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Executive Summary

The Interstate Commission on the Potomac River Basin (I@B&Bgnted its 2015 filamentous
algae survey for West Virginia Department of Environmental Quality (WVDEP) witreatigation of
the biological impacts of excessive primary productiothenCacapon River (Cacapon Microcosm
Study). Continuous monitoring data and stream macroinvertebrate samples were collected in addition
to filamentous algae abundance measurememiater chemistry samples, and site observatiohke
summer of 2015 was unusual in thhe extensivebloomsof nuisance filamentous green algae
typically foundat oneCacapon Rivesite did not materializeand beds otinderwatermacrophytes
became partialarly abundantThe results suggesitat overabundances of any primary producer, not
specifically nuisance filamentous green algasimpair recreational and aquatic life uses of West
Virginia streams and riverd.he connection to nutrient pollutiorgndespecially phosphorus, may not
be evident in summer due to rapid assimilatioyabundantmacrophytes

HOBO dissolved oxygen loggers (10R&) and HOBO temperature and light data Pendant
loggers (UA02-xx)were deployedo measuredissolved oxygen, teperature, and light irradiancter
a period of fivemonthsat four sites producingroughly 2000 measurements pkrgger. Loggers were
located upstream, in, and downstreamtbie highly productiveCacapon River siteérom the
continuous datalCPRB was &bto accurately recordliel variationsand maximumminimumlevelsfor
all logger parametersCPRB investigatadacroinvertebrate community compositianside and
outside ofthe high primary production siteand examined changes in community structure and
composition between sites and over time inside the highly productive &g an FBpackage
developed by ICPRB, 72 macroinvertebrate metrics were calculated and artalyaeeistigate
pollution tolerance, tagnomiccomposition, andunctional feeding ad behavior groups

TheCacapon Microcosm Stuthad four majorfindings

1. Nutrient signals, specifically phosphoraan belost during the summer season due to
the rapid assimilation of the nutrients in dense macrophyte communities.

2. Dense macrophyteommunities significantly affect dissolved oxygen concentrations.
Sites where excessive macrophyensityexistcanregularly experience dissolved
2E&3Sy 02y O0Sy i NI idstataieods Sritefiah of 5 md@ligsor Aquatic
life use.

3. Diel varialtity of dissolved oxygen may be acting as a chronic stressor at sites with
dense macrophyte communities.

4. Compared to Cacapon River sites wWétv or no macrophytes, @croinvertebrate
assemblages in dense macrophyte regibadhigher percentaggof pollution tolerant
taxa lower percentages gjollution sensitivdaxa, and more ephiphitic taxa

The methods used in this studygntinuous monitoringdf chemical and physical parameters
plusmacroinvertebrate samplingpside and outside regions with high prirggoroduction show that
excessive macrophyte production in West Virgsti@ams and riverdue to excessive nutrient loading
doeshavemeasureableadverse effects on stream macroinvertebrated=urthermore, technolog
based methodsisedin this study povide economical alternatives to field crew based efforts.



Introduction

Nutrient pollution is a welknown problem in freshwater streams and rivers that often
manifests as over production of photosynthetic organisms (UZBBP? andnuisane filamentous
green algae (NFGA) and their possible impacts on recreational and aquatic life designated uses has
been gaining attention in th&lid-Atlantic region of the United States. Despite having defined
environmental criteria in place, mastatesin this regionhave found themselves without sufficient
ability to linkNFGAquantitatively to excessive nutrient loading or impairment of aquatic life and
recreational designated uses.

Correlations between excess nutrients and reduced biological intagntsaterways are
reported in a wide range of research (Tesoriero et al. 2009). Field work, model building exercises, and
lab-based studies support the claim that an abundance of nutrients will promxtessgprimary
production (Biggs 2000, Rier and Stex@n2006) which ultimately may lead to detrimental secondary
effects within a system. In the lllinois River Watershed, poultry house density increasteeiim
phosphorus (P) concentrationshich promoted significaniFGAcover (Stevenson et al. 2012he
increased productivity ultimately led wiel dissolved oxygen (DO) swings that reached levels believed
to be harmful to stream biodiversity. The Lost River of West Virginia saw similar treNBS
abundance due to high P concentrations in poultoyige runoff water. Phosphorus concentrations in
the poultry house runoff water were nearly 10 times higher than runoff concentrations from forested
land. Downstream of the poultry operations, low instream P concentrations and a high abundance of
aquatic afjae suggested that excess P was easily assimilated by algae and other aquatic plants in the
Lost River and was responsible for the excessive algal growth (Elrashidi et al. 2008).

Phosphorous pollution can stem from a variety of ragricultural sources, including residential
and commercial (nofagricultural) fertilizer use and sewage outfalls. Summers (2008) reported that
golf courses and sewage outfalls were significant sourct#seaiutrients which stimulatedNFGA
bloomsin the Greenbrier River of West Virginia. The sewage outfall in particular contribute@080
of the phosphorous loading in a tributary of the Greenbrier River, while the golf courses contributed
about 3%. Inteestingly,NFGAblooms did not occur in many areas in the Greenbrier basin where
relatively high P concentrations should have favored excessive algae growth. The West Virginia
Department of Environmental Protection (WVDEP) determined that multiplenubrient related
water chemistry variable@@.g.hardness, alkalinity, and pi)ere actuallycontrolling to a large extent
the bioavailability of PThe importance of these confounding factors cannot be overstated when
investigating freshwater algae aititd relation to stream nutrient concentrations.

Despite the influence of confounding factors, observations made in the lllinois River watershed,
Lost River, and Greenbrier River point to a connection between excessive nutrient loading and over
production of pimary producers, especialyFGAIt is more difficult to relateutrient pollutionto the
secondary biological effects of ovproduction. Abundant primary producers can cause latigé
swings in pH and dissolved oxygen (DO) during periods of rapidgymi@sis, as well as alter habitat
composition, all of which stress ecosystem health. During daylight hours, primary production can
increase DO levels and decrease €ihcentrations in the water column. Decreased, CO
concentrations in turn raise the pH the system. At night, respiration by primary producers and
animals consumes DO in the water column and producesv@@h lowers pH levels. These swings in
DO and pH can cause acute stress and in extreme cases can result-scidegdigh profile fiskills
(Stevenson et al. 2012). Less extredied swings in pH and DO can cause-gitbal chronic stress that
may differentially lower the fitness of various organisms in a community over longer periods and
ultimately change community structure (Wintet al. 1996).

