction; Method T = Trichromatic method.

The USGS analysis (Smi#t al. 2003) used reference site data and a range of
environmental data to assess the likely backgréenels of N and P in streams across the U.S.,
for each of the EPA Aggregate Nutrient Ecoregionkeir estimates of background levels are
less than the criterion levels identified by therERing the 25 percentile of all sites in each
region. This in effect confirms the general ranfgalues in the EPA recommendations, since

“The EPA (2000) did not analyze the extent to whiahiation in stream discharge across samplingsdagy have
affected the variation in water quality measuremémits ecoregional database, but recognizeduhate
refinements of the criteria by the states mighlide adjusting the recommendations for high andflows.
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the EPA analysis included data from streams tlegtriyt are altered by human activities.
However, the USGS did not carry its analysis todtede of the Level Il ecoregions, and so its
recommendations are not as spatially focused asPierecommendations. As a result, the
EPA recommendations provide a better starting piacestimating the acceptable range of
variation for the indicators proposed here forkharient and Turbidity regimes.

Further work is needed to develop comparable ettsnaf the acceptable range of
variation for the other water quality indicatoreposed here for the Boone River watershed.
The state standards for DO and specific toxic patits for Class B Warm Waters will be used
here as initial estimates for the respective DO Agidcultural-Municipal-Industrial toxic
pollutant regimes. The State of lowa standardiorstipulates that Class B Warm Waters may
not fall below 5 mg/L at any time during any singi-hour period (see online at
http://www.iowadnr.com/water/standards/criteria.htnState standards for toxic pollutants are
covered by a list of contaminants and their acddgtimits, available online at
http://www.iowadnr.com/water/standards/criteria.htrAs noted above, the state standards for
temperature for Class B Warm Waters are not speeifough for the purposes of this
assessment of the Boone River watershed. Howtweeconcentration of DO depends closely
on water temperature and the harmful effects ofatézl water temperature to aquatic life
typically result from oxygen depletion; oxygen dis®s extremely poorly in warm water. As a
result, variation in DO levels provides some insigio temperature variation, too.

Sour ces of Data:

* IDNR monthly ambient water quality monitoring d&tam the Boone near Stratford
(Figure 5), STORET site 1040000itt://wgm.igsb.uiowa.edu/iastoret/

* IDNR'’s bioassessments at seven sites in the wa@r@hgure 5) include data on
water chemistry, including Atrazine, field temperat pH, specific conductance,
Total dissolved solids, total suspended solids, @@J phosphate as P, Nitrate +
Nitrite nitrogen as N, TKN, and total hardness.e Beven sites are identified in
Appendix K along with their assignment to the UppeLower Boone River
watershed target zone:

* |OWATER data from nearly 200 volunteer surveys witthe watershed, some
involving repeat surveys at some sites. These IO®BR surveys have generated
water quality data for 27 sites within the watesh®at could be used in the analyses
reported below (Figure 5). These 27 sites anda SiIEORET numbers are listed in
Appendix K.

* An lowa Geological Survey preliminary report orrogen and phosphorus budgets
for the state of lowa as well as all watershedbiwitowa, based on STORET data
(Libra and Wolter 2004)

* An lowa Geological Survey assessment of streamBaséflow relation to
nitrate/nitrogen loads in lowa (Schilling and Wolte press)

* EPA ambient water quality criteria recommendatifamngivers and streams in Region
VI, the Corn Belt and Northern Great Plains (EPA@0referenced above:
http://www.epa.gov/waterscience/criteria/nutrieobieegions/rivers/index.htmi

Current Status:
The water quality data from IDNR and IOWATER recofdr the Boone River
watershed analyzed for this report cover the penaah July 7, 1994 to February 9, 2005. The

Boone River, lowa, Watershed Ecological Goals Assent, Narrative 53



analysis treats these 10.6 years of data as a&smghitoring period. The IDNR and IOWATER
data sources listed above support several anatysbese data to determine if water quality
indicators in the Boone River watershed lies witthi@ acceptable ranges of variation identified
above. These ranges derive from one of two soufteState of lowa water quality standards
for DO, temperature, and specific toxic pollutaistsaquatic life use in Class B Warm Waters;
and (2) USEPA assessments of the seasonal andl @wovegional 28 percentile values for N,

P, Turbidity, and Chlorophyll-a. The data pernmélyses at several four scales: (1) individual
monitoring stations; (2) individual sub-watershe(@j;the Upper versus Lower Watershed the
zones; and (4) the entire watershed. Additionallyeast some stations were sampled at
multiple times of the year, making it possibledok at monthly, seasonal, and annual statistics.
However, some sites and some sub-watersheds wesampled often enough during these 10.6
years to yield more than three observations foresomanths or seasons; inferences from such
small samples may not be reliable. The analydmb®llows the EPA (2000) assignment of
months to seasons — Spring, April to May; SummangXo August; Fall, September to October;
Winter, November to March. Appendix L provides thsults of analyses at each scale (site-by-
site, stream-by-stream, Upper/Lower watershed emtide watershed). These results indicate
the following:

Dissolved Oxygen PBissolved Oxygen (DO) fell below the minimum acedpé
concentration of 5 mg/L in nearly 6% of all measoeats taken during the 10.6 years of
record across the watershed as a whole. Conditvens better in the Lower watershed zone,
along the Boone River itself, falling below thetstatandard only 2% of the time versus
nearly 9% of the time in the Upper zone. The lo®@-Bvents within the Upper zone
occurred in three sub-watersheds: Buttermilk Cr&ekjnage Ditch 4, and Little Eagle
Creek.

Water Temperature Water temperatures at all sampling locations withanBoone
River watershed remained below 32 C in all measangésnexcept one taken during the 10.6
years of data analyzed for this report. The siegkeeme temperature reading (33.3 C) was
taken on 8/16/2003 at 4:30 PM on West Otter Cresévio Kanawha. The occurrence of
low-DO events, however, suggests the possibiliay Water temperatures in the watershed
sometimes exceed levels that support minimum D@lsewand that this temperature
threshold therefore is less than 32 C. Alternativibe low-DO events could be the results
of excess inputs of nutrients or organic matter.

