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1. Introduction

1.1 OVERVIEW

This Technical Support Document covers rule package WY-23-13, related to Waterbody Assessments,
including biological assessment thresholds and phosphorus responseindicators, as well as updates to
dissolved oxygen-related criteria. Thisrule package addresses severalareasrelated to the state’s
assessments of its streams, rivers, lakes and other waterbodies. It focuseslargely on assessments related to
the biological quality of awaterbody. The main portions of the rule package are summarized here.

Waterbody Assessments and Reporting. Everytwo years, underfederal Clean Water Act requirements, the
departmentassesses the state’s waterbodies to determine whether they are attaining water quality
standards. A new Subchapterlllis proposed that codifies Wisconsin’s current procedures for conducting
surface waterimpairmentassessments, including public participation opportunities and EPA approval.

Biological assessment thresholds. The most directand commonly-applied method of measuring the quality
of a waterbody is through assessing the biological communities within the waterbody —its fish, insects,
plants, and algae. The proposed rule establishes biological assessment thresholds that are used to evaluate
the biological health of surface watersin the state. The proposed “Waterbody Assessments and Reporting”
subchapterincludes the following sections related to biological assessments:

e Narrative biological assessmentthresholds. Narrativethresholds set expectations and goals for the
biological quality of these communities. They are used to measure the quality of a waterbody’s
biological community and to determine attainment of its designated uses. This section also generally
describesthe types of biological assessments that have been conducted by the department to
determine whetherawaterbody’s aquaticcommunity is considered healthy and attainingits designated
usesorisnot attainingits designated uses and should be placed onthe impaire d waters list (section 303
(d) list).

e Numericbiological assessmentthresholds for lakes, reservoirs, and impounded flowing waters. Numeric
thresholds set benchmarks thatindicate attainment of alake or reservoir’s designated uses. Once a
numericbiological assessment threshold is codified by rule, it cannot be revised unless the ruleis
revised. These thresholdsinclude:

o Algaethresholds for Recreation and AquaticLife. The rule proposesalgae (chlorophyll a)
thresholds for lakes, reservoirs and impounded flowing waters. Algae levels are atop water
quality concernforthe public, and are a critical component of waterbody assessments to
determine whetherrecreational goals are met. The chlorophyll a thresholds createdin the
proposedrule are the same considerations that have been used by the department to assess
waterquality forrecreation and aquaticlife uses. Two types of algae thresholds are created:
the threshold to protectaquaticlife usesis based on chlorophyll a concentrations alone, while
the thresholds to protectrecreation are based on the frequency of moderate algal levels, which
combines achlorophyll a concentration threshold with the number of days exceeding that
threshold.

o Aquaticplantthresholds foraquaticlife. The rule includes numericthresholds foraquaticplants
inlakes and reservoirs. Thesethresholds indicate attainment of healthy plant communities
withinlakes, animportantfactorinlake habitatto supportaquatic life.



Dissolved oxygen criteria for Aquatic Life. Revisionsto the dissolved oxygen section are needed to clarify

which criteriaapply to different waterbody types:

e Thisrule specifies forwhich waterbodies and at which timesthe more protective dissolved oxygen
criterion of 7.0 mg/Lapplies to protect fish early life stages that require higher oxygen levels. It specifies
which other DO criteria apply to other waters and othertime frames. Certain dissolved oxygen criteria
are alsorelocated fromch. NR 104 to s. NR 102.04(4), so that all dissolved oxygen criteriaare locatedin
the same part of the code.

e Thisrule creates oxythermal criteriafortwo-story fisheries. These new criteria are necessary because
the existing dissolved oxygen criteria are notappropriate for this relatively rare and sensitive type of
coldwaterfishery, comprising only .01% of Wisconsin’s lakes.

Phosphorus assessment procedures using biological metrics. Statewide phosphorus criteriawere
promulgatedin 2010. However, the criteriadid notinclude evaluation procedures fordetermining
attainment of the phosphorus criteriain a waterbody. This rule specifies how attainment of the phosphorus
criteriaisdetermined. Italsoincorporates flexibility for determining impairment due to phosphorus levels
by creatinga “combined assessment” approach. Under this approach, the waterbody’s phosphorus
concentrationisreviewed in conjunction with “phosphorus response indicators” —algae and plant metrics —
that specifically indicate whetherthe waterbody is exhibiting a biological response to phosphorus. Ifa
waterbody exceeds the statewide phosphorus criterion (within a specified range) but does not exhibita
biological orrecreational use impairment, it would not be considered impaired for purposes of section
303(d) listing.

NR 217 calculation of upstream background phosphorus concentrations. This rule includesarevisiontoa
portion of ch. NR 217 to align the phosphorus calculation methods used to determine background
phosphorus concentrations for effluent limit calculations with those delineated in proposeds. NR 102.07 (1)
(a) 2. Previously, slightly different methods were used to calculate ambient phosphorus concentrations for
purposes of criteriaassessment and to calculate upstream background phosphorus concentrations f or
WPDES permitlimit derivation unders. NR217.13 (2) (d). Althoughthese two methodsyield very similar
resulting phosphorus concentrations, the differences between the two methods have caused confusion and
are unnecessary. The proposed procedure detailedins. NR102.07 (1) (a) 2, whichisthe method used for
criteriaassessment, parallels how the criteria were initially developed and will be most appropriate forboth
applications.

Relation of this rule to Site-Specific Criteria for Phosphorus (WT-17-12)

Thisrule package tiesinto a second rule package that is concurrently underway (WT-17-12) which creates a
new chapterNR 119. The proposed ch. NR 119 establishes standard protocols for developing site -specific
criteria (SSC) for phosphorusin cases where the current statewide phosphorus criteria may be over-or
under-protective of awaterbody’s designated uses. Development of SSCties directly to the ability to
demonstrate support of awaterbody’s phosphorus response indicators and biological assessment
thresholds, contained in rule package WY-23-13 and described in this document. This Technical Support
Document provides abrief overview of how this rule relates tothe SSCrule. The SSCrule itself does not
require aTechnical Support Documentas it establishes a process ratherthan a water quality standard. Any
SSC developed using that process will have its own Technical Support Document and will be evaluated for
approval by EPA.



1.2 CHANGE LOG

For a quick synopsis and explanation of changes to existing codes, a “Change Log” is provided here (Figure
1). Readers may wishto referto thisresource while reviewing proposed rule revisions. It may be
particularly helpful forareas of the code in which minor revisions are proposed that are not covered as part
of the text of this Technical Support Document.

Figure 1. Code revisions and explanations under rule package WT-17-12, related to waterbody assessments,
including biological assessmentthresholds and phosphorus response indicators, and updates to dissolved oxygen-
related criteria.

Code Reference Revisions and Explanations

102.03 Definitions Added definitions for the following: benthic, biological assessmentthreshold,
chlorophyll a, Clean Water Act, confidence interval, diatom, drainagelake (relocated),
impounded flowing water, macrophyte, reservoir (relocated), Section 303(d) list,
seepage lake(relocated), stratified two-story fishery lake (relocated), total
phosphorus (relocated).
102.04(4) Criteria for fish | Revised existinglanguage on dissolved oxygen (DO) criteria as follows:
and aquaticlife (a)1lto (a)7 Specified more clearly which DO criteria apply to each waterbody type,
andclarifythatcold DO criteria applytoall waters where coldwater species are
present, rather than waters listed inthe 1980 trout book. See section 2.1 inthe
Technical Support Document.
(am) Created a new dissolved oxygen and habitat quantity criterion for two-story
fisheries, sinceexisting DO criteria arenotappropriatefor supportingthese waters.
See section 2.2 inthe Technical SupportDocument for a detailed description of this
paragraph.
(b) Repealed, asitisincorporatedinto (a).
(d) Splitintotwo paragraphs, (d) for toxic substances and (f) (created) for other
criteria.
(f) (see (d) above)
102.04(5)(b) Recreational | Updated a reference to another portion of code, necessitated by restructuring.
Use. Exceptions
102.06 Phosphorus (1) Added a reference to phosphorus assessmentprocedures in 102.07.
(2) Revised definitions for greater clarity for stratified lake or reservoir and stratified
two-story fisherylake. Relocated several definitions to 102.03 as they arealso
applicableto other parts ofch. NR 102.
(3) and (4) Relocated phosphorus criteria forimpounded flowing waters to sub.(3)
with rivers and streams, since determination of the applicableP criterionforan
impounded flowing water is dependent on whether itislocated ona streamoron a

river.
(7) Repealed the note asitis now replaced by new 102.07.
102.07 Assessing Established protocols for assessingagainstthe phosphorus criteria. Seesection 5.1 of
phosphorus the Technical Support Document.
concentration (1) and (2) Established general assessment procedures such as data requirements and
exceedance calculation methods.
Subch. 111 (102.50 to 102.50to 102.53 Created to outline the department’s obligations under the Clean
102.60) Waterbody Water Act to conduct biennial assessments, which was not previously addressedin
Assessments and code. These sections are provided for clarity; they do not create new obligations for
Reporting the department or regulated public. See section 3 of the Technical Support
Document for a description of these sections.
102.54 Provided general information aboutbiological assessment of designated uses.
102.55 Established narrative biological assessmentthresholds for determining attainment of

aquaticlifeuses. These codify general expectations and goals for the health of a
waterbody’s aquatic lifecommunity. This section also describes the types of
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assessmenttools that are used for such determinations. See section 4.3 of the
Technical Support Document for a description of this section.

102.56 Established numeric biological assessmentthresholds for lakes, reservoirs,and
impounded flowing waters.

(1)(a) Established aquatic lifeuseassessmentthresholds for algae (as measured by
chlorophyll a).See section 4.4.2 of the Technical Support Document for a description
of this subsection.

(1)(b) Established aquatic lifeuseassessmentthresholds for a lake or reservoir’s
aquatic plantcommunity, based on response to overall disturbance. See section 4.4.3
of the Technical Support Document for a description of this subsection.

(2) Established recreation useassessmentthresholds for frequency of moderate algae
levels for lakes, rivers,and impounded flowing waters. See section4.4.1 inthe
Technical Support Document for a description of this subsection.

102.60 Established a combined approach for assessing attainment of phosphorus criteria.
This approach creates phosphorus responseindicators for streams, rivers, and lakes.
Phosphorus responseindicatorsareusedin conjunction with phosphorus criteria to
make impairmentdeterminations.

(2) Established lakeand reservoir phosphorus responseindicators for frequency of
moderate algaelevels, chlorophyll a concentrations, aquaticplantcommunity
response, and oxythermal layer thickness. See section 5.4 of the Technical Support
Document.

(3) Established a river and impounded flowing waters phosphorus responseindicator
for chlorophyll a concentration. See sections 5.5 and 5.6 of the Technical Support
Document.

(4) Established stream phosphorus responseindicators for benthic algal massand
benthic diatom community response. See section 5.7 of the Technical Support
Document.

217.13(2)(d) Aligns methods used to calculate upstreambackground phosphorus concentrations
for WPDES permit limitderivationin NR 217 with those used to calculateambient
phosphorus concentrations for purposes of criteria assessmentin NR 102.07.

1.3 RULEMAKING AUTHORITY

Thisrule package is related to water quality standards and assessment methods for determining attainment
of water quality standards. Primarily, this rule documents assessment methods that the department usesto
determine attainment of a waterbody’s designated uses, which are one component of a state’s water
quality standards. The rule also pertains to certain water quality criteria, which are another component of
water quality standards. Specifically, it updates the existing dissolved oxygen criteriaand establishes
oxythermal criteria.

Water quality standardsinclude “adesignated use or uses forthe waters of the United States and water
quality criteriafor such waters based on such uses” per 40 CFR 131.3(i). Designated uses describe the way
Wisconsinintendsforits waterstobe used. Criteriaare numericor narrative statements of the quality of
waterthat mustbe presenttosupportdesignated uses. Wisconsin waters are each assigned four
designated uses: Fish and Aquatic Life (often shortened to AquaticLife), Recreation, PublicHealth and
Welfare, and Wildlife.

The majority of this rule package provides assessment protocols for how the department determines
attainment of designated uses. Unlike designated uses or criteriathemselves, assessment methods are not
federally considered to be part of water quality standards. However, they are animportant component of all
states’ and tribes’ proceduresforevaluating the attainment of water quality standards for purposes of
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reporting onthe health of waterbodiesto U.S. EPA. Most statesinclude theseassessme nt protocolsin
guidance. However, Wisconsinis proposing to establishthemin rule for consistency and clarity. Tothisend,
the rule package establishes biological assessment thresholds and phosphorus response indicators to assess
whetherawaterbody’s uses are being attained, particularly the aquaticlife and recreation uses.

Additionally, the rule package adds language that clarifies Wisconsin’s obligation under the Clean Water Act
(CWA) to conduct waterbody assessments using the designated uses and water quality criteriaevery two
years and to determine which waterbodies are not meeting water quality standards. It also revises existing
water quality criteriafor dissolved oxygen and establishes oxythermal criteriaforlakes with coldwater fish.

U.S. EPA delegates the state of Wisconsin the authority and responsibility for creating and updating water
quality standards, and for monitoring and assessing waterbodies. Relevant portions of the Clean Water Act
and the Code of Federal Register (CFR) include the following:

Sec. 303 (d) (1) (A) of the Federal Water Pollution Control Act (Clean Water Act) requires states to
develop an impaired waters list that identifies waters that are not meeting any water quality standard.

Sec. 305 (b) (1) of the Federal Water Pollution Control Act (Clean Water Act) requires states to prepare a
biennial report documenting which waterbodies are attaining their designated uses.

40 CFR § 130.3 Water quality standards, defines water quality standards as setting water quality goals for a
waterbody that will protectits designated uses (such as protection of fish, wildlife, recreation, and public health
and welfare). Criteria will be setto protectthose uses.

40 CFR 8 130.4 Water Quality Monitoring, requires water quality monitoring and assessments of state
waters.

40 CFR § 130.7 Total maximum daily loads (TMDLs) and individual water quality-based effluent
limitations, provides additional information related to requirements for developing the impaired waters list.

40 CFR § 130.8 Water Quality Reports, requires states to submit water quality reports to EPA that include a
water quality assessment of state waters.

40 CFR § 131.4 State authority. (a) States (as defined in §131.3) are responsible for reviewing, establishing,
and revising water quality standards. As recognized by section 510 of the Clean Water Act, States may develop
water quality standards more stringent than required by this regulation.

40 CFR 8§ 131.11 Criteria. (a) (1) States must adopt those water quality criteria that protect the designated use.
Such criteria must be based on sound scientific rationale and must contain sufficient parameters or constituents
to protect the designated use. For waters with multiple use designations, the criteria shall support the most
sensitive use.

Wisconsin statutes contain the following authority for the state to promulgate water quality standards and
conduct assessments of waterbody condition:

Wis. Stats. § 281.11and 281.12 grant necessary powers and establish a comprehensive program under the
WDNR to enhance quality management and protection of all waters of the state. It grants the WDNR general
supervision and control to carry outthe planning, management and regulatory programs necessary for
prevention/reduction of water pollution and for improvement of water quality.

Wis. Stat. § 281.13 grants the department authority to research and evaluate the quality and condition of the
state’s natural water sources.

Wis. Stat. § 281.15 mandates that the department promulgate water quality standards, including water quality
criteria and designated uses. It recognizes that different use categories and criteria are appropriate for different
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types of waterbodies, and that the department shall establish criteria which are not more stringent than
reasonably necessary to assure attainment of the designated use for the water bodies in question.

Wis. Stat. § 281.65(4)(c) and (cd) directs the department to prepare a list of waters impaired by nonpoint
source pollution.

Any updates to Wisconsin’s water quality standards need to be reviewed by U.S. EPA. EPA isrequired by
section 303(c)(3) of the CWA and 40 CFR 131.21 to review new orrevised water quality standards to
determine whether they are consistent with the CWA and 40 CFR Part 131. EPA’sreview of water quality
standardsinvolves a determination of whether the state has adopted criteriathat protect the designated
use,and whetherthe state has followed its legal procedures forrevising oradopting standards.