Nuisance filamentous green alga¢HGA blooms caraffect streams and rivers by altering
physical habitat. Macrophytes and invertebrates that require holding space on rocky substrates
experience less available habitat in stream reaches wherghic structure becomes dominated by a
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denseNFGAloom (Dudley et al. 1986). By excluding other macrophytes or periphytic d§&ican
decrease food availability to some macroinvertebrate grazers (Dudley et al. 1986). Conversely, some
primary consurers (grazers) benefit from the abundant food provided\#GAlooms, as can

epiphytes, which further increases production in the system (Dudley et al. 1986). Alterations in primary
production and primary consumption cascade through trophic levelslimearly, andtend to alter
vertebrate community compositioin somecasesabundant food sources promote increased growth
rates and allow macroinvertebrate prey taxa to attain sizes too large for their macroinvertebrate
predators to handleSpecies interactios must also be taken into account since algae is a key food
source for many grazers. For example, water column nutrients may correspond more to grazing
invertebrates than macrophyte biomass if grazers exert enough pressure to limit macrophyte biomass
(Bouassa and Cattaneo 1998).
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Figure 1. Conceptual model outlining the levels of detectable response variables from an influx of nutrients. Level 1 represents
detection of excess nutrients. Level 2 represents detectionasfsére primary production due to nutrient loading, the primary
response. Level 3 represents detection of changasvinonmentastructure due to the effeat$ excessive primary production.

Level 4 represents the secondary response of an observeid sjttatic life faung structure.



State Assessment

In the Mid-Atlantic region, West Virginia and Pennsylvania have tak@ortant but different steps to
identify the causes of, and adverse ecosystem responsesxtessive primary production in streams

and rivers. After excessiWFGAwas reported in the Greenbrier and Tygart Rivers, WVDEP identified
phosphorudoadingas the most important factor promoting algal bloomsnanyWest Virginia rivers.

From these finthgs West Virginia developed criterfar the amount offilamentous greeralgaecover

that impairsrecreational use od waterway. Although excessive concentrations of nutrients are not
detected very often inside regions RFGAlooms,NFGAlooms themséses are acting as a signal
response for nutrient pollution from upstream and possibly groundwater sources. West Virginia focused
their efforts on the primary response variable (increased aquatic plant abundance) rather than instream
nutrient concentratismsto identify waters needingutrient reductions. Pennsylvania DEResa

different approachand, after annitial nutrient screening, deploysontinuous monitoring loggeffer

dissolved oxygeandimplementsbenthic macroinvertebrate sampling. PACB&ises on secondary
responses to excessive nutrients (diel DO swings, aquatic life impacts) rather than the presence of
abundantNFGAor aquatic plants in a particular reach (Figure 2)

Macroinvertebrate Community Aquatic Life Use (ALU) Impaired and
Nutrients a Potential Cause of Impairment

v

Nutrient Impairment Screening
TP = 0.06 mg/l, or TN = 2.6 mg/|, or
Hilsenhoff Index Score >4.60

Yes
N

Conduct Continuous Instream Monitoring of DO

No

A

Cool Season (Jan 1—Jun 14 & Sept 16 — Dec 31)
7-Day Average Diel DO Range 24.2 mg/l or
Max Diel DO Range 24.8 mg/|
Or
Warm Season (Jun 15 - Sept 15)
7-Day Average Diel DO Range 25.4 mg/l or
Max Diel DO Range 26.1 mg/|

h 4
Nutrients Not a Cause Nutrients Are a Cause
of ALU Impairment of ALU Impairment

Figure 2 Flow chart of Pennsylvania's nutrient impact assessment protocol. (PADEP Development of Nutrient Impact
Assessment Protocol for Identifying Nutrients as a Cause of Aquatic Life Use Impairment in Pennsylvealde/$acams,
2015)




ICPRB Study

The Interstate Commission on the Potomac River Basin (ICPRB) has assisted WVDEP in
identifying recreationally impaired reaches of the Cacapon and South Branch Potomac rivers since
2012. The Commission collects water samples, measures NFGA cover, and eolatgical
condition atl4 sites in these rivers on a biweekly basis during the summer growing season.
Information on the WVDEP filamentous algae monitoring program, including the Standard Operating
Procedures for algae sampling and water chemistry beafound online at:

http://www.dep.wv.gov/WWE/Programs/wgs/Pages/FilamentousAlgaeinWestVirginia.aspx

The Cacapomicrocosm study supplements the filamentous green algageyswith a more
detailed investigation of water quality and biological conditions in an area of dense primary
production. The specific objectives of this study are: (1) investigate diel chandissolved oxygen
concentrations as they relate to the level of primary production, (2) investigate macroinvertebrate
benthic community structure atighly vegetatedndsparsely vegetateditest Y R 6 0 0 F LI & t !
nutrient impact assessment protocdBigure 2) tahe Cacapon Rivdéo determine if an area that
routinely fails the West Virginia recreational use criteria due to ex@<sAgrowth also fails dissolved
oxygen criteria and exhibits measureable changes in stream macroinvertebrate commuiiies
hypothesized that sites with excessive primary production would experience less stable dissolved
oxygen levels, with wider diel swings in concentration, and would be more likely to fail aquatic life use
criteria. Furthermore, we hypothesized that iO3swings were noticeably large at a site due to
abundant primary production, we would also see a shift towards more stodssant microbenthic
community composition.


http://www.dep.wv.gov/WWE/Programs/wqs/Pages/FilamentousAlgaeinWestVirginia.aspx

Methods

The Cacapon Microcosm Study consisted of (1) a continuous remote tmygponent to track
dielchanges in key environmental conditions for a duration of five months, and (2) ahabitat
macroinvertebrate benthic sampling component to compare benthic community structurigim
productionhabitats to more stabléow production settings Two monitoring sitesn the Cacapon
River, CA_WRDEd CA_D_CPBRG, were used in this study as control sites because of their historical
absence of dense algal and submerged aquatic vegetation (SAV) blooms. A monitoring site between
these two, CA_RMRCK, was selected as the test site because it is located in a river reach with
extensive, recurring, wetlocumentedNFGAblooms. CA_YLWSPRsaselected as a nearby
upstreamof-macrophyteproductionsite to compare benthic communities between itthBA_RMRCK
(Figure 1)Increased primary production, typical of the CA_RMRCK site, often starts within 500m
downstream of the CA_YLWSPR si@PRBersonnelincluded Gordon Selkmann (GMS, Aquatic
Ecologist)Charles A. Dean (CAD, Natural Resourcesntard Zachry Smith (ZSnvertebrateData
Analyst)

RegiorDetails

The Cacapon River Watershed (HUC #02070003) is the fourth largest tributary to the Potomac
River, draining nearly 1,760 Kof the eastern panhandle of West Virginia. The river is contained
entirely within the Ridge and Vall&coregior(Level lIl) of the Appalachian Highlands. The three major
river segmentshat make up the Cacapon drainageethe Lost River, the Cacap®&ive mainstem,
and the North River. The Lost River and the Cacapon mainstetimeasame lotic systenfyroken up
by the LosRiversinking into a karst seep and reemerging as the CacaponiRi8andy Ridge, WV.