Nitrite + Nitrate Nitrogen -Median concentrations of Nitrite + Nitrate (HNOs) for
the watershed as a whole exceeded the acceptalgie oavariation for every season and for
the annual cycle overall. The annual median vafu2225 mg/L, in fact, is roughly 2-3
times greater than the recommended annual media®6% mg/L, and the seasonal medians
are similarly elevated. This same pattern of sealsand annual exceedances holds for the
Upper and Lower watershed zones taken individualsnong subwatersheds in the Lower
watershed zone, the Boone River mainstem excebéeacteptable range of variation on an
annual basis and for all seasons except the Rallong subwatersheds in the Upper zone
with adequate sample sizes, Buttermilk Creek exagdloe acceptable range of variation on
an annual basis and for all seasons except theeYiBagle Creek exceeded in all seasons
and for the annual cycle as a whole; Drainage Ditdhttle Eagle Creek, West Otter Creek,
and White Fox Creek exceeded in all seasons foclwahifficient samples exist.

Total Kjeldahl Nitrogen -Median concentrations of Total Kjeldahl NitrogerkN) for
the watershed as a whole exceeded the acceptalgie oavariation for Summer, Fall, and
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the annual cycle overall. This same pattern hfudthe Lower Watershed zone taken by
itself and for the monitoring station on the Bodriger at Stratford. Median TKN
concentrations in the Upper Watershed exceededcteptable range of variation during the
Summer (not enough data was available from the ) sershed to analyze TKN during
Winter, Spring, Fall, or the annual cycle overall).

Total Nitrogen -Median concentrations of Total N (Total Kjeldahkfdgen plus Nitrite
and Nitrate) for the watershed as a whole exce#uedcceptable range of variation for
every season and for the annual cycle overalls $aime pattern holds for the Lower
watershed zone taken alone and for its largestvaibrshed, the Boone River mainstem.
The sample size for the Upper watershed zone islarge enough to assess Summer
conditions, but here, too, the median concentratiohotal N exceeds the acceptable range
of variation; sample sizes are too small amongviddal subwatersheds in the Upper zone to
permit analysis at this finer scale.

Turbidity - Turbidity data for the watershed are all reportednits of NTU, for which
acceptable ranges of variation are defined only=&k and Summer. Median turbidity
values for the watershed as a whole did not exaeeédptable ranges of variation for either
season or for the annual cycle overall. This spattern holds for the Lower watershed zone
taken alone, too. The sample size for the Uppéensiaed zone is only large enough to
assess Summer conditions, and here, too, the medlzdity value stayed within the
acceptable range of variation. Sample sizes arquade to analyze variation at the
subwatershed scale only for the Boone River mamggdl seasons) and for White Fox
Creek (Summer); again, turbidity values stayed iwitttceptable seasonal ranges of
variation. However, it is useful to note that samsividual sample values did exceed the
acceptable range of variation for turbidity in btille Lower and Upper watershed zones.
The ecological significance of these individuahaled values is not known; the relationship
of turbidity to flow conditions was not consideriedhe EPA (2000) analysis or in the
present analysis.

Total Phosphorus Data on Total Phosphorus (TP) are available irBibene River
watershed only for the IDNR site near Stratfordloalower Boone River itself. Median TP
values at this site exceeded the acceptable ranggiation for every season and for the
annual cycle overall. The seasonal median TP wahleslightly exceeded the acceptable
range of variation during the Spring, but was rdydgh5 times greater during the Summer,
twice as great during the Fall, and three timeatgreduring the Winter. Seasonal maximum
TP values exceeded the acceptable range of variayi@a factor of 4 to nearly 10.

Chlorophyll-a - Consistent data on Chlorophyll-a were availabley &dm the IDNR site
on the Boone River near Stratford. At this sitedmn Chlorophyll-a values exceeded the
acceptable range of variation for three out of feemsons (Fall, Winter, and Spring) and for
the annual cycle overall. This pattern is the saren scattered data from a few other sites
in the watershed were added, indicating that clployti-a levels in the watershed were
consistently high during non-summer months.

Toxic Contaminants -The following table lists the results of all anagf toxic
contaminants in water and fish tissue samples tr@Boone River watershed reported
during the 10.6 years of water quality monitoriegiewed here. Numerous pesticides and
herbicides and their byproducts are present, d&ed/a- Hexachlorobenzene, Nitrate (O
as N, and Nitrite (N@ as N — have been detected during at least onpls@nepisode at
concentrations that exceed state criteria for agxp®sure. At the same time, not enough
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data are available to determine whether conceatratof contaminants exceed lowa criteria
for chronic exposure to toxic contaminants in CB3&arm Waters. However, the average
concentrations of the herbicide and pesticide camgs listed below do exceed the state
criteria for chronic exposure. If these averagéssed on small numbers of samples —
reflect regularly occurring conditions in the waleed, then indeed the waters of the river
network violate state criteria for chronic exposukalditionally, the presence of several
pesticides or their byproducts in fish tissues @fawwn in table below) also indicates that
these contaminants are moving through the food viteils.not known whether these
pesticide and herbicide contaminants are adveesdtdgting individual organisms or the
ecosystem. Finally, Nitrate and Nitrite are presedividually in concentrations that
occasionally exceed state criteria for being caraid harmful to human health if consumed
in drinking water. Nitrate levels equaled or exdestthe state health criterion of 10 mg/L in
45 of 174 samples (26%) for which it was analyzegbsately. Nitrite levels equaled or
exceeded the state health criterion of 1 mg/L af 868 samples (3.6%) for which it was
analyzed separately. It is not known whether Ketend Nitrite, in addition to their roles as
nutrients in aquatic ecosystems, can cause hagutljito aquatic wildlife as well.

Occurrences of toxic contaminantsin stream water samples from the Boone River
water shed

Observed Criteria Exceeds Criteria?
Parameter Average | Maximum | Chronic | Acute | Chronic | Acute
Chlordane 0.0067 0.05 0.004 2.5 | unknown No
alpha-Chlordane 0.0188 0.05 0.004 2.5 | unknown No
gamma-Chlordane 0.0188 0.05 0.004 2.5 | unknown No
DDD 0.0071 0.05 0.001 0.8 | unknown No
DDE 0.0094 0.05 0.001 0.8 | unknown No
DDT 0.0073 0.05 0.001 0.8 | unknown No
Heptachlor 0.0071 0.05| 0.0038| 0.38] unknown No
Hexachlorobenzeng 0.0188 0.05 0.0075| unknown| Yes
Nitrate (NO3) as N 2( 10 N/A Yes
Nitrite (NO2) as N 1.5 1 N/A Yes

Other studies provide further information relatedviater quality in the Boone River
watershed. A preliminary lowa Geological Surveyar indicates that total nitrogen inputs to
the Boone River watershed over the period 2000-20€2 286 Ibs/acre, which puts the
watershed in the second-highest category for retnagputs in the state (Libra and Wolter
2004). A predictive analysis indicates that, dgrine same period, 23 Ibs/acre of nitrogen were
exported via the streams, placing the Boone Riaterghed in the highest category for
nitrate/nitrogen loads in the state. By compatotgl nitrogen inputs to stream outputs, we
conclude that approximately 8% of the total nitnoggputs to the watershed are exported via the
Boone River and its tributary streams (Calvin Wiglpers. comm. 2004).