Thisrule largely contains assessment methods rather than water quality standards. U.S.EPAis notrequired
to review and approve astate’s assessment methods for evaluating attainment of water quality standards.
Further, Wisconsin Statutes do notrequire a Technical Support Documentforrulemaking pertaining to
assessment methods. However, to provide acomprehensiverecord of information pertainingto the
assessment methods contained in thisrule, they are included in this document.



2. Water Quality Criteria Updates

This rule package contains updates to the existing dissolved oxygen criteriaand creates new oxythermal
criteriafora special class of ~180 lakes that contain coldwaterfish, called two-story fishery lakes.

2.1 DISSOLVED OXYGEN

The existing dissolved oxygen (DO) rule language specifies thatitapplies to trout waters; however, non-
trout coldwaterspecies alsorequire higher DO and therefore the language is being adjusted to covernon -
trout cold waters underthe Cold DO criterion. As such, the existing DO criterion for cold waters will be
appliedtothe following Designated Uses: Cold streams (which includes further subcategories called “Natural
Communities” of Cold and Cold Transition Headwaterand Cold Transition Mainstem streams), Cold lakes
exceptfortwo-story fishery lakes (see below), and Great Lakes. Language was also adjusted to protectearly
life stages of fish until they leave their gravel nests, beyond the fall spawning season. These updates
supportthe U.S. EPA’s national recommendation that cold water DO criteria apply to any cold water systems
for which higher DO is necessary:
U.S. EPA’s National Recommended Ambient WQC for DO: Criteria for coldwater fish are intended to
apply to waters containing a population of one or more species in the family Salmonidae or to waters
containing other coldwater or coolwater fish deemed by the user to be closer to salmonids in
sensitivity than to most warmwater species. Some coolwater species may require more protection
than that afforded by the other life stage criteria for warmwater fish and it may be desirable to
protect sensitive coolwater species with the coldwater criteria.
(U.S.EPA Ambient Water Quality Criteria for Dissolved Oxygen (EPA 440/5-60-003), April 1986)

In the existing code, the coldwater DO criteria of 7 mg/L to protect spawning also applied to class Il trout
waters. However, thisis proposed forremoval becauseclass Il trout waters do not have naturally
reproducing trout.

The existing DO criterion of 5 mg/L will apply to warmwater streams and rivers, and all lakes otherthan
those specified above. Thisis consistent with the status quo.

Thisrule relocates certain dissolved oxygen criteriafromch. NR 104 to s. NR 102.04(4), so thatall DO criteria
are locatedinthe same part of the code in ch. NR102. The relocated criteriaare the existing dissolved
oxygen criterion of 3mg/L for limited forage fish waters and 1 mg/L forlimited aquaticlife waters, diffuse
surface waters, and wastewater effluent channels.

Existingintroductory languagein NR 102.04(4) provides an exception for natural conditions. This exception
may be applied to waters with either higher orlowerthan typical natural DO concentrations. Note that
natural conditions for DO fluctuate overa 24 hour diurnal cycle, with highest DO in |ate afternoon, and
lowestjustbefore dawn.
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2.2 OXYTHERMAL HABITAT FOR TWO-STORY FISHERY LAKES

Two-story fishery lakes have coldwater fish species, but their requirements differ significantly from
coldwater streams and from other lakes. Because coldwater fishes have specific DO and temperature needs
that occur within anarrow vertical habitatrange, their criteriacombine oxygen and temperature
measurements and are called oxythermal layer criteria.

Definition of Two-Story Fishery Lake

A two-storyfisherylakeis defined inthe code as a lake greaterthan 5 acres insize that is always stratified in
the summer, with the potential foran oxygenated hypolimnion, that has documentation at any time since
1975 of a population of cold water fish species such as cisco, whitefish, or trout thatis sustained through
natural reproduction orlong-term active stocking with year-to-year survival. This definitionisrevised
slightly from the existing definition to provide additional clarity.

Habitat quantity concepts for two-story fishery lakes

For most cold waters of the state, the dissolved oxygen metricused to determine support of the fisheryisa
DO concentration of 6 mg/l. However, fortwo-story fisheries, a DO concentration alone is not the best way
to represent the habitat characteristics needed to supportthe fishery. Cisco, whitefish and other coldwater
fishesneed aband of water that has both cold enough temperatures and high enough oxygen forthemto
survive. Atthe beginning of summer, the entire water column usually has both, but by the end of summer,
temperaturesinthe surface water may be too warmand the DO near the bottom may be too low, squeezing
the fishintoa narrow band alongthe thermocline where they can survive (Figure 2). Therefore, ameasure
that representsthe overall quantity of suitable habitat by combining both DO and temperature isamore
useful metricforassessing support of the two-story fishery.

The concepts and methods usedinthe oxythermal layerapproach are describedin Lyons, et. al (2017), in
which cisco data from Wisconsin two-story fishery lakes are analyzed and a metric called “cisco layer
thickness” isdeveloped. The same methods were then applied to whitefish and lake trout to develop aset
of criteriathatare suitable forall three coldwater speciesfound in Wisconsin’s tw o-story fishery lakes.
Earlierwork done in Minnesota developed a similar measurement called “TDO3” for their two-story fishery
lakes. TDO3is a vertical measurement of the watertemperature (T) at which the dissolved oxygen (DO)
concentrationis 3.0 mg/l. WDNR’s work built from that concept and applied avariation of this method
whereby a certain quantity of habitat (atleast 1 meter of depth) isrequired which attains an appropriate DO
(WDNRused 6 mg/L ratherthan 3) and temperature. This has the advantage of requiring a certain depth of
habitat to ensure survival, ratherthan establishing asingle pointat which the criterion mustbe metasin the
TDO3 approach.
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Figure 2. In late summer, coldwater fish can live only in the band inwhich there is sufficient dissolved oxygen and
cool enough temperatures, termed the oxythermal layer.
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Calculating species’ DO and thermal requirements

Each fish species has specificoxygen and thermal ranges suitable toits survival. WDNR assessed species
informationisfromrecent(2011-2015) data froma majority (~155) of Wisconsin’s two-story fishery lakes
combined with research done in Minnesota. The oxythermal criterion foreach speciesis based on the
species’ uppertemperature limitand a protective DO limit of 6 mg/L. The data assessed indicated the
following:

Cisco, whitefish, and lake trout can survive oxygen levels between 3-5mg/L, but thislevel issub-
optimal and may reduce growth and survival. ADO of 3 mg/Lis theirloweroxygen limitfora 24-
hour period. WDNR selected aminimum DO of 6 mg/L for the oxythermal criteriaas a level that
would sustain coldwater fish populations, consistent with the DO criteria of 6 mg/L for other
coldwaters. Minnesota has used a DO concentration of 3 mg/Lfor theirtwo-story fishery metric,
but because this type of criteriais to be applied particularly at periods of peak stress and the
thermal componentof the criteriais based on the species’ uppertemperature limits, it was
determined thata more protective oxygen level was needed to maintain a healthy population and
preventfishkills.

The uppertemperature limitforciscois 73°F (22.8°C) (i.e., cisco will begin to die if exposed to
temperatures above this limitformore than a few days). Theirideal range is ~39-63°F (~4-17°C),
with an optimal temperature of ~48°F (9°C) (i.e. when given achoice, most cisco are found at this
temperature if the DO is above 3 mg/L).

The uppertemperature limit for whitefish is ~66 °F (~19°C). Theirideal rangeis~39-52°F (~4-
11°C), with an optimal temperatureof ~39°F (~4°C).

The uppertemperature limitforlake troutis 57 °F (14°C). Theirideal range is~39-50°F (~4-10°C).
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Setting criteria values

A lake’s maximum acceptable temperatureand acceptable DO are set based on the species thatare
expectedtobe presentand reproducing withinthatlake. Inthe proposed rule language below, the
temperatures shownin subdivision paragraphsato d represent the maximum acceptable temperatureata
DO of 6 mg/L for the speciesindicated. The thermal thresholds were selected to representthe pointat
which mortality begins to occur but most fish survive. Inaddition to appropriate temperature and DO
characteristics, atwo-story lake must have a minimum quantity of suitable habitat: aband of water of at
least 1 meterthat isat/below the indicated temperatureand at/above the indicated DO. Forexample, a
lake that hasjust an inch of water within the suitable ranges would not support coldwater species and
would be considered impaired.

NR 102.04 (4) (am) Oxythermal layer thicknessfor two-story fishery lakes. 1. ‘Criteria.” A two-
story fishery lake shall maintain, during its period of summer stratification, an oxythermal layer of at least 1
meter in thickness that maintains both a dissolved oxygen concentration of at least 6 mg/L and a maximum
temperature of the following:

a. For a two-story fishery lake with lake trout, 57° F or less.

b. For a two-story fishery lake with whitefish but not lake trout, 66° F or less.

c. For a two-story fishery lake with cisco but not whitefish or lake trout, or that the department
manages for brook, brown, or rainbow trout, 73°F or less.

d. For a two-story fishery lake with multiple coldwater fish species, the applicable criterion under
sub. 1. a. to c. is that for the lake’s species requiring the lowest temperature.

Assessing attainment of the oxythermal layer criteria

To measure a lake’s available volume of habitat, vertical temperature and DO profiles are takeninthe deep
part of the lake while the lake is stratified, at least monthly from July to September (earlier samples may be
useful). Multiple profiles are typically needed to account for variability, both duringthe summerseason and
across years. A minimum of two yearsisrecommended. Toanalyze, plots are made of both temperature vs.
depthand DO vs. depth, and the vertical extent of the depth profile is determined at which the DO is 6 mg/L
or above and the temperature is at the specified threshold orbelow. The depth of available habitatisthen
compared to the criterion. Duringany givenyear, if at any pointthe applicable criterionis not met, that
yearis an exceedance year. If any two or more years within the mostrecent 5-year period are exceedance
years, the lake is not attaining the water quality criterion and would be listed asimpaired on the section
303(d) list. Ifinsufficient data are available from the most recent 5-year period, datafrom up to 10 years
may be used if representative of current conditions.
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3. Waterbody Assessments

3.1 DOCUMENTING CLEAN WATER ACT OBLIGATIONS

Under the Clean Water Act, all states are required to conduct waterbody assessments and impaired waters
listing; these are submitted to the U.S. EPA every two years. However, Wisconsin codes do not currently
containany reference tothese obligations. The ruleincludes a newly proposed Subchapter I, Waterbody
Assessments and Reporting. The firstfew sections of this subchapter (ss. NR 102.50 to 102.53) document
and codify Wisconsin’s assessment and listing process, in ageneralized manner. They describe two specific
types of assessments that are required underthe Clean Water Act: statewide condition assessments and
individualwaterbody assessments (including the 303(d) list). They also establish requirements for public
participation and recognize the U.S. EPA’s approval process. The documentation of these general
obligationsis not meantto necessitate any specificchanges to how these assessments are currently
conducted.

The remaining portions of proposed Subchapter il (beginningats. NR 102.54) include more specific
information about assessment protocols, and these are described in detail throughout sections4and 5 of
this Technical Support Document. The department’s protocols forassessing waterbodies and listing
impaired waters are supplemented with aguidance document titled “Wisconsin’s Consolidated Assessment
and Listing Methodology” (WisCALM), whichis updated every two years. This guidance document would
still be used for more detailed protocols than those that are codified.

3.1.1 Variability and confidence intervals

This subchapteralso contains a section on sample variability. For certain types of assessments, asite may
exhibitawide variability in samples collected. The subchapterestablishes aprocess for using confidence
intervals to determinewhen additional samples are needed to bolsterthe dataset before making an
impairment determination.

This use of confidence intervals (Cl) is a statistical approach to assess stream data against the applicable
water quality criterion orassessment threshold. Within this rule package, itis applied to both phosphorus
and chlorophyll a assessments, and is available to use with other parameters as appropriate. Use of an 80%
Cl has several benefits, including:
e |ltclarifiesthe confidence inthe mean or medianvalue of asmall numberof samples;
e |t maximizessampling efficiency, only requiring additional samplesif the results are unclear (asmall
percentage of the time);
e Itreducesbothfalse positives and false negatives in decision making;
It is consistently applied forassessments across parameters (for both total phosphorus and
chlorophyll a) and across waterbody types (for lakes, streams, and rivers); and
e [tiscurrentlyinuse as part of WisCALMassessment protocols andis automatically calculated.

The Cl approach involves the calculation of a two-sided 80% confidence interval around the mean (forlakes)
or median (for streams) of a sample dataset. The confidence interval is calculated using measures of sample
size and variation to suggest, with a specified level of certainty, that the true population statistic (e.g., mean
or median) falls within a specified range of values. When sample values are normally distributed, the
confidence interval around the medianisidentical tothe confidenceinterval around the mean. Because
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phosphorus and chlorophyll a concentrations are usually log-normally distributed, the raw concentrations
for these metrics are log-transformed for the confidence interval calculation.

The two-sided Cl has an upperand lower confidence limit (CL). The upperand lowerCLare usedto

determine if more dataare needed before making an assessment determination, as follows (Figure 3):

e Ifthe upperCLisbelow the criterion, the sample dataset clearly attains the criterion/threshold. No
furthersamples are needed.

e Ifthe lowerCLof the sample datasetfrom a particularsite exceeds the applicable criterion/threshold,
and those data were representative of normal weatherand hydrology, thenthe corresponding
site/segmentis considered to be exceeding the criterion/threshold. Nofurthersamplesare needed.

e Ifthe criterion/threshold falls within the confidence interval, then more samples are needed before
making an attainment determination. Typically an additional year of samplingis done toincrease
certainty; afterthat point, if results are still unclearthe attainment decision is based on whetherthe
mean or medianis above or below the criterion/threshold.

By comparing only one side of the 80% Cl to a criterion/threshold it provides 90% certainty that the true
mean or medianisabove the threshold (see the “Clearly Exceeds” examplein Figure 3). Thisis because if the
80% Cl is above the criterion/threshold then the 10% uncertainty thatis greaterthan the highest confidence
limitisalso above the criterion/threshold, and summingthe two equals 90% confidence. Likewise, inthe
“Clearly Meets” examplein Figure 3, there is 90% certainty that the true mean or medianisbelow the
criterion/threshold.

WisCALM 2020, section 4.5, containsthe formulaforthe Cl calculation and additional information on how

the Clis used.

Figure 3. Comparison of the upper and lower confidence limit values and mean/median (M) to a criterion or
threshold, to determine if additional samples are needed for an assessmentdetermination.
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4. Biological Assessment Thresholds:
Assessing Overall Health

WDNR'’s proposedrule revisions include a new Subchapter Il of NR 102 Wis. Adm. Code that will establish
narrative biological assessment thresholds to be used for waterbody assessments and 303(d) listing. This
code package includes several types of biologically-based assessment thresholds, which indicate the overall
health of certain groups of organisms. These are expressed both in narrative format, pertaining to all
waterbodies, and as numericthresholds specificto lakes, reservoirs, and impounded flowing waters. This
sectionfocuses onbiological assessment thresholds forassessing overall health. Phosphorus response
indicators are a different set of biologically-based indicators discussed in section 5that are designed to
reflectimpacts specifically tied to phosphorus.

Most state environmentalagencies assess biological quality intheir waterbodies. This can be done under
several frameworks:
a) Biological thresholds used forassessment purposes can be either narrative or numeric in format, or
both.
b) Theymay be contained in guidance or promulgated in a state’s Administrative Codes (or equivalent).
Some thresholds may be promulgated while others remainin guidance.
c) If promulgated, they may be codified as part of the state’s assessment methodology, or as part of its
water quality standards as biological criteria (biocriteria).

EPA has been working with states, including Wisconsin, formore than a decade to develop and codify
biological assessment thresholds or biocriteria that fit each state’s preferred framework. Fromthe options
above, Wisconsin has elected to:
a) Establish both narrative and numericthresholds.
b) Promulgate narrative thresholds and asubset of numericthresholds in Administrative Code,
supported by additional guidance in WisCALM.
c) Establishthese thresholds as partof its assessment methodology ratherthan as water quality
standards (or criteria).