Our study reach was confined to between SaRilyge, WV and Capon Bridge, WV, a reach that falls
entirely within the Northern Shale Vall&coregior(Level IV). The geology of this reach is comprised of
resistant shale and sandstone to form the ridges while limestone, dolomite, and calcareous shale
underlie the valleys.

The Cacapon River watershed is largely forested, with a small but increasing agricultural and
residentialland use densitie@NVVDEP 305b report, 2002). The watershed is 84% forested and
dominated by coniferous and deciduous canopyszogricultural development is focused primarily in
the head waters of the Lost River where some of the highest densities of poultry fatheslmited
States are locatedlThe amounts of reported forest area and developed land have changed in favor of
oSl GSN) RS@OSt 2LIYSyid Ay NBOSyld &SIFNBR RdzS (2 GKS
Washington D.C. and Baltimore, Maryland.

The four sites selected for this study (Figure 1) were targeted by ICPRB based on recent
information gathered at thesites over four years of observation (WVDEP Filamentous Algae Report
2012-2015). The 30.8 km reach of thpperCacaporRiver from the head waters of the Cacapon to
below Capon Springs township, was selected as an ideal microcosm study location dueclatitely
short distance between sampling locations, predictability of primary production within reaches, and
few significant stream inputs to influence sites water chemistry properties. There is a general trend of
decreasindardness, alkalinity, calgn, magnesiumand nitrogen concetrations with increasing
riverkm away from the genesis of the Cacapon River in Sandy Springs, WV.



Figure 3 Map describing the location and data collected at each of the four sites in the upper CRozgron

Site Name Site Description Latitude  Longitude Data Collected
CA_WRD@C78.7) Negative Control.&min Wardensville WV. 39.07861 T y @ c M@ TBemp/Light/Benthics
CA_YLWSRRC64.1) Upstream close benthic control @.59bridge 39.18281 T y @ p Tiemppliight/Benthics
CA_RMRC(P@&0.3) PositiveNFGAdloom site @CaponRiverRd. 39.21969 T y @ n BQTemp/Light/Benthics

CA_D_CPBRB(C47.9) Downstream control. Capon Bridge, WV. 39.32716 T y ® n BQ@QTemp/Light/Benthics

[a]
'CA.DLCPBRG

L ALWRDS

(m] [m]
CA_YLWSPR CAIRMRCK

Continuous Remote Loggers

HOBO dissolved oxygen loggers (102&) and PendantSemp/Light logger8UA002-xx) were
assembled and calibrated on June 1, 2015. New dissolved oxygen sensor caps (HGRDDBD)6
were installed for the 2015 season. A single DO cap has a life span of 6 months from the moment of
attachment, which exceeded the duration of threwater sampling period of any DO sonde in this
study. Dissolved oxygen sensors were calibrated for barometric pressure and underwent a 2 step DO
saturation calibration process, a 100% saturation and a 0% saturation, before deployment at a site.
Temperatre and light loggers were activated and monitored for a 3 day period prior to deployment in
river to ensure proper function and accuracy.

On June 18, 2015 three (3) HOBO dissolved oxygen loggerseigtt (8) HOBO Pendant
Templ/Light loggersvere deplyedat four sites (Figure 2d). The Cacapon at Yellow Springs site
O/ VY, [2{tw0 RAR y2i NBOSAGS I 5h f233SNJ RdzS (G2 (F
comparison site and budgetary limitations; however, two (2) HOBO Pendants were deployed to
comparetemperature and light data between sites. The HOBO dissolved oxygen logger recorded
dissolved oxygen and water temperature in 10 minute intervals. HOBO Pendant temp and light loggers
were used to record water temperature and light irradiance, also recgrifirlO minute intervals. For
every HOBO dissolved oxygen logger deployed, there were two Pendant loggers deployed above and
below the DO sonde within the same thalweg. The multiple temperature loggers within the same
thalweg were a means to verify the agacy of the instruments against each other. A change in
voltage or local disturbance would presumably manifest as greater drift in sensor readout when
compared to the other sensors within the same thalweg. All loggers were deployed into the main
thalweg d a depth of 0.75 m or greater to ensure they would not be dewatered during late summer
low flows. All loggers stopped recording Novemb&d 2:01 AM.



CA_WRDS

Temp!/ILig|

o :
Temp/Light 2

b

Figure4a. CA_WRDS site with the Ioctions of th26-002 (Temp/Light) andJ26-0
the sampling area where benthic macroinvertebrates were collected.

01(DO) loggers The yellow box represents

Figure4b. CA_YLWSPR site with the locations of ti#6-002 (Temp/LightJoggers The yellow box represents the sampling
area where benih macroinvertebrates were collected.



0 :
iemp/Light{2

o
PE!logger,
Tiemp/Lighti1

mage Ency,

Figure4c. CA_RMRCK site with the locations of 26-002 (Temp/Light) andJ26-001 (DO) loggersThe yellow box the
sampling area where benthic macroinvertebrates were collected.

Temp/Light:1

Figure4d CA_D_CPBRG site with the locations of th26-002 (Temp/Light) andJ26-001(DO) loggersThe yellow box
represents the sampling area where benthic macroinvertebrates were collected.
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Continuous monitoring datavere downloaded in the field onto a H@Bwaterproof shuttle (U
DTW1) and uploaded to ®indows 7 platform PC running HOBOware software (V@53 Data
were collected from each of the dissolved oxygen loggers three times between June and November.
Data collected from the loggers at eactesitere stitched together to form a 5 month final continuous
dataset. Within the 5 month period nearly 21,000 events containing both temperature and dissolved
oxygen data points were produced from each of the three DO loggers.

HOBO Pendant (temperature @fight) loggers set arountthe DO loggers were left to run
continuously for the full duration of the sampling season. Analysis of data after the sensors were
recovered revealed reliable temperature readings but compromised light readings. Siltation and
benthic macroflora caused unreliable light readouts and therefore were not considered for analysis in
this study.

