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Abstract

Tallgrass prairi@volved with firegrazer interactiongzire and grazing are vital processes
for maintainng grasslandaind attle productionand therefore will be continued ksd
management schemé@heeffects of fire and grazers on prairie streamsuacderstudiedbut
may significantly influence stream ecology

This dissertation examined how prescribed burning, bisaringraand patciburn
grazing(by cattle)influence water quality, stream biota, and riparian amphibians and regtiles
Konza Prairie, Kansasy Osage Prairie, Missouri. Using Global Positioning System, we
monitored bison and cattle distribution throughwatershedsTheimmediateeffects of
prescribed burning were examinedathKonza and Osage Prairies. The impacts of bgson
water qualitywere determinedly using a longerm dataset from Konza Praiaed compared
watersheds with and without bisokmphibian and reptile assemblages were monitored for two
years at Osage, amdsemblagdata were analyzed using redundancy analysis, permuted
analysis of variance, and occupancy modelfgatchburn grazing experiment occurrém 5
years at Osage (years pretreatment data and 3 yearsedtmentsand wasanalyzed using a
beforeatfter, controlimpact design.

Prescribed burning had minaheffects on water chemistry. At Konza Prairisoln did
not alter wagr qualitylikely because they spenegligide time (<5%) in streamsContraily,
cattleat Osage Prairisignificantly increased stream concentrations of total suspended solids,
nutrients Escherichia colbacteria, algal biomass, and primary production. Unlike bison, cattle
spent significant timé~21%) in streams if allowed access to riparian zones. In watersheds with

cattle excluded from streams by riparian fencing, water guaityaminat concentrations



increasd significantly, but noto the magnitude of unfenced streams. Amphilaaandancand
richnesswverenot differentamong patch typessteadthey were restricted to specifi@asins
However reptiles displayegreference for certaipatchtypes, and hadhe highest alndance
and richnes@ watersheds with fire and grazing

Theseresluts have implications for natural resource management. Riparian fesfcing
cattlemay be a useful practice in areas where water resource protectiepi®rity. However,
overland flow may alter water quality in watersheds with grazers despite febamfymanagers
will needto definemanagement objectives and accept traffie in water quality, amphibian and

reptile habitat, and cattle production.
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Abstract

Tallgrass prairie evolved with firgrazer interactions. Fire and grazing are vital processes
for maintaining grasslands and cattle production, and therefore will be continued as land
managemergchemes. The effects of fire and grazers on prairie streams are understudied, but
may significantly influence stream ecology.

This dissertation examined how prescribed burning, bison grazing, anebpaitch
grazing (by cattle) influence water quality,estm biota, and riparian amphibians and reptiles at
Konza Prairie, Kansas, or Osage Prairie, Missouri. Using Global Positioning System, we
monitored bison and cattle distribution throughout watersheds. The immediate effects of
prescribed burning were examhat both Konza and Osage Prairies. The impacts of bison on
water quality were determined by using a ldagn dataset from Konza Prairie and compared
watersheds with and without bison. Amphibian and reptile assemblages were monitored for two
years at Ogge, and assemblage data were analyzed using redundancy analysis, permuted
analysis of variance, and occupancy modeling. A pbteh grazing experiment occurred for 5
years at Osage (2 years pretreatment data and 3 years of treatments) and was amajyeed usi
beforeatfter, controlimpact design.

Prescribed burning had minimal effects on water chemistry. At Konza Prairie, bison did
not alter water quality likely because they spent negligible time (<5%) in streams. Contrarily,
cattle at Osage Prairie sigmifintly increased stream concentrations of total suspended solids,
nutrients Escherichia colbacteria, algal biomass, and primary production. Unlike bison, cattle
spent significant time (~21%) in streams if allowed access to riparian zones. In watensheds

cattle excluded from streams by riparian fencing, water quality contaminant concentrations



increased significantly, but not to the magnitude of unfenced streams. Amphibian abundance and
richness were not different among patch types; instead, they@gtreted to specific basins.
However, reptiles displayed preference for certain pafpas, and had the highest abundance
and richness in watersheds with fire and grazing.

These results have implications for natural resource management. Ripariag fenci
cattle may be a useful practice in areas where water resource protection is the priority. However,
overland flow may alter water quality in watersheds with grazers despite fencing. Land managers
will need to define management objectives and accag¢tffs in water quality, amphibian and

reptile habitat, and cattle production.
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Chapter 1 - Introduction

The case formore watershedscience

Streams are fundamental for the survival of many species, including humans. They are
critical habitat for many organisms, and an essential commodity for human dreclphosperity.

In particular functioningheadwater streams have the capacity to retain sediments and nutrients
andalsocontrol downstream export (Peterson et al. 2@@0t) improve water qualityRunning

waters are unique aquatic habitats in that theyardirectional and linear, greatly variable in
space and time, and are open ecosystems that are closely linked to the surrounding landscape
(Giller and Malmqvist 1998).

Terrestrialaquatic linkages are strong for most stream networks. Streams aredsd@oat
the lowest landscape position, buffered by an adjacent riparian habitat, and encompassed by
terrestrial landscape. As such, headwater streams will receive water, sediments, nutrients, and
contaminants from the land if not intercepted by vegetati@oib(Giller and Malmqvist 1998).

Land management decisions will ultimately dictate the state of flowing waters, and therefore
lotic ecosystem managemeastest approacheat the landscape scdleausch et al. 2002)

Ecological studies at the watershszhlehave greatly expanded our understanding of the
intimate connection between land and streams (e.g., Likens et al. 1970, Webster and Patten 1979,
Dodds et al. 1996, Beschta et al. 2000, Dodds and Oakes 2006). Similar studies also hint at the
importane of riparian areas in regulating physiochemical properties of streams (e.g., Cooper et
al. 1987, Lowrance et al. 1997, Naiman 2010). However, the fate of substances entering the
stream is not always clear because riparian areas can dilute, concentratdifpthose

substances (Osborne and Kovacic 1993), so more studies are needed for predictive power of



riparian function. However, few studies at the watershed scalebexistise of the difficulty of
dedicatingentire basins and riparian areas towarderdrolled, experimental design

Despite the many larggcale studies regarding stream impacts from fire and livestock
(e.g.,review byKauffmanand Kruegefd 984) the reslis are confounded or unclear because
most studies addressing this topic lack eipexperimental designs and appropriate control sites
(Sarr 2002, Rinn&988). For example, ste studies monitorestreams with riparian exclosures
as the reference/control sitkespite the lack of research demonstrating the effectiveness of cattle
exclusionor the capacity of the riparian area to buffer changes in water quality. Studies are
needed that have an explicit experimental design at a watershed scale tsttesinmeffects of

fire, cattle grazing, and riparian exclusion of grazers.
Tallgrass prairie watershedscience

Thewidespreadlterations to the landscape and riparian aaeasss central North
America have strongly influencedllgrass prairie stream$allgrassprairie isa largeand
endangeredrasslandiome of NorthAmerica (Fig 1.1 Tallgrass prairie streams are even more
endangeretiecauséntact watersheds only exist where large tracts of prairie remain (Dodds et
al. 2004). The majority of this grassland type was converted te&ropvagriculture (Samson and
Knopf 1994).Further,grasslands worldwideave experienced riparian woody encroachment due
to changes in firgrazer interactions in the past century (Briggs et al. 2005).

Because native tallgrass prairie streams are rare, their ecological study is somewhat
limited. Kings Ceek on Konza Prairie in Kansas could be considered a model for native tallgrass
prairie stream networks becaushas beemntensively studied (e.g., Whiles and Dodds 2002,

Dodds et al. 2004, Franssen et al. 2006, Bertrand et al. 2009, Daniels and skrafVid).



However, tallgrass prairie extends across strong precipitatiogemtdgical gradients, which are
likely to affect stream characteristics. We are in need of characterizing other tallgrass prairie
streams outside of Konza Prairie to have a mormeprehensive understanding of native
grassland streams. Further, the data provided by quantifying tallgrass prairie stream
characteristics could assist states with establishing water quality criteria to be in compliance with
the Clean Water Act and helpige land management.

In tallgrass prairie, there is expressed local interest in comparing the effects of bison
versus cattle grazing on water quality. In the Great P&ih&rth America prairies evolved
with bison Bison bisof, butby 1830 the specsewas near extinctiobecause ofiunting Elores
1991, Shaw and Lee 1997). Today, domesticated cBttke tauru replace bisoms the
dominant grazers itallgrassprairies. Bison might not cause water quality changes because they
requireless water thanattle are able to tolerate summer temperatures, and avoid woody riparian
areas (e.g., Plumb amxbdd 1993, Allred et al. 2011Alternatively, bison behaviors such as
grazing, foraging, traversing, wallowing, and pawicgyldincrease sediment and netit loads
to streams. These propositions require testing by examining water quality and animal behavior in

tallgrass prairie watersheds.
Herpetofaunaneedguardians

Herpetofauna (a taxonomic grouping of amphibians and reptiles) are fairly diverse in
tallgrass prairies and regularly experience fire and gra@tapally, these organisms are under
threatof extinctionfrom multiple stressorsparticularlyhabitatloss andalterations Furtherwe
are data deficienh understanding many population declif@suart et al. 2004, Béhm et al.

2013).The herpetofauna strongly associated with aquatic habitatsaadlythe most



vulnerable taxdStuart et al. 2004, Bohm et al. 201Brpetofauna itallgrass prairidnas

suffered severe habitat loss from rovopagriculture in thdast century. The last natiyeairie

refuges for these organisms routinely undergo prescribed fire and grazing, yet we lack
information to understand how these practices impact animal assemblages and dispersal. Lastly,
riparian zonesrad streams are crucial habitat for herpetofauna, so we need an understanding of
how grazing pressures can alter vegetation structures and water quality that these organisms rely

on.

Dissertation outline

The theme of this dissertation examines how the damiland management practices in
tallgrass prairie (i.e. prescribed burning and grabwygison or cattleimpact water quality and
aguatic organisms. Chapter 2 characterizes tallgrass prairie streams along a precipitation gradient
using 3year datasetsdm Konza Prairie and Osage Prairie (Larson et al. 2013a). Chapter 3 used
a 5year dataetfrom Konza Prairi¢o compare water quality inrsams with and without bison,
examine riparian usage by bison, and separately examined effpcescribedire onstreams
(Larson et al. 2013b¥hapter 4 consisted ohariginal2-year dataset at Osage Prairie to
capture the responsase(,abundance, species richness, and dispersal dynamics) of reptiles and
amphibians to fe and grazingChapter 5 used ayeardataset to examine the effects of patch
burn grazing management on prairie streasms quantify the importance of riparian fencing in
mitigating potentially negtive impactsChapter 6 contains concludirdgeas, which synthesize
the major findingsexplans how this research advances the field of aquatic ecotogy

provides important information foprairieland management. This dissertation was developed



with multiple collaborators and therefore is written in thpeetson. The citations for published

works are provided on each Chapter title page and in the References section.