Schilling and Wolter (in press) have also usedpir@od 1980-2000 to develop predictive
eqguations for estimating long-term average nitrogents to streams across all of lowa. Their
equation generates an estimate of long-term exqmnt the Boone River watershed in the range
of 19.44 Ibs/acre for Nitrate alone (see also 8ngibnd Libra 2000). Our own analyses of
water quality data from the watershed, furtherjdateé that Nitrate+Nitrite concentrations in the
waters of the Boone River watershed averaged 7d8 mhile Total N averaged 8.47 mg/L
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over the 10.6 years of data in the record. Nitfisi&rite concentrations thus averaged
approximately 86% of the total concentration offiNhe river. From this value, we can calculate
that the estimated long-term average export ofat(19.44 |bs/acre, see above) based on
Schilling and Wolter’s analysis (in press) corregp®to a long-term export rate of 22.6 Ib/acre
for Total N, consistent with Libra and Wolter's0@) estimate of 23 Ibs/acre for the shorter
period of 2000-2002.

Nitrate-N discharge from watersheds in lowa isrgjip associated with the percentage
of watershed area used for row crop productiontaagercentage of discharge occurring as
baseflow (Schilling and Wolter in press). Nitrai&logen levels in Boone River watershed
streams therefore have probably increased in thehadf-century due to: (a) the high percentage
of watershed area devoted to row crop agricultame; (b) hydrological changes that include an
increase in baseflow and the baseflow percentaggedmflow (Schilling and Libra 2000,
Schilling and Libra 2003, Schilling and Lutz 20@thilling and Wolter 2001, Schilling and
Wolter in press, Schilling and Zhang 2004). Asrhiand Wolter (2004) explain:

“Nitrogen is typically transported to water bodieghe form of nitrate. Nitrate does not

bind to soil particles and is mobilized by wateattmfiltrates through the soil zone.

Therefore, landscapes, geologic settings, andr@artagement practices that are

conducive to high infiltration rates result in gigraleaching of nitrate from the soil

profile and to the water table. Once nitrate readie water table, it moves with shallow

groundwater and/or tile drainage to streams, lakkedeeper groundwater reservoirs.

Relatively flat landscapes, areas underlain byleWwahquifers, areas with intensive tile

drainage, and management practices that leave>gmilsed area at greater risk for

infiltration of water and leaching of nitrate. Heesettings are also conducive to the
leaching of dissolved P (which is not attachedeirment).”

The aggregate Phosphorus importation rate (e afeviilizer application) in the Boone
River watershed is also relatively high, althoughya smaller portion of it reaches the streams.
The preliminary lowa Geological Survey report (laland Wolter 2004) indicates that
phosphorus inputs to the Boone River watershedageet8.25 Ibs/acre, placing the watershed in
the second-highest category for phosphorus inputise state. In turn, the amount of
phosphorus exported from the Boone River waterghatdout 0.65 Ibs/acre, based on actual
water quality measurements; this rate is aboutaapewhen compared to other watersheds in the
state (Calvin Wolter, pers. comm. 2004). The lawnorof P export to import, compared to the
export/import ratio for N, is expectable. As Likaad Wolter (2004) explain, “Phosphorus ...
attaches relatively strongly to soil particles, aods dominantly transported to streams by
processes that deliver soil and sediment. Ovemandff and the resulting erosion are the
mechanisms that transport P to streams. Hillydaapges and exposed, erodible soil are at
greater risk for overland runoff, erosion, and Rveey to lakes and streams.” Comparing the
import versus export figures for P in the BoonedRiwatershed, it appears that about 3.56% of
the total phosphorus inputs to the watershed grereed. However, this percentage is
misleading because a portion of the exported Relefrom stream bank erosion of naturally
occurring soil minerals rather than from human isgo the watershed. In summary, while
phosphorus inputs to the watershed are relativigly, Istream phosphorus outputs are not
expected. This is probably due to watershed cheniatics (such as flatter topography) that
minimize the soil erosion that causes phosphorusaoch streams.
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Statewide, 5-10% of nitrogen inputs are exportedi@wa streams on average, for a total
of between 200 and 400 thousand tons (Libra andava004). During a typical year, the
Mississippi River system delivers about 1 milliem$ of nitrogen to the Gulf of Mexico
(Goolsbyet al. 1999, cited in Libra and Wolter). These estimétes to a further estimate that
lowa contributes 20-40% of all the dissolved nignghat the Mississippi River basin eventually
exports to the Gulf of Mexico. Thus, beyond iteemnal water quality problems, the Boone
River watershed could also be contributing to peots far downstream.

In sum, almost all indicators of the water quatggime exceeded their acceptable ranges
of variation in the Boone River watershed as a whpand in its Lower and Upper zones
individually. Only the indicator, Turbidity, corsgently fell within its acceptable range of
variation among the 10.6 years of data analyzéldoagh DO fell within its acceptable range of
variation almost all the time, particularly in thewer watershed zone. Some of the indicators
(e.g., Nitrate+Nitrite, TKN, Total N, Chlorophyllyavere within their acceptable ranges of
variation during at least one season of the yean&of the watershed zones, but exceeded these
ranges during the rest of the year. Toxic compelard present in concentrations that exceed
state criteria for at least acute exposure andilplgsshronic exposure as well. Temperature
conditions could not be rated due to difficultissadlishing an acceptable range of variation.
Overall, given the weight of evidence among seviaditators, the Water Quality Regime
warrants a rating of “Fair” both for the Boone Riveatershed overall and for the Lower and
Upper watershed zones individually.

Resear ch Needs:

The body of water quality monitoring data for thedde River watershed, while
substantial, has significant gaps. Sampling dadesot coincide across sampling sites, for
example, making it impossible to look at conditi@maultaneously across the entire watershed.
Sampling frequency has not been sufficient to estinseasonal water quality conditions at the
scale of sub-watersheds or individual stationsé@mne indicators; and has not taken place across
a wide enough range of flows to permit analyseth@fwvays in which water conditions vary with
flow conditions. Indeed, the lack of data on flomgsociated with different field measurements
makes it difficult to interpret some of the avalladata. The need to aggregate data across a
10.6-year timespan to draw some inferences alstslmar ability to examine the data for trends.