The HOBO DO loggers logged temperature and dissolved oxygen from June 13, 2015 to
November 1, 2018t was decidedpost plotting, to limitthis analysiso the PADEP defined warm
season (June 16August 15). The warm season showed the most regliédpatterns and was not
effected by rapidly changingatertemperatures experienced in the spring and fall. ICPRB thsed
dissolved oxygen (D@riteria defined by WVDEP (5 mg/I minimum threshold) lnBADEP (weekly
average range and single day range) when analyzing the continuous monitoring data from the upper
Cacapon River (Table 1). DO exceedances for each site were reported.

Tablel. Table outlining the dissolved oxygen thresholds investigated for the CaRaeortontinuous monitoring data.

Dissolved Oxygen

Agency Criteria Description
Instantaneoughreshold. If dissolved oxygen drops below
WVDEP <5 mg/L threshold at any point in time, the river is defined as an

impaired waterway.

Multi day threshold. If the average diel variation of dissolv
PADEP 7-Day Average DCaRge oxygen exceeds 5.4 mg/l over the period of seven days,
X p ®n Y 3 there issufficient evidence that nutrients are the probable
cause of the loss of aquatic life usage (ALU)

Single day threshold. If in a single day a site experiences
diel dissolved gygen swing that exceeds 6.1 mg/L thése
sufficient evidence that nutrients are the probable cause ¢
the loss of the aquatic life usage (ALU).

Singleday DORange

PADEP X cdm Y3
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Macroinvertebrate Collection Protocols

The WVDEP Det, multthabitat approacHor low gradient strears was usedo collect benthic
macroinvertebrates at the four sites in the Cacapon River. Selection of thelabltat/ low gradient
approach was based dwo key factors:

1) dtes with historically dense blooms of filamentous green algae (NFGA) often are locatesl wher
current velocityis slowdue toseasorl low flow, the physical slowing of currents due to dense
algal bedgpositive feedback loopproadening of thalweg, etc., and

2) (Changes irmicrohabitat benthiccommunity relative to a localized disturbantem inaeased
primary production and habitat alteration

Reduced flows and physical barriers make dense algae and SAV bloom locations similar to
wetlands and, therefore, require similar protoc®ls ¢ KA & &G dzReé aK2dzZ R 0SS 02y aail
and the dataused with the understanding that this type of sampling is considered by WVDEP to be
non-comparable to the majority of other samples taken by the WV Watershed Assessment Branch
(WVWAB). Specifically, the data collected in this study should not be usethelfest Virginia
Stream Condition Index (WVSCI).

A field site assessment formpendix2) at each sampling event was completed to identify
microhabitat composition within a 100m reach. Reaches that were defindeispringwere revisited
throughout the2015 season, with care to not resample previously disturbed aaiihile still
reflecting the mcrohabitat composition withithe 100m grid. Sampled orohabitats were defined as
cobble, snags, vegetated banks, sand, SAVNHGBANFGA and SAVere sepaated into their own
microhabitats classes in order to represent the role of each habitat.-jat28ampling effort was
proportionally divided among roiohabitats based on the preliminary field site assessméat.
microhabitat was rare (< 5%), it was moinsidered forthe 2@ 6 S ¥ F2 NIi daggtessite2 | 6 ¢ 4| &
thrust and sweepf the netthrough an area vigorously kicked (615n) to dislodge organisms from
the substrate.

The 20 jabs of a single site were combined intaw@gallon Nalgene containe€Care was taken
to remove invertebrates from the interior of the purse as well as from captured organic matter before
being placed into 95% EtOH. Since all organic matter was impossible to remove in the field, it was
assumed that 95% EtOH would dilute t@ tborrect preservation concentration of roughly 70% EtOH. A
final sort of the organic material and invertebrates was completed in a lab setting and specimen
containers topped off with fresh alcohol to ensure propeeservationuntil the invertebrates cou be
identified by WVDEP. For a more detailed description of WVDEP multihabitat sampling protocols and
proper preservation of collected ganisns, see WVDEP (2011, V0.1 SOP. Chapter Il. Benthic
Macroinvertebrate Collection Protocols)

Collected macroinveebrates were delivered to WVDEP for sorting, genus level identification,
and enumeration. Due to time constraints, WVDEP used Watershed Assessment Associates (NY) to
enumeratethe ICPRB collections. Gross samples were gridded and sorted to a 200 orgaunism c
Identified and enumerated macroinvertebrate data was delivered to ICPRB on March 1, 2016.

¢ K 8IB#packaggR-Statistical Softwarg recently developed by ICPRBas usedo calculate
72 benthic macroinverterbate metricBata were pooled by site so that seasonal changes in
community composition and instar development could examiedonparmetric Kruskalallis test
and post hoc Dunn's test were used to compare the metric values between sampling locatiens.
results wvere summarized into a table using thd_tablefunction from the BIBI packageé\ subsample
of metrics were selected for further analysis if the nonparametric tests showed significant differences
between sampling locations (alpha = 0.05).

12



Results
Algae Summer Abundance 2015

The frequency and intensity of nuisance filamentous green algae was far less in the summer of
2015 than in previous years. Instead, excessive primary production in the form of SAV occurred where
NFGA blooms historically occed. Detailed algal abundance measurements, qualitative site
observations, water quality, and narrative descriptions of NFGA and SAV growth can be found in the
ICPRB West Virginia Filamentous Algae 2015 report (under review). The CA_WRDS site, as expected
from previous year observations, did not manifest any NFGA in 2015 and instead produced abundant
periphyton. CA_YLWSPR also did not manifest NFGA; nor did it manifest SAV, cyanobacteria, or
periphyton. The test site, CA_RMRCK, did not produce NFGA cogegater than 22% in 2015. The
NFGA began to manifest on a shallow gravel bar in early summer, but appeared to be washed away by
pulses okarly summeiigh flow. NFGA coverage did not appear at densities greater than 10% for the
remainder of 2015. Idune submerged aquatic vegetatioklydrilla spandValensinaria sp.became
established in the main thalweg of the CA_RMRCK site and expanded outward towards both banks.
SAV coverage estimates foansects at the CA_RMRCK site were around 90% and filledigudinal
reach roughly 5km long. The CA_D_CPBRG site did not manifest significant NFGA or SAV in 2015. A
longitudinal survey conducted from canoes reported dense SAV beds roughly 1.5KM upstream of the
CA D _CPBRG site, however,ltugers and macroinvezbratesat CA_D_CPBRG showeden@ence
of excess primary productiampacts.