More succinctly, Wisconsin has elected to codify narrative and numericthresholds as part of its
assessment methodology rather than as part of its water quality criteria.

Wisconsin, like many state regulatory agencies, has along history of using biological datato support water
guality management (U.S. EPA 2011). The biological assessmentthresholds presented here were developed
using Wisconsin-specific data and statistical approaches appropriate for these datasets.

4.1 HOW BIOLOGICAL ASSESSMENT THRESHOLDS DIFFER FROM WATER
QUALITY CRITERIA

Wisconsin has elected to propose codification of biological assessment thresholds that are separate from,
but related to, its water quality criteria (Table 1). Duringthe department’s biennial assessment cycle, both
water quality criteriaand biological assessments are used to evaluate whetherawaterbody is attainingits
designated uses. Thisinformationisreportedtothe U.S. EPA duringthe biennial reportingcycle.

16



e Water quality criteria describe the quality and characteristics of the water contained withina
surface waterbody. Most water quality criteriaare for pollutants such astoxics or nutrients, buta
few, such as dissolved oxygen (DO) or pH, describe water quality but are not pollutants. Only water
quality criteriaare used to set discharge permitlimits orto set targets for Total Maximum Daily Load
(TMDL) analyses.

e Biological assessmentthresholds describe the condition of the living things within the waterbody,
such as plants, fish, aquaticinsects, and algae. They are used to determine the health of anaquatic
life community and whether designated uses are supported. Aquaticlife communities may be
impacted by pollutants or by otherfactors such as physical impacts (stream bank erosion, dams),
invasive species orclimate change. Therefore, there are awide range of actions that may be taken
to address biological degradation, commonly including habitat restoration, watershed work, and
invasive species management. Whether biological assessment thresholds are codified orin
guidance, or are narrative or numeric, they are not used forsetting permit limits.

Table 1. Differences between application of water quality criteriaand biological assessment thresholds.
Used to derive Examoles: Shown on Actions toward
permit limits? ples: 303(d) listas: | improvement:
Pollutants y " - Permitlimits
Water Quality Criteria . . Pollutant
. ; Yes (toxics, nutrients) - TMDLs
(describe the water itself) - -
DO, pH y - Habitat restoration
- - Observed
Biological Assessment . " - Watershed work
Plants, fish, effect” of . .
Thresholds No insects, algae (chl) | degradation |~ Invasive species mgmt.
(describe living things) 138 g - Site-specificcriteria

Note: Water quality criteria and biological assessmentthresholds can be either numeric or narrative.

4.1.1 Listing “Observed effects” of biological degradation

Under EPA’s section 303(d) listing process, once a waterbody is assessed for water quality criteriaand/or
biological assessmentthresholds, the state reports any applicable “pollutants” and/or “observed effects”.
“Observed effects” have formerly been called “impairments” in Wisconsin; this code package proposesa
change in terminology to match EPA’sterms. If a waterbody is exceedingawaterquality criterionfora
pollutant, thatis reported as a “pollutant” on the 303(d) list. Incontrast, ifa waterbody isfoundtonot be
attainingany one of its biological assessment metrics, whetherin code orguidance, the department
includesitonthe 303(d) listas having “observed effects” of degradation. These observed effects are

)«

specified further as “degraded biological community”, “eutrophication”, or using other descriptors.

Biological metrics designed to assess overall community health are influenced by a wide range of stressors
outside of specificpollutants, such as habitat loss, invasive species, and dams. Therefore, listings forthese
“observed effects” are not linked to specific pollutants unless ademonstration has been made that a specific
pollutantis causing or contributingto the degradation. Oftenthere is no pollutantassociated with a
biological listing (in which case the datafield for “pollutant”is filled as “unknown” or “not applicable”).
These listings for biological degradation are not addressed through permit limits, but may be addressed by
many other types of restorative actions. To date, after many years of listingand addressing sites ex hibiting
biological degradation, the departmentis notaware of any regulatorily-required economicimpacts of these
listings outside of cases where asite-specificcriterion fora pollutant was promulgated through a separate
rulemaking process, as described below.
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Biological assessments may intersect with water quality criteriain certain cases which are fairly uncommon.
If a waterbody’s water quality criteria are already being met but the department determines that the
waterbody is still experiencing biological degradation due to a specific pollutant, thatindicates lowerlevels
of the pollutantare needed. Inthat case, a site-specificcriterion for that pollutant can be proposed via
rulemaking to address the degradation. Conversely, a higher criterion fora pollutant may be established for
a waterbody viarulemakingif the higheramount would remain protective of the waterbody’s uses. This
wouldresetthe water quality criterion fora waterbody to a different value, which could in turn affect
permitlimits or TMDL targets. Settingasite-specificcriterion would have to go through its own rulemaking
process.

4.2 NARRATIVE VS.NUMERIC BIOLOGICAL ASSESSMENT THRESHOLDS

WDNR has been assessing biological metrics overthe pasttwo decades, including fish and aquaticinsectsin
streams and rivers, and aquaticplantsand algae in lakes. Assessment protocols were incorporated intothe
department’s Wisconsin Consolidated Assessment and Listing Methodology (WisCALM) guidance starting
with the 2014 assessment cycle. Because this has beenlongstanding practice andis an important part of
WDNR'’s work to assess the health of the state’s waterways, itis appropriate to reflect this processin state
Administrative Code to providetransparency for the publicand clarity as to how bioassessments fit within
the Clean Water Act. Under the Clean Water Act, biological assessment thresholds can be expressed as
eithernarrative ornumeric:

¢ Narrative biological assessment thresholds are a set of descriptive statementsin code that express
expectations and goals forthe quality of aquaticbiological communities. They may also provide
information about the types of assessments done to evaluate biological health. Typically, narrative
assessment thresholds have accompanying guidance, such as WisCALM, describing assessment
protocolsin more detail.

¢ Numericbiological assessmentthresholds are specificnumericbenchmarks at which a waterbody is
determinedto be attainingitsaquaticlife use. They are typically established for different types of
waterbodies and different types of biological communities (plants, fish, insects, etc.) Forinstance,
numericassessmentthresholds may require that a certain type of lake contain a specified (numeric)
percentage of aquatic plants that are considered sensitive to disturbancein orderto be considered
attainingitsaquaticlife use. Or, fora certain streamtype, a numericthreshold might say that the
fish community should achieve a score of 40 or greater on a 100 pointscale (the Fish Index of Biotic
Integrity, orIBI). Other communities may have othertypes of numericthresholds. Once anumeric
biological assessmentthreshold is codified by rule, it cannot be revised unless the rule isrevised.
Numericthresholds may also be containedin guidanceinstead of rule, asis the case in many states.

In thisrule, the departmentis proposingto establish a Subchapterlll containing both narrative and numeric
biological assessmentthresholds.

From EPA’s website, https://www.epa.gov/wgc/information-bioassessment-and-biocriteria-programs-
streams-and-wadeable-rivers-tabulated-format, EPA reports that a total of 38 states currently have some
combination of narrative and/or numericbiocriteria promulgated. Of these, 14 states have only a narrative
biocriteria statement promulgated, 18 states have a narrative statement with quantitativeimplementation
proceduresortranslators, and six states have numericbiocriteria as well as narrative biocriteria. Within
EPA’s Region 5, which Wisconsinis part of, Ohio and Minnesota have both narrative and numericbiocriteria,
and Indiana has a narrative biocriteria statementin code. The remaining Region 5states (lllinois, Michigan)
and lowa do not have promulgated biocriteria as part of their water quality standards. They do, however,
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use biological assessment thresholds as part of theirassessment guidance and methodology for determining
whetherwaterbodies are attaining their designated uses and for making listing determinations.

4.3 NARRATIVE BIOLOGICAL ASSESSMENT THRESHOLDS

4.3.1 Narrative assessment statement

As described above, narrative biological assessment thresholds set goals and expectations forthe quality of
biological communities, and are used for determining attainment of designated uses. The primary narrative
statementinthe proposed codeis asfollows:

NR 102.55 (2) NARRAT IVE BIOLOGICAL ASSESSMENT THRESHOLDS. (a) The aquatic life uses unders.
NR 102.04 (3), except for those specified in s. NR 102.04 (3) (d) to (e), shall be considered suitable for the
protection and propagation of a balanced aquatic life community. Those uses are intended to supportthe
growth, development, reproduction, and life cycle of the aquatic life communities for their designated aquatic
life use categories, although such waters may exhibit moderate changes in aquatic life community structure due
to loss of some rare native taxa or shifts in relative abundance. In determining attainment of a waterbody’s
designated uses, the department may compare its biological quality to the range of quality found in similar
waterbodies under natural conditions. A waterbody with distinct natural characteristics that result in an aquatic
life community different from or less diverse than otherwaters in the same use category may be considered
attaining its aquatic life useif those differences are clearly related to natural characteristics.

(b) A surface water that does not supportabalanced aquatic life community as designated unders. NR
102.04 (3) (d) to (e) shall supportits highest attainable use given its habitatand potential.

(c) A surface water shall maintain at least the highestbiological condition it has achieved since 1975.

Note: Paragraphs (b) and (c) reflect federal requirements under 40 CFR s. 131.10 (g), pertaining to
highest attainable uses,and 40 CFR s.131.3 (e), specifying November 28, 1975 as the benchmark date from
which to determine “existing uses” for aquatic life.

Note: Examples of waterbodies with distinct natural characteristics are wetland-dominated streams,
naturally acidic bog lakes, and ephemeral streams with only small areas of short-term refugia. Biological
condition assessments should not be conducted during periods when there is insufficient water due to natural
conditions to support aquatic life.

This statementreiterates the designated use requirementunder NR 102.04(3) that waterbodies supportthe
protection and propagation of a balanced aquaticlife community. It then outlines key concepts used to
evaluate whetherawaterbody’s biological communities indicate attainment of the waterbody's designated
uses, including:

e ageneral description of the types of life stages and functions that should be supported;

e recognition that uses may still be attained even with somesshifts in aquaticcommunity structure;

e use of the comparison of a waterbody to similar waterbodies under natural conditions;

allowance forthe consideration of natural characteristics of individual sites; and
e inclusion of federalrequirements related to attainment of designated uses.

4.3.2 Interpreting the narrative statement using biological metrics in
guidance

The narrative statementis followed in code (at sub. NR 102.55(3)) by a description of the types of biological
assessments used by the department to assess biological condition, such as IBls or similartools. Note that
for numericassessmentthresholds proposed forinclusion in code, such as those for lakes, information on the
assessment protocolsto be usedisincludedin the section of code describing each metricandits thresholds.
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However, narrative thresholds may be interpreted using assessment metrics contained in guidance. Thisis
particularly relevant for waterbody types that do not have codified numericthresholds. Forinstance,
assessment protocols forusing fish oraquaticinsects to assess streams and rivers will remain housedin the
WisCALM guidance as they previously have been. Forthose metrics, WisCALMrecommendations apply in
interpreting the narrative thresholds, but as guidance these recommendations are non-binding.

Narrative biological assessment thresholds are, by their nature, flexible. Atany giventime orlocation, the
most appropriate assessment protocols for a certain aguatic community would be applied. This meansthat
as assessment protocols are improved overtime, the newer protocols would be applied. Thisissimilarto
the existing approach where protocols are implemented through WisCALM guidance, where they may
evolve overtime toreflectthe most recent scientificunderstanding of aquatic communities. WisCALMis
updated every twoyearstoincorporate any needed adjustments, and a publiccomment periodis held at
the start of each two-year cycle to get publicfeedback on any proposed revisions. Any revisions oradditions
to WisCALMwould go through WisCALM's regular publiccomment period.

This section provides a brief description of biological metrics currently in use by WDNR that are not
proposed for promulgation as part of this rule package, but would remain in guidance until orunless a
future rule package codifiesthem. Primarily, theseare the fishandinsectthresholds for streamsandrivers.
WDNR is not yet proposing to codify these thresholds because itisinthe process of reviewing and revising
the existing IBl tools for these metrics. Itis worth notingthat once a bioassessmenttoolisimplemented it
rarely undergoes major revisions. Forinstance, the coldwater stream fish and stream macroinvertebrate
biological assessmenttools were developedin 1996 and 2003, respectively, and incorporated intothe
WisCALM protocols for waterbody assessments around 2014. Duringthat time frame, there have notbeen
any majorrevisionstothe protocols. Currently, aftermany years of use, WDNRis evaluatingwhether
updatestothose tools are appropriate based on updated scientificknowledge. This effort may alsoinclude
consolidating multiple IBl tools into a unified scoring system for simplicity of application. These revisionsin
guidance may be completedintime forthe 2024 assessmentcycle. Any proposed changes would be public
noticed as part of the WisCALM guidance publicnotice period for that assessment cycle, which would take
placeinthe fall of 2022. Whenthe updatesare complete, WDNR also expectsto propose codification of
those assessment thresholds for streams and rivers as a separate rule package. Once numericbiological
thresholds are promulgated in code, any revisions to the thresholds would also need to be revised in code.

Because each of these tools are well-documented within WisCALM and/or the papers cited, they are not
describedin depth here. WisCALM can be accessed online at
https://dnr.wi.gov/topic/surfacewater/assessments.html.

Biological assessments for streams and rivers
WDNR has a long history of assessing streams and rivers for fish and macroinvertebrates (aquaticinsects).
Wisconsin has made considerableinvestmentsin developing bioticindices for wadeable streams and rivers.

e Macroinvertebrates (aquatic insects): Three Macroinvertebrate Indices of Biotic Integrity (MIBI) are
tailored towadeable streams in specific ecoregions of Wisconsin: Driftless Area, Northern Forest,
and Central/Southeast (Weigel, 2003). These subcategories are based onlandscape-scale
characteristics including geology, physiography, vegetation, climate, soils, land use, wildlife, and
hydrology. Inthe Wadeable Stream MIBI, the three MIBIs tailored to each ecoregion are combined
into a single Wadeable Stream MIBI scoring scale thatis comparable across all ecoregions.
Additionally, aseparate MIBI is used forrivers (Weigel and Dimick 2011).

e Fish:Five Fish IBIs (FIBI) have been developed for wadeable streams based on stream size (flow) and
temperature, the waterbody characteristics most closely tied to fish community composition. The
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five FIBIs are: coldwater (Lyons et al., 1996), cool watertransitional (cool-cold and cool-warm;
Lyons, 2012), warmwater (Lyons, 1992) and small stream (Lyons, 2006). These correspond to
different Natural Community stream subcategories, which are correspondingly based on the
temperature and flow of the waterbody. Aseparate Fish IBlisused forrivers (Lyonset. Al. 2001).

Biological assessments for wetlands

To date, wetland assessments have not beenincluded in WisCALM. However, an extensive effort has been
underway to develop wetland plantindicators. These could be incorporated into WisCALM biological
assessmentsinthe future if deemed appropriate.

e Wetland plants: Assessmenttoolsforwetland plantcommunitiesare underdevelopment. Surveys
of 1,100 least-disturbed to most-disturbed wetlands have been completed and used to set
preliminary wetland condition thresholds foreach commonly-occurring wetland plant community by
Omernik Level 3Ecoregion. Floristic Quality Assessment metrics calculated include weighted and
unweighted mean coefficient of conservatism. When all ecoregions are surveyed, the total dataset
could be analyzed to determine statewide assessment thresholds where possible.