The data collected by different agencies and & m@ift times also often has used
different measurement methods, making integrat@mha@mparisons difficult. For example,
ammonia and dissolved organic N can be measuredatety by laboratory tests for ammonia
and Kjeldahl N, or measured together by the lalooyaest labeled “Total Kjeldahl N.”
Chlorophyll-a may be measured in the field usirsgasor placed directly in the stream, or
measured in the laboratory from samples of streatemor samples of algae scraped off tiles
placed in a stream to allow surface algal growthturn, a laboratory may use one of several
measurement methods to assess the Chlorophylleeotation in a sample. Consequently,
Chlorophyll-a measurements may require extensiv@poéation to permit any comparisons.
The monitoring of water quality in the Boone Riveatershed, as anywhere, would be greatly
improved through improvements in the consistenaneésurement methods.

Additionally, there are clear gaps in our abilibygropose acceptable ranges of variation
at all for some indicators, such as for water terapee. At the same time, the proposed
acceptable ranges of variation for other indicatsush as for N, P, turbidity, and DO, rest on
regional assessments. As data on regional refeigtes improve, it may be possible to develop
improved estimates for the acceptable ranges @dti@n for many indicators. Simulation
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modeling of the watershed (see above) may alsodeziprate estimates of the natural range of
variation for some indicators.

9. Channel Geomorphic Regime

I ntroduction:

The geomorphology of stream and river channelsigesvthe physical habitat for all
species living in these waters, from microbes tivim the bottom sediments to the fish
swimming in the water column and turtles livingradahe banks. Ciritical properties of this
habitat include the longitudinal (upstream-dowrestng and cross-sectional shape and
dimensions of the channel; the availability of stedtures as deep and shallow waters (pools,
riffles, run), bars, backwaters, and overhangingkbathe composition and texture of the
channel bottom and banks (bedrock, gravel, salid¢lsly); and the relative stability of these
characteristics. Different species require, taksrar can not tolerate different combinations of
these physical habitat conditions. Additionallyeam channel habitat characteristics are
typically dynamic in natural systems, within sonaunal range of variation. For example,
channels gradually shift location and shape asualtref natural processes of erosion and
deposition along their length, driven by the enesfithe hydrologic regime. Some sections of
channel substrate may remain stable for long psymatiile others may change continuously
with the seasonal changes in river discharge atidheait supplies. Beaver dams, tree fall, and
other natural dynamics can also trigger local ckang channel form and habitat conditions.
Freshwater species are naturally adapted to theserdcs, shifting their locations as conditions
change. Streams and rivers owe their aquatic giicdb diversity in part to the diversity of
habitat conditions that result from a naturally dymc geomorphic regime. In turn, changes in
the overall range of habitat conditions present@la stream reach, and in the rate at which these
conditions change, can strongly affect the suitigtolf the reach for most freshwater species.
Such changes to the geomorphic regime can arigedtterations to the hydrologic regime,
alterations to the inputs of sediment and woodyidghlterations to the levels of activity of
“engineering” species such as beaver, and intealtimnman modifications to channels and
banks. For these reasons, the channel geomoskgiioe is always a key ecological attribute for
the conservation of river and stream ecosysterasjadrto freshwater biological diversity and
sensitive to the effects of a wide range of hunwiviéies across a watershed.

Several authors have estimated that greater tHEndd@he stream sediment load in small
watersheds in the Midwest is the result of chaenesion (Roseboom and White 1990).

Indicators:

A number of indicators can be used to measure @ @aomorphic regime, including
measurements related to sediment dynamics, aspetis hydrologic regime that affect stream
morphology (such as the frequency of major floodnds), and aspects of the stream that are
significant for habitat quality (such as bottom stuéite, the presence of riffles and pools, etc.)
Some indicators suggested by experts are:

» Peakflow, “bankfull discharge” OR “effective discha”

* Residence time

* Total annual sediment loads

* Bank stability
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» Extent of channelization

* Presence of other channel modifications (such asdrselams)

* A Multi-metric Index combining the above indicators

In addition, lowa DNR has sampled a number of strpaysical habitat parameters at 98
sites throughout lowa. These parameters, and iegres of values, are below (Wilton 2004,
Table 4-1). Note that several parameters (% Baweer Streambank Area, Streambank
Condition Rating, Riparian Buffer Condition Ratiramd Riparian Buffer Width) were treated
under “Riparian vegetation community”, above. Eadl from Wilton (2004) is reproduced
below, with permission.

25" 50™ % 75"
Stream Physical Habitat Parameters | Mimmum Percentile (Median) Percentile | Maximum
Instantaneous Flow (cfs) 0.1 4 10 26 98
Gradient (ft /mi.) 0.7 36 59 11.1 40.5
Surface Watershed Area (sq.mui.) ) 30 64 144 900
Segment Sinuosity (x straight line) 1.0 13 14 1.7 33
Avg. Stream Width (ft) 7.1 198 307 416 1143
Avg. Water Depth (ft.) 0.15 0.56 0.80 1.05 2.36
Avg Thalweg Depth (ft) 0.42 1.07 151 192 418
Stream Width: Thalweg Depth 44 147 20.2 30.5 69.0
% Stream Bottom Area as Clay 0 0 0 4 45
% Stream Bottom Area as Salt 0 6 10 18 &0
% Stream Bottom Area as Sand 0 18 38 66 92
%o Stream Bottom Area as Fines
(clay + silt + sand + so1l) 6 30 64 84 98
%0 Stream Bottom Area as Gravel 0 6 16 30 60
% Stream Bottom Area as Cobble 0 0 10 24 62
% Stream Bottom Area as Boulder 0 a 0 2 40
Y% Stream Bottom Area as Coarse
Substrate (gravel + cobble + boulder) 0 8 36 61 89
%% Stream Area as Pools 0 13 25 45 100
%9 Stream Area as Runs 0 40 39 77 100
% Stream Area as Raffles 0 0 9 18 36
% Stream Area Providing Instream
Cover for Large, Adult Fish 0 2 6 12 60
% Bare Lower Stream Bank Area 1 41 61 71 96
Stream Bank Condition Raung (0-20) 2 7 10 12 19
Riparian Buffer Rating (0-20) 6 13 16 17 19
Average % Stream Shaded 3 25 44 64 20
Habitat Quality Index Score (0-180) 51 88 105 118 144

Several physical parameters from this comprehensiteere deemed especially
important for biotic communities of fish and bewthnacroinvertebrates: total coarse substrate,
cobble substrate, riffle habitat, boulder substratel stream channel slope all had significant,
linear positive relationships with fish and bentimacroinvertebrate indices of biotic integrity
(IB1), with r values ranging from 0.17 to 0.58 (\téih 2004). Alternatively, total fine substrate,
clay substrate, and silt substrate had strong ivegadrrelations with fish and benthic
macroinvertebrate indices of biotic integrity. ‘it Quality Index Score,” a metric based on a
rapid visual assessment of overall stream habitality, also had a significant positive
relationship with fish and benthic macroinvertebrigl scores (r = 0.65 and 0.35, respectively).
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Other significant parameters included amount @&astr shade variation and instream cover as
well as percent bare streambank, streambank ratidgiparian buffer strip rating; however
these variables are related to riparian commuragetative structure, above, more than they are
to channel morphology.