Nutrient Screening 2015

ICPRB evaluated the Cacapon River 2015 nutrient data using PADEP Nutrient Impact Assessment
Protocol thresholdswhichscreen for excessive wateolumn nitrogen and phosphorus (i.e., TP > 0.6
mg/l, TN > 2.6 mg/l). There were four total phosphorus (TP) exceedances and no total nitrogen (TN)
exceedances at the four Cacapon sites (Table 3). The phosphorus exceedances occurred on June 3 at all
four stes, during the spring and prior to the presence of abundant macroflora. Phosphorus and
nitrogen concentrations increased with distance downstream from CA_WRDS. Phosphorus
concentrations had dropped by June 17, and stabilized around 0.04 mg/L for thendemaf 2015.
Nitrogen levels fluctuated during the summer, possibly reflecting the influence of storm events, but
were consistently low in August and September. The stabilization of both phosphorus and nitrogen in
the water column suggest that both nugrits are being taken up by primary producers in this river
system.
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Table2. Table listing all nutrient exceedances (TN and TP) observed at CA_WRDS, CA_YLWSPR, CA_RMRCK, and
CA_D_CPBRG as outlined by PADEP Nutrient Impact Assessment Protocol.

Site Date Time Water Temperature pH DO TN TP
CA_WRDS  6/3/2015 16:25 16.54 766 9.6 136 0.114
CA_YLWSPR 6/3/2015 15:30 17.03 761 8.8 1.278 0.156
CA_RMRCK 6/3/2015 15:00 17.38 7.69 857 1.402 0.166
CA_D_CPBR! 6/3/2015 13:00 18.38 7.89 8.56 1.518 0.217
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Dissolved Oxygen

The dissolved oxygen loggers at CA_WRDS (Rgur€A_RMRCK (Figure 3b), CA_D_CPBRG
(Figure 3c) allowed ICPRB to olveein high resolution the diel oscillations that occur at each site.
ICPRB used three different thresholds to define dissolved oxygen impairment in the Cacapon River
(Table2). At no time did the upstream control site, CA_WRDS, violate the defined PAIRERotds or
2+59t ONRGSNRI T2NJ RA&daz2t @SR 2Ee3Syod C2ftt2pAy3d 2z
single exceedance (DO concentration below 5 mg/L) impairs the waterway, both CA_RMRCK and
CA_D_CPBRG are impaired sites. CA_RMRCK was impaifétdt mnalyzed days (72.9% of warm
season) while CA_D_CPBRG was impaired 16 of 90 days (17.7% of warm season). Differences in total
analyzed days is due to anomalies from disturbance in the continuous data.

Pennsylvania DEQ uses two dissolved oxygenlattins to define impairment: a diel change
greater than 6.1 mg/l on a single day and-daf average diel change greater than 5.4 mg/l. During the
summer, CA_WRDS did not experience a change in DO greater than 6.1 mg/L on any single day, nor did
it exceal an average change greater than 5.4 mg/L, therefore CA_WRDS by PADEP standards would
not be considered an impaired waterway. CA_RMRCK was impaired for 62 single days out of 70 days
(88.8% of the warm season) and CA_D_CPBRG was impaired 1 day outI588f (he warm
aSlhazyoo 2 A0K NBygadgeihreshald, CA BNRCK\Eas impaired for 100% of the
warm season and CA_D_CPBRG was not impaired (0% of the warm season).

Table2. Percent of days deemed impaired by WVREE® PADEP's dissolved oxygen thresholds. Partial days and days that
experienced disturbance were removed from analysis.

# of Days withDOExceedancefNarm Seasohin 2015

WVDEP PADEP PADEP
DO Diel DO Range  7-dayAverage Diel DO Range
Threshold <5mg/L k 6.1 mg/L k 5.4 mg/L
CA_WRDS 0/87 0/87 0/73
CA_RMRCK 54/74 62/70 52/52
CA_D_CPBRG 16/90 1/88 0/76
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Macroinvertebrate Collections

A total of 20 macroinvertebrate collections were made in 2015. Collections were picked at the
200 count level according to WDEP standard protocols. Seventy four (74) metrics were calculated
from the sample counts. Twenty four (24) metrics detected significant difference between sites. In
general, the benthic communities observed at CA_WRDS and CA_D_CPBRG were noticeatitly diffe
from those CA_YLWSPR and CA_RMRCK. A list of the metrics showing significant differences (p < 0.05)
is presented in Table 3 and intrasite pdsic comparisons are presented in Appendix 4.

Toleranceéscores

Ofthe 72 metrictestsun2 Y G KS Ay @SNISoNI GS GFEEF REGEZT y 68
RSTAYAY3I | O02YYdzyAdGeQa | oAf Al e-Walae ioppRRambiic testy (i K NP L2
revealed four tolerance metrics with significant differences between sites: the féewdy Hilsenhoff
(FAMILY_HBRla Maryland created tolerance metric identifying urban stress intolerant species
(PCT_URBAN_INT/Odpercent moderately tolerate (tolerance scoreb4L0) metric PCT_MOD_TQL
and a percent tolerant (>6/10netric PCT_TOLERT).

Average Hilsenhoff scores observed at the CA_YLWSPR (5.33) and CA_RMRCK (4.86) test sites
were higher than the upstream CA_WRDS (4.36) and downstream CA_D_CPBRG (4.25) control sites.
The upstream control site CA_ WRDS, was significantly differant@&_RMRCK € .002) and
approached significance from CA_YLW$PRR)(054). The downstream control site was only
significantly different from CA_RMRQ@K=(0.005). Percent urban intolerant (PCT_URBAN_INTOL) and
percent tolerant (PCT_TOLERANT) are thergevof the other. Significant site differenc@s<(0.002) in
both metrics suggest more pollution tolerant community occurs at high production sites CA_RMRCK
and CA_YLWSPR compared to CA_WRDS and CA_D_CPBRG. There were no difference observed
between thetwo control sites or the two test sites. Moderately tolerant taxa6(40) were observed
significantly more ofteng= 0.011) at control sites than at CA_RMRCK or CA_YLWSPR. CA_WRDS has
significantly more moderately tolerant than both CA_YLWSPR and G¥CIR§4 0.001 and 0.014
respectively). CA_D_CPBRG had significantly more moderately tolerant taxa than the CA_RMRCK site
(p= 0.011) and approached significantly more moderate taxa at the CA_YLWSPBR 6i@g(/).