Figures

Figurel.1 Map of historical range of tallgrass prairie within the USA. Konza Prairie Biological
Station (Konza) and Osadpairie Natural Area (Osage) are two remaining native tallgrass

prairie swatches where this dissertation research was conducted.
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Abstract

North America has lost more than 95% of its native tallgrass prairie due to land conversion,
making praire stream®neof the most endangeretosystemsResearch on theasicecosystem
characteristics afemainingnatural prairie streamasill inform conservation and management.
We examined the structure and function of headwater streams draining tallgrasdrnaictsat
Osage Prairie in Missouaind the Konza PrairiBiological Stationn Kansasand compared
those valueso literaturevalues for streams draining agricultural watersheds in the régfen.
guantified physicochemicaind biologicatharactestics for 2 years. Streams@sage and
Konzawere characterized by low nutris@ndlow suspended sedimer(substantially lower
than impacted sites in the regipalight heterotrophic status, and high temporal variability.
Suspended sediments and rariticoncentrations were generally low ingahirie streams, but
stormsincreased concentrations of bdiy 3- 12 fold. Springprescribedurns were followed by
a slight increase iohlorophylla and decreaseautrients potentiallydue togreater light
availability. Benthic macroinvertebrate communit@sage showed seasonal patterns that
were likely linked to variable hydrologWe found nine amphibian species using the Osage
streams as habitat and/or breeding shaslittle usage at Konza likelglue todry conditions and
low dischargeOur study indicateshattwo remnant tallgrass prairie streams along a longitudinal
gradientare fairlysimilarin terms ofphyscochemicalfeatures and have good water quality
relative to agricultural watershedsit candiffer considerablyn macroinvertebrate and

amphibian abundance



Introduction

Tallgrass prairie and its streams are highly endangered ecosystems; mostdallggess
plowed and converted to row crop agriculture over a century ago. Nearlsgalittacts of
remaining tallgrass prairige currentlynaintained as pastuvgth cattle grazing and yearly
burning Where fire has been suppressedody vegetation is expandingantallgrass prairie
(Knight et al. 1994), potentially converting open @y streams that characterize these
grasslands to shaded, forested systems. Few open canopy tallgrass prairie streams with
watersheds in their natural condition remain and little is known about characteristics of water
quality, productivity, and communistructure of these remaining systems. Tallgrass prairie
streams are understudied, except at the Konza Prairie Biological Station (Konza) in Kansas (e.qg.,
Gray et al. 1998, Dodds et al. 2004, Bernot et al. 2010). Konza lies at the far western range of
tallgrass prairie; much less is known about streams in more mesic, eastern regiors where
substantial portion aklligrass prairie occurred historically (e.g., lowa, Illinois, Missoainy
even less intact prairie remains.
Intermittent streams occur worldvadnd are often characteristic of grasslands (Dodds et al.
2004). Hydrologic disturbances, includifrgquent drying and floodingre important
structuring components of many grassl streams (Lake 20pMespite frequent and sometimes
extreme hydrologidisturbancethese systemshow high biologicatesilierce; within days after
resumption oflow or after scouring, they are-o®lonized by microbes, then invertebrates, and
finally vertebrates (Murdock et al. 2010, 2011).
Fire is a natural and criticpafocess in tallgrass prairie, with historic fire intervals-diQRyears
(Abrams 1985). Fires influence stream characteristics in forest and shrub regions (Minshall et al.
1997, de Koff et al. 20Q&@mith et al. 2010), however, we kndessabout how fireaffects
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tallgrass prairie streams. Fire can remove ground cover leading to increased overland flow and
soil erosion (Jordan et al. 2004), perhaps depositing sediments into the waterways. Total nitrogen
(TN) andnitrate NO3') concentrations itKonzatallgrass prairie streams carcreaseéboth as a
function of number of days and years following fire (Dodds et al. 1996). However, impacts of
fire on sediment and nutrient inputave not been characterized elsewhere

Macroinvertebrate communities in tallgrgsairie streams ar@sorelatively poorly
studiedwith most published informatioinom streams on Konzdallgrass prairie stream
hydrology is highly variable (Gray et al. 1998, Dodds et al. 2004), and because of frequent floods
and droughts, many madnoertebrates that inhabliémare resistant and/or resilient to natural
disturbances (Fritz and Dodds 2004). Adaptations include short life cycles, seasonal
reproduction, and behavioral avoidance (Gray 198t¢am macroinvertebrate communit@s
Konzaare moderately diverse and highly variable in space and time (e.g., Gray et al. 1998,
Stagliano and Whiles 20D2Viacroinvertebrate community composition in Konza streams is
influenced by canopy cover (shading and leaf input), suggesting that manageangoép that
alter riparian vegetation, such as fire and grazing (or lack thereof) will influence community
structure (Whiting et al 2011) and that prairie streams are fundamentally different from forest
streamsFurther studies in other regions of thiégiass prairie are neededtist generalities
based on Konza and develop regional baselines and targasséssment, management, and
restoration

Amphibians can also be abundant in tallgrass prairie streams, with up to 17 species
associated with #m for at least part of their life cysl€Collins 1993, Johnson 2000). Numerous
species associatedth tallgrass prairie streams are included in State Wildlife Action Plans as

Species of Greatest Conservation Need in Kansas and Missouri. These inelbidettiern
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Cricket Frog Acris crepitany, Spring PeepeiPseudacris crucifgr Green FrogRana

clamitang, and Pickerel FrogRana palustriy (NBII, 2011) Amphibians are well known as
sensitive environmental indicators, and thus a better understaridiagv® community

structure associated with tallgrass prairie streams could be useful for assessing environmental

quality.

Objectives

Our objectivesvere to quantifyelements othe structure and function of headwater
tallgrass prairie streams and to reaeneral comparisons on physicochemical and biological
attributes between and among six streams located at Osage Prairie (Missouri) and three streams
at Konza (Kansas)n doing so, we also madkrger, regional comparisons with literature
derivedwater aquality datafrom agricultural streams (converted prairie strea@s)en the
significance and frequency of fire in the tallgrass prairie, we examined most of our study streams

more intensivelyollowing spring prescribed burns at both sites.

Methods

Osagestreams

The study streams at Osage Prairie Conservation Area are unimaenetittent
tributaries of the Landon Branch in southwestern Missouri, USA (37°44'25.61"N,
94°20'12.17"W; Figure 1). We samplsia streamswithin a 1.5 km radius of each other.
Watershed areas raedfrom 10 to 54 ha. Osage Prairie is a 628 hectare remnant prairie owned
and managed by the Missouri Department of Conservation and The Nature Conservancy. Soil

types of the Osage Prairie consist of Barco loam, Barden silt loam, andaCoam (well
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drained, gently sloping upland sgioil Survey Staff 2004). Past land use included haying and
cattle grazing from the early 9 0 0 6 s . Gumwentn@ndgément consistayatl-summer

triennial hayinga prescribed fire interval of3 years and mechanical removal of riparian trees
>10cm diametefThe common management practices of haying, prescribed burning, and tree
removal increases wildlife habitat (Kirsch 1974, Swengel 1996), while maintaining grasslands
and increasing grass and forlvetisity (Soleicki and Toney, 1986h early April 2011, a

prescribed burn was carried out in the lower third of each watershed. We sampled the streams at

Osage Prairie from March 2009 through April 2011 once or twice monthly when flowiag.

gathered pedpitation data from Weather Undergrounanw.wunderground.cojrat the

Nevada, MO sité6 mi from Osagejor 3 weeks following fire.

Konzastreams

Konza is located in the Flint Hills region of northeastern Kgrnd&# and is owned and
managed jointly by Kansas State University and The Nature Conservancy (39° 5'55.65"N,
96°36'19.91"W; Figure 1). The thretudiedwatershedg¢designated N4D, N2B and Shane&re
within 3 km of each other. These watershedgyel from 78 to 415 ha and have intermittent
streams that drain native tallgrass prairie. Ivan soils (4051 Ivan Silt Loam) dothieate
floodplainsand are characterized as having deep, moderately well drain@utes@ipersedvith
rock fragments (Knapp et al. 28National Cooperative Soil Survey 2018Vatersheds N2B

and N4Dare in the Kings Creek badrave been bison grazed since 198&pgiroximately0.21
animal units per hectar8haneCreek is the watershed north of Kings Creek andungsazed

for decadedefore this studyN2B has a burn interval of 2 years, N4D is burned every 4 years,

and Shane is burnegproximatelyannually. Shane was burned on 12 April 2011 during our
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study and we monitored the stream for 3 weeks following theViileeused rainfaltlata obtained
from a rain gauge stationed at the headquarters of Konza to determine whether rainfall events
occurred within the 3 weeks following prescribed prairie fire (raw data can be found at:

http://www.konza.kg.edy. As Konza streams are well studied, our resultstlyemphasize the

Osage Prairie streams, which are in a refiom whichfew stream studies habeen published,
to our knowledgeData for nutrients and sediments at Konzeseobtained three ties weekly

when flowing.

Geomorphology anghysicochemistry

We measured andveragel stream widths (to bankfull) and depths using multiple
transects 100 m above the water sampling location. Canopy cover was averaged in the upstream
60 m of each reach ugira densiometer argfreamslope by a clinometer. Watershed areas and
stream lengths were delineated using ArcGI® Ilemperature an@®, were recorded using YSI
6000 probes at 10 minute intervals. Discharge at Osage was measured by measuring ddlution of
concentrated solution of KBr pumped at a known rate with aispecific Bf probe(Thermo
Orion). At Konza, discharge data were compiledv@tersheds N4D and N2B only;
measurements were taken at 5 minute intervals at a triangular throated flumepnekidied
mean daily discharge, maximum and minimum discharge and occurrence times, and total

discharge volume for each 24 hour period (raw data can be faumtpatwww.konza.ksu.edu

Chemical properties

We cdlected water samples for nutrient analyses in agakhed bottles from the thalweg

about 5 cm below the surfaaed stored at30°C until analysis. Additional water collected from
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the singlestage samplers was used to characterize nutrient concentdatiang storm flows.

Storm flow is defined aan increase in discharge after a rain event of any am®antples were
filtered through a glassber filter (Whatman GFF, 0.7 um retention) and analyzed for nitrate

nitrite (NOs™ + NO,, hereafter refereed ts nitratg ammonium (NH'), and soluble reactive
phosphorus (SRP) concentratigd®HA 1995) Unfiltered stream water was analyzed for total
nitrogen (TN) and total phosphorus (TP) concentrations by a persulfate oxidation method (Ameel
et al. 1993). Tree independent runs were performed using aAr@lytical Flow Solution IV

autoanalyzeto increase accuracy and values were averaged.

Chlorophyll a and ecosystem metabolism

We determinedidorophylla concentrations for-5 in situ rocks per stream pgampling
date at Osage streams arfRocks were collected and returned to the laboratory frozehe
laboratory, viole rocks were extracted with He%ethanol (78 for 5 minutes, followed by
12 h at &C, Sartory and Grobbelaar 1984) and extracts weatyzed with a flu@metric
technique that avoids interference from phaeophytin (Welschmeyer 1995). Projected surface
areas of the rocks were calculated by image analysis to express mass of chlorophyll per unit area.