Acceptablerange of variation:

The above list of indicators could be used to dgvelcceptable ranges of variation for
various geomorphologic and habitat parameters.ekample, the 25th, 80and 7%' percentile
Habitat Quality Index Scores for lowa streams 8, and 115) could be used to distinguish
between “Poor” (less than 88), “Fair” (88-104), ‘@&l3 (105-114), and “Very Good” (over 115)
habitat quality. However, these Habitat Qualitgdr scores are based on rapid visual
assessments and are of arguable usefulness (TaonWikrs. comm. 2005). More useful
would be an integrated assessment based on a nomipeantitative habitat characteristics, such
as substrate composition, stream shading, and miedace of pool/riffle/run habitat.

In addition to these formal measures, informal messcould be developed based on the
needs of particular species or communities knowivéoin the watershed. Biotic communities,
particularly fish, have specific requirements relyag bottom substrate (for spawning) and other
aspects of channel morphology (such as the presdrimep water areas or off-channel
oxbows). Such requirements could be used to reerdracceptable ranges of variation in the
channel geomorphic regime. For example, smallmba#s require clean sand or gravel
substrate over which to spawn, channel catfishiregleep water spawning and overwintering
refuges, and Topeka shiners utilize intermittefidgded, groundwater-fed oxbows or off-
channel pools. Thus all of these features shoelgrbsent and maintained by the channel
geomorphic regime.

Sour ces of Data:

* IDNR collected physical habitat parameters fromesesites in the watershed as part
of their statewide stream bioassessment (Wilto20These are the same locations
used for biological and water quality monitoringalissed above. Data was collected
on a number of quantitative physical habitat chiarétics as well as a qualitative,
rapid visual assessment of overall habitat quéltiased on the habitat quality index
developed by Barbour and Stribling 1991) . Thesees were part of a larger
survey effort (see below).

*  Tom Wilton’s 2004 “Biological Assessment of lowa¢adeable Streams” details the
results of habitat analyses performed at 98 stistans in lowa, including analyses of
the relationship between physical stream charatiesi(drainage area, stream slope,
bottom substrate, etc.) and fish species compasisowell as fish and benthic
macroinvertebrate IBI scores.

* The lowa Geological Survey conducted a study diepas$ of discharge and
suspended sediment transport in Walnut and SquaekGratersheds in lowa
(Schilling 2000).

* Andrew Simon (of the USDA National Sedimentatiorbaeatory, MS) and Massimo
Rinaldi have developed a method for measuring oblanstability in the loess area
of the Midwest (Simon and Rinaldi 2000). They diswe mapped out the process by
which channel degradation/aggradation occurs. bthe additional data, their
technique could be applied to the Boone.
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* Andrew Simon was also involved in a study determgrsuspended-sediment
transport rates at the 1.5 year recurrence intéovacoregions in the U.S. (Simeh
al. 2004).

» John Faustini and Philip Kaufmann of the EPA (Cbisja@OR) have developed a
“relative bed stability (RBS) approach” to examthe effects of changes in
streambed fine sediment on biota. His approacksl@abthe mean particle size of
sediment being input to a stream, then compatesgtite size of particle a stream is
capable of carrying (which is determined by the sifthe stream and the presence of
woody debris.) If this ratio is off, he surmisbatthe stream has been subjected to a
disturbance. For a brief explanation, d&&://www.agu.org/cqi-
bin/SFgate/SFgate?&listenv=table&multiple=1&rang&directget=1&application=f
mO02&database=%2Fdata%2Fepubs%2Fwais%2Findexes%2&afim02&maxhi
ts=200&="H21G-06

* Lon Drake, a geologist at the University of lowashnvestigated agricultural
drainage wells in the Boone River watershed regaod, might be a useful future
contact.

* Another potential contact is Jim Knox, a fluvialbgeorphologist at the University of
Wisconsin, Madison. He has used carbon datingtimate when sedimentation has
occurred historically.

* Ohio EPA has developed a qualitative habitat eveloandex (QHEI), which is a
more rigorous assessment of overall habitat qutday the “rapid assessment”
protocols used in many states, and combines nursenetrics (such as bottom
substrate, channel dimensions, etc.) that arecgineeeasured in lowa. Itis likely
that IDNR will develop a similar index for lowa the future (Tom Wilton, pers.
comm.). More information is available at
http://www.epa.state.oh.us/dsw/bioassess/BioCaigntAgLife.htmI#QHE).

Current Status:

As described above, IDNR has collected physicaitaaflata from its seven monitoring
sites in the Boone River Watershed (see Appendiorkdentification). At four sites, rapid
visual assessments for overall habitat quality vperdormed (based on methods outlined in
Barbour and Stribling 1991). Possible scores rdiag@een 0 (poor) and 180 (optimum). At
three sites these assessments were performed gy @and at one site (White Fox Creek) the
assessment was performed thirteen times betweehari®2000. Habitat quality index (“HQI")
scores ranged from 85 (Otter Creek at Holmes)0b(lboth Boone River at Bells Mill Park and
Otter Creek at Goldfield) to 130 (average for Wikitex Creek). Note the minimum, ®5
percentile, median, ¥5percentile, and maximum habitat quality index ssdor all 98 lowa
reference sites are: 51, 88, 105, 118, and 144césply (see Table 4-1 from Wilton 2004,
above). Thus three sites in the BRW (Boone Riv@&edls Mill Park, Otter Creek at Goldfield,
and Otter Creek at Holmes) scored below the mediatine HQI (in a single sampling episode
at each site). One site (White Fox Creek at Welt3tg) consistently scored above the median,
and in fact its average score is above tHep&centile. However, because this method relies o
rapid, qualitative, visual observations of a stretimare is some debate about its usefulness (Tom
Wilton, pers. comm. 2005). It would be more usédutlevelop a habitat quality metric based on
a more rigorous protocol, similar to Ohio’s quadlita habitat evaluation index (QHEI).
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A significant portion of the Upper Boone River Wateed (an estimated 3.5%) was
historically prairie wetlands, and land use andrarge practices have converted much of the
ecosystem into a different system, perhaps evetiogestreams where there were none
historically (see Figures 3 and 4 and Appendix ®ur knowledge of the channel geomorphic
regime of the Upper Boone River Watershed is ttaset on the current landscape, shaped in
large part by row crop agriculture and tile dramadrow crop agriculture is almost inevitably
associated with increases in sediment inputs éasts.