4.3.3 WDNR’s Bioassessment Program Evaluation

U.S. EPA has been working nationwide since 2002 to assess states’ biological assessmentand monitoring
programsin supportof biological thresholds and criteria. Duringthe course of 2013-2014, the WDNR
underwentaU.S. EPA program review of its bioassessment program. The review was conducted by a U.S.
EPA contractor, Midwest Biodiversity Institute, and assessed a variety of program componentsincluding the
state’s designated uses, monitoring capacity, assessment protocols, and biological indices. The assessment
culminatedinareporttitled “Refining State Water Quality Monitoring Programs and Aquatic Life Uses:
Evaluation of the Wisconsin DNR Bioassessment Program” (MBI, 2014). Multiple WDNR program
components were scored forseveral waterbody types: streams/rivers, lakes, and wetlands. The review
recognized that WDNRis currently employing several biological indicators through its WisCALM assessment
guidance. However, itemphasized EPA’s national goal of establishing at least two biological assemblages
perwaterbody type and strongly recommended that these biological assessment thresholds and protocols
be officially promulgated. The Bioassessment Program Review provided astrong endorsement for the
necessity of this rule package.

4.4 NUMERIC BIOLOGICAL ASSESSMENT THRESHOLDS FOR LAKES,
RESERVOIRS, & IMPOUNDED FLOWING WATERS

Numericthresholds set benchmarks that the department uses when determining attainmentof a
waterbody’s designated uses. This rule proposes codification of a suite of numericthresholds forlakes and
reservoirs. These include recreation thresholds for frequency of moderate algae levels and AquaticLife use
thresholds foraquaticplants and for chlorophyll a. Of these, only the recreation thresholds alsoapply to
impounded flowing waters.

4.4.1 Chlorophyll a thresholds for Recreation use assessments
High algal levelsin Wisconsin’s waterbodies are atop concern for Wisconsin citizens, as evid enced through
publicsurveysand comments received during the department’s Triennial Standards Review cycles, where

algae-related topics consistently ranks amongthe public’s top priorities. Algal biomass, as measured by
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chlorophyll a concentrations, relates to objectives concerning swimming and otherrecreational uses of lakes
as well asaquatichabitatand trophicstate. Itis one of the most common response metrics to assess
elevated phosphorus and was one of the primary metrics used in development of Wisconsin’s phosphorus
criteriain 2010. Chlorophyll a concentrations have also been used since 2012 as part of the department’s
standard lake assessment protocols, as detailed in WisCALM 2020. Everytwo years, the departmentusesan
automated statistical package to assess all lakes in the state with sufficient chlorophyll a data.

For recreational uses such as swimming, boating, and aesthetics, the assessment thresholds for chlorophyli

a are based onthe frequency of moderate algae levels, as shownin Table 2. Thissection describes how
moderate algae levels are defined, and the selection of afrequency threshold for different lake types.

Table 2. Recreational use assessment thresholds for frequency of moderate algae lewels.

Waterbody Type Subcategory: Recreation Use assessment
Phosphorus subcategories thresholds
Lakes, Impounded flowing water, Does not exceed 20 ug/L for
Reservaoirs, Unstratified drainage, more than 30% of days during the
Impounded Flowing Waters Unstratified seepage summer sampling period?
(includes cold and warm) Stratified drainage,
Stratified seepage Does not exceed 20 ug/L for
more than 5% of d_ays du_rin%the
Stratified two-story fishery summer sampling period

TTerms used for waterbody types and subcategories are defined in s. NR 102.03. These thresholds do not apply to streams or rivers.
2summer sampling period is July 15 to September 15.

4.4.1.1 Defining moderate algae levels

Lake recreational chlorophyll a assessment thresholds are designed to protect primary contact recreation
(swimming). Since 2002, Wisconsin’s citizen lake monitoring network has collected over 10,000 chlorophylla
samples and corresponding user perception ratings of water quality. We conducted a statistical analysis of
the relationship between user perception and chlorophyll a concentration to help identify appropriate
thresholds. Thisenabled usto determine achlorophyll a threshold at which conditions declineto an extent
that users experience decreased enjoyment, but before substantial numbers would not swim.

Citizen monitors rate the condition of each lake and theirenjoyment of it on the day they sample water
quality. Citizens do notknow the chlorophyll a concentration results at the time they rank the lake
conditioninone of the following five categories:

1 =Beautiful, could notbe any nicer

2 =Veryminoraesthetic problems; excellent for swimmingand boating enjoyment

3 =Swimmingand aestheticenjoyment of lake slightly impaired because of high algae levels

4 =Desire to swimand level of enjoyment of lake substantially reduced because of algae;

would not swim, but boating OK
5 =Swimmingand aestheticenjoyment of lake substantially reduced because of algae levels

These rankings were used in conjunction with the chlorophyll a data collected on the day of the survey. As
describedinthe statistical analysis section below, we used alogisticregression modelto evaluate the
relationship between the subjective perception ratings and measured chlorophyll a concentration (M.
Diebel, WDNR, unpublished analysis, 2016). The analysis shows that subjective perception of water quality is
strongly related to measured chlorophyll a concentration (Figure 4). We used the resultsto propose a
definition of “moderate algae” levels of >20 ug/L chl a.
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Proposed chlorophyll a assessment thresholds may be determined by a) identifying inflection pointsinthe
relationship at which half the users perceive aparticular condition, and/orb) specifyingatarget frequency
of lake userperception (e.g., 90% of lake users view the water as suitable for swimming). We based our
proposed definition of “moderate algae” at > 20 ug/L chl a on both of these factors, which provided two
main findings:

e The pointat which half of userssay theirenjoymentissomewhatimpaired due to algaeisat 21 ug/L
chl a. Thisisshownin Figure 4 as the inflection point forthe line indicatingthe upper edge of
category 3. Below this concentration, the majority of usersindicate thatalgae levels do notinhibit
theiruse of the waterbody; whereas above this concentration a majority of users experience
decreased enjoyment and recreation.

e The pointat which most users (over 90%) would still swim, but just before arapidincrease inthe
proportion of users who would not swim, isat 25 ug/Lchl a. Thisis shown on Figure 4 as the point
of maximum acceleration forthe line indicatingthe upper edge of category 4. This establishesthe
threshold before the point at which swimming becomes significantly inhibited.

The inflection pointfor “Category 3 — Enjoyment somewhatimpaired” (21 ug/L) and the point of maximum
acceleration for “Category 4 — No swimming” (25 ug/L) are nearly equal, and a threshold in this range could
be translated into the following narrative justification: “Half of lake users perceive some impairmentto their
enjoymentandrecreation due to algae, but over90% of users would still swim.” Rounding these values
downto 20 pg/L, the proposed assessment threshold provides a margin of safety. Importantly, once this
pointis exceeded, the perceived impacts of algae increase rapidly and users are much lessinclined to swim.

By setting Wisconsin’s frequency threshold to limit moderate algae levels of 20ug/L chl a, we are also
protective against “severe” and “very severe” blooms, restricting these to occur a very small percent of the
time.

This analysis only evaluates instantaneous perception of water quality, not the cumulative effects of

persistentalgal blooms on perceived suitability for recreation. The allowable exceedance frequency is
discussedinthe following section.
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Figure 4. Plot of fitted relationships between chlorophyll a concentration and Wisconsin lake user perception of
water quality.
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Statistical analysis

The data usedin the analysis were all chlorophyll a samples collected from the top 2 m of the water column
in Wisconsin lakes and reservoirs during the period July 8 — Sept 22 (WisCALMchlorophyll a assessment
period) from 2002! to 2016. Multiple valuesfromthe same station and date were averaged, and samples
without a corresponding user perception rating were excluded.

The statistical model is aset of mixed effects logisticregressions, one for each perception level, where the
response variable isabinary (0/1) of that perception level orhigher (i.e., worse)and the predictoris
log(chlorophyll). Station IDwas included as a random effect on both the interceptand slope of
log(chlorophyll) to account forvariance among lakes and stationsin the relationship between chlorophyll a
and user perception. The models were fit using the glmerfunctioninthe R package Ime4 with the following
call:

glmer(IMP ~log(CHL) + (1 + log(CHL) | STATION_ID), mdata, family=binomial, nAGQ=0,
control=glmerControl(optimizer="nloptwrap"))

12002 is when the current laboratory procedure (chlorophyll a by fluorescence) became the standard.
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Variance inthe fitted relationships was assessed by selecting bootstrap sample sets with replacement and
refittingthe model 500times. The control arguments inthe model call were used to speed model fitting to
allow use of the bootstrap procedure. These controls gave identical parameter estimates to the default
controls. Models were fitfor nine lake classes and forall lakes combined (see Appendix A). The following
discussion of potential assessment thresholds is based on the “all lakes” model. The nine lake classes did
not exhibit enough variation to warrant separation of results based on lake class.

The “all lakes” model shows that subjective perception of water qualityis strongly related to measured
chlorophyll a concentration (Figure 4). Itis appropriate to plot this kind of relationship onalog-linear plot
because human perception of most stimuliscales linearly with the log of the stimulus (Fechner’s Law, see
Smith and Perrone 1996 forevaluation of this principle to water clarity). Proposed chlorophyll a assessment
thresholds may be identified by either a) specifying atarget frequency of lake user perception (e.g., 90% of
lake users view the wateras suitable for swimming), orb) identifying inflection points in the relationships
that signify changesinthe unitresponse toaunitstimulus. Critical pointsinalogisticfunction are the
inflection point (Pl), where the slope is maximal, and the points of maximum and minimum acceleration
(PAA2=9% and PDA = 91% of function maximum), which are where the function breaks fromitslowerand
upper plateaustoits growth phase (Mischan et al. 2011). Inapplicationtothe userperception curves, the Pl
iswhere half of the users perceive a particularcondition, and the PAAis a breakpoint, above which the rate
of increase in perceptionis highest. The Pl for “3 — Enjoyment somewhatimpaired” (21 ug/L) and the PAA
for “4 — No swimming” (25 ug/L) are nearly equal, and a threshold in this range could be translated into the
following narrative justification: “Atleast half of lake users do not perceive any significant water quality
problems and the water quality is suitable for swimming for the vast majority of users.” Roundingthese
valuesdownto 20 pg/L, the proposed threshold would provide a margin of safety. This analysis only
evaluatesinstantaneous perception of water quality, not the cumulative effects of persistent algal blooms
on perceived suitability for recreation. The allowable exceedance frequency is discussed in the following
section.

Consistency with previous protocols and research

The findings of Wisconsin’s user perception survey and resulting selection of a “moderate algae” level of 20
ug/L chl a are consistent with Wisconsin’s previous thresholds and assessment protocols and earlier
research done by other parties, as described below. The 2016 analysis of Wisconsin user perception data
supported the continued use of this threshold.

e Achlorophyll athreshold of 20 ug/L chl a was previously used by WDNR to develop Wisconsin’s
statewide phosphorus criteriaforlakes, promulgated in 2010. During development of the statewide
phosphorus criteria, the threshold of 20 ug/L chl a was based on Minnesota’s work, discussed
below. WDNR has also used this concentrationin assessment protocols since the promulgation of
phosphorus criteriain 2010.

e WDNR’sdefinition of a“moderate algae” level directly corresponds with the Minnesota Pollution
Control Agency’s (MPCA’s) definition of a “nuisance” algal bloom. Minnesota conducted an earlier
study that surveyed user perceptions of lakes’ recreational suitability and physical appearance
(Heiskary and Walker, 1988). The study coupled user perceptions with simultaneously collected d ata
on phosphorus, chlorophyll a, and Secchi depth. MPCA defined fouralgal bloom categories during
theirdevelopment of phosphorus criteriafor Minnesota lakes: a “mild bloom” is greaterthan 10
ug/L; a “nuisance bloom” is greaterthan 20 ug/L; “severe nuisance bloom” is greaterthan 30 ug/L;
and a “very severe nuisance bloom” is greaterthan 40 ug/L chl a (Heiskary and Wilson, 2008).

2 Inthe paper cited, PAA stands for Point of Asymptotic Acceleration; PDA stands for Point of Asymptotic Deceleration.

Letters of the acronymare rearranged with the Afor Asymptotic last(Mischanetal.2011).
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As shownin Figure 5, a chlorophyll a concentration of 20ug/L corresponds with the lowerend of
perceived swimmingimpairment, and is between a physical appearance of “definitealgae” and
“high algae”. This study was used by both the Minnesota Pollution Control Agency and the
Wisconsin DNRin setting phosphorus criteriaforlakes.

Figure 5. Excerpt from Figure 3 in Heiskary and Walker’s 1988 paper showing results of user perception surweys
of a range of chlorophyll a concentrations. Interquartile ranges of measurements ineach response category.
Legend: N = number of observations; F =variance ration (among-group mean square/within-group mean square)
derived from one-way analysis of variance on logarithmic scales.
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e Thethreshold of 20 ug/L chlorophyll ais also consistent with an extensive analysis of Wisconsin lake
data by Lillie and Mason, published in 1983. This analysis recommended sixcategories for
chlorophyll ainrelationto water clarity (Figure 6). Asshownin Figure 6, a concentration of 20 ug/L
chlorophyll a asa moderate algae level corresponds to the lower (better) end of the “Poor”
category. The frequency thresholds provided here would restrict this poorerlevel of water quality
to a given percentage of the summer.

Figure 6. Excerpted from Lillie and Mason (1983), Table 19. Apparent water quality based on chlorophyll a and
water clarity as related to the Carlson Trophic State Index.

Approximate Water

Chlorophyll a Apparent Clarity Equivalent Approximate TSI*
(ng/1) Water Quality (m) Equivalent
<1 Excellent >6 <34
1-5 Very Good 3.0-6.0 34-44
5-10 Good 2.0-3.0 44-50
10-15 Fair 1.5-2.0 50-54
15-30 Poor 1.0-1.5 54-60
>30 Very Poor <1.0 > 60

*Based on Carlson (1977).
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4.4.1.2 Frequency of moderate algae levels

This assessment protocol is based on the percent of days (frequency) during the summer sampling season
that a lake experiences moderate algae levels. This approachrecognizesthatalgal concentrations are
episodicin nature and that higherlevels naturally occur a certain percent of the time. Because of this
episodicnature, afrequency measureis more appropriate forassessing recreational opportunity thana
mean concentration overa longertimeframe.

Deep lakes

The proposed recreational use assessment threshold fordeep lakes is that moderate algae levels (20ug/L
chlorophyll a) shall not occur more than 5% of days during the summersampling season. Thisthreshold was
one of the primary endpoints used for development of the statewide total phosphorus (TP) criteriain 2010
(Phosphorus Technical Support Document, 2010). Figure 7 was usedin Wisconsin’s Phosphorus Technical
Support Documentto show that 5% frequency corresponds to ~28 ug/L phosphorus. This was rounded up
to a criterion of 30 ug/L TP for deep lakes, which should resultin moderate algae less than 5% of the
summerand severe blooms lessthan 1% of the time. The figure was originally developed from astudy on
user perceptions of lake recreation suitability in Minnesota (Heiskary and Walker, 1988), and was also used
as a basis for Minnesota phosphorus criteria forlakes (Minnesota Pollution Control Agency, 2005).

As part of more recent efforts to develop phosphorus response indicators, we conducted a quantile
regression analysis of Wisconsin’s deep lakes comparing phosphorus to the frequency of moderate algae
levels (Figure 8). The datasetforthisanalysisincluded all deep lakesin the state thathad six or more TP and
chlorophyll a samples (4161akes). The 50% line of the quantile regression shows the median response of
chlorophyll ato TP (Figure 8). The TP criterion for deep drainage lakes of 30 ug/L (the least restrictive of the
phosphorus criteriafor deep lakes) and the proposed chlorophyll a recreation assessment threshold are
rightat the pointwhere chlorophyll rapidly increases with additional phosphorus. This analysis shows thata
typical lake that meets the TP criterion will also meet the chlorophyll a assessment threshold. The
chlorophyll athreshold willhelp identify the small percentage of lakes that frequently experience moderate
algae levels even thoughthey meetthe TP criterion.

The frequency of days with moderate algae levels is not calculated as a fraction of total samples taken, butis
instead estimated by fitting a distribution to all of the existing chlorophyll a data. For each lake, the non-
central T-distributionisfitto at least 6 chlorophyll a concentrations and the probability of exceeding 20ug/L
chl-ais estimated from this distribution. A 90% confidence interval for frequency of moderate algae levelsis
also estimated, which accounts forsample size and chlorophyll a variability.
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Figure 7. Frequency of moderate algae lewels (formerly termed “nuisance” algal conditions in the 2010
Phosphorus Technical Support Document) relative to total phosphorus concentrations.