We estimated Wole-stream metabolismasing the single station meth@@@lott 2009 at
Osage Metabolism estimates fétonzawere obtained from prior published studiBernot et al.
2010, Riley 2011)Photosynthetically active radiatioRAR) was continuously measured using
anOdyssey Photosynetic Irradiance Recording SystéDataflow Systems PTY LTD) in an
open area and temperature &sbsaturation was recorded using YSI 6150 ROX optizal
probes at 10 min. intervals (YSI, Inc). The exchange ra@® @fith the atmosphere was

estimated baskonO, saturation and single station reaeration rates determined from the decline
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in SK; concentration within the study stream reaches (60 m) during baseflow (Mulholland et al.
2001).We measure®F; concentration and peak area using a Shimadzu gas dognagah GC
2014 with an electron capture detector. Reaeration rates @feé3€ calculated as the difference
between the natural log transformations of the meap&&k areas after correction for dilution
indicated bythe rhodamin&VT dye concentratior{Hauer and Lamberti 2006). Reaeration rates
of Sk were converted t®, using a conversion factor of 1.345 (Maclintyre et al. 1995). If the
direct measurement of aeration did not work due to missing samples or analytical errors, we
modeled aeration (Riley 2@}

We modeled streametabolism based on measured PAR,water temperature,
barometric pressure, and-amater exchange rate @, (aeration). We used a modeling approach
to estimate community respiration (CR) and gross primary production (GPPrateshistream
(Riley 2011) We used light to scale GPP rates, and made both CR and GPP rates dependent
upon instream temperaturédhefi Sol ver 0 o foundwaloes forrGPEan@ReHat

minimized the sum of square of errors between the observad@ieledO, concentrations

Suspendedediments

We collected water samples for baseflow total suspended solids (TSS) concentration
analyses in actvashed bottles from the thalweg when flowing. TSS water samples were filtered
through precombusted (24h at 475°C), praveighed glassiber filters (GFC Whatman, 1.2 um
retention) within 24 hours. Filters with retained material were dried at 60°C and ashed to 475°C
(6 h) and reweighedto find the amount of inorganic suspended solids (ISS) and volatile
sugpended solids (VSSAPHA 1995). Analyses confirmed that wetting andirging was not

necessary to obtain constant mass in these samples. Sampling for TSS was targeted for storm
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events usinginglestage, US b9B samplers which filled via siphoning forater collection
during high flows (Ford 200. These samples were retrieved within 2 days after high discharge

and processed as above.

Benthic organic matter and macroinvertebrates

We collectednacroinvertebrate and benthic organic matganples from Cxge Prairie
onceeach seasoduring the fall (Septembddovember), winter (Decembéiebruary), and
spring (MarchMay) in 2009 to 2011 (n=9 sampling dateSamples were collected from
haphazardly chooseiifle/run habitats using a mirf8urbersampler androm pools with a
stovepipe corer (3 of each habitat every sampling date). We sampled within the same 300 m
reach, but different habitats each sampling date. Macroinvertebrate and organic matter data from
Surber samplers and cores were averaged and taakeighted based on proportions of riffle/run
and pool habitats available in study reaches of each stream.

The mini Surber sampler hadsamplingarea of 0.023 Afmandwas equipped with 250
mm mesh netfThe sampler was placed evenly onto the substafitaying water to flow through
the mesh neSubstrata within the frame were disturbed and larger particles scrubbed with a
plastic brush within the sampling ar€xontents from the mesh net were rinsed into a plastic bag
and preserved in8% formalin.

For core samplesye pushedhe stovepipeorer (314 crisampling areanto the
substrata and all enclosed materials including water were removed tthatlep0 cm below
the substrata surface and placed in a buskaterial within the bucket was stiddy hand and

elutriated through a 256m siewe. All materialgetained on the 250m sieve werainsed intoa
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plastic bg and preservednorganic sibstrata composition iSurber and coreampleswas
estimated visually using a modified Wentworth scale (Wentworth 1922).

We processed organtomponents of benthic samples to estimate freeyparticulate
organic matter (VFPOM250-nm), fine particulate organic matté250-nm< FPOM <1mm)and
coarse particulate organic mat(@POM >1mm)following procedures oWhiting et al. (2011)
We sampled/FPOM by collecting a known volume subsample of the material that passed
through the 25@ nsieve in the field during elutriation of core samples. For Surber samples,
VFPOM samples were obtained by collecting an additional core sample adjacent to Surber
sample locations and collecting a subsample of material that passed through as2&de
during elutriation of the adjacent core samflearse fractions of samples (material retained on
a 1 mm sieve) were processed in their entiféitye fractions (material <1mm retained on a 250
em sieve) were someti mes s uldnkanspittered up to 1/ 8
We removed all mcroinvertebrates from samples and identifremst togenususing Merritt et
al. (2008). Some neimsect groups were identified to order and Chironomidae (Diptera) were
classified as noifanypodinae or Tanypodina@ody length (carapace length for crayfish) of
each individual was measured to the nearest mm. Macroinvertebrates were assigned to functional
feeding groups based on Merritt et al. (20@&undance (density) was estimated by correcting
numbers for the area of tesampling deviceBiomass was estimated using lengthass
regressions following procedures of Benke e(k899) Seasonal values of taxa richness,
Shannon diversity (HO®), and an EPT index (num
Trichoptera taxa) wereatculated for each Osage stream based on samples collected over the

entire study period during that season.

17



Amphibians

Amphibian sampling occurred every two weeks from February to June 2011 at Konza
and Osagé¢7 sampling periodsWe capture@mphibians sing a variety of methods to increase
chances of capturing an array of spedigght small, Promar© minnow traps were left floating
in each stream 180 hr to capture tadpoles and swimming adults. Two coverboard arrays (1
array = 16 boards) were randonpliaced within the riparian zone (within 7 m of the channel).
The boards (61cm x 61 cm x 1.25 cm [Heyer et al. 1994]) were arranged in 2 rows, with all
boards ~61 cm from each other. Once captured, we recorded species, sex, age class or Gosner
Stage (Gosned960), and snowtent length. We conducted timed auditory surveys to estimate
the number and species composition of calling anurans. We spent 5 mirittesats 2, 3, and
6 between 16:00 and 18:00, and recorded sounds according to an amphibianncighrigr
each species: (1) distinct, individual call; (2) distinct individual calls with overlap, and (3) full

chorus (Dodd 2010).

Statisticalanalyses

We performed all statistical analysasing the software packag8aS 9.2 (SAS Institute,
Inc 2011)and R 2.14.0 (R Foundation for Statistical Computing, 20&/Bter qualitydata
(except temperature ai@}) required log transformation to meet assumptions of normealidy
macroinvertebrate percentages were arcsine transformed prior to aradydssnthc organic
matter and invertebrates, we examined seasonal patterns on Osage and tested for differences
among seasons with one way analysis of wvarian
significant difference (HSD) test. We used ANOVA and k e y 0 st tbl@mMparater

gualityamong streams and acrastes We usedinear regression to examine relationships
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amongsomevariables. Becaud¢ o n zT&9S dataviolated parametric assumptiongs used the
non-parametric KruskaWallis ANOVA for multiple conparisons to determine if TSS differed
among Konzatreams, anthe nonparametric Kendal tau rank correlation to examine
relationships between TSS and nutrients. We &ed d e -tessdvith Bonferroni correctiorio
examinewater quality before and aftre fire at each streare report median concentrations
for water quality data becausetalavere highly heteroscedasthamphibian data are reported as

raw counts.

Results

Geomorphology anghysicochemistry

Osage streams are fistder, intermittent éadwatersWatershed areas and stream
lengths of the Osage streamsre small with areas rangifigm 19 to 120 ha (Tablg). The
average stream width was 1.52 £ 0.76 m (£ 1 SD) and the average stream depth was 0.08 £ 0.03
m, although there are scatteraab|s with depths up to 0.75 m for amphibian larvae and fish
habitat.The streams flowed year round261Q In 2011, the streams dri@dmpletelyin mid-

June and did not resume flow until December 2@Espite close proximity of the Osage
streams (<1.5 krapart), thegmperatureandO, concentrationsvere significantly different
among all streams (p<0.00ILable 3 and significantly varied with sampling season (p<0)001
Daily O, swings were often largéor example, Stream 1 wasling L™* O, at night ad 10.0 mg
L O, in the day.

At Konza, watershed areas were larger but average discharge was lower compared to
Osage (Table 1}low was documented in May 2009 to rdidne 2009 with a median baseflow
discharge of 0.004 5. Flow ceasedrom June to Neember (at Shane and N2B), and resumed
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in December 2009Vhereas streams Shane and N2B dried in the summer months, stream N4D
had low flow with a median discharge valuedd#03m?* s™. Data from historical records at
Konza show these streamasn bewithout flow for over a year or morer flow continuously

(Dodds et al. 2004), but not during our study.

Chemicalproperties

At Osage, Streams 1 and 2 lgadatertotal nutrient values (p<0.001dndmedians for all
Osage streams were 252 Pg TN and37.1pg L™ TP. There was no difference &ither theTN
concentrations (p=0.472y TP concentration®=0.363 across sampling datehe TN: TP
molar ratio had a substantial range over the two year study (Table 2).

At Konza, TN was not different among watkeds (p=0.104) with a median of 392 g L
! (Figure 2). Btal phosphorusiasgreatestt N4D and Shane (p=0.999), and significantly
higher tharN2B (p<0.001)In December, botiP (p=0.05) and TN (p=0.003)esesevertimes

higher and the TNTP molar ratiovasfive times lower (p<0.001)lotal suspended solidgas

positively correlated to TN (U , 6 whletdieB\STP p=0.

was inversely c-0rR01gk00013Stbrmiflaws Sigsifan(ylhcreased TN
by 12 times (p=0.015), TP kkreetimes (p=0.003) and thus deased TNTP byfour times
(p=0.004).

Between Osage and Konza, base fldwand TPvalues differed among streani$ie TN
wasgreaterat Konza (p=0.003), whereas TP vgmeaterat Osage (p=0.004). The TNP molar
ratiowas three timegreaterat Konzathan Osage (p<0.001) (Figure 2).

At Osage, inorganic nutrients were highly variable temporally, even at baseflow (Table 2).

Ammonium (NH;") concentrations did not vary by site (p=0.828) or following fire (p=0.829).
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Ammoniumincreased with storm flow (p=0.0p(Table 2), yet was not associated with stage
heightwith multiple changes in dischar@e=0.417) nor correlated with TSS%®.04). Similar

to trends with TSShevarianceof NH;" increased greatly with stage heighhe ®luble

reactive phosphorus ($fr concentrations did not vary by site at baseflow (p=0.554), but did
increase approximatebightfold during stormflow events at each site (p<0.001) (Table 2).
Nitrate (NGQ') concentrations varied spatially at the Osage streamsSwgams 1 and 3 hawy
slightly higher values (p=0.019). There was no obvious seasonal trend at baseflow. Stormflows
increased N@ (Table 2) but was not affected kstage height (p<0.001).

We monitored the fire effects at both sites (inorganic nutrients at Osage, and tota
nutrients at Konza). At Osagdtmte concentrations decreased fourfold following prescribed fire
at Streams 2 and($®=0.015) ancSRP concentrations decreased by half (p=0.C4#)monium
(NH4") concentrationsvere not affected by the fif@=0.829) At Konza (Shane Creek), thieef
reduced TN by 50% and TP by 200% (p<0.001), but increasedFI{p<0.001) by 17 times

because the fire effect was greater on TP.