The Lower Boone River Watershed, on the other hiaasl always been characterized by
deep, wooded valleys with flowing streams. Preduyntbday’s natural geomorphic regime
resembles the historic regime, with some differsr{sech as increased baseflow and increased
fine sediments) due to alterations to the uppeexsaed.

In many agricultural watersheds, larger flood ¢seme responsible for bringing the
majority of sediments and nutrients downstreamr example, In the Walnut and Squaw Creek
watersheds in Jasper County, IA, five days in amgrgyear accounted for 60-80% of the total
annual sediment load (Schilling 2000). These stee@ere reported to have “incised channels”
and be “flashy,” characteristics typical of agricuél streams. This might be true of the streams
in the Boone River watershed, as well. In the BoBiver watershed, it is speculated that 10-
year flood events are responsible for the greatestall transport of sediment and nutrients. As
noted earlier, the magnitude of peak flow eventsihereased in the Boone River watershed,;
consequently, it is likely that sediment transpas also increased.

In terms of the entire watershed, sediment infoiomatould be estimated using Simen
al.’s (2004) suspended-sediment transport rates, lwasé&d year recurrence interval flow
(Q15). (The authors chose to use thes@ represent the “effective discharge,” whichhis t
discharge (flow) or range of discharges that trartsgthe largest proportion of the annual
suspended-sediment load over the long term (medsure’/s).

Simonet al. (2004) report suspended-sediment transport ddtanms of concentration
(mg/l) and also as yield (tons/day). In the Wastéorn Belt ecoregion, they report a minimum
concentration of 90.7 mg/l, a median of 1810 nmayild a maximum of 10,900 mg/l. They report
a minimum yield of 0.06 tons/day, a median of 2&®/day, and a maximum of 804 tons/day.
Simonet al (2004) further demonstrate that sediment conagatrs and yields are directly
related to effective discharge, such that the itigaus of the sediment variables each vary
roughly linearly with respect to the logarithm dffieetive discharge. The COE HEC-1 modeling
of the hydrology of the Boone River, discussed @&)suggests that;@in the watershed has
increased by a minimum of approximately 15%, amabably much more since the advent of
modern farming. We can therefore infer that sedtncencentrations and yields from the Boone
River watershed have increased by at least thisituale over this same period. We can not yet
estimate the actual magnitude of this change; nmaglef the watershed will provide useful
estimates in the near future. We also can noégttnate how much ecological effect such
changes in sediment dynamics have caused. Howgaeezased sediment discharge in farmed
landscapes arises from a combination of off-figld ahannel erosion; incised channels such as
are reported as common throughout the Upper Boorex Ratershed are particularly subject to
erosion during the ¢ discharge. We therefore can hypothesize thatipdyisabitat conditions
related to channel stability and sediment erosigmddition have all been altered in the
watershed, but can not estimate the precise matmafithese changes or their current status.

Overall, too little is known about the geomorphegime of the Boone River and its
tributaries to establish acceptable ranges of trandor any of its indicators, let alone rate
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current conditions. The data suggest that sonehesaare in Good condition, particularly in the
Lower watershed zone while others are only Fantjqadarly in the Upper zone. However, it is
not known how common either range of conditions ey

Resear ch Needs:

Spatially representative investigations are nedxb¢d to determine the acceptable range
of variation for all indicators of the geomorphégme in the Boone River watershed and to
assess the current status of these indicators.vdieion in F-IBl and BM-IBI scores in relation
to variation in physical habitat conditions withire greater ecoregion containing the Boone
River watershed should provide a basis for progpatsteptable ranges of variation for physical
habitat conditions. Data on sediment loads andgmiof stream channels that are destabilized
would be useful to managers. Such data might bected more easily using Simon and
Rinaldi’s techniques for estimating sediment loadshannel instability, or Faustini and
Kaufmann’s technique for estimating relative beab8ity. It would also be helpful to determine
out how much sediment enters the stream from bddank erosion, versus erosion off the land,
and whether this ratio has changed as land useiwatershed has changed. A literature review
to determine threshold levels of sediment thatlmtolerated by fish, mussels, and
macroinvertebrates would also help determine whetb@iment loads pose problems for the
aquatic biota of the Boone River watershed.

A more rigorous index of overall habitat qualityskd on a combination of quantitative
measures would be a useful means of interpretirggieg and forthcoming data on physical
habitat parameters collected by IDNR, IOWATER, tires agencies.

10. Hydrologic Connectivity

I ntroduction:

“Connectivity” is a crucial feature of all healtsfream and river systems. Fish and other
aguatic animals must be able to swim up and doveaust, to find food, mates, and shelter; and
to re-populate stream reaches scoured by stormtnsar§s must also be able to carry nutrients,
seeds, larvae, and plant materials downstreampioostiother the ecosystem downstream.
Artificial barriers to such “upstream-downstreanohaectivity therefore interfere with the
natural functioning of freshwater ecosystems. éosé form of connectivity involves the
interaction of rivers with their floodplains. Fldevaters that are able to spread onto the
floodplain bring nutrients to riparian species, main sediment levels on the floodplain, provide
temporary habitat for some aquatic species thathes#toodplain (including backwaters and
lakes that are maintained by floods) during perimid$ooding, and provide temporary habitat
for species such as waterfowl. In turn, flood watbat return from the floodplain to the river
bring other nutrients, plant materials, and larvaek to the river. The natural interaction of a
river with its floodplain also helps reduce flooglgk magnitudes and trap excess sediment and
nutrients, which in turn benefits habitat condigan the river itself. Artificial barriers to such
“river-floodplain” connectivity therefore also infere with the natural functioning of freshwater
ecosystems. Finally, a third form of connectivityolves the interaction of the surface and
ground-water systems in a watershed. Groundwaeharges to a stream maintain the
baseflow and minimum depth of the stream watehilsta temperatures, and carry crucial
nutrients leached from the soils and minerals efwtlatershed. Groundwater levels along the
riparian zone of a stream are also crucial for ma@mg the moisture levels in riparian soils.
This moisture supports riparian vegetation andtiging communities of soil microbes
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necessary to enable riparian zones to act assfilierexcess nutrients. In many stream systems,
groundwater levels also maintain communities ofjuaimacroinvertebrates that live in the
saturated gravels of floodplains. Changes in giaater elevations across a watershed,
resulting from land-use practices and water consiomr artificial drainage can change the
elevation of the groundwater along stream readhesgeby changing the magnitude and even the
timing of groundwater discharges to streams, regpin ecological harm. For these reasons,
hydrologic connectivity is always a key ecologiatibute of stream ecosystems.