Chlorophyll-a interval frequency versus total phosphorus.
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Sources: Reprinted from Wisconsin’s 2010 Phosphorus Technical Support Document. Graph shows p aired phosphorus and
chlorophyll a measurements from 641 lakes as presented on page 25 of “Minnesota Lake Water Quality Assessment Re port:
Developing Nutrient Criteria”, Third Edition, September 2005, Minnesota Pollution Control Agency. The development ofthe chartis
described inthe article by Heiskary and Walker, titled “Developing nutrient criteriafor Minnesota lakes” and published in Lake and
Reservoir Management 4:1-9, 1988. Arrows and highlight were added in WI’s 2010 Phosphorus Technical Support Document.
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Figure 8. Quantile regressions (5% ,50% ,and 95% ) showing relationship between phosphorus concentration and
frequency of moderate algae levels (20 pg/L) in Wisconsin’s deep lakes. The horizontal dashed line indicates the
proposed chlorophyll a assessmentthreshold for recreation for deep lakes. The wertical dashed line indicates the
established phosphorus criterion of 30 ug/L for deep drainage lakes;other phosphorus criteria for deep lakes not
shown here are 20 ug/L for deep seepage and 15 ug/L for two-story fishery lakes (these lakes are also included in
this dataset).
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Shallow lakes

Wisconsin’s statewide phosphorus criteria Technical Support Document does not specify the frequency of
moderate algae levels appropriate for shallow lakes nor does Wisconsin have user perception surveys to
determine apublicly ‘acceptable’ frequency of moderate algae forshallowlakes. Further, algal blooms are a
natural and expected occurrence on many shallow lakes. Therefore, we employed a reference lake
approach to determinethe frequency of moderate algae levels expected in shallow lakes least disturbed by
anthropogenicstressors. We then compared the frequency of moderate algaein shallow reference lakes to
all shallow lakes.

We compiled adataset onall shallow lakesin Wisconsin that had at least 6 total phosphorusand 6
chlorophyll a samples (usually paired) from the deepest point of the lake (n=184). We analyzed the
landcover (2006 National Landcover Dataset) in the entire upstream watershed of all 184 lakes and defined
reference lakes as having minimal urban (Developed, Open Space; Developed, Low Intensity; Developed,
Medium Intensity; Developed, High Intensity) and agricultural (Pasture/Hay; Cultivated Crops) land cover
(sumof urban and agricultural land covers < 5%). The reference list based on land coverwas further
screened. Lakes were removed from the reference list based on regional biologists’ knowledge of the lake
(Table 3). Thefinal set of 32 reference lakes are all located in northern Wisconsin, an unintended
consequence of the land cover criteria used to define reference lakes ( Figure9).
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Table 3. Justification for removing lakes from the shallow reference dataset even though land cower criteriawere
met (<5% urban and agricultural land cower inthe upstream watershed).

Lake Name WBIC Reason for removing from Reference dataset

Teal Lake 2417000 | Carp reported present(carp resuspend nutrientsin the sedimentand shift
lakes to algal dominated state)

Rolling Stone 389300 harvesting aquaticplants; impacts likely due to shoreland developmentand

drainage from wetlands (possibly higher phosphorus soils)

Minong Flowage | 2692900 | majordrawdown from 2013-2014

Musser Flowage | 2245100 moderate development; managing for curly leaf pondweed

Cranberry 1603800 | verydeveloped, poorshoreline habitat, high runoff

Crane 388500 harvesting aquatic plants; impacts likely due to shoreland development and
drainage from wetlands (possibly higher phosphorus soils)

Figure 9. Locations of reference and all other shallow lakes with at least 6 chlorophyll a and 6 total phosphorus
samples from the deepest station.
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The proposedrecreational use assessment threshold for shallowlakesis that shallow lakes shall not
experience moderate algae levels (20ug/L chlorophyll a) more than 30% of days duringthe summer
samplingseason. This threshold was determined by calculating the 75" percentile of moderate algal
frequencyinall shallow reference lakes, which was 27%. Stated differently, 75% of shallow reference lakes
have moderate algae levels less than 27% of the time. Given the uncertainty in selecting reference lakes, we
rounded up to 30% forthe shallow lake assessment threshold (Figure 10).
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Figure 10. Statistically calculated frequency of summer moderate algae lewels (chlorophyll a > 20 ug/L) in relation
to mean total phosphorus lewels among a setof shallow reference lakes.
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Comparedtoall shallow lakes, shallow reference lakes show a similar relationship between mean total
phosphorus and frequency of moderate algal levels (Figure 11). We observed the following patterns:

The probability of moderate algae levels increases rapidly at 30-40 ug/L total phosphorusand
remains high when TP > 40 ug/L(Figure 11). A large majority of both shallow reference lakes and all
shallow lakes meeting the TP criterion experience algal blooms less than 30% of the time (Figure 12).
Some reference lakes have moderate algae more than 30% of the time; one reference lake had
moderate algae 76% of days (Figure 10). The high rates of algal bloomsin a few reference lakes
could be due to unknown anthropogenicstressors or could be naturally high.

Despite high frequency of algal bloomsin a handful of reference lakes, the proposed assessment
thresholdis nottoorestrictive. Most shallow lakes with moderate algae more than 30% of the time
also exceeded the AquaticLife chlorophyll a threshold (27 ug/L, Figure 11) and the total phosphorus
criterion (40 ug/L, Figure 12).

Alllakes exceeding Aquatic Life chlorophyll a assessment threshold have moderate algae more than
58% of the time. This provides good separation between lakes exceeding the proposed Recreation
assessmentthreshold forfrequency of moderate algae levels versus the AquaticLife chlorophyll a
assessmentthreshold (Figure 11).

31



Figure 11. Probability of moderate algae lewels (chlorophyll a >20 ug/L) in shallow reference lakes and in all
shallow lakes that meet and exceed the Aquatic Life chlorophyll a assessment threshold (27 ug/L chlorophyll a).
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Figure 12. Number of lakes that have moderate algae lewvels 0 to 100% of the time. Shallow reference lakes are
plotted separately from all other shallow lakes, which are divided amongst those that meet or exceed the Total
Phosphorus criteria (40 ug/L TP).
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The number of lakes listed asimpaired forrecreational chlorophyll a also depends on the confidence
interval (Cl) of the probability of chlorophyll a exceeding 20ug/L. The application of the confidence interval
approach is described more thoroughly in section 3.1.1. We counted the number of lakes that would clearly
meet (90% confidence interval below threshold), may meet (median below threshold but 90% Cl overlaps
with threshold), may exceed (median above threshold but 90% Cl overlaps with threshold), or clearly exceed
(90% confidence interval above threshold) the recreational chlorophyll a assessment threshold (Table 4).
Most lakes clearly meet orexceed the assessmentthreshold. Forthose with unclearassessment results
(may meetor may exceed), an additional year of samplingis done toincrease certainty; after that point, if
results are still unclearthe attainment decisionis based on whetherthe meanisabove orbelow the
assessmentthreshold.
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Table 4. Number of shallow lakes that will meet or exceed the recreational chlorophyll a assessment threshold
given the 90% confidence intervals of the median probability of exceeding 20 ug/L chlorophyll a. Lakes are also
tallied by the total phosphorus criterion (40 ug/L and the Aquatic Life chlorophyll a assessment threshold (27
ug/L).

Lake Group Meet May Meet | May Exceed | Exceed
Shallow Reference | 21 3 4 4

All Shallow Lakes | 68 10 21 43

TP < 40 ug/L 67 9 13 11
chla< 27 ug/L 68 10 21 13

TP > 40 ug/L 1 1 8 32
chla> 27 ug/L 0 0 0 30

In summary, the recreational use chlorophyll a assessment threshold for shallow lakes is the 75 percentile
of a shallow reference lake datasetand is consistent with previous WisCALM guidance. Most lakes meetthe
threshold and most lakes that do not also exceed aquaticlifechlorophyll a threshold and TP criteria. This
recreation assessmentthreshold is more stringent than the aquaticlife chlorophyll a threshold and will thus
identify some lakes showing signs of phosphorusimpairment before they exceed the phosphorus criterion
and/oraquatic life chlorophyll a threshold.

4.4.1.3 Assessment determinations using the Recreation thresholds

For the Recreational use assessment threshold, the department determines a waterbody’s frequency of
moderate algae levels during the chlorophyll a summersampling period using the confidence interval fora
percentile of anormal distribution, and uses the approach described under proposeds. NR102.52 (2) (b)
and (c) to compare that frequency (% of days) to the applicable threshold. These statistical methods for
calculatingthe chlorophyll a concentrations and the number of daysinthe sampling season that exceed 20
ug/L chlorophyll g are described in detailin WisCALM 2020 in Section 4.6.

Applyingthisapproach accountsforvariability in water quality samples to determineif more samplesare
needed before makingan assessmentdecision. If the determinationis unclear—either “May Exceed” or
“May Meet”—additionalsamples are required to shrink the confidence interval. Typically an additional year
of samplingis done toincrease certainty; after that point, if results are still unclear the attainment decision
isbased on whetherthe frequency (% of days) is above or below the threshold.

4.4.2 Chlorophyll a thresholds for Aquatic Life use assessments

The statewide lake phosphorus criteria specified in ch. NR 102.06 were set based on numerous factorsto
protect lake designated uses. Asdiscussed above, recreational usesin lakes, primarily swimming, are
impacted by algal blooms at a relatively low level of phosphorus. Aquaticlife communities, particularly fish,
are typically notimpacted until higherlevels of chlorophyll a are reached. Thisis because they are affected
relatively little by rising levels of chlorophyll a until the lake ‘flips’ from a plant-dominated state to an algal-
dominated state, at which point high levels of chlorophyll aimpact visual feeding, reduce aquaticplants
providing habitat, and impact availability of food sources. Inorderto assess support of recreational uses
and aquaticlife uses separately, the departmentis proposing chlorophyll a assessment thresholds for
aquaticlife thatrepresentthe threshold at which these respective uses are not attained.
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4.4.2.1 Deep and Shallow Lakes and Reservoirs

The recommended AquaticLife chlorophyll a assessmentthreshold forall lakes and reservoirs except 2-story
fishery lakesis an arithmeticmean of 27 ug/L. This thresholdis at the high end of eutrophic, but has not yet
become hyper-eutrophic. Eutrophiclakes can support productive fisheries and it isimportant for
Wisconsin’s water quality program to allow for eutrophicconditions while protecting against nutrient
pollution. An analysis of game fishin Minnesotalakes shows that yellow perch, walleye, and northern pike
are most prevalentin mesotrophicand eutrophiclakes, but theiroccurrence precipitously declines as the TSI
index climbs above 65and approaches hypereutrophicconditions (Heiskary & Wilson, 2008).

Alongthe TrophicState Index (TSI) gradient, a TSI value of 63 corresponds with a concentration of 27 ug/L
chlorophyll a and 60 ug/L total phosphorus (Figure 13, Carlson 1997). At this stage, the lake still may be
restored toa clear waterstate, as it is before the pointat which shallow lakes shift from an aquatic plant
dominated to an algal dominated state (Jeppesen et al. 1990; Heiskary & Wilson, 2008). Because itis
extremely difficult to shiftalake back to a plant dominated, clear water state once it has reached an algal
dominated state, the threshold should be low enough to prevent this state shift.

The following equations were used to equate chlorophyll a and TP concentrations to TSl values:
TSl =9.81 In(CHL) + 30.6

TSl = 10 (6— ((In(48/TP))/In(2)))

Where: TSI = Trophic Status Index, CHL= Chlorophyll-aconcentration (ug/L), TP = total phosphorus
concentration (ug/L), In = natural log

Figure 13. Continuum of lake trophic status in relation to Carlson Trophic State Index. The proposed biological
assessment threshold of 27 ug/L chl a (63 TSI) for all lakes and reserwirs except two-story fishery lakes is at the
upper end of eutrophic.
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To ensure that the proposed assessment threshold based onthe general TSI gradient applies to Wisconsin
lakes, we fita powerrelationship to mean total phosphorus and chlorophyll a (atlakes with atleast 6
samplesof chlorophylla and TP taken at the deepest point of the lake). The chlorophyll a value at 60 ug/L TP
was 27 ug/L (Figure 14). We alsofitseparate power relationships forshallow versus deep lakes, but decided
to pool them because the relationship was the same. Thus, we confirmed that the relationship between
phosphorus and chlorophyll aissimilarin Wisconsin lakes to lakes that contributed to the Trophic State
Index.

Figure 14. Mean total phosphorus (TP) and chlorophyll ain all lakes. The TP concentration of 60 ug/L
representing a eutrophic state is shown as a green \ertical line. The proposed Aquatic Life (AL) chlorophyll a
assessment threshold is a dashed horizontal line at 27 ug/L chlorophyll a.
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In summary, the proposed AquaticLife chlorophyll a assessment threshold fordeep and shallowlakes lies at
the upperrange of eutrophic. While initially based on the Carlson TrophicState Index, the dataanalysis
above demonstrates thatthe general TSI gradient applies to Wisconsin lakes. Finally, chlorophyll a
thresholds were previously in guidance, but willnow be codified.

4.4.2.2 Two-Story Lakes

The proposed chlorophyll a assessment threshold fortwo-story fishery lakes is an arithmetic mean of 8 ug/L.
Thisthresholdis designed to protect oxygenated, cold water habitat critical for coldwaterfisheries by
minimizing hypolimnetic oxygen depletion. Decomposing organic matter at the lake bottomis usually the
main source of oxygen consumptioninlakes. Oxygen depletion depends both on lake productivity and lake
morphometry. The greater the productivity and the greater the ratio of sedimentareato hypolimnetic
watervolume, the higherthe hypolimneticoxygen demand. Forinstance, acone shaped lake would have
greater hypolimneticoxygen demand compared to a kettle shaped lake of equal depth.
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The threshold of 8 ug/L chlorophyll a was chosen based on the trophicstatus of Wisconsin lakes with cisco
populations and on supporting literature from neighboring Minnesota. A synopticlist of 136 Wisconsin
inland lakes with reported populations of cisco was compiled. Each of these lakes was systematically
surveyed with vertical gill nets from 2011 — 2015 to determine the currentdistribution and population
dynamics of cisco. Since rainbow smelt can negativelyimpact cisco populations and confound any potential
environmental relationships, 12 lakes with invasive rainbow smelt populations were excluded from the
analysis. The TrophicStatus Index was calculated for each lake using satellite -derived Secchi depths
collectedin midsummer 2011 and 2012. The TSI formulais:

TSI = 60 — 14.4(In(S))

where Sis the Secchi depth in meters. Lakes were categorized by cisco abundance, and the TSI values at
various percentiles by abundance category were examined. The goal was to choose a threshold thatis
sufficiently protective without listing healthy cisco lakes asimpaired. We chose a TSI threshold of 51 (upper
end of mesotrophic, Figure 13); thisis higherthan any observed TSl in lakes with high cisco abundance, itis
the maximum TSI observed inlakes where cisco are moderately abundant, and itis approximately the 85t
percentile of lakes with low/no cisco abundance (Table 5). Note that only lakes that historically harbored
cisco areincludedinthe “none” category. The TSI values would be much higherifall deep lakes without
cisco wereincluded. ATSI of 51 correspondstoa chlorophyll a concentration of 8ug/L. Although cisco
relative abundance and satellite-derived TSl are not the most precise metrics of cisco health and lake
productivity, decreased cisco abundance due to cultural eutrophication has been documented in Minnesota
(Jacobsonetal.2008). Investigation of afew lakeswith high TSI and high cisco abundance indicated that
these particular populations exhibited poorrecruitment dynamics. More specificmetrics like cisco
production and primary production mightallow foramore precise thresholdin the future.