Chlorophyll a and ecosystem metabolism

Osage benthic chlorophydlconcentrations did not dér among the sistreamgp=
0.111). Prescribed fire positively influenced concentrat{psf.051) 2 weeks following the fire,
but only atStreams 2 and 4vhere we also detected changes in nutrieRi) all streams, the
median chlorophyla concentrabns was0.67ug cm* (Table 2), but demonstratedairly high
degree of variancamongsampling periods and a seasonal trend in concentration (p<0.001).

Chlorophylla wasgreatestn October (p<0.001) with a median of 2.7 pgtrfollowed by
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February (g0.012) with a median of 2.4 pg ¢mThelow-light winter months of November,
December, and January had the lowest median veidaeaverage.4 pg cn.

Osage streams were overall net heterotrophic (GER). Stream 2 was net autotrophic
(GPP >CR) in May 2010, with a net primary productivity (NPP) value of 0.11,g1®d™. GPP
values across sites and time were less variableGRafTable 2). Both GPP ar€R followed a
similar trend in relation to other parameters; both were marginally positesaiglated to

chlorophylla content {?=0.10)but not to nutrients.

Suspendedediments

Base flow TSS values at Osage tended to be low values (<8Xphwith little variability
over sampling periods (Table 2). Increases in TSS from storm flow spanmed ofdnagnitude
(Figure 2).0Osager SSstorm flows were recorded in the months of May, June, August, October,
and December, but thecreases iTSS, ISS, oSS from storm flows did not vary by storm
event (p=0.316) or stage height (p=0.308)grdaterstage heights, the variance of suspended
sediment concentrations increased threefold. The summer and winter months had significantly
greaterTSS concentrations than other periods (p=0.014).

Median values of TSS wesbout tenfold greater at Osage that Kaffagure 2
p<0.001), yet both regions had low values, withogerallmedian of 4.85 mg L. Further,
individual streams at Konza displayed different TS&) =204.05, p <0.001) arfdsage
Streams 1 and Bad higher TS$<0.001). Despite these diffei@s, most streams had
suspended material with approximately 50% ISS and ¥&%. The data from both sites were
stronglyvariableamongsampling periods and seasoihe TSSralues duringtorm flows

increased 42 foldcompared tdase flow TSS valuest both sitegp<0.001).The prescribed
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fire did not significantly influence TSS concentrations (p=0.1&®eks following the fire at
either Osage or Konza, despite sparse vegetaiquosed sojland mean total annual rainfall of

52.8 mm at Osage and 1i0n at Konza

Benthic organic matter and macroinvertebrates

Total BOMvalues in Osage Prairie streams had no significant seasonal patterns. On
average, across streams and seasons, total BOM composition in Osage streams was ~50%
CPOM, ~10% FPOM, and ~40% YPEM (Table 2). Standing stocks of VFPOM in the spring
were ~1.7x higher than winter standing stocks. In contrast to total BOM and VFPOM, CPOM
and FPOM were generally higher in fall and winter compared to spring, but these trends were not
statistically sigrficant.

Average total macroinvertebrate abundance in Osage Prairie streams ranged from 28,000
- 102,000 individuals i, with higher values in winter and spri§able3). Despite a seasonal
trend in abundance, total biomass showed no seasonal paltaaisnvertebrate abundance in
Osage stream samples was correlated with total CPOM in samples (r = 0.38, p=0.005). Total
invertebrate biomass was positively correlated with total CPOM (r = 0.48, p < 0.001) and BOM
(r=0.33, p=0.015).

Taxonomic richess was similar across seasons, but the numled? Dtaxavaried
considerably with season, with highest values in winter and spring (Table 3). Diversity of
macroinvertebrates was lowest during winter. Collegatherers were dominant in terms of
abundane and biomass during all seasons, and collegatrerer contribution to total abundance
was significantly greater in fall than winter and spring (Figure 3). Collditterer contribution

to abundance was also greatest in fall, whereas predators weesthigspring. Shredders and
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scrapers were poorly represented during all seasons. Colid#tet@rs, scrapers, and shredders
had relatively low biomass throughout the year (Figure 3). Colldttierers had high
abundance but low biomass because ttosiggwas dominated by small bodied taxa such as

Ostracoda and Cladocera.

Amphibians

At Osagewe aptured 789 amphibians from February to early June 2011 representing 9
species (Tabl8). Most individuals were American toaByfo americanusn=231) and 8uthern
leopard frog Rana sphenocephala=484) tadpoles. Sonkana sphenocephatadpoles
hatched in fall, overwintered in the streams, and metamorphosed by June, evidenced by their
presence and large size in early February, budls@locumented springreeding for this
species. Similar numbers of amphibians were found in all the Osage streamsSereap6,
which had~6x higher tadpole counts.

Konza streams were primarily dry during the spangphibianbreeding season. We
captured 14 adult amphd#ns representing 2 species from February to June 2011 at Konza (Table
5). The Western Chorus FroBgeudacris triseriatpcalled regularly in Shane Credko
tadpoles wereaught

We found that the calling index was not a strong predictor of breedingssat@ither
ste(calling effort by many individuals didndot
but did allow us to confirm the presence of some species. At Osage, the Crickéidfiog (
crepitans blanchardj Gray TreefrogHKlyla veriscolo), Spring PeepeiPseudacris crucifgrand
Plains Leopard FrodRana blairj routinely called with an index value of 2 or 3 (multiple,

distinct calls or full chorushowever, few or no tadpoles of these species were found (3gable
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Calling varied with tme of night and among sampling periods, probably as a function of weather
conditions and season. By monitoring calling, were able to confirm the presence of the Western
Chorus FrogRseudacris triseria) at both Osage and Konatthoughwe did not capturany

Chorus Frogs.

Discussion

Overall, our results suggest that good water quality, high spatial and temporal variability,
and moderate animal diversities characterize both sites. While there was considerable variation
within sites in many variables weeasured, we compared means and ranges with regional
published reference data to put this data into context and to extend reference conditions
devel oped previously wusing data from Konza al
composed mostly of native piaspecies without rosgrop agriculture, fertilization, or cattle
grazing.Here, we discuss factors that might drive differences and similarities within and among
sites as well as what our data mean with respect to baseline water quality and biotty fiotegri

tallgrass prairie streams.

Sediments and nutrients

Overall, the total suspended solid concentrations were atert#nes greater at Osage
than at KonzaThis difference is probably driven by geology (deeper soils at Osage) as the larger
watershed at Konza are subject to storms of similar intensity (although annual precipitation is
less; Table 1) to those at Osage and have steeper elevation gradients as well, potentially leading
to more intense flooding at Konza. Drier streams often carry momaeed(Dodds and Whiles

2004), thus we expected sediments to be higher at Konza if hydrology was the key factor
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controlling differences among the sites. We fourmbnsistent relationships between TSS
concentration and stage height in our study streamsutA0% of stations in a continental study
demonstrated insignificant exponential relationships between total suspended solids and
discharge (Dodds and Whiles 2004), so our results are not unusual. Storms can account for
disproportionate amounts of annd@S and TP loads in streams (Banner et al. 2009), and our
study was able to capture this trend across multiple storm events.

Relatively low nutrient concentrations in our study streams could be due to low inputs
and/or high retentigrand is reflected iextremely low chlorophyll content. The study streams
may be P limited relative to N as indicated by deviations from the Redfield ratiof@idolar
ratio of 16:1). However, Konza has a median TR:molar ratio of 68:1, and experiments
showed cdimitation of autotrophic periphyton in those streafiarnk and Dodds 2003phnson
et al. 2009). By comparing benthic chloroptgllTN, and TP concentrations to the range of
reference values from Dodds (2006) we could classify our streams as oligotrophic from mos
sampling periods; occasionally TN values would increase to mesotrophic status, and TP values
spiked into eutrophicatiofor reasons we could not account.féhe high variatiommong
sampling points and season demonstrate the importance of gatheripdensalinples to
determine stream conditipand verifies that nutrient criteria should be set on means rather than
individual sampling events.

Baseflow nutrient and TSS concentrations are considerably lower than most other
streams in the ecoregion whiahdergo intense agricultuteropland or grazingBaseflow TSS
concentrations in our study streams were lower than 70% of all the continental U.S. streams
studied by Dodds and Whiles (2004) and lower than 87% of IsarghMissouri streams

(Winders2010),likely due to the agricultural and other watershed disturbances surrounding most
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streams in these states. Nutrient values in these tallgrass prairies were orders of magnitude lower
than median values for converted, agricultural streams. Konza and Odde hianes lower
median TN concentrations, anthetimes lower TP concentratiofiodds et al. 2009), almost

certainly because dimited agricultural and urban inputs.

Metabolism and producer biomass

Osage Prairie streams had low GPP, relatively migke and thus a negative NPP.
Gross primary production could be low because of low nutrient concentradaiisofland et al.
2001), and perhaps light limitationehe GPP,CR, and NPP ratest Osageompared to those
reported in Konzabdsalst rzdams (a@Brtioen he range
values from Dodds (2006), Mulholland et al. (2001), and Bernot et al. (2010). However, Konza
often demonstrated fluctuations between strong heterotrophy and weak autotrophy (Riley and
Dodds 2012)whereas Osageas consistentlpet heterotrophic. Interestingly, despite low GPP
and low chlorophylh values, these streams were often crowded with algal mats and filamentous
algae.Canopy cover from small shrubs and tallgrasses could overhang acdphteght,
limiting algae in reaches with canopy closure where we sampled. Alternatively, in areas with
open reaches and high light intensity, photosynthetic efficiencies and chlorophyll pigment
content can be lowered from either low synthesis or celldarage (Beale and Appleman,
1971; Neidhardt et al. 1998).

Stream 2 at Osage physically resembled more of a wetland habitat and was functionally
different than the other streams in several ways: higher TN and TP, pbstiR/digher
sediment concentratis, higher CPOM and BOM, higher temperatures and greater diurnal

swings ofO, concentrationsWe consider this a wetland stream because it was in a flat area, had
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heavy emergent macrophyte growth around the edges, and very low water vélosiyetlard

stream was the only Osage stream to exhibit a net positive NPP, likely because it lacked any
canopy cover and had greater nutrient concentratidns.wetland stream had the highest

nutrients and sediments, but values were still low when compared tmstieaining cropland

(Dodds and Oakes 2004; Dodds et al. 2009). Wetland prairie streams were probably historically
common in mesic regions of the USAut many have been draingualough extensive

development of agricultural tile drainalgecause of theinstability for crop production (Samson

and Knopf 1994). Although this is only a single stream, our fdata this stream type broadens

our concept of baseline ecosystem structure and function in streams encompassed by tall grass

prairie

Fire effects

Interestingly the prescribed fires had effects on nutrients and algal biomsssat
streams aDsage and Konza; fire decreased SRP ang tt@stically whileslightly increasing
chlorophylla content.The tallgrasses typically often overhang and shade th&sow stream
channels, but following fire the vegetation is removed; a possible mechanism to explain the
nutrient reduction following burning is algal growth and nutrient uptake in response to increased
light availability. Priordata from Konza showedadest increases in nutrients following fire at
the scale of days and years (Dodds et al. 1986} the effect of fire on nutrients is not clear. In
forested ecosystems only moderate effects of fire on stream nutrient chemistry have been noted
in the shaot-term (Richter et al. 1982), although longer term nutrient increases may be seen
following fires (Minshall et al. 1989), consistent with results on Koh#tarestingly, these data

showno change in stream TSS concentrations following fire;singortsa former study on
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Konza that suggested burning did not significantly increase sediment loss or overhand flo
the landscape (Duell 199@ven thougtprairie burning removes most vegetation biomass and
exposes soil for weeksttle upland soil(which includes both TSS and bound nutriems)

removed and transported to streams via overland flow.