Community Structure

There was a sigiicant shift in the EPT taxa compositions, specifically in Tricoptera, which
depended on macrophyte presence and river location. CA_ WRDS and CA_D_CPBRG had a significantly
larger percentage ofricoptera(p = 0.001) compared to the test sites CA_ RMREKCA_YLWSPR.
When the metric was corrected to exclude ntmerant Tricopterathere was an ever more apparent
trend with a significant losp(= 0.006) of sensitive and moderately sensitiviedpterataxa There
were significantly more mayflieghemopterg observed at CA_WRDS than any other site.
Amphipodsp =0.002) and nosansect organisms(= 0.002) made up a significantly higher percentage
of the benthic community in the dense macrophyte environment than was observed at any other
location.Conversely, beetleCpleopterd were found to make up a significantly higher percentage of
the community at the control sites than the macrophyte abundant sipes @.003).
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Behavior

Significant differences in macroinvertebrate behavior metrics ifheaid functional feeding groups)
were observed between test and control sites. Control sites had significantly higher percentages of
clingers p= 0.018) and collectorgp(= 0.012) compared to the test sites. Control sites also had a
significantly greser percentages of filterergp(= 0.001) compared to test sites. Conversely test sites
CA _RMRCK and CA_YLWSPR had significantly higher percentages of sprawle@d4), climberg(

= 0.005), and predatorp (= 0.027) compared to the test sites

Table4. Tabledepidt ng si gni fi cant mwallacé rmompardmetric@dstdmparig sanipledisitels. &/alues
reported within this table are averages of the five sample datdded metrics are community tolerance metrics,-boled
metiics are metrics that reflect community structure and invertebrate behavior.

STATION_ID CA_WRDS CA_YLWSP CA RMRCI CA_D CPBR
L, FAMILY_HBI (Hilsenhoff) 4.36 5.33 4.86 4.25
g 2 PCT_URBAN_INTOL 97.37 82.41 71.36 94.90
25 PCT_TOLERANT* 7.20 28.23 36.97 10.32
= PCT_MOD_TOL** 60.02 32.37 40.50 55.81
PCT_EPT_RICH_NO TOL 41.16 31.33 28.63 44.85
PCT_EPHEMEROPTERA  37.43 58.24 37.32 29.46
o PCT_TRICHOPTERA 15.48 2.73 11.31 30.43
g PCT_RETREAT CADDISF 13.10 2.16 9.16 28.29
52) PCT_TRICHOPTERA_NO_ 7.85 1.69 2.68 7.29
> PCT_COLEOPTERA 33.52 10.13 9.06 17.67
S PCT_COTE 87.83 76.10 64.71 79.19
g PCT POTEC 89.00 78.01 66.38 85.70
S PCT_AMPHIPODA 0.00 0.22 9.76 0.72
PCT_NON_INSECT 1.93 11.79 18.80 2.39
PCT_COLLECT 71.81 50.41 55.64 76.26
5 PCT_FILTER 21.17 3.93 11.25 39.58
SR PCT_PREDATOR 3.75 9.91 10.31 5.11
3= PCT_CLIMB 1.98 7.84 13.53 4.78
a g PCT_CLING 74.63 54.76 45.60 78.35
= PCT_SPRAWL 2.28 12.91 19.98 9.07

*PCT_TOLERANT Percent tolerant taxa (tolerance score >6)

*PCT_MOD_TOL- Percent moderately tolerant taxa (tolerance valueg) 4
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Discussion

The primary goals of this study were to:
1) Investigate diel changes in dissolved oxygen concentrations as they relate to the level of primary
production,
2) Investigate macroinvertebrate benthic community structurengghand lowprimary production
sites and
3) AL & t! 59t Qa vy dzi Npr&otdls tokhy Cacapan Rived deerintieifquy area
that routinely fails the West Virginia recreational use critéoiaNFGA growth might also be
biologically degraded.
Our results suggest that excessive primary production causes significant clvatigeediel dissolved
oxygen concentration profile as well as altprg/sicahabitat structure in the affected reactfcute
and chronic dissolved oxygen stress in combination with alteration of primary habite@sponded to
changes in thenacroinvertebate community structureTheresults suggest that areas of over
productionhave reducediological integrityand would beémpairedift | 59t Q& V dzii M&S v (i
applied

In reviewingCacapon Riveatata collectedsince 2012s part ofthe WVDERilamentous Algae
Project, ICPR&bnfirmed that excess levels wital phosphorus, the syste@ limiting nutrient,are
foundonly in the late spring/early summer samplés 2015, thespring total phosphoruéTP)
concentrationwas observedo be nearly 4timesgreater(FHgure5) than the maximum threshold
allowed for West Virginia wate(9.6 mg/liter) The early summer peak total phosphorus (TP)
rapidlydiminishegto detection limitlevelsby mid-June and remain®w for the remainder of the
growingseason Total ritrogenfolloweda similar trendLevels of total nitrogen (TN) wekdghest early
in the year and steadily decreased through the summer season. The reduced niteg@énlossover
time compared to total phosphoruessis likely due to tk limiting nutrient phosphorus proportionally
limiting nitrogen takeup.

TheseasonallP and TNeclines ardikely due tothe high levels obiological stream activity that
occurs in summer. Macrophytes are able to rapidly assiméasdlable phosphoruand nitrogenin the
water columnin summer and concentrationsof water columnnutrients during peak productioare
typicallynot indicative of total nutrients bound within the systeiutrient sinks such asedimens or
plantand animabiomass are notwrrently reflected in the water chemistry collectisasults Accrual
of macrophyte lomass is a functioaf a specific growth rate which is dependeon availablelimiting
nutrients, light availaltity for photosynthesis, and/ater temperature.Many attempts to create
dissolved nutrierimaciophyte biomass modelbave met withminimal succeséHomer and Welch
1981, Jones et al. 1984, Aizaki and Sakamoto 1988, Biggs and Close 1989, Lohman et al. 1992, Biggs
1995, Dodds et al. 199Thetelat et al. 1999Although the general processas/olvingnutrient
assimilation are well understoodreating nutrientbased models idifficult due to thecomplexity of
biological interactionsmultiple nutrient sinks, andnvironmentalphysical factorshat can all effect
biomass at any point in time (Bigg®00, Chambers and Prepas 1994

High concentrations of water column nutrients before the summer growing se@sguares 5
and 6)confirmlarge nutrient loads are entering the rivefhe nutrient assimilation isummerappears
to be accomplished byultiple primary producersand the dominant primary producer at a given site
seems to dependn stream morphology and flow velocityrhe uppermost CA_WRDs s#shallow
andfasterflowing, with coarsesubstrate anddominated byperiphyton.The wide, slower-flowing,