Table 5. Secchi-based Trophic Status of Wisconsin lakes with high (>25 cisco per vertical gill net per night),
medium (10 to <25), low (>0 to <10) abundance or no (0) ciscoamong Wisconsin lakes that historically had cisco.
TSls are listed by cisco abundance category and by percentile. For example, 10% of high abundance cisco lakes
hawe a TSI less than 35, and the maximum TSI in high abundance lakes is 50. N lists the number of lakes in each
abundance category.

Percentile | High | Medium | Low | None
10 35 34 35 37
25 37 38 37 39
50 40 41 41 43
75 44 46 46 47
80 45 46 48 50
90 47 48 53 56

Maximum 50 51 56 58
N 26 20 41 37

Thisassessmentthresholdis similarto, but slightly more conservative than what may have been derived
from studies of Minnesotalakes. In Minnesota lakes, whitefish and cisco are found at TSIs up to 55-60
(Heiskary and Wilson, 2008). Jacobson etal. (2010) found that oxythermal habitat for coldwaterfishin
Minnesota lakes steadily decreased as total phosphorus (a measure of lake productivity) increased to about
25 ug/L. In Wisconsin lakes, TP of ~25 ug/L correspondsto ~9 ug/L chlorophyll a (Figure 14). Afterthis point,
lakes are often so productive that there isinsufficient oxygenin the hypolimnion and metalimnion
regardless of lake morphometry. Oxygenated, coldwater habitat only remains if the epilimnionis cold
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enough, whichisrare for Wisconsin lakes during late-summer stratification. The breakpoint describedin
Jacobson etal. (2010) is useful forunderstanding the influence of productivity gradients on oxythermal
habitat for coldwater fish. To ensure high quality oxythermal habitatis retainedin lakes, both Wisconsin’s TP
criterion and chlorophyll a assessment threshold are set before the breakpoint described in Jacobson et al.
(2010).

4.4.2.3 Assessment determinations using chlorophyll a thresholds

The statistical methods for calculating arithmetic mean chlorophyll a concentrations for the Aquatic Life
thresholds are described in detail in WisCALM 2020 in Section4.5. Samplesforeach lake are aggregated
intoa “grand mean” and are compared against the threshold. Due tovariability in water quality samples,
the confidence interval approach as described in section 3.1.1 of thisdocumentand in WisCALMis applied
to determine if more samples are needed before making an assessmentdecision. Ifthe determinationis
unclear—either “May Exceed” or “May Meet” —additional samples are required to shrink the confidence
interval. Typically anadditional year of samplingis done toincrease certainty; afterthat point, if results are
stillunclearthe attainment decisionis based on whetherthe meanisabove orbelow the threshold.

4.4.3 Aquatic Plant thresholds for Aquatic Life use assessments

Lake-dwellingaquatic plants, or macrophytes, are sensitive to multiple forms of anthropogenic disturbance
and can be used as a metrictosignify ecological impairment (Alahuhtaand Aroviita 2016, Lacoul &
Freedman 2006, Wilcox 1995). Accordingly, we developed two assessment methods that evaluate the
condition of a lake’s aquatic plant community by relating aquatic plantabundance to anthropogenic
disturbance. The firstassessment method is called the Macrophyte Assessment of Condition-General (MAC-
Gen) and describes overall aquatic plant community condition in response to multiple sources of
anthropogenicdisturbance. The second version of the method, called the Macrophyte Assessment of
Condition-Phosphorus (MAC-P) is more narrowly focused, reflecting a plant community’s tolerance of, and
response to, phosphorus. The MAC-Genisdescribed in this section, and the MAC-P is discussed within the
phosphorusresponse indicators section, 5.4.2.

Each of the lake assessment tools was developed using aquatic plant community data collected on 462
unique lakes. Surveyors employed a standardized point-intercept sampling method to estimate species
abundance on a lakewide scale (Hauxwell et al. 2010, Mikulyuk et al. 2010). The MAC-Gen assessment
method uses data-driven procedures to cluster plant speciesinto three groups of species that are sensitive,
moderately tolerant ortolerant to stressors related to eutrophication, population and land use. Ingeneral,
when lakes are in poor condition, disturbance-tolerant plants are abundant, whereas lakes in good condition
have high abundance of species that are sensitive to disturbance. Moderatelytolerant plants often occurat
intermediate levels of disturbance, decreasing toward either end of the disturbance gradient. This
assessment method proposed by Mikulyuk et al. allows us to describe alake’s general condition using
aquaticmacrophytes (2017). We used a similar procedure forthe MAC-P, for which we grouped speciesinto
two clusters based on theirestimated upper limit of tolerance to phosphorus.

We then splitlakesintofourgroups by region and lake type and related the abundance of each tolerance

clusterto observed disturbance levels. Fromthat, we determined thresholds that can be used to place lakes
alongthat disturbance gradient (Table6). Details of the procedure are outlined below.
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Table 6. Aquatic plant community thresholds for lakes and reserwirs.

Macrophyte Assessment of Condition
Lake Subcategory* is attaize\:i if:
Northern Seepage Moderately tolerant <64%
Northern Drainage Tolerant<73%
Southern Seepage Sensitive>15%
Southern Drainage Tolerant<50%

1Iin Table 6, northern lakes are those north 0f44.84707°N latitude, and southern lakesare those south of that latitude. Thresholds
have notbeenestablished forthe Great Lakes.

Disturbance Thresholds
To develop plant-based disturbance thresholds, we followed the process described in Mikulyuk etal., 2017.
Here we describe the processinfive steps:
1. Determine the uppertolerance limit of each aquatic plant species to a variety of anthropogenic
disturbance variables
2. Categorize speciesintoone of three groups thatvaryin theirsensitivity to disturbance
3. Calculate the frequency of occurrence of each of the three plant groups (sensitive, moderately
tolerant, and tolerant) within the vegetated area of the lake
4. Splitlakesintoregional laketypestoaccountfor natural variation
5. Foreachlaketype, define thresholdsinthe vegetated frequency of occurrence of planttolerance
groups that distinguishes lakes experiencing different levels of disturbance

Plant Tolerance to Disturbance (Step 1)

This method uses abundance patterns to estimate species-specificoptimal environmental conditions and
tolerance ranges. The firststepisto estimate species abundance. The plant “pointintercept” sampling
method employed here uses arake to collect plants ata large number of points lakewide onagrid scaled to
produce more points when littoral zones are largerand when lakes have more complicated shorelines
(Mikulyuk 2010). For any given lake, the sampling method produces alist of plant species that were found at
each pointonthe grid. To characterize how widespread a given plant species s, the frequency of occurrence
may be computed by taking the number of points where the species was found and dividing that by the
number of sample points that occurredin areas shallow enough to support plant growth. This metricis
called the littoral frequency of occurrence.

The MAC-Gen and MAC-P assume that a plant will be more commonly foundin lakes that provide
acceptable environmental conditions and more rarely found in lakes where environmental conditions are at
the limits of a species’ tolerance range. To build the general assessment, we assembled 20disturbance
variables representing human population, water quality and land cover factors. Population variables were
expressed perwatershed using datafrom the U.S. Census Bureau (2010). Water quality variablesincluded
conductivity (Papes and VanderZanden, 2010), phosphorus, chlorophyll a and Secchi depth. We estimated
mean summer total phosphorus, chlorophyll aand satellite-estimated Secchi depth using datadrawn from
the WDNR's surface waterintegrated monitoring system. We included samples collected from May 1 to
Septemberland required atleast three measurements to estimate summer means, averaging all estimates
occurring within five years of amacrophyte survey. We estimated disturbed land use at the watershed and
500 m bufferscalesin ArcGIS using lake and watershed polygons delineated by the WDNR (Akasakaetal.,
2010; Menuzet al., 2013). We accepted the percentage of grassland occurringin the 500 m bufferas
indicative of anthropogenicdisturbance (e.g. lawns), but did not calculate this variable at the watershed
scale where it might reflect natural conditions.

We then examined species-specific patternsin abundance across the 20 disturbance variables. We
represented species abundance as the percent frequency of occurrence within alake’s littoral zone and
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estimated each species’ optimum value foreach of the 20 disturbance variables usingan abundance -
weighted average, holding that a higherabundance indicates more suitable conditions. We then estimated,
for each species, the tolerance range for each disturbance variable using the standard deviation of
abundance-weighted disturbancevalues. The abundance weighting step means aspecies’ tolerance range
will be widerifittendsto have abundant populationsinlakesfarfromits optimum, and narrowerif
abundant populations only occur near the species’ optimal environmental conditions. In general, we found
that speciesvaryintheirtolerance toanthropogenicdisturbance: some species do not occur when
disturbance levels are high, whereas others are abundant across a wide range of conditions ( Figure 15).

Disturbance Tolerance Groups (Step 2)

The next step was to distinguish speciesinaway that indicated disturbancelevels. We first extracted the
upperlimit of the tolerance range calculated in Step 1for each species and each disturbance variable. Next,
we used a statistical techniqueto distinguish groups of species with share d patternsin theirtolerance to
disturbance using finite Gaussian mixture models (Fraley and Raftery, 2002). The best model used 7
disturbance variables to separate speciesinto three groups that are either sensitive, moderately tolerant, or
tolerantto multiple disturbance variables. Interestingly, there are morphological patterns evident across
groups: disturbance-tolerant species are generally tall species with finely-dissected leaves or which are free
floating; these species are less sensitiveto light limitation and adapted to livingin nutrient-rich waters.
Floatingleaf species, whiletolerant of lower water clarity are less tolerant of general disturbance, which
includes population-relevant metrics like urban development, potentially indicating sensitivity to shoreline
development or mechanical disturbance (Radomskiand Goeman, 2001). See AppendixDfora list of species
that are classified as sensitive, moderately tolerant, ortolerant foruse in thisindex.
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Figure 15. Abundance-weighted awerage environmental optima (closed circle) and range (bars, + 1 standard
deviation) for aquatic plant species (y axis) across the 7 disturbance variables that produced the best

discrimination among tolerance clusters (x axis). Aquatic plant species names are abbreviated using the first three

letters of the genus and species. For example, Najas gracillima is abbreviated “Najgra”.
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Frequency of Disturbance Tolerance Groups (Step 3)
The nextstep involvesrelatingthe abundance of species belonging to each tolerance clusterbacktoan
index of disturbance. First, we combined information on anthropogenicdisturbance to produce asingle
index for Wisconsin lakes following methods outlined by Danz et al. (2007). We then reduced each group of
anthropogenicdisturbance variables (describing human population, water quality and land cover), toits
principal components following Falcone etal. (2010) and Danz et al. (2007). We retained the orthogonal
variables that explained atleast 15% of observed variation and examined factorloadings tointerpret each
component. The seven land covervariables were Figure 16. Abundance of species that are sensitive,
reduced totwo components that describe agricultural moderately tolerant, or tolerant across an index of
and urban land cover. The selected principle anthropogenic disturbance.

components of water quality describe nutrient

&
enrichmentand conductivity. The population variables AN 0/
.. - .\Q/
were reduced to two components explaining * V4
population and road density. For each lake, we scored 0.751 s Moderate o/

each of the sixcomponentvaluesfrom1to 5. Valuesin
the upper20% of the distribution of scores were
sssighed a5, with sequentially decreasing scores

Predicted probability of occurrence

) 0.50
assigned atthe 80th, 60th, 40th, and 20th
percentiles.Wethen added each lake's component
scores and range-standardized the scoresto produce a
single indexof anthropogenicdisturbance varying from 0.254 \&5‘0 '
0 (leastdisturbed) to 10 (most disturbed). ‘i’éf;@
Next, we calculated the frequency of occurrence of 0.0 25 . 5:_0 75 ' 10.0
each speciestolerance cluster within vegetated areas Anthropogenic disturbance index

by dividing the number of points occupied by at least

one sensitive, moderate, ortolerant species, respectively, by the total number of vegetated points. For
example, if 50 of 100 vegetated points had atleast one disturbance-sensitive species (S), and 60 of the 100
vegetated points had atleast one tolerant species (T), then the resulting metrics would be S=0.50 and T =
0.60. Note that because we required atleast 15 observationsto determine aspecies’ tol erance range, some
plantspecies were notassigned atolerance group and were removed from the analysis. Sample points
havingonly rare species present would not count toward the number of vegetated pointsin the
denominator.

Natural Lake Groups (Step 4)

Thereisa strong natural north-south gradientin geology, climate, and land use that affects plant community
composition. Using a previous analysis of multi-scale patternsin aquatic plant community composition, we
divided northern lakes from southern lakes at 44.84707° N latitude (Mikulyuk 2011) and conducted
assessments separately forthose groups. Seepage lakes (lakes with no outlets) also tend to have different
natural characteristics than drainage lakes (lakes with atleast one perennial stream outl et), so we also
divided lakes based on hydrology. Here, reservoirs were included with drainage lakes.

Defining Thresholds (Step 5)

Finally, we used a conditional inference framework to partition lakes with similar disturbance levelsinto
internally-consistent groups using the abundance-tolerance data calculated in step 3, above. The
conditional inference procedure created the set of thresholds for northern seepage lakes, northern drainage
lakes, southern seepage lakes, and southern drainage lakes depicted in Figure 17. These decision rules were
thentranslatedintothe thresholds showninthe aquatic plant conditionthresholds table, Table 6, atthe
beginning of this section.
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a. North, drainage

T<0.728 T>0.728

X =52

b. North, seepage

M>0.636

X=43

Impaired Impaired
M <0.323 M>0323 N22 T<0.039 N34
=16 =36 =21 =34
Excellent General Excellent | | General
N10 N121 N62 N24

c. South, drainage

d. South, seepage

$<0.151 $>0.151
¥=6.0 =74 %=6.7 ¥=5.6
General Impaired Impaired General
N33 N68 N27 N61

Figure 17. Conditional inference trees relating vegetated frequency of occurrence by TP-tolerance cluster to the
anthropogenic disturbance index. Sample sizeindicated following N, p-values are printed in each node, with mean
disturbance index and condition category labels in leawes. Threshold values of Sensitive (S), Moderately Tolerant

(M), or Tolerant (T) vegetated frequency of occurrence are printed at each split.
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5. Phosphorus Assessment Methods

Thisrule creates a new section, ch. NR 102.07, which defines assessment procedures forthe total
phosphoruscriteriafoundinch. NR102.06. It containstwo majorcomponents: procedures for calculating
phosphorus concentrations, which reflect current protocols found in guidance, and anew component called
the “combined assessment approach” which applies aset of biological phosphorus responseindicators to
attainment determinations.

5.1 ASSESSING PHOSPHORUS CONCENTRATIONS

The phosphorus criteria established in 2010 contained anumericthreshold but did not contain several other
pieces of information thatare critical tointerpreting how to assess against that threshold. The information
containedinthisrule package providesthe detailneeded to apply clearassessment determinations.

The informationinch. NR 102.07, Assessing phosphorus concentration, contains datarequirements for lakes
and reservoirsand forflowing waters (rivers, streams, and impounded flowing waters). These specify where
the criteriaapply within awaterbody, the sampling period, the recommended number of samples for
making an assessment determination, and the number of years over which samples may be applied foran
assessmentdecision. Once samplesare collected, it furtherdescribes the calculations necessary to
compare the waterbody’s phosphorus concentration to the TP criteriain ch. NR 102.06. Specifically, alake’s
meanis comparedto the criterion, and aflowing water’s median is compared to the TP criterion (application
of the meanvs. the medianis discussed below). It describesthe application of a confidence interval
approach fordeterminingwhether more samples are necessary before making an attainment
determination, referencing protocols foundin proposed Subchapter il of ch. NR 102 (see section 3.1.1 of
this document or WisCALM 2020, section 4.5, forfurtherdetail). Thisisimportantin caseswhere asmall
numberof samplesare highly variable orvery close to the criteria; additional samples can provide more
certainty thata waterbody’s true mean ormedianis above or below the criterion. These protocols reflect
how phosphorus assessments have been conducted underthe WisCALMguidance overtime.