Indicators:

Each of the three aspects of hydrologic connegtirgtiuires a distinct set of indicators,

as follows:

Upstream-Downstream Connectivity:

* Miles of stream without artificial barriers thablok upward/downward movement of
water, sediment, nutrients, and motile organismdfdes physical barriers such as
dams as well as chemical/thermal barriers)

River-Floodplain Connectivity:

* Area of floodplain

» Miles of stream without artificial barriers (suck @ykes, levees or berms) that
separate the floodplain from the river

Surface-Groundwater Connectivity:

* Miles of stream along which groundwater elevat®alove channel bottom year-
round.

Acceptablerange of variation:

While altered connectivity is harmful to stream aiver ecosystems, it is often difficult
to determine how much alteration is “too much.”r Egample, it is often easy to determine how
much harm migratory fish species such as salmanffaen dams that prevent it from migrating
to or from its spawning grounds. In the absenamigfatory fish species, however, it becomes
more difficult to determine effects or acceptalaleges of variation, requiring assessments of the
requirements of a wide range of species at a kzak. For example, among the species found
in the Boone River system, smallmouth bass reqdoeess to tributary streams in order to
spawn. Similarly, northern pike require accesgegetated backwaters and oxbows. Topeka
shiners probably rely on periodic overbank flowsastained groundwater discharges to
maintain their off-channel habitat, and to provad@nections to stream channels (Clark 2000).
Topeka shiners have also been shown to be negaéffetted by the presence of small
impoundments (Mammoliet al. 2002).

Sour ces of Data:

* IDNR or Army Corps of Engineers, Rock Island Distimight have data on artificial
barriers within the Boone Watershed

* The Environmental Statistics Group at Montana Sthativersity has developed
statistics on watersheds all over the country aisgfaheir Hydrological Unit Project
(http://www.esg.montana.edu/gl/huc/07100005.htmkluding basic information on
roads and canals within the watershed.

* There is a USGS groundwater station in Ransom HAUIBES 421837094083601,
also 087N28W29CCCD) with historic data (1942-200%he historic record from
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this station shows a lot of variability over tinfleictuating between 0-14 feet below
land surface, and an overall slight increase (pfaamately 1 foot) in groundwater
levels during this period.

Current Status:

Upstream-Downstream Connectivityit appears that the upstream-downstream
connectivity of the Boone River watershed is fairliact. There is one small, low-head dam on
the Lower Boone River Watershed at Webster City, the Upper Boone River Watershed
reportedly contains numerous small dams relatedig@ation or other water uses. Such small
impoundments could potentially be damaging to Iéisal populations (such as the Topeka
shiner) (Mammoliti 2002). However, much of the @pBoone River Watershed is privately
owned, thus data on small impoundments might Wedif to acquire. There are also some
dams downstream of the Boone River watershed witlérDes Moines river system, such as the
Saylorville Dam, the Red Rock Dam, and the ScatedtDam in Des Moines. As mentioned
above, these obstacles might prevent mixing betdiskrpopulations in interior streams such as
the Boone River watershed and the larger Des MandsMississippi Rivers. However, the
obstacles also prevent invasive species of fism firdiltrating the Boone River watershed. In
summary, without more information it is not clelat upstream/downstream connectivity is an
issue for the Boone River watershed.

River-Floodplain Connectivity It is difficult to gauge the current status bé&tBoone
River watershed in terms of river-floodplain contiaty, except to note that there are no
artificial levees preventing the river or its tribties from flooding out of their banks. On the
other hand, channel dredging and incision may Ilgaeatly reduced overbank flooding in at
least the Upper watershed zone. In fact, the UBpene River Watershed has been so altered
that it is difficult to delineate what might be sitlered an overbank flooding zone. Without
more information it is impossible to determine wiestany Upper watershed streams would
benefit from increased connectivity to the surrangdandscape, particularly to the riparian
zone. The Lower Boone River Watershed has a nbteseremely narrow floodplain, and its
protected status prohibits channelization or imgivoents that would prevent the river from
reaching its floodplain in the future. Howeveraobes in hydrology such as increased
baseflows might have altered the size and extetiteoLower Boone River Watershed’s active
zone of overbank flooding. For example, artifiidigh water levels might constantly scour the
historic floodplain, rather than only flooding imeittently. On the other hand, channel incision
sometimes causes the water level toldalowthe level of the stream banks, preventing the water
from flooding even during high-flow events.

Surface-Groundwater ConnectivityNo quantitative data are available in a single
database with which to assess the connection ajrthhendwater system to the surface waters of
the watershed. Anecdotally, the presence of pékfiow throughout the drainage network
indicates a strong connection. The increase ieflzag fraction in the watershed noted earlier in
the discussion of the hydrologic regime also inisa continuing and in fact increasing
discharge of groundwater to the streams of thersla¢el. As noted earlier, however, stream
channels are likely entrenched (incised) througtioaitJpper watershed zone, so water table
elevations could be substantially lower than wdwdgle been the case prior to intensive farming
of the watershed and still remain connected testteam system.

Overall, we have no quantitative data on any ofttinee sets of indicators of hydrologic
connectivity in the Boone River watershed, but wehdve informal evidence. Indicators
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warranting a “Good” rating include the near absesfcartificial barriers to upstream-

downstream connectivity in either the Upper or Lowatershed; an absence of artificial

barriers to river-floodplain connectivity in the Wwer watershed zone; and a lack of evidence that
groundwater discharges to the streams of the weddrsave declined. Only one indicators of
connectivity appears to warrant a “Fair” ratinge thannelization of an unknown but reportedly
substantial percentage of streams in the Uppenslad zone. The weight of the evidence
therefore suggests a rating of Good for the Lowatievshed zone and Fair for the Upper zone.

Resear ch Needs:

Establishing the acceptable ranges of variatiortferindicators of hydrologic
connectivity in the Boone River watershed will regua regional approach, looking at the
relationship between measures of aquatic and apdriotic condition and measures of
connectivity. Such investigations will need todmeipled to studies of the specific requirements
of individual species potentially particularly seive to changes in connectivity.

An analysis of aerial photographs or topographicaps might yield information on
active or old artificial barriers (such as dams bawes) that are present in the Boone River
watershed. Analysis of the information availalletgh the Environmental Statistic Group’s
Hydrologic Unit Projectlfttp://www.esg.montana.edu/gl/huc/07100005.himight be useful in
assessing connectivity in the watershed.