CA RMRCKsitewith a sand and gravel bottoimad extensivemacrophytebeds in 201%nd abundant
NFGA blooma the previous three year§he downstreanCA D _CPBRG siea pool transitioning to
a riffle andhas not hadsignificant NFGA anacrophytes However, a longitudinal survey in 2015
found densemacrophytebeds roughly 1.&m upstream of the site.
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TheCacapon Rivenonitoringsites with less primary production in 2015 had safe oxygen levels
and modesdiel variability while theCA_RMRCK sitgth excessive primary productidmad a highly
variable, oxygen stressaghvironment The periphytordominated CA_WRDS site, with no upstream
macrophytesor NFGAexperiencedstableDO concentrations andiel changes oaround 25mg/Lfor
the complete warm perio@f 2015,with the exception of rain event3.hisstable well oxygenated
environment supported a macroinvertebrate community that was more pollution sensitive and was
associated with th@hysicakubstate habitat. TheCA RMRC#te experiencedsubstantially larger diel
swings in DO, with frequent drops below 5 mgrhe siteheld significantlymore pollution tolerantand
epiphytictaxa Exceedances of the WVDEP thresholdriterionand the PADEP dighily range and
weekly average diel rang&curred in ove75% of sampledays in 2015CA RMRCK was therefore
chronicallyoxygenstressed for much of the summer seasarhichexplains thdongitudinalshift from
more sensitive to a more pollution toleramacroinvertebratedaxa as represented kiye HBI and
percent tolerance scores. Additionally, the increasgatrophytebiomasgchange in habitatappears
to have smotheredhe benthic communityas represented by a shift froplinging taxdbenthic
obligae) to climbing taxgepiphyte obligate)The benthic community represents a more epiphyte
dominant community than it does a benthic community at high production diteghHBI scores at
CA_RMRCK suggesithropogenic nutrient inputsire causing the charein primary produceand
macroinvertebratecommunities TheHBIis a metric used to measure the biological impact of
municipal wastewaterElevated HBI scored the CA_YLWSPR and CA_RMRCIKusiggsst degraded
conditions specifically due to municipal waste.

The downstream control siteCA_D_CPBR®@Id veryfew macrophytesmuchlike CA_WRDS,
and sosaw fewDO stresgxceedances and a stable macrophyte commuriitye key difference
between thesewo siteshoweverwasthe presence of an upstreagiensemacrophyte community.

The arger diel DO variatioand few DO exceedancas CA_D_CPBRthen compared to CA_WRDS

can be explained by a highly productive reach below the town of Capon BBdygewater outflow
wasobserved NBY (KS 26y Qa 41 (i SsNde frohBole Gavisé diednse BAV&dE A (1 @ 6 K
lastingseveral kilometerslownstream. The large SAV bloatopped roughly a kilometer above the

site. Thisobservation holds two important im@ations;(1) it demonstrateshat the effects of higly
productivereaches are relatively localized afg) the large SAV beds appear to have removed a
significant amount of the nutrient$1BI scores fathe CA_D_ CPBRG site suggestedicipal waste

water pollution (from the gray waterinput) wasnot a stressor. This finding suggests that the SAV beds
largely removedhutrients from the water, so much so that benthic community composition returned

to acceptable levela short distance&lownstream The proximty of the SAV bed to the testing site
provided a good example of how the rigiota arecapable of repaing an aquatic systenWhat is still
unknown is whether the nutrients are sequestered and held in the soil by the macropinifethere

is a seasonal release of these nutrient&ail. Additionalnutrient transport studies should be

considered to determine the longer term fate of nutrients sequestered in biomass
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Considerations for Managers

Our studysuggests thahutrient pollution resulting in excessive primary production, can be
detected atfour different tiers: (1) direct detection of nutrientthresholdexceedanceq) a primary
response level where macrophyte abundanmeeneasured(3) a proximate stressor levelhich detects
acute and chronic levels of dissolved oxy¢mmpH) stress using continuous monitoring technology,
and @) a secondary response level where benthic community structure is affected by both the change
in habitat structure and stressor envirment.

Tier 1.Nutrient Detection

Detection ofexcessutrientsis pivotalin the linkingof terrestrial stressors to the aquatic
environment. Water column grab samples may be adequateéscribingpoint sourcenutrient inputs
and cool seasonutrient availability but may not adequately describe nutrients that are bound in the
soil and biological tissues during highly productive seasons. Collection of nutrient data should
therefore beimplemented aseasona(Soring orFall) or targeted(known point surce)monitoringin
lotic systems with abundant macrophyte communities.

Tier 2.Primary Response

At the primaryproductionresponse levelan overabundance ahacrophytesor NFGAcan be
easily assessagking visual based reportings Ahe WVDEHRFilamentous Agaeprotocolhas shown
recreational impairment can bsuccessfullassessed using a visual transect methHeercent
macrophyteor NFGAO 2 @SN} ASk | 6dzy R yOS YSI adzNBa OFly 06S 0O2NNE
recreation andused tocreatea defendablerecreationbased use criteria. If the goal of a manager is
solely to define recreational criteria, this method accomplishes that. What this method fails to detect
(becaussit is not the intended purpose) is what effect oyanoduction has onhe ambientbiological
community.Macrophytemeasuranents should becollectedwhen investigating the biological
implications of a bloom as a means to correlatacrophyteabundance tahe related biological
impact

Tier 3.Proximate Stressor
The third tiermanagersanconsiderwheninvestigatinghe effects of over production is the
detection of a proximate stressofsshown in this study andrell documented in the literature, an
over producing reach is capable of significantly alteringwiéder chemistry particularlydissolved
oxygen angH. If either of these water chemistry parameters fall outside the physiologically
acceptableboundsfor aquatic lifeK A 3K LINRPFAT S S@OSyiGa &4dzOK &4 FAAK R
result. Agenceshave developedhresholdbased criteridor DO and phh order to list waterwagas
impairedand address theelevantstressorsThresholdbased criterighave beenuseful when grab
sampleswvere thebestlogisticaloption. Unfortunately, one of the criticisms of grab samplkethat
they are a single snapshot of a dynamic systemally collected at a time of day when the stress is not
evident Factors such as the time of day, temperature, light intenbitlpgical actitty, and
seasonality can givegnificantyRA F F SNBy G NBadz G&d / 2y&aARSNE T2NJ SE|
the Cacapon and South Branch Rivers. Despite attempts to collect all water samples in the same day,
dissolved oxygen levels will reflect themaunt of photosynthesis/respiration occurring at the time of
day sampledA site withabundant amount of macrophyte biomass sampled in the morning could have
the same DO concentration as a site lacking macrophytes at noon.
Logistically, the effort requiretb detect diel swinggs water chemistry parametersver long
periods of time at multiple locationis unreasonabléor any field crewcollecting grab sample®ne
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answer to thslogistical dilemma, is the use adrtinuous monitoring sensot® passivelycollect data.
Continuous monitoring data can createousandsof data points at no increased effort to field crews,
except for time required for initial installation and eventual removHie initial investment in the
technology is well worth the levefoesolution gained with continuous monitoring daespecially as
costs should continut declineas the technologyurther develops