The proposed approach also allows the department to calculate aweather-controlled mean or median TP
concentration to compare againstthe TP criterion. The weather-controlled concentration accounts for
variability overtime more accurately than asite’s short-term sampling data. The departmentrunsthese
calculations usingits Phosphorus Mixed Effects Regression (PhosMER) model, which uses the site’s sampled
TP data and the 30-year weatherrecord to calculate the weather-controlled ambient concentration.
PhosMER and its applicationis described in more detail in Appendix B. The department plans to make the
PhosMER model available onitswebsitein aformatthat can be easily used by external parties. To date this
model appliesonlytostream or river data, but if it is expanded for lakes it may be used for lake assessment
determinationsas well.

5.1.1 Mean vs. median concentrations

For phosphorus assessments, the department uses an arithmetic mean to assess the central tendency for
systemsthat are relatively stable, such as lakes, asin these systems the meanis a better representation of
the overall season. Inthe 2010 technical supportdocumentforthe phosphorus criteria, the lakes chapter
specified that the phosphorus criteriawere based on mean concentrations. However, phosphorus
concentrationsin streams and rivers are much more variable due to storm events, anditis not unusual to
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have one high value out of the six required samples. Insuch cases usinga mean could skew the results
significantly evenif the overall season was relatively low. The medianis lessinfluenced by extreme events
than the mean, andis therefore appliedin streams andrivers. The foundational paper on which Wisconsin’s
stream criteriawere based states:
“The USEPA developed the preliminary criteria based on median concentrations of all the data
measured at each site ratherthan mean concentrations, becauseamedianvalue represents the
concentration most frequently occurringin the stream, and a statistical summary based on median
valuesreducesthe effect of outliers and values reported as less than theirrespective detection
limits. The USEPA has provided preliminary criteriafor P, N, SCHL, and turbidity for the national
nutrientecoregionsand mostlevel lll ecoregions.”
(Robertson et. al., 2006)

The departmentapplies the same protocol for chlorophyll a concentrations, calculating alake or reservoir’s
arithmeticmean and a stream, river, or impounded flowing water’s median concentration to compare to the
waterbody’s criterion.

5.2 COMBINED ASSESSMENT APPROACH: U.S.EPA’S FOUR-PART PROCESS
AND CONCEPTUAL MODEL

As part of WDNR’s phosphorus assessment process, WDNR developed a suite of phosphorus response
indicators. These are based on metrics that are most influenced by phosphorus, and can therefore serve as
predictors of whetherawaterbody is experiencingimpacts due to phosphorus concentrations that are
above the waterbody’s phosphorus criterion.

The U.S. EPA developed aguidance document titled “Guiding Principles on an Optional Approach for
Developingand Implementinga Numeric Nutrient Criterion that Integrates Causal and Response
Parameters” (“Guiding Principles”, USEPA 2013). Based on these principles, phosphorus response indicators
should allow the state to have the capability to:

“a) identify shiftsin multiple biological assemblages (e.g., periphyton, benthic macroinvertebrates,
fish) alongagradient of anthropogenicstress that can be tied to designated uses, and b) quantify
the relationship between...phosphorus concentrations and measures of biological assemblage
response.”

The metrics selected should be sensitiveto the stressor of interest (phosphorus) and should be relevant to
protection of aquaticlife designated uses. Measures of primary productivity and of algal assemblages are
recommended as those mostindicative of nutrient pollution. Highertrophiclevel indicators such as
macroinvertebrates and fish may also be used as part of a suite of indicators, but should not be used as the
sole indicatorsince they may not be as sensitive to phosphorus as lower-levelindicators described
previously. Dissolved oxygen or pH may serve as measures of ecosystem functioning.

WDNR also considered U.S. EPA’s guidance titled “Using Stressor-Response Relationships to Derive Numeric
Nutrient Criteria” (“Stressor-Response Guidance”, USEPA, 2010) while developing phosphorus response
indicators for Wisconsin. This guidance lays outafour-step process for deriving nutrient criteriaand
associated response indicators. The four steps are as follows (USEPA, 2010, p. ix-x):

1. Develop a conceptual model. “...Conceptual models[are developed]representing known
relationships between nitrogen (N) and phosphorus (P) concentrations, biological responses, and
attainment of designated uses.”
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2. Assemble and explore data. “Data are assembled and initial exploratory analyses are performed.
Variables are selected during this step that represent different concepts shown on the conceptual
model, including variables that represent N and P concentrations, variables that represent responses
that can be directly linked with designated uses, and variables that can potentially confound
estimates of stressor-responserelationships.”

3. Analyze data. “...Stressor-response relationships are estimated between N and P concentrations
and the selected response variables, and criteriaare derived from theserelationships.”

4. Evaluate and document analysis. “...The accuracy and precision of estimated stressor-response
relationships are evaluated and the analyses documented.”

This section covers each of those foursteps. Step 1, the conceptual model on which the rest of the section
isbased, isshown below. Because Steps 2, 3, and 4 are waterbody and metric-specific, and are often highly
iterative, they are described within various portions of this section under each waterbody type and
phosphorus response metric. Foreach metric:

e Under Step 2, Assemble and Explore Data, we selected and refined datasets for which we had robust
data and a representative number of sites, and for which data were collected using well-established
methods. We focused, in part, on using metrics that were used in development of the state’s 2010
phosphorus criteria (WIDNR, 2010). We also briefly summarize other metrics that were considered
but notselected.

e Under Step 3, Analyze Data, we used a variety of statistical approachestovisualize and analyze the
data. The statistical approaches used varied based on characteristics of each dataset.

e Under Step4, we compared the various statistical analyses with one anotherto verify the soundness
of the analysisand determine whereto set criteriathresholds. We then documented these
approachesand the justification for our determinations in this Technical Support Documentto
ensure transparency.

In summary, this section describes when the combined assessment approach would be applied, the metrics
selected as phosphorus response indicators and the justification forthose selections, and briefly summarizes
othermetrics considered but not selected.

5.2.1 Conceptual model

WDNR developed the conceptualmodel shown in Figure 18to depict commonly accepted pathways
between nutrientinputs and cascadinglevels of responsesin streams, rivers and lakes. The model includes
three levels of response: primary,secondary, and tertiary, and how those responses impact Aquatic Life and
Recreation Designated Uses. The U.S. EPA’s “Stressor-Response Guidance” provides numerous references
to publications documenting these effects (see Schindler 1974, Rosemond et al. 1993, Hill et al. 1995, Dodds
and Welch 2000, Cross etal. 2006, Allenand Castillo 2007, Dodds 2007, Suplee etal. 2009). Wisconsin’s
conceptual diagram (Figure 18) is based primarily on the two diagrams shown in the U.S. EPA’s “Stressor-
Response Guidance”, in EPA’s Figure 2-1forlakes and 2-2 for streams. However, we felt thata single and
slightly more simplified model was accurate forrepresentation of effects common to both lakes and
streams/rivers. Wisconsin’s modelincludes most of the same elements as depictedin the U.S. EPA’s
diagrams.
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Primary response metrics

WDNR considered avariety of metrics depicted within this diagram foruse as phosphorusresponse
indicators, and concluded that the mostimmediate, direct and accurate measures of phosphorus response
are the primary producers. The metrics selected torepresent these primary responsevariables are benthic
algal biomass and benthicdiatom taxa for streams, suspended algae (chl a) forrivers, and aquatic plants and
suspended algae (chl a) for lakes. Within the following sections of the section, there is discussion under
each metricon how itrespondsto nutrientinputs and why it was selected as an appropriate indicator.

Secondary response metrics

Wisconsin already has numericcriteriarepresenting two of the secondary responsevariables, dissolved
oxygen concentration and pH. Because these criteriaalready exist, we did notincludethem directly as part
of the phosphorus response indicators. However, oxythermal criteriaisincluded as a phosphorus response
indicatorfortwo-story fishery lakes.

Tertiary response metrics

Thisrule package addresses tertiary response metrics as stand-alone biological assessment thresholds to
indicate overall community health. Assessmentthresholds forstreamsand rivers (in guidance) are based on
macroinvertebrates and fish. Atertiary response metric (such as fish or insects) is not currently availablefor
lakes, sothe aquaticplant communityis used as the most relevant and available assemblage-level biological
metricfor lakes. Additional metrics may be added inthe future as they become established.

Although we assessed tertiary response metrics foruse as phosphorus response indicators, the relationship

was notas directas the primary producers, and therefore we did notinclude them as phosphorus response
indicators at this time.
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Figure 18. Conceptual model demonstrating primary, secondary, and tertiary responses to nutrient inputs in lakes, streams, and rivers. Based in part on conceptual

models from the U.S. EPA 2010, Figures 2-1 and 2-2.
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5.3 COMBINED ASSESSMENT APPROACH: APPLICABILITY

Phosphorus response indicators are meantto be used in conjunction with the state’s phosphorus criteria, as
a “Combined Assessment Approach”, and would be codified as such. In the combined approach, ifa
waterbody exceeds its applicable phosphorus criterion, but within a prescribed range, then WDNR would
monitor and analyze whetherthe waterbody is attainingits phosphorus response indicators before makinga
decisiontolistasimpaired for phosphorus. Ifall phosphorusresponse indicators are attaining the
established thresholds, the waterbody would not be listed asimpaired for phosphorus. If anyone
phosphorus response indicatoris not attained, the waterbody would be listed asimpaired for phosphorus.

5.3.1 Range for applying phosphorus response indicators

Phosphorus responseindicators are only used if a waterbody exceeds its phosphorus criterion, but within a
certainrange, as shownintherulein ch. NR102.07 Table 10 and Table 7 here. The upperbound of a
waterbody’s range forapplyingthe combined approach is defined by WDNR’s existing definition of an
“overwhelming exceedance” of phosphorus foreach waterbody type (WisCALM 2020). Ifa waterbody has
an overwhelming exceedance of phosphorus, it will be listed asimpaired without assessing the phosphorus
response indicators. However, if the waterbody’s concentration lies within the range between the criterion
and its overwhelming exceedance threshold, phosphorus response indicators will then be examined to
determine whetherthe waterbody should be listed asimpaired.

The definition of an overwhelming exceedanceis as follows:
e Streams/rivers: the lowerlimit of the two-sided 80% confidence interval around the waterbody’s
median TP concentration exceeds the criterion by two times or more.
e Lakes:the lowerlimit of the two-sided 80% confidence interval around the lake’s mean TP
concentration exceeds the criterion by 1.5times or more.

Therefore, for streams/rivers acombined assessmentis used when astream orriver’s concentration
exceedsthe criterion but by less than twice the criterion. Forlakes a combined assessmentis used when
the lake’s concentration exceeds the criterion but by less than 1.5 times the criterion. Streams/rivers have a
wider bioconfirmation range than lakes because of their wider natural variability in phosphorus
concentrations. AppendixCprovides graphs foreach majorwaterbody type (stream, river, and lake)
showingthe correlation between phosphorus concentrations and some of the phosphorus response
indicators. The graphs show the range for applyingthe combined assessment and how many waterbo dies
fallinginside this range would be considered impaired or notimpaired for phosphorus.

The departmentwill apply aconfidence interval around the mean or median in makingthese
determinations. It may use a weather-controlled mean or median phosphorus concentration if available.



Table 7. Range for applying combined assessmentfor total phosphorus?

Waterbody Type Total Phosphorus | Combined Approach

Criterion (ug/L) Range? (ug/L ambient total
phosphorus)

Stream orits Impounded Flowing Water 75 75 to <150

RiveroritsImpounded Flowing Water 100 100 to <200

Unstratified Reservoirs, 40 40 to <60

Unstratified Drainage or Seepage Lakes

Stratified Reservoirs, 30 30 to <45

Stratified Drainage Lakes

Stratified Seepage Lakes 20 20to <30

Two-Story Fishery Lakes 15 15 to <22.5

1To determine whether a waterbody falls into the combined approach range, compare the lower confidence limit of
the waterbody’s two-sided 80% confidenceinterval around the mean (for lakes/reservoirs) or median (for
rivers/streams) total phosphorus concentration to the ranges in the table.

2For streams and rivers the combined criteria rangeis between the applicabletotal phosphorus criterion and two times
that criterion. For lakes, the range is between the applicabletotal phosphorus criterionand 1.5 times that criterion.Ifa
waterbody has anapproved site-specificphosphorus criteria, the combined criteria rangefor that waterbody shall be
calculated using these multiplication factors.

5.4 LAKE/RESERVOIR PHOSPHORUS RESPONSE INDICATORS

Two main types of phosphorus response indicators are included in this rule package forlakes and reservoirs
that are 5 acres or greater: algae (measured as suspended chlorophyll a concentration) and aquatic plants
(macrophytes, expressed as the frequency of occurrence of macroscopicplants and algae). Additionally, for
two-story fishery lakes, the oxythermal criteria apply as aphosphorus response indicator. Biological
assessment based on lake wateralgal concentrations has been performed foryears, whereas the
macrophyte-based indicator was developed as part of this rule package and has now been available for
several yearsas well.

5.4.1 Chlorophyll a for Aquatic Life and Recreation uses

The chlorophyll a assessment thresholds for recreation and aquaticlife described in detailin sections 4.4.1
and 4.4.2 are also applied as phosphorus response indicators for lakes and reservoirs. Specifically, they are:

Chlorophyll a concentration (aquatic life thresholds):

a. The arithmeticmean suspended chlorophyll a concentrationsin lakes and reservoirs other than stratified
two-story fishery lakes shall not exceed 27 ug/L.

b. The arithmeticmean suspended chlorophyll a concentrations in stratified two-story fishery lakes shall not
exceed 10 ug/L.

Frequency of moderate algal levels (recreation thresholds): A moderate algae level isdefinedasa
chlorophyll a concentration of 20 ug/Lor greater. If a lake, reservoir, orimpounded flowing water exceeds
the frequency of moderate algae levels specified in the table below during the summer sampling period, the
department considersit notattainingits recreation use.
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Table 8. Algae thresholds for recreational use assessment.

Criteriafor frequency of
moderate algae levels
Does not exceed 20ug/L
chlorophyll a formore than
30% of days duringthe
summersampling period?

Waterbody Type! Subcategory

Impounded flowing water,
Unstratified drainage,
Unstratified seepage

Lakes,
Reservoirs,
Impounded Flowing

Waters Stratified drainage, Does not exceed 20ug/L
(includescoldand Stratified seepage chlorophyll a for more than
warm) 5% of days duringthe summer

Stratified two-story fishery sampling period?

! Termsused for waterbody types and subcategories are definedins. NR 102.03. These criteriado notapply
to streamsor rivers.
2Summersampling periodis July 15to September 15.

5.4.2 Aquatic Plants

Aquaticplants are sensitive to nutrientenrichment, and species-specificdifferences in tolerance to
enrichment may be used to detectimpairmentin natural lakes. Thus, the composition of aquaticplant
communitiesin many cases can show impairment priorto algal indicators. Aquatic plants play stabilizing
rolesinlake ecosystems, supporting clear-water conditions viaa positive influence on settling rates, nutrient
burial and uptake. Some lakes that are enriched with nutrients will not show evidence of impairmentin their
ambient waterdissolved phosphorus or chlorophyll a concentrations. However, as alake begins to become
enriched, plant community composition shifts toward more tolerant species adapted to enriched conditions.
Followingthese principles, we developed an assessment method relating aquatic plantabundance and
tolerance tototal phosphorus (Macrophyte Assessment of Condition for Phosphorus, MAC-P). We
developed this assessment method usingthe same dataand followingavery similar procedure as the
Macrophyte Assessment of Condition (MAC) method outlined in Mikulyuk etal. (2017) and describedin
section 4.4.3. The MAC-P simply uses water column total phosphorus as the single disturbance measure
rather than the 20 disturbance variables considered during the development of the general assessment
method. The MAC-P procedure resulted intwo clusters of species that differed in their estimated upper limit
of tolerance to total phosphorus. Again, we splitlakesinto four groups by region and lake type and related
the abundance of the sensitive and tolerant species clusters to observed phosphorus levels. We then
determined thresholds to distinguish lakes along the total phosphorus gradient (Table 9). Details of the
procedure are outlined below.