Better information on the historic Boone River wated flood regime/floodplain area
would help indicate what the natural river-floodpldynamic is in this watershed, and whether
it is being affected by human structures. For gxatit would be interesting to determine what
intensity and frequency of flooding is necessargdnnect streams to backwaters and oxbows
every few years, in order to maintain these poddigtcritical habitat areas.

Information on dams, dredging, channelization,tbeoactivities will also be useful to
assess connectivity within the Boone River watedshe would an effort to assemble and
analyze data on groundwater elevation and chanoilion for the watershed. Additional data
on historic and current groundwater levels throwghbe watershed are particularly necessary to
determine actual patterns in the water table (am@e or decreases.) The historic data from the
single USGS station at Ransom Helms, while intergsis not sufficient to assess the overall
status of groundwater in the watershed — a netwbgcoundwater monitoring stations located
across the landscape would be necessary for thessment.
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Summary and Next Steps

The following table summarizes the findings conaggrthe current status of the ten key
ecological attributes of the two target watershexes in the Boone River watershed. The
definitions of the rating categories (Poor, Faiood, and Very Good) are also provided
(repeated from the Introduction, above).

Upper Water shed L ower Water shed
Key Ecological Attribute Rating Rating
1. Freshwater Mussel Assemblage Composition
2. Topeka ShinerNotropis topekpPopulation Status ? (probably n/a)
3. Fish Assemblage Composition and Health Fair Fair
4. Benthic Macroinvertebrate Assemblage Composition Fair Fair
5. Riparian Community Vegetative Structure Fair
6. Aquatic Mammal Population Status ? ?
7. Hydrologic Regime ? Fair
8. Water Quality Regime Fair Fair
9. Channel Geomorphic Regime ? ?
10. Hydrologic Connectivity Fair Good
Rating Increment | Definition
Majority of indicators lie within their acceptahienges of variation and do not lie near or showdsetoward
exceeding the limits of these ranges.
Majority of indicators lie within their acceptabianges of variation but more than half lie neaarertrending toward
exceeding the limits of their acceptable ranges.
Fair Majority of indicators exceed their acceptable esgf variation but more than half lie near or simmntrend further
away from their acceptable ranges of variation.

Majority of indicators exceed their acceptable esgf variation and more than half lie far from lingts of this range
and/or show trends further away from these limitshsthat the target will fail if these trends aae reversed within
15-25 years.

These findings suggest that, while the freshwatesgstem of the Boone River
watershed is not close to collapse, it require®adb move many of its key ecological attributes
back within their acceptable ranges of variati@ur next challenge is to determine what actions
are needed, how much effort is needed, and whege tifforts would be most efficient and cost-
effective.

This assessment represents the current thinkiaghaimber of experts on subjects
relevant to the Boone River Watershed, includisdhitdrology, geomorphology, water quality,
and aquatic and riparian communities. Howevergtiemore work to be done. Below is a list
of general “research needs” for collecting, analgziand sharing information on the Boone
River Watershed. These are a summary of the r@dseaeds outlined in each section of the
document:

1) A watershed-scale, coordinated, spatially representasampling efforfocused on
all of the key ecological attributes (freshwatersseils, Topeka shiners, fish, benthic
macroinvertebrates, aquatic mammals, riparian adiget, water quality, hydrology,
channel geomorphology and habitat, and connecliviBuch sampling is critical to
assessing the acceptable ranges of variation anehtstatus of each of these key
attributes, individually and in relation to one #mer.

2) Additional analysis of existing dat&o build upon work that has already been
completed, for example, extensive literature regi¢ovdetermine Topeka shiner habitat
and water quality needs.
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3) Improved mapping and spatial analysis identify differences between biological,
hydrological, chemical and physical features oflitpper and Lower watershed zones.

4) Creation of predictive (simulation) models and imdisfor a number of watershed
features. For example, models are needed forethganship between precipitation
patterns, hydrology, channel geomorphology, aneémnautality, as well as the
responses of biological communities to all of thes®esses. In addition, a
guantitative index of habitat quality could be ¢egha and existing indices of biotic
integrity (IBIs) could be “tweaked” for differenc@sthe Upper and Lower Watershed
zones;

5) A repository for datan order to provide information to experts and agars, such as
an online database.

6) Incorporation of lessons learned from other watesth projects For example, a
survey of watershed residents and landowners wasdaut early in the Bear Creek
restoration project (Isenhaet al. 1997). A similar survey might be helpful to
determine the level of public concern over BooneeRwatershed water quality,
quantify the value placed on the improvement ofem& and groundwater quality, and
identify acceptance of voluntary management program

7) Experimental and “adaptive management” strategissch as installing riparian
buffers, altering channel/drainage systems, obrasbn projects in controlled
experiments, in which the environmental effectsadweely monitored. Continuous
monitoring of such projects to ensure they arallulf) their stated goals.

These findings and recommendations are meanttastatsward the goal of a robust,

scientifically credible watershed projede would very much appreciate your advice and
comments.
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IDNR statewide biological assessment of lowa’s veddie streams (contact: Tom Wilton):
http://www.iowadnr.com/water/tmdlwga/wga/bioassessl
- Data on fish species composition, fish and benticroinvertebrate IBI scores, water
guality and physical habitat characteristics fro® Sample sites in lowa

IDNR Watershed Initiative: http://www.igsb.uiowaigdrgislibx/watershed/watersheds.htm
- Summarizes available data and projects in all lovatersheds

lowa Geological Survey Natural Resource GIS Librattp://www.igsb.uiowa.edu/nrgislibx/
- GIS data on historic and recent landcover anddlaise, aerial photographs

lowa Natural Heritage database (contact: Daryl Hhwe
- Data on terrestrial (and some aquatic) plant aamdmal element occurrences, including
rare/threatened species

lowa Rivers Information System (IRIS) (contact: Anman-Wilsey):
http://maps.qgis.iastate.edul/iris/
- Historic fish survey data

lowa STORET databashkttp://wgm.igsb.uiowa.edu/iastoret/
- Data from water quality monitoring, as well a®lugical and physical habitat
characteristics (sources of data include IDNR ambigater quality monitoring and
IOWATER volunteer data, among others)

IOWATER volunteer water monitoring datattp://www.iowater.net
- Water quality, physical habitat, and biological galmg data from lowa streams

NatureServewww.natureserve.org
- Information on species and ecological commungieg systems, including distribution
and basic ecology

Boone River, lowa, Watershed Ecological Goals Assent, Narrative 76