Fauna

Macroinvertebrate commuras inOsag streams were similar in functional structure to
those reported from headwater streams on Konza in the westerhahttentallgrass prairie
(e.g., Fritz and Dodds 2002, Stagliano and Whiles 2004, Whiting et al. 2010). One of the more
notable patterns of functional structure in the Osage streams was the general lack of shredders,
which conceptual models of stream ¢ooa suggest should be abundant in headwaters (Vannote
et al. 1980). The general lack of shredders in Osage and other grassland streams is likely linked
to the lack of forest canopy, which reduces allochthonous inputs and enhances primary
production compad to forested headwaters. This lack of shredders suggests that grass is not
adequate to support shredders or only small amounts of grass litter actually enter the stream
channels. Ongoing forest expansion, which is linked to fire suppression and otlagr hum
activities (Briggs et al. 2005), in many remaining tallgrass prairie riparian zones may alter the
unigue functional structure of these headwater streams.

Our results and prior investigations indicate polluwiciolerant taxa (e.g., EPT taxa) are
notabundant in headwater tallgrass prairie streams compared to similar sized streams in forested
regions. For example, Wallace et al. (1996) reported EPT of ~26' tod#r streams in the
Appalachian Mountains, which is substantially greater than our dla@skge streams. Tallgrass

prairie headwater streams are generally intermittent or ephemeral, and the harshness is likely
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linked to lower EPT and overall taxonomic richness compared to headwaters in wetter regions
(Fritz and Dodds 2005). However, some réegof hydrologic disturbance may enhance regional
diversity, and many taxa we encountered in Osage streams are adapted to hydrologically variable
habitats (Fritz and Dodds 2004, 2005).

Total macroinvertebrate abundance in the Osage streams was mueh grestme
cases an order of magnitude higher, than estimates from Konza Prairie studies that used the same
mesh and sieve sizes (Stagliano and Whiles 2002, Dodds et al. 2004, Whiting et al. 2011).

Higher invertebrate abundances in Osage streams malatedlr® high organic matter standing
stocks; BOM estimates from the Osage streams wdrrdes greater than estimates from

similar studies on Konza streams (Stagliano and Whiles 2002, Whiting et al. 2011); positive
relationships between stream inversbrabundances and benthic organic matter were evident in
Osage streams, and have been documented elsewhere (Minshall 1984, Walther and Whiles
2011).

Macroinvertebrate seasonal patterns that we observed are consistent with other studies of
temperate zonkeadwater streams (e.g., Robinson and Minshall 1986). Many temperate zone
stream biological assessment efforts focus on late winter and early spring because
macroinvertebrate abundance, biomass, and richness are greatest at this time (Gibson et al. 1996,
Barbour et al. 1999). This pattern is a function of the typical univoltine life cycles of many
stream insects, whereby individuals develop in the water frorsgalhg and then emerge as
adults in springsummer. Our results suggest that biological assastsnthat focus on late winter
and early spring sampling periods will capture greatest abundance and diversity for tallgrass

prairie headwater streams.
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The two sites varied considerably in amphibian abundance and diversity during the
breeding season8mphibians ue theserairie streamsas indicated by the array of species
(n=9) capturecnd spring and fall breedjrat Osage Prairiéictivity at Konza and Osages
Stream 3 was likely discouraged Hgy conditions at these sitdsiring the breeding seasoWe
foundthatusing a variety of techniqugsarticularly stream trapping ardiral surveysincreased
the number of species detected. The numbers of frogs we capturedaaiddashighly variable
in space and time, andis was likely related to vaiglity in prevailing conditions during
surveys(Dodd 2010). Thus, if proper sampling techniques are used over multiple sampling
events, amphibians could be an important monitoring tool for tallgrass prairie streams. Given the
variability we found use ofamphibiandor bioassesments oprairie streamss not
recommendednless repeated, intensive samplinteasible

Small streams draining tallgrass prairie may be particularly important for maintaining
amphibian populations. Many developing amphibiaesvalnerable to predation by fish, and the
small streams draining prairie are simply too small and intermittent to maintain substantial
densities of predatory fish. Given the greater abundance of amphibians at Osage, loss of tallgrass
prairie habitat in wtter regions will likely have a greater negative impact on amphibians than in

drier areas that are simply not able to support high amphibian abundance and diversity.

Implications for conservation

Our results should be viewed with sonsition becausdarmct comparisons of streams
from the two areas are complicated by a number of factors that make it difficult to ascribe
mechanisms tthedifferencesobservedetween the sites. Geology, precipitation, biogeography,

and prairie management all iedt acrosghe sites. Osage has lower topography, deeper soils,
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smaller watersheds, substantially more annual precipitation (and subsequently higher discharge
yield per unit arelgand occurs in an area whaeve would expecanimal diversity igo be higher
because o strong precipitation gradient between sites (PRISM 2011). Osage also has a history
of haying rather than burning and grazing, making it representative of many current prairie
conservation areas, but different from historical conditions likely domirtéxirning and

grazing. We did observe highdiversity and higher relative abundaneéh amphibian

sampling at Osage compared to Konza, likely due to more hospitable halbitidito greater

rainfall and stream discharge necessary for amphibian bgeediur comparisons between

Osage and Konzas well as among streams within each six@and the range of values

representative of catchments draining tallgrass prairie.

Conclusios

We examined unplowed, intermittent headwater streams in more mesitausht
Osage Prairie, MO) compared to Konza, the site with most availablerd&égrass prairie
streamsFew characterizations of spatial and temporal variability of water quality and ecosystem
processing rates have been published for mesic tadlgragie streams or wetland prairie
streams. Descriptions of fundamental ecosystem characteristics in new regions are crucial for
comparisons of water qualjtgtreammetabolismand communitied guide management
activities. Despite the surprising varée in chemical and biological properties in these streams
over small spatial scales, this study suggests that good water quality, moderate heterotrophic
condition, and occurrence of some sensitive animal species are common traits of tallgrass prairie

streams.
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Figures

Figure2.1 The historical range of tallgrass prairie in the United States is shade@tepkyted
from NERP 2007)The stars indicate our study sites (Osage and Kavizede the entire

watersheds are encompassecdhatjvetallgrass prairie.
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Figure 2.2 Boxplots (on log scale) comparing the values of total nitrogen (A), total phosphorus
(B), total nitrogen: total phosphorus molar ratios (C), and total suspended solids (D) from Osage
Prairie, MO and Kinza Prairie, KS. The sites were statistically significant from each other in

each parameter, yet both sites typically display low vallies.Great Plains Grassland and
Cultivated values are EPA Ecoregion, Level 1 criterion, and the Great Plains C 8&wallies

were obtained from Dodds and Whiles (20@bth sites fall within EPA Ecoregion Level 1, the

Great Plains.
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Figure2.3 Habitatweighted averagabundnce and biomass of macroinvertebrate funation
feeding groups across three seasons at Osage Prairieyii§20092011 (nine sample dates).
Seasons are categorizedfadl: (SeptembeiNovember), winter (Decemb&ebruary), and spring

(March-May). The summer (Jur&ugust) had no flow, so samplesneenot collected.
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Tables

Table2.1 Summaryof the watershed and stream physical characteristics of tallgrass prairie
streams at Osage Prairie, MO and Konza Prairie, KS, USA. Numbers in parentheses represent 1

standard error.

Osage Konza

Average temperature range (°) -7.21 32 -2.71 26.6

Strahler stream order 1 3

Stream slope (%) <0.01 0.02

Hydrologic system type Not flashy, intermittent Flashy, intermittent

Dominant substrate type Silt and vegetatior Cobbles

Burn interval (years), range 35 1-4
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Table2.2 Summary statistics for 6 headwater streams on Osage PvédidJSA, from 20092011 (baseflow sample size=99;
stormflow sample size=51)An asterisk (*) indicates stormflows significantly increased the median value (p<0.05), whereas blanks

indicate no stormflow samples. Organic matter values are hamtghted.

Baseflow Stormflow

Range Median Range Median
Nitrate (ug L)* 0.4-121 7.7 7.7- 657 42.6
Ammonium (pg L™)* 7.3-228 15.3 1.7-1083 22.4
Soluble reactive phosphorus (ug L)* 0.4-31 5.1 1.9 -554 40
Total suspended solids (mg 1)* 1.1-7.8 4.8 7.8-2979 34.5
Inorganic suspended solids (md. ™)* 0.2-33.5 2.6 2.8-85.2 24.9
Organic suspended solids (mg £)* 0.3-56 1.8 1.8-85.2 9.6
Coarse particulate organic matter (g AFDM ni?) 15- 3192 663
Fine particulate organic matter (g AFDM m™) 2-1286 183
Very fine particulate organic matter (g AFDM m?)  14- 3959 531
Total benthic organic matter (g AFDM m?) 96 - 4906 1373
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Total nitrogen (ug L™) 100- 803 252.8

TN: TP (molar ratio) 5-102 26

o
1
o
o
N

Gross primary production (g O, m~d™) 1

o
©

Net ecosystem production (g @m™d™) -7.4100.1 -

o
-

Dissolved oxyger(mg L™) 0.2-12.8




Table2.3 Macroinvertebrate community characteristics in headwater streams at Osage Prairie,
MO, USA during 2002011. Values are habitateighted averages for samples frontily

streams. Numbers in parentheses represent 1 standard error. Across rows, values with different
superscript letters are significantly different (p<0.05). EPT is the number of taxa within the

orders Ephemeroptera, Plecoptera, and Trichoptera.

Fall Winter Spring
Abundance (no. nv) 28020 (1117 102065 (3482) 71841 (2342
Biomass (mg AFDM m?) 3656 (234) 8306 (439) 13121 (1380)
Shannon Diversity 2.0 (0.02%° 1.8 (0.02) 2.1 (0.01%
Richness 28.0 (0.1) 31.0 (0.3) 30.9 (0.2)
EPT 3.6 (0.3§ 8.1 (0.2 6.3 (0.1%
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Table2.4 Survey data from 6 tallgrass prairie streams on Osage PRM@ieUSA in spring 2011 (7 sample periods)d3 streams on
Konza Prairie, KS, USA in spring 2011 (7 sample periods). dbktlof capture included cover boards, minnow traps, and netting.
Calls were recorded according to this index: (1) individual ca¢mfltiple individuals calling butalls distinct and (3) full chorus

(Dodd, 2010. Blanks indicate no captures.