Table 9. Lake aquatic plant community phosphorus response indicator.

Subcategory: Macrophyte Assessment of Condition for
Lake Type! Phosphorus (MAC-P) attains if:

Northern Seepage Phosphorus Tolerant < 44.3%

Northern Drainage Phosphorus Sensitive > 51%

Southern Seepage Phosphorus Sensitive > 26%

Southern Drainage Phosphorus Sensitive > 42%

! Northem lakes are those north of 44.84707°N latitude, and southern lakes are those south of that latitude. Seepage and drainage lakes followthe
definitionsin s. NR 102.03 (6h)and (10). Seepage lakes include both stratified and unstratified seepage lakes, and drainage lakes include both stratified
andunstratified drainage lakes. Plant phosphorus response indicators have not been established for Great Lakes and lakes lessthan5 acres in surface
area.
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Phosphorus Response Thresholds

To develop plant-based phosphorus response indicators, we followed the general five-step process
describedin Mikulyuk etal., 2017 andin section 4.4.3. The proceduresfollowed under each step are the
same as described forthe MAC-Geninsection 4.4.3 exceptas noted below. Foreach step, we present the
results specifictothe MAC-P tool.

Plant Tolerance to Phosphorus (Step 1)

Step 1 follows the same procedures as Step 1 for MAC-Gen except thatinstead of evaluating optimafora
large group of disturbance variables, we only used the values for total phosphorus. Thisallows us to
develop thresholds specificto phosphorus, whichin turn enables us to evaluate the phosphorus response of
a lake’s plantcommunity. Phosphorus was expressed as the mean phosphorus concentration (ug/L) in lakes
with at least 3 measurements occurring from May 1 to September 1taken at most 5 years before or after
the macrophyte survey. Mean yearly concentrations wereaveraged when they e xisted for multiple years.

Figure 19 shows the TP optimaand tolerance range for each species. We found thatspeciesvaryintheir
tolerance to total water column phosphorus concentrations: some species do not occur at high phosphorus
concentrations whereas others are abundant across a wide range of phosphorus conditions (Figure 19).

Figure 19. Abundance-weighted awerage optima (open circle)and range (bars, £ 1 standard deviation) of
phosphorus concentrations defining the distribution of aquatic plant species. Phosphorus concentrations (ug/L)
are on the x-axis and aquatic plant species are listed on the y-axis with the first three letters of the genus and then
species names. For example, Najgra is Najas gracillima.
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Phosphorus Tolerance Groups (Step 2)

As with MAC-Gen, after we determined the uppertolerance limitforeach species, we used a statistical
technique to group species with similar upper limits together (finite Gaussian mixture models, Fraley and
Raftery, 2002). For the MAC-P, the best model divided speciesinto two groups that are eithersensitive or
tolerantto phosphorus. There are again morphological patterns evident across groups: phosphorus-tolerant
speciesare generally tall species with finely-dissected or floating leaves that are less sensitive to light
limitation and adaptedto livingin nutrient-rich waters, whereas phosphorus-sensitive species tend to be
short and compact or have wide, un-dissected leaves. See AppendixDfora list of species thatare classified
as phosphorus-tolerant or phosphorus-sensitiveforuse inthisindex.

Frequency of Phosphorus Tolerance Groups (Step 3)

Step 3 follows the same procedures as Step 3 for
MAC-Gen. The resulting abundance of TP-tolerant
and TP-sensitive species along the phosphorus
gradientis shownin Figure 20.

Natural Lake Groups (Step 4)
See Step 4 for MAC-Gen.

Defining Thresholds (Step 5)

Using the same procedure as Step 5 for MAC-Gen,
we created a set of rules/thresholds fornorthern
seepage lakes, northern drainage lakes, southern
seepage lakes, and southern drainage lakes (Figure
21). These were thentranslatedintothe
thresholds shownin the phosphorus response
indicatortable, Table 9at the beginning of this
section.

Figure 20. Abundance of TP-tolerant and TP-sensitive
species along a phosphorus gradient.
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a. North, drainage

b. North, seepage

tpS < 0.509 tpS > 0.509 tpT < 0.443 tpT > 0.443
% =49.0 %=16.1 £=10.1 %=183
Impaired General General Impaired
N7 N40 N22 N7

c. South, drainage

tpS < 0.416

d. South, seepage

X =64.4 =943 ¥=136
Impaired Impaired General
tpT > 0.607 tpT<0.607 N14 N7 N31

%=217 =123
General Good
N16 N14

Figure 21. Conditional inference trees relating vegetated frequency of occurrence by TP-tolerance cluster to lake
Total Phosphorus. Sample size indicated following N, p-values are printed ineach node, with mean TP
concentration and TP-condition category labels in leaves. Threshold values of TP-Sensitive (tpS) or TP-Tolerant
(tpT) wegetated frequency of occurrence are printed at each split.

5.4.3 Oxythermal layer criteria

For two-story fishery lakes, the oxythermallayer thickness criteria specified ins. NR102.04 (4) (am) also
applies asa phosphorus response indicator. Elevated phosphorus can lead to oxygen depletioninlakesand
reduce the habitat necessary for coldwaterfish. Although phosphorus may not be the only factor affecting
oxythermal habitat, if the oxythermal habitat requirementis not metin a waterbody with elevated TP levels,
itisinappropriate to determine that the waterbody is not experiencing stress due to phosphorus (and not
listitas impaired for TP) unless further studiesindicate otherwise.

5.5 RIVER PHOSPHORUS RESPONSE INDICATORS

5.5.1 Chlorophyll a for Recreation use

Forrivers, frequency of moderate algae levels (as measured by suspended chlorophyll a) is established as
the only statewide phosphorus response indicator at thistime. Algal productivity is assessed in rivers using
the same recreation use metricas forshallow lakes and reservoirs and impounded flowing waters: if a
suspended chlorophyll a concentration of 20ug/L is exceeded more than 30% of the summersampling
season (July 15-September 15), the waterbody would be considered impaired for phosphorus. We
conducted the following analysis to examinethe application of this threshold torivers.
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Wisconsin’s water quality criterion for total phosphorus (TP) in nonwadeableriversis 100 ug/L. The impacts
of phosphorusinriversystems vary depending on anumber of factorsincluding physical features, light
availability to the water column and benthos, and phosphorus uptake pathways (i.e. benthic algae and
macrophytes or phytoplankton). Inriver and impoundment ecosystems acommon response to increased
phosphorusisincreased phytoplanktonin the water column (measured as chlorophyll a), potentially
reaching moderate algae levels. Suspended (sestonic) chlorophyll a was one of the primary indicators used
indevelopment of Wisconsin’s total phosphorus criteriain 2010, which noted that nonwadeable rivers
exhibited a strong correlation between total phosphorus and the amount of suspended algae as measured
as chlorophyll a (WIDNR, 2010).

Determination of criteriathresholds

We used two datasets from nonwadeableriver monitoring programs to evaluate the TP-chlorophylla
relationship and determine athreshold that confirms a phosphorus response. We used datafrom the
nonwadeableriver Long Term Trends (LTT) monitoring program which monitors 43 riversites across the
State. Each site is sampled monthly (~2/3 of sites) or quarterly (~1/3 sites) over multipleyears
(http://watermonitoring.uwex.edu/pdf/level2/symposiumreferenceLTTAnnualReport2006.pdf). The LTT
Rivers dataset spansrivers across gradients of size, geography, ecoregion, land use and human modifications
representing the broad range of conditions seen in nonwadeable rivers across the state. We added to this
dataset by including datafrom the Nutrient Concentrations and Their Relations to the Biotic Integrity of
Nonwadeable Rivers in Wisconsin report by Robertson etal. (2008). This project sampledriversitesovera6
month periodin 2003 from May through October. There was some overlap from the two datasets so we
combined datathat were from the same or proximal locations into one site foranalysis.

The firststepin the analysis was to
determine the appropriate index period for
chlorophyll ain nonwadeable rivers.

Figure 22. Chlorophyll a concentrations from 2003-2013
among all months considered to determine the appropriate

- index period.
Chlorophyll a concentrations vary
seasonally due tofactors such as water g
temperature, light and nutrient =3 o
concentrations. Two options alreadyin use 1 - o T i
by WDNR forassessmentsinclude sampling  _ g/ ;
TP inwadeable streams (monthly, May to 2 ‘_ | SEE SR TN ‘
October) and sampling TP and chlorophylla  © | : ‘ — ]
inlakes (monthly, July-September). Using .g: 24 | H ,  —
onlysitesthat had multiple years of g | ' V
monthly data (n=31) we compared S - | ‘

chlorophyll a values across all months and N ] : 3
foundthat in nonwadeablerivers, on i f » —
average, chlorophylla concentrations were
highestinJuly, Augustand September
(Figure 22). We tested the two possible
index periodstodetermineif there were
any differencesamongthe chlorophylla valuesin each month overthe two differentindex periods. For the
July-Septemberindex period, there were nosignificant differences in chlorophyll a among months (ANOVA,
p=0.33). However, there were significantdifferencesin chlorophyll a among monthsinthe May-October
index period (ANOVA, p<0.001). Based on these findings, we decided to use July, August and Septemberas
theindex period forassessing chlorophyll ain nonwadeablerivers. Thisrepresents both the mostsensitive
time periodforalgal response and the typical swimming period for protection of recreational uses. In
addition, because there were no differencesin the distribution of chlorophyll a amongthe July-September
index period we were abletoinclude sites that had only quarterly sampling eventsin our dataset.
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Recreational uses of nonwadeable rivers are similarto shallow lakes, including boating, fishing, and
swimming. Therefore, the proposed definition of moderatealgae levelsinriversisthe same asinshallow
lakes: 20 pg/L chlorophyll a. To determinethe acceptable frequency of moderate algae conditionsin
nonwadeablerivers, we plotted the estimated frequency of chlorophyll a > 20 pg/L duringJuly-September
againstthe median growingseason (May-Oct) TP (Figure 23). For this analysis, we used data fromall
nonwadeableriversin Wisconsin with atleast 6 chlorophyll a and TP samples (n=49).

We used a Receiver Operating Characteristics (ROC) analysis to identify the frequency of moderate algae
levelsthat bestseparatesrivers that meetand exceed the TP criterion (Figure 24). This analysis plots the
sensitivity (correct positive) and specificity (correct negative) rates across arange of potential thresholds.
The frequency of moderate algae that best separatesrivers that meetand exceed the TP criterion isin the
range of 25-50%. Because the independently-determined shallow lake threshold of 30% is in this range, and
for consistency, the proposed chlorophyll a phosphorus response indicator in nonwadeable rivers states that
a waterbody within the combined assessment range will be listed asimpaired for phosphorus unless it
exceeds 20ug/L chlorophyll a forfewerthan 30 percent of days duringthe summer sampling period of July
15 to September 15.

Most of the rivers that exceed the TP criterion but not the chlorophyll a threshold are in the Driftless Area
and have high turbidity, which limits algal growth. The macroinvertebrate IBI may be a more appropriate TP
response indicatorinthese rivers. All of the sites that exceed the chlorophyll a threshold but notthe TP
criterion are on the Wisconsin or Fox Rivers, and are downstream of impoundments. TMDLs for TP inthese
systems will considerthe hydrologicconditions thatlead to high algal productivity.

Figure 23. Riwer frequency of moderate algae lewels versus growing season median total phosphorus
concentration (49 Wisconsin rivers).
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Figure 24. Plots of sensitivity (grey line) and specificity (black line) for frequency of moderate algae lewels to
correctly classify a river siteas being above or below the TP criterion. Vertical red line indicates proposed river
threshold for frequency of moderate algae lewels.
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5.5.2 Other metrics not selected

The following primary productivity metrics were considered for development of river phosphorus response
indicators but were not selected.

Macroinvertebrates. Macroinvertebrates can be a useful indicatorinrivers because some rivers are too
turbid to allow enough light penetration for algal growth, even if enough phosphorus is available that it
would otherwise cause high algal concentrations. Macroinvertebrate communities are strongly
connectedtotheriverbenthosand are influenced by increased benthicautotrophicand heterotrophic
production through changesin oxygen dynamics and food and habitat quality, and forthis reason could
be a useful secondaryindicator. The River Macroinvertebrate Index of BioticIntegrity (MIBI) had a
relatively strong correlation with phosphorus (R-squared 0.31; see Weigel and Dimick, 2011 for
calculations of metrics). However, for simplicity of focusing the phosphorus response indicators on
primary production, we do not propose to include macroinvertebrates at this time. Nonetheless,
macroinvertebrates may be a useful additional indicatorin certain river systems.

Benthic chlorophyll a. Benthicchlorophyll aisdifficultto systematically collectinrivers because
adequate substrate is usually lacking to collectasample. Suspended chlorophyllaisa betterriver
indicator.

Diatoms — DNI, DBI, and DPI. The Diatom NutrientIndex (DNI), Diatom BioticIndex (DBI), and Diatom
Phosphorus Index (DPl) were developed for wadeable streams and are not appropriate to apply to river
sites.

Secchidepth. A Secchitube clarity readingis notrequired forpurposes of biological assessments orthe
combined approach for phosphorus. Since aSecchi depthreading frequentlyreflects suspended
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sedimentas well as algae growth, achlorophyll a sample is amore direct measure of biological response
to phosphorus. However, aSecchitube may be included as part of a regularsamplingregimeniif
established by monitoring protocols to provide additional context.

e Algal toxins. While production of algal toxins can be a result of high TP concentrations, algal toxins are
not recommended as a primary phosphorus response indicator. High algal toxins are more likelytobe a
probleminriversthaninstreams. However, at the current time, protocols forassessing algal toxins are
insufficient. Analgal toxin sample may be collected and analyzedinariverifa problemissuspected,
and the analysis may be used as supplementary evidence of a problem.

5.6 IMPOUNDMENT PHOSPHORUS RESPONSE INDICATORS

5.6.1 Chlorophyll a for Recreationuse

Forimpounded flowing waters, suspended chlorophyll a is established as the only statewide phosphorus
response indicator. Algal productivity is assessed inimpoundments using the same metricas for shallow
lakes and reservoirs and for rivers: a waterbody within the combined assessment range willbe listed as
impaired for phosphorus unless it exceeds 20ug/L chlorophyll a forfewerthan 30 percent of days during
the summersampling period of July 15to September 15. Thisindicatoris applied regardless of whetherthe
impoundmentisonariveror a wadeable stream.

5.6.2 Other metrics notselected

Other potential phosphorus response indicators, including benthicalgal biomass, benthicdiatom community
structure, lake aquatic plantindex, or the macroinvertebrate IBI, are generally not applicable toimpounded
flowing waters fortwo mainreasons. First, the datasets used to develop these criteria did notinclude
impounded flowing waters. Second, several characteristics ofimpounded flowing waters, including depth,
velocity, and substrate, differ from natural lakes and free-flowing rivers enough to influence habitat
conditions for plant and animal communities. However, these or other metrics may be required by the
department on a case-by-case basis depending on a given site’s characteristics.

5.7 STREAM PHOSPHORUS RESPONSE INDICATORS

5.7.1 Nutrient Impacts Dataset

The departmentused the Nutrient Impacts Dataset (Version 2) for development of stream phosphorus
response indicators. Todetermine which stream metrics have the strongest correlationto TP
concentrations, and thus which would best represent the variables in the conceptual model, WDNR
assembled existing data from three different studies spanningtenyears. The 197 stream sites that were
used forthisanalysisincluded 171sites fromthe 2001-03 wadeable stream nutrientimpacts study
(Robertson etal. 2006), 8 sitesfrom WDNR’s 2007-09 watershed rotation study, and 18 sites from WDNR's
2011 high N:Pratio study. The sites were selected to span the range of nutrient conditions and to minimize
the correlation between total phosphorus and total nitrogen. The datasetincluded avariety of metrics for
fish, macroinvertebrates, and diatoms, and includes sites from