The ability to detect exceedances is greatly increasital the new technologyThresholds that
were createdfor lower resolutionmethodsand daytime collections argtill based in aquatic life
physiologybut may no longer be appropriate when analyzimigh resolutiondata. Results from our
study show that the number of dissolved oxygen exceedances (Tahte Hadsedon the threshold
definition and ultimately are synthesized down to a binary passtfaihtresult. A single value
threshold analysis may be an over simplification of continuous high resolution data, especially since
continuous monitoring data may be ketio define the type of stress asute or chronicas well as
guantify number of exceedances

Dissolved oxyen CDF curves are useful tools capabléafining threshold exceedances as well
as describe dose durations flarge amounts of sonde dat&DF awes are more powerful descriptors
of environmental conditions when compared poevious methods such as descriptive statistics or time
series analysi®\ CDF-script was provided by Dustin Schull (PADEP) and modified by ICPRB. The R
script was preparetb tally the number and the duration of events that exceeded DO thresholds of
interest. Events that exceeded cutoff values were then ranked by magnitude of duration. Four cutoff
values (thresholds) were selected as 6 mg/L, 5 mg/L, 4 mg/L, 3 mg/L forrpaspLof this study
(Figure 8). Observation of both the frequency and duration of hydrologic events, above a given level of
interest and for a given time period provides the necessary data to characterizgpsitéic curves for
concentration, duration, ad frequency of eventsAn example of &oncentratiorDurationFrequency
plot for the site CA_RMR@Kpresented irFigure 8 From this analsis managers can identify different
types ofstressor conditions (acute vs chronic thresholds) for aquatic lifesia.
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CDF plot for CA_RMRCK (PC-60.3)
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Figure 8. ConcentratiorDuration-Frequency (CDF) curve created using continuous monitoring data from theCf&pon
River atCA_RMRCKsite

Tier 4.Secondary Response

At the secondaryproductionresponse level, the impagbf the primaryproductionresponse
and related proximal stressemanifest as degradation ithe condition of the macroinvertebrate
community. This fourthtier strengthersthe case that nutrient pollution iaffectingthe entire
ecosystem,andnot just causing nuisance macrophyte blooms. It should not be difficult for managers
to implementtheir macroinvertebrate protocole’hen neededas manyfield crews are well versed in
these methodologies. ICPRB chose to use a multihabitat approach to look at community structure
within macrophyte beds but othestream macroinvertebratsurveys methods could be considered for
specimen collection as well (i@r inclusion in IBI/MMI applications)he key to documenting impacts
of excessive NFGA or macrophytes on stream invertebrates is sampling within or near the areas of high
production during periods of high growth.

Final thoughts
The four tiered approach presented here connects nutrient pollutioNE&A andnacrophyte
abundance as well as biotic integrity. Aside from the initial investment of new technology and the time
required to analyze macroinvertebrate collections, these roefhcouldeasilybe implemented into
already existing protocols.
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Conclusion
The 2015 Cacapdriver microcosm study was designed to investigate the biological implications
of nuisance level filamentous green algae blooms. Due to an uncharacteristic year which resulted in a
dearth of filamentous green algae production, the results reported inghidy instead attempt to
addressa broader question, what are the biological implications of over production in a sysising
continuous logger technology and muttionth benthic sampling, ICPREble toreport on the diurnal
variability of dissolvedxygen athighlyproductive sites as well as report on the macroinvertebrate
community structureElevated levels of primary productidound in the Cacapon River caused
excessive dissolved oxygen (DO) variability relative to sites devoid of significaatypproduction.
During diel DO swings, nocturnal respiration in macrophytes dense locations caused dissolved oxygen
levels to diminish below WVDEP aquatic life threshoddsilarly during the warm seasoBxcessive
dissolved oxygen daily variability wdswated at the CA_RMRCK site dense with macrophytes. PADEP
standards would impair the system due to DO variability exceeding both daily DO rangelayd 7
average DO range requirements.
Although this study cannapecificallflink nutrientpollution to macrophyteabundanceand
change in benthic community structuie the upper Cacapon Rivehere isa wealth ofliterature that
suggest theelationship exist between nutrients and biological impadt/e observed shift from
benthic communities with sensitt andmoderately pollution tolerant taxat minimal macrophyte
abundance siteto pollution tolerant taxa at sites with excessive macngighabundanceAn average
family level HilsenhofBiotic Indexscore(HB) was calculated for each of tHeur sitesfor the duration
of 2015andshowed that CA_YLWSPR and CA_RMRCK are affected by stressors that our two control
sites, CA_WRDS and CA_D_CPBRG did not expeShiftsein pollution intoleranindicatororder,
specificallyTrichoptera, support there is anmvironmental pressure exerted on systems with high
primary production that is not experienced by more stable sites.
C2fft2Ay3 t!59tQa LINRPG202fasx O2ylGAydz2dza Y2yAl?z2
based on the microbenthic community results (specifidadBlscores) collected at our macrophytes
positive site. The DO concentrations observed at CA_RMRCK failed all WVDEP and PADEP thresholds
forDOstres® ! OO2NRAY3A (2 t ! 59 extelsiveiBant®alidgs, ndreMid A RSy (A T
pollution is acause to list this site as impaired based on loss of aquatic life use. This report suggests
that excessive primary productiobut not specificallyalgae, isa cause for concern in freshwater
systems.
¢CKA& addzRe 2dzif AySa | Zipdedp@iifizMiBn métodsifor 02 Yo Ay S a
RSFAYAY3I NBONBFGA2YFE AYLIANXSYG YR t!59tQa YSi
aquatic life usesThese two protocols work synergistically to inform the effects of excessive nutrients
on freshwater useResults from this study suggebe semilj dzZ YOG A G G A @S y I NN G§A @GS 2
recreational impairment protocols fill a gap in the PADEP nutrient impact assesdafatihghow
much of the primary response of excessive nutrients, macrophyte production, isedda reveal a
secondary response,change in community structurd. Y S NE St 83X 2 59t Q& ljdzk € Ad
document NFGA abundanead comment on the loss of recreational usaljewever,s missing the
secondano A 2f 2 3A OF f 02 Y LIbicdly eémphiadist Aihybrid pSofdolvil allbw for a
powerful statement connecting both recreational and biological uses with nutrient pollatiohit may
be able to screen against naturatigcurring production versus anthropogenically influenced
produdion reaches Ultimately, this approactcould reduce theeffort required by agencies.
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