Osage Konza
Common Name Scientific Name Adults Tadpoles &  Call Index Adults Tadpoles & Call Index
and Larvae and Larvae
Juveniles Juveniles
Cricket Frog Acris crepitans 2 3 13
American Toad Bufo americanus 2 231 1,2, 3
Gray Treefrog Hyla versicolor 1 3
Spring Peeper Pseudacris crucifer 1 2,3
Western Chorus Frog Pseudacris triseriatg 1 2,3
Bullfrog Rana catesbeiana 1 1,3
Southern Leopard Frog Rana sphenocephal 8 534 1,23
Plain's Leopard Frog Rana blairi 1 2 1
Small-mouthed Salamander Ambystoma texanur 8 N/A
Total 15 774 14 0
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Chapter 3 - Blazing and grazing: influences of fire and bison on

tallgrass prairie stream water quality

Larson DM, Grudzinski BP, Dodds WK, Daniels M, Skibbe A, Joern A. (2013
Blazing and grazing: influences of fire and bison on tallgrass prairie stream water

quality. Freshwater Sciencé2(3), 779791.
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Abstract

Fire and grazers (such Bsson bisoh were historically among the most important agents
for maintaining and managjrtallgrass prairiehut we know little about their influences on
waterquality dynamics in streams. We analyzed 2 gath ontotal suspended solids (TSS),
totalN (TN), and totaP (TP) (3 samples per week per stream during flow) in 3 prairie streams
with fire and bison grazing treatments at Konza Prairie Biological Station, K@hSA$, to
assess whethdéire and bison increase the concentrations of these \gqatdity variables. We
guantified the spatial and temporal locations of bison (~0.21 animtalha)with Global
Positioning System collaend documented bison trails, paw patches, wallows, and naturally
exposed sediment patches within riparian buffers. Three weekfirpo3iN and TP decreased
(t-test,p < 0.001) but TSSdid not changeBisonspent<6% of their time within 10 m of the
streams, increadg¢he amount of exposed sediment in the riparian aseasavoiédwooded
mainstem branches of stread fest,p < 0.001). Temporal trends suggest that low discharge or
increased bison density in the stream may increase TSS and TP during the summer months. Our
results indicate a weak connection between TSS and nutrients with bison access to streams over
our 2-y study and indicate that low TSS and nutrients characterize tallgrass prairie streams with

fire and moderate bison densities relative to surrounding land uses.
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Introduction

The tallgrass prairie ecosystem possesses historical and intimate conneittidime
and bison (Bison bison), so both should be studied when considering drivers of prairie stream
ecosystem properties. Grasslands worldwide have coevolved with herbivores. In the Great Plains
region of the USA, prairies have most recently evolvél ®ison bison, the North American
Bison (Stebbins 1981). Bison herds of &0 million were recorded by early settlers in the Great
Plains, but by 1830 the species was near extinction because of hunting (Flores 1991, Shaw and
Lee 1997). Strong fiiggrazing interactions in grasslands result in shifting mosaics of vegetation
structure and quality through a series of recursive feedbacks (Fuhlendorf et al. 2009, Allred et al.
2011a), but how these feedbacks influence aquatic ecosystems is not well understood.

Prairies in regions with sufficient moisture to support trees are maintained as grasslands
by a regular fire disturbance regime that enables grasses to thrive and eliminates or reduces
woody plants (Stewart 1951). Surprisingly little research has beératidito fire effects on
tallgrass prairie streams despite a recurrence interval of 1 to 10 y (Abrams 1985). Fire can
decrease soil wateénfiltration capacity and remove ground cover, which can lead to increased
overland flow and soil erosion. In highlief forested ecosystems, debris flows and high
sedimentation have occurred following wildfire (Meyer et al. 2001, Moody and Martin 2001,
Smith et al. 2010). Nevertheless, a study at Konza Prairie in Kansas (USA) suggested that
burning did not significanglincrease sediment loss or overland flow on the landscape (Duell
1990). Dodds et al. (1996) found that total N (TN) and N@hcentrations in the water column
increased as a function of number of days and years after fire in tallgrass prairie. Hdvegver, t

also found that N transport was related primarily to stream discharge. We are aware of only one
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study of stream sediment dynamics following fire in tallgrass prairie (Larson et al. 2013), and the
nutrient trends in the literature are still unclear.efft prairie burn, large ungulates increase
their time spent in burned areas (Daubenmire 1968, Vermeire et al. 2004). Thus, the presence of
bison on burned ground could lead to interactive effects of fire and grazing on water quality.

Bison may affect wateguality by their movement across the landscape and within
creeks. Streams can be natural pathways for animal movement (Butler 1995). Animals tend to
avoid traversing steep slopes and prefer to travel on gradually sloping terrain (Bruggeman et al.
2008),such as near flood plains and valley bottoms. Bison create well established stream
crossing trails that can alter habitat by widening the channel and increasing the silt fraction of
substrates, especially during storm flows (Butler 1995, Fritz et al. 1988pling through
streams could lead to sediment and nutrient suspension.

Other bison behaviodsgrazing, foraging, wallowing, and pawing (a term that refers to
intentional soil disturbance with hoovésinay affect water quality if the effects of these
adivities are functionally connected to streams by hillslope transport pathways. These bison
behaviors increase bare ground and potential for sediment delivery to stream channels (Kondolf
1993, Greenwood and McKenzie 2001). Bison wallow regularly for measons, including
shedding, rutting, group unity, itching, removing ectoparasites, and thermoregulation (McMillian
et al. 2000). Wallowing can create patches of bare and compacted soil susceptible to erosion.
Bison urinate in the wallows for either ruttinggroup cohesion, and this behavior could
increase NH4+ and TN in the wallows and streams. Bison also paw large patches of soil adjacent
to stream banks, perhaps to obtain minerals. All of these actions could increase sediment and

nutrient input into seams.

45



Objectives

Despite our increasing knowledge of the importance of fire and grazing in terrestrial
grassland ecology (Knapp 1998, van Langevelde et al. 2003, Archibald et al. 2005), little
research has been done to investigate the influence, inclsgtiingent and nutrient export
dynamics, of fire and bison on prairie streams. Thus, the primary objectives of our study were to
assess whether relationships exist among tallgrass prairie stream concentrations of total
suspended solids (TSS), total N (Tihd total P (TP) and prairie burning, bison grazing, and
areal extent and type of bison effects near the stream from pawing, wallowing, and development
of stream trail crossings. We quantified the proportion of time bison spent within watersheds and
the rparian zone with data from Global Positioning System (Gfe8ared bison. We compared
watersheds disturbed by bison and fire with reference watersheds and watersheds dominated by

rowi crop agriculture in this ecoregion.

Methods

Stream descriptions

We studed 3 headwater intermittent tallgrass prairie streams on Konza Prairie Biological
Station (KPBS) in northeastern Kansas, UgA39°5'55.65"NJong 96°36'19.91"W; Fig. 1).
The KPBS is a large tract of unplowed, native tallgrass pr@4ie7 hajthat isowned by the
Nature Conservancy, managed by the Division of Biology at Kansas State Universjparaofl
the Long Term Ecological Research (LTER) network. Ivan soils (4051 Ivan Silt Loam) dominate
floodplains and are characterized as daegpmoderatelywell drained with numerous rock

fragments (Oviatt 1998). The stream substecatgsistanostlyof limestone and shale rock
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fragments, and limestone bedrock is exposed in short segméehéstkeams.

We acknowledgéhat ourstudy lacks replication at theatershed scale anocludes
pseudoreplicadwater samplesNe were able to monitor only 2 bisgmazed watersheds and 1
control (no bison grazing) watershieelcause othe rarity of headwater streams grazed by bison
(and without other conflicting upstredand uses, such as rewop agriculture). Furtherore
all of the watershedsave beeminder different burn regimes for the last 15 y. All 3 study
streams (Shane, N2B, and N4D) are characterized by native tallgrass prairie uplands and
discontinuous ripaain gallery forests with minimal human influence other than prescribed fire
and bison management that mimics histriallgrass prairie conditions (Knapp 1998hane
Creek was ungrazed, wreasison have grazed at Kings Creek (subwatersheds N4D and N2B)
since May 1992 at0.21 animal unit¢AU)/ha. Bison graze freely among watersheds N2B and
N4D and several other surrounding watersheds year round and are minimally managed (i.e., no
supplemental water and only rarely winter fed). Prairie burning in thetsheds occurs in
March or April at different fire intervals. The Shane Creek watershed is burned annually,
wheread\2B and N4D have target burn intervals of 2 and 4 vy, respectively. Watersheds N2B
and N4D were last burned in April 200%eforewater cdlections), and the Shane Creek
watershed was burned in 2010 (during water collections) (Table 1).

We manually delineated and measured watershed attrisutdsas watershed area,
longitudinal stream slope, stream sinuosity, floodplain area, and flooddge (Table 1)

ArcGIS (version9.3, Environmental Systems Reseatohtitute, Redlands, Californiajve
digitized dsreamsfrom a 2m digital elevation model (DEM) based on the curvature of the stream
morphology from the point of water sampling te {oint where the streams terminated into

hillslope.We calculateddngitudinal stream slope as the difference between the high and low

47



points of the streams divided by their lengimdwe calculatedinuosity as the length of the
streams divided by theraightline lengthsWe digitized foodplain areas from the DEM as the
flat area adjacent to the stream chanv&d. used thalopetool in ArcGIS to calculatehe

average floodplain slop&/e usedan interactive supervised classification method in Arc8IS
guantify woody riparian vegetatioW/e compiled écharge data (Q) for N28nly. We

measured @t 5min intervals at a triangular throated flume. The stage height provided mean,

maximum and minimum daily Q (raw data can be foundhétp://www.konza.ksu.edu

Total suspended solids

Beginning May 2009 and ending September 2@d¢collectedl'SS from each stream 2
to 3 timegwk when streams flowed®e took smples from the same location at the base of the
watersted just above the weirs every sampling perit/é. sampled from the center of the
channel in a location where water wal€) cm deepith care not to disturb benthic sediments at
or upstream from the sampling location. If bison were in the water upstrem sdmpling site
at the time of samplingye notedheir presence. We also documented stormflow conditions,
defined as an increase@(of any magnitude) following a precipitation evee analyzed and
calculatedT'SS, volatile suspended solids (VSS)J aotal inorganic solids (TISjccording to
ESS Method 340.2 (USEPA 199YYe also dried and weighed filtea" time to ensur¢hat
hydration did not confound results. Rewetting and redrying of multiple samples ysdléled
change in the measured masshss procelurewasdiscontinuedafter the first few months of

sampling.
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Nutrients

We collected vater samples for nutrient analyses from the same locations as TSS in acid
washed bottles 3 times weekly from May 2009 to September. 20&&tored sampledi 30°C
until analysisWe analyzed unfilteregtream water for totdll (TN) and totalP (TP)
concentrations by a persulfate oxidation method (Ameel et al. 1983)licatewith an O}
Analytical Flow Solution IV autoanalyz€0.l. Corporation, College Stan, Texasynd

averaged values.

Exposed sediment patches

We quantified the areas and slopes of all exposed sediment patches within 10 m of the
stream channel to account for differences in potential sediment delivery to thebcessible
streams N2Brd N4D.Both watersheds were walked from the point of water sampling to the
point upstream where the visible channel terminated to hillslope in 2010. Exposed sediment
patches within 10 m of the channel (irgparian zone) were grouped into 3 soucaéegories: 1)
bison wallows, 2) bison pawed patches, and 3) natural bare banksAF{g). 2vallows and
paw patches are bisaraused exposed patcteesd havalistinct identifying features. Wallows
are circular depressions on low sloped terrain, and ptohgmare typically on benches, have a
distinct break in slope with the stream bank, have hoof markings, and are connected to bison
trails. Naturally bare banks are defined as exposed patches above bankfull and ciliavarks
in-stream exposures fromater erosionBare banks are likelyp benatural and not bison
induced butheavy trampling may increase the number and area oblaalepatches. The
criterion we used for measurement Wilis6 x 0.6-m area with<40% cover by stabilizing

vegetation or laye rock. We marked patch locations via GPSraedsuredrea and slope for
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each exposed sediment pataith survey tape and a digital level. We counted the number of
bison crossings at N2B and N4D and marked their location using GPS. The crossings were

se@rated into mainstem (&3rder stream sectiomndtributaries (<&-order stream sections).
Fire

We continued triweekly sampling 8SSand nutrients before and after a prescribed fire
at Shane Creek dhMarch 2010. We used rainfall data obtainedrfra rain gauge stationed at
the headquarters of KPBS dgssessvhether rairfall occurred within the 3 whfterprescribed

burns(raw dataavailableat: http://www.konza.ksu.edu

Bison locations

Between 2008 andd20, the Konza bison herd averaged 3&1beforecull and
decrease to 290 £19 individualsaftercull in early NovemberWe chose 8% subset of
matriarchal females for yeaound trackingria Telonics® GPS collar(accuracy = ~4 m;
Telonics, Mesa, Ariana)set to recordiata at 2 h interval¥Ve mapped and analyzeton
locationdatain ArcGIS to identify the overall density and frequency of bison within 10 m of the
streams in both bison watersheds andescribeemporal dynamics of riparian use Inetbison.

We normalized dta for area within each watershed.

Statistical analyses

Statistical analyses weran in SAS (version9.1.3 SAS Institute Inc, Cary, dtth
Caroling and R(version2.1.3 R Development Core Team, Vienna, Austria), with add#éiarse

of the R packagesegan(Oksanen et al. 2011BjodiversityR(Kindt and Coe 2005kar (Fox
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and Weisberg 2011¢oin (Hothorn et al. 2006), arldbdsv(Roberts 2010). All statistical
outliers (1= 6; defined a£B standard deviations from the meanjseduring stornflow or
when bison were in the stream while weresampling. We removetthe outliers and repeated
theanalyses, but trends were consistativeeranalyses wittand withoutoutliers (data not
shown), so weeport results with outliencluded to providéhe most conservative estimates. We
report median sediment and nutrient concentrations because rare events (such as storms and
bison in the streams while samplingdteadisproportionate effect on the mean.

The TSS data violated assumapis of normality and equal varian¢ges weanalyzed
them withnonparametric testtn an analysis of temporal autocorrelatiowefound no statistical
correlation after 4 wk, sove blockedd at a by month (roughly 4 wk) .
(nonparametc analysis of variance with repeated measures with data blocked by month)
followed by a post hoc MaiilVhitney U test with Bonferroni correction test whetheSS
TIS, VSS, and VSS:TIS varied among the 3 watersheds (2 grazed, 1 ungiéegaoled dat
fromallstreamsands ed Kendal | 6 s aSsesswahetker IS8, V8BS TIRandon t o
VSS:TISwere correlated withutrients, discharge, rainfall, stormflow evemsbison presence
in the streanduringsampling. Waused MannWhitneyU tests to asess whetheFSSincreased
in the 3 wk posfire (after 3 wk,regrowth of grassesoversthe bare soil) and whether the areas
and slopes of the exposed sediments (natural and-inidoned) differed among watersheds.

Nutrient values required l@g)-transbrmation to meet normality assumptiok$e used
1-way analysis of variancBANOVA) and a post hoc Least Squares Differe{t&D) to test for
differences in nutrient concentrations ametgamWe usedSt u d etest t0 svaluate
whetherfire altered ntrient concentrations.

We u s ®egdodreesoéfit test to compare the amount of time bison were present in the
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tributaries vs mainstem branches and riparian vs upland locations between the 2 grazed
watershedsWe also used & goodnes®f-fit testto indicate which watershed characteristics
(e.g.,floodplain slopeTable 1) differedbetween watersheds

We used princigl component analysis (PCA) to illustrate the relationships among the
response variables and to assess the similarities and differenmeg @ 3 stream$Ve used
TSS, VSS:TIS, TN, TP, and the TN: TP molar rasoresponse variabléd/ealsouseda
multiple linear regressiowith log(x)-transformation to determine if stormflow, bison presence
in the streanduringsampling, and fire explag@d significant amounts efriation in TSS, TN,

and TP.

Results

Total suspended solids

TSSdifferedsignificantly among the stream&{;; = 204.05,p < 0.00% Table 2, Fig.
3A), but not between grazed and ungrazed waterdneeksn rank by watershed340for N4D,
172 for Shang¢ungrazedl and 106 for N2B)MedianTSS values were Xgreater at N4D than
atthe other 2 streams (FigA3 Thesedifferences among the streamsre consistent fovSS
(G%2q1 =145.67 p < 0.001)and TIS( %qr = 240.87 p < 0.001), and VSS:TIS6%q: = 200.45p <
0.001).TSS concentratiomcreased 10at N4DduringJuly to November wherthe other
streams were dry (FigAi C). We removed the TSS ddta the dry months and reran
Fr i e dma naéssss whethd@SS differed amag streams during the months with flow and
still detected a-10xdifferenceat N4D (6%qs = 226.38p < 0.001).However, TSS was generally
5xgreater when bison were 0.037pa0803sTable@)aan dur i ng

the linear modell SSa Stormflow + BisonPresence + FitthevariablesStormflow (b = 3.65,
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t470=8.736,p < 0.001) andBisonPresencéh = 0.93,t471 = 3.125,p = 0.002) were significant
predictors, buFire was not. The total amount of variance explained by this model wa%17.5

At N2B, daily mean Q wapositivdy correlaed withT S S @1d46p=0. 02) ,= VSS ( (

0.15Qp=0.02)and TI103523p30=01), but MAGPVELY):TsSvEas ( U =
positively correlatedwith small rainfall events <24 mm/fd U0.1:84, p < 0.001) and larger
stormflow rain @&6&p<t0001rQ@wWla smnt/odr r(el a=t e@254vi t h ma
p = 0.006)and increasettom January until JulyThis increaseorresponddto an increasing

trend in TSS (FigdAi C). N2B and Shane @ek had no flow from Julyp October 2009.

Nutrients

TP concentrationdid not differ between N4D and Share=0.999), bufTP inbothwas
higher than ilN2B (p < 0.00% Fig. 3B). TN concentrationdid not differ among streamsg €
0.104 median= 392 y/L; Table 2, Fig. ). Bison presence in the strealaringsampling did
not influenceTN or TP(p = 0.574). Stornflows increased TN 22(p = 0.015)andTP 3 (p =
0.003) and decreased TN:TR ¢ = 0.004). TSS was positively correlateith T N (0(133p
=0. 036) am3d1pkbB.00(;Big5s. TN:TP was inversely correlatedth TS S i( U =
0.201 p<0.001; Fig5). TP and TN:TP were greater winter (Novembef Jaruary) thanin
other seasonp E 0.004 p = 0.002). At N4D, TP wamarginally greater in summer (Jul
Octobe)) than in otheseasongp = 0.067).None of the variables itélinearregression model,
TN & Stor mfl ow ,was Bsigrsfioant Predic®of N, &nd theemodel explained
only 1.2% of the variance.he linear regressionmodd,P & St or mfl ow + Bi sonF
explained 11% of the variance, agtbrmflowsignificantly increased THhE 2.64,t47: =

61.004,p <0.001), wkeread-ire significantly decreased TB €10.52,t47:=12.419,p = 0.016).
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Expo®d sediment patches

In comparisons oéxposed sediment characteristics between the {gisared watersheds
(N4D and N2B), all values are reported as standardized by stream length. The total amount of
exposed sediment was similar between watersfié¢2i: 0.183 nf/m, N4D: 0.156 nf/m; Table
1). The slopes of all types of exposed patchésot differ in either watershet) = 3693,p =
0.675), had a median of 32°, and ranged from 4° to 85°. For both wateGHeafshe total
exposed sediment area was contribltgbtare banks (Table 1). We analyzed the total amount of
exposed sediment from 200 m upstream of the water sampling locations to determine if high
sediment exposure resulted in high TSS in NMRB: 254m?, N4D: 117 nf). Thus,the
amounts of exposed sediment near the sampling source and throughout the watenshed
driving thelOx difference in TSS between these streams.

The areas of wallows and pawed patches (bisduced exposed sediments)l na
differ from the area dbare banksp= 0.184)becausenany barebank areas were smailhd
some pawed patch areas were large (up to%30Wre counted 8 wallows and 32 paw patches
wi t hi n -M4étRamsidelbOffer, and 10 wallows and 12 paw patchesiwit N2B6s 10
streamside buffer. Watershed N2B had twice as muchofreallows (resulting from more
wallows and larger wallow size) and half as much area from pawed patches (Table 1). At both
streams, wallows were |loglope depression$Z + 1.5%[SD]) and the distance averaged 6 m *

5 m) from the stream bank.
Fire

TSS concentrationdid not increaseuring the3 wk aftera prescribed prairie burn at

Shane Creek in March 2010 € 623,p = 0.901).A total of 51 mm of rairfell from the start of
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the bun (which exposes soil) to 3 wk later (assuming grass reestablishient? rain events

>14 mmoccurred orl d. The fire reduced TN by 50% and TP by 20@% 0.001), but the

TN:TP molar ratio increaseg € 0.001) 1% because theffect offire was grea¢r on TPthan on

TN. The linear regressionmod&,P & St or mf | ow + aBdshowedfhefiees e nc e +
significantly decreased TB €10.52,t47:, =12.419,p = 0.016). Despite the immediate

consequence of burning, the burn intervals of 1, 2, and 4 y did not substantially alter TSS
concentrationdN4D had the highest TSS concentrations but the longest burn interval (4 y).

Shane Creek had an annual burn interval, but low TSS and similar nutrient concentrations

relative to the less frequently burned watersheds.

Bison locations

Bison were observed mohequently in the streamiuring samplingdf N4D (n = 7) than
of N2B (n = 1). Bison wereobservedn the streanduring samplingmmediately above the N4D
sampling site during June, July, and Auguattime which sediment concentrations and TP
spiked and thether bisoraccessible stream, N2B, was dry (F4\, B). This finding also
corresponds with the GPS data,iethshowed thabison were observed4noreoftenin N4D
than N2B during these months (Table 3, Fig. 6). However, bison presence in the ripéigan b
was8x higherin December, January, and Februtngn in other month@ig. 6), a time when
TSS concentrations were lowestdnutrients were highest.

Trends in the locations @PScollared bison were consistent across years sampled and
between watsheds (Table 3). We standardized all GPS data by stream length. Bison were
tracked more often in headwater tributary zones than'fr@d@er mainstem zonep € 0.001).

Bison spent a maximum of 6% of their time in the riparian zone and streanmpataf that
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time was spenin the ripariarzonesof tributaries p < 0.001).In both yearshison spent nearly

2x as much time in N4@s inN2B (p < 0.001; Fig. 7, Table 3). In both stream60% more

wooded vegetationccurred atmainstem brancheabkan atributaries (Table 3)This difference

may account fobison preference. The riparian zones in the bison watersheds makéouf8%2

of the total watershed ardautbison spent only 6% of their time in the-Oriparian zonea

result thasuggests they maye selecting against riparian areas. The density of bison trail
crossings was 48% greater in N2B than N4D. The density of trails at N2B was 0.024 chmssings
of stream length, compared to only 0.@t6ssings/nat N4D. A bison stream crossing was

documengd approximately every 41 m of stream length at N2B and every 67 m at N4D.

Discussion

Our observed effects and discussion points should be considered tentative because our
study design could not include true replication at the primary scale of intedestagrhave
contained confounding factors (i.e., burn regime and other unmeasured watsaieed
differences, such as geology). Fire regime differed in each watershed and potentially confounds
the effects of fire and bison on watguality variables. Pseodeplication occurred when water
was sampled 3 times weekly at the same streams because the water samples were not
independent of one another. However, our analysis of temporal autocorrelation and subsequent
data treatment (i.e., blocking) minimized effet the Fratio. The strength and unique aspect of
our study (e.g., lonterm waterquality monitoring in bisorgrazed watersheds in remnant
tallgrass prairie) also is its statistical shortcoming. Therefore, future studies will be required to
assess furtr the effects of bison on water quality and of other managed ungulates like elk and

cattle on the tallgrass prairie.
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The effects of bison presence and prescribed prairie burning on suspended
sediment and nutrient concentrations appeared minor in th&IsRBly catchments. The small
amount of time (<6%) spent by bison the streams could explain why their effect on TSS and
nutrients was minimal. Bison did increase TSS while standing in the stream and increased bare
soil by wallowing and pawing in ripariamess, but their presence in the watersheds did not
increase longerm sediment or nutrient concentrations when compared to an ungrazed
watershed. The prescribed prairie burning did not have immediate effects on sediment nor did
the yearly interval frequenaof fire. The slight differences in nutrient concentrations among
watersheds cannot be attributed clearly to bison, but burning did temporarily decrease nutrient
levels.

We did not detect a direct effect of fire on TSS, but we did observe a significaease
in nutrients. Prairie burning at Shane Creek and throughout the Great Plains typically occurs
during early spring, a time when precipitation is greatest, and the potential for overland flow is
high because of lack of vegetation. Abay@und biomass completely burned during fires, but
the roots still bind the soil because of stimulated root production (Johnson and Matchett 2001),
making overland erosion unlikely on Konza Prairie (Oviatt 1998). During the 3 wk after fire
when the soil was bare, atively low amounts of precipitation (<16 mm/d) occurred on 7 d. The
prescribed fire at Shane Creek reduced TN 50% and TP 200%, a trend consistent with reductions
observed after 2 other tallgrass prairie burns (Larson et al. 2013). Nutrient reductiohawght
been caused by algal growth and nutrient uptake in response to increased light availability after
burning. We were able to document fire effects only in an ungrazed watershed, so future
investigators should examine whether introduction of grazerdlshfter fire (a common

practice in tallgrass prairie) alters TSS concentrations in streams.
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Multiple lines of evidence suggest that bison prefer certain watersheds and that these
preferences may change over time. Our GPS and observational data sHosothapent more
time in watershed N4D than N2B in 2009 and 2010. However, watershed N2B had 2x the
density of stream crossings and 2x the wallow area found in N4D. These stream crossings and
riparian wallows could be scars from past bison use and magfteait present bison activity, or
they might show that bison tend to use N2B to get from one preferred area to another. Bison
move to watersheds after a fire, and fire occurred in both watersheds N2B and N4D in spring
2009. Bison preference for a watezdhalso might be associated with discharge or the
availability of permanent water. Bison favored N4D, the watershed that had a greater average Q
and a supply of flowing water in summer.

Bison displayed affinity for nonwooded sections in upland tributaBis®n seldom
consume woody species (Knapp et al. 1999) and avoid wooded areas (Allred et al. 2011b). Our
data showed that the bison spent a larger proportion of time in the smaller upland tributaries,
which had less riparian woody cover (Table 3) thaiméhnmainstems. Woody vegetation
dominates the mainstem riparian zones of our study streams, and thick forest galleries
surrounding the mainstem may hinder or deter access for bison. Avoidance of the wooded
mainstems could be a result of lack of food, de®irbe in windy areas to deter insects, or
hindrance of animal movement.

How trends in animal density and seasonal patterns of grazing are connected to nutrient
and sediment dynamics is not obvious. A seasonal 10x spike in TSS concentrationsi(€E)g. 4A
an increase in TP, and a 4x increase in bison use at N4AD compared to the dry N2B stream
occurred during late summer and early autumn (Table 3). Thus, we can hypothesize that the

bison had moved to N4D to have better access to water, resulting in thesdbssagonal
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increase in TSS and TP concentrations in N4D. Bison require more water in summer than in
other seasons because of increased metabolic activity and often shift from upland grazing to
lowland grazing where plant productivity is greater (Knapg.€1999). In winter, bison eat
snow to meet their water needs, a behavior that could limit the need to access streams. However,
bison abundance in the riparian buffer and streaater TP concentrations were highest in
winter. Bison probably congregatethre lowlands in winter to shelter from cold and to obtain
drinking water because snow is not prevalent at KPBS most years. Bison use of lowlands
decreases in the summer and increases in the winter months (Fig. 6). If bison density affects
waterquality varables, then sediment and nutrient concentrations could be seasonally
influenced.

We monitored suspended sediment and nutrient export dynamics, but we were unable to
detect potential local effects from fire and bison. Nutrient and sediment inputs maytbed to
the site of impact and not the entire stream network. Headwaters often retain sediments and
nutrients (Alexander et al. 2007), which could cause a failure to detect treatment differences
based on our analyses of samples collected at a singnstaithe outlet of the watershed. Our
analysis of total exposed sediment near the ws#BIpling location suggests exposed sediment
could not explain the 10x increase of TSS at N4D. However, moderate bison use of the stream
near the sampling location (Fig) could have influenced TSS concentrations. A previous study
showed locally constrained effects of bison at stream crossings, which had lower
macroinvertebrate richness and greater amounts of fine sediments compared to sites immediately
upstream from t crossings (Fritz et al. 1999). Bison do heavily trample the permanent springs

on KPBS when most of the ephemeral reaches are dry and export is not possible (data not
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shown). Bison and fire could have significant local consequences for the biologicalinti®sn
and geomorphology that we did not measure.

Cattle are often viewed as potential surrogates for bison in Great Plains grasslands. These
large ungulates are closely related and feed differently than other large herbivores native to the
ecosystem (e.gdeer are browsers). Cattle and bison enhance prairie vegetation diversity
similarly (Collins et al. 1998) and facilitate soil nutrient cycling (Knapp et al. 1999). However,
few studies have examined thesineam effects of either species in tallgrassrig. Bison and
cattle differ in their water consumption and locations of grazing lawns. Cattle prefer lowland
grazing and require more water than bison (Christopherson et al. 1979, Allred et al. 2011b), so
their effects on streams may differ. Baselieference data for effects of bison on sediment and
nutrient concentrations are needed to make comparisons to effects of cattle. Bison and cattle
stocking densities must be taken into account when comparing animal effects. Bison densities at
KPBS are consigred low to moderate density (~0.21 AU/ha), whereas cattle densities in the
Flint Hills region of Kansas are often 0.8 AU/ha or greater (Derner et al. 2006). Continuous
cattle grazing can cause substantial increases in sediment and nutrient loss ir{®laesast
al. 1975), and we presume these sediment and nutrients enter waterways. More research is
needed to compare the impacts of bison versus cattle in prairie streams because current
knowledge hints at important species differences.

The greatest semlient and nutrient values recorded in our study fall below current ranges
for most streams across this ecoregion. TSS reference values do not exist for this area, but our
values from KPBS watersheds that experience bison and fire (median: ~2 mg/L TSS) are 2
orders of magnitude lower than values in streams draining watersheds affecteddogpow

agriculture (median: ~200 mg/L TSS; Dodds and Whiles 2004). Smith et al. (2003) suggested
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reference nutrient ranges of 20 to 300 pg/L for TN and 7 to 75 pg/L fon Te Great
Plains/Shrublands ecoregion where our study took place. Our values (with bison and fire) fall
within these ranges. Dodds et al. (2009) documented regional nutrient concentrations in streams
influenced by humans 2x (TP) and 4x (TN) greater ttzines in our study. Our data indicate

that bison and fire are not significant drivers of sediment and nutrient export in these tallgrass
prairie streams. In all, the natural processes (i.e., fire and bison) occurring in tallgrass prairies

does not hindegood streanwater quality.
Acknowledgements

We thank the NSfunded Konza Prairie LTER research grant (NSF/QBRB0485) and
the Missouri Department of Conservation funding. We thank Stacy Hutchinson, Rob Daniels,
and Brandon Lantz for GIS assistanite LTER field technicians and Amanda Kuhl for water
sampling, and Rosemary Ramundo for sediment and nutrient analyses. Thanks to James
Whitney, Matthew Troigand Keith Gido with help with statistical analysis and tleasasState
UniversityAquatic Joural Club for manuscript edits. Thispsiblication #13-302J from the

Kansas Agricultural Experiment Station.

61



Figures

Figure3.1 Map of Konza Prairie Biological Station, KangaksSA), and the 3 studied washeds
(lat 39°5'55.65"NJong 96°36'19.91"W). N2B and N4D contain bison with unrestricted access

between watersheds, whereas Shane Creek is ungrazed.
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Figure3.2 Photographshowing a large paw patch frobison(A), a bison wallow near a stream
(B), and a natural exposed sediment p&h Photgrapls are from Konza Prairie Biological

Station, Kansas
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Figure3.3 Boxplots (on logscale) of total suspendedlids (TSS)A), totalP (TP) (B), and total
N (TN) (C) for 3 watersheds at Konza Prairie Biological StatioankasSamples were taken 3
times weekly wheistreams weréowing from May 2009 through Sept 20ldnes in boxes are

medians, box ends areaytiles, whiskers show 95% confidence intervals, and dots show

statistical outliers.
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Figure3.4 Temporal trends in total suspended solids (TSS3tfeam N2B (A), N4OB), and
Shane6s dKazalPraifethe intermittent streams N2B and Shane were dry from
July to November2009 while TSS increased10x at N4D(note the log scaley SSdid not

increase during th® wk aftera prescribed prairie burn at Shanee&knia March 2010.
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Figure3.5 A principal component analysis biplot showing the relationship arbengasured

waterquality variables, all which are 1¢g-transformedComp = component,N = total N, TP

=total P,TN:TP = TN:TPmolar ratio,TSS =total suspended solidahdVSS:TIS=VSS:TIS

ratio. The data are fro@istreams at Konza Prairieaisas. The points are coded by watershed:

0=N2B, X=N4D, and S= Shane Creek.
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Figure3.6 Temporal trends in bison use of the riparian bufféthjn 10 mof stream N4D) at
Konza Prairie Biological Station, Kans&®m May 2009 through August 2010vals indicate

periods durig which total suspended solids (TSS) were highest or lowest.
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Figure3.7 A map of the relative density of bison in watersheds N2B and N4D at Konza Prairie
Biological Station, Kansas in April 2009. Bisoresp2x as much time in N4@@&nd is N2B
Darker patches indicate a greater density of bison, and the black dots indicate location of water

sampling.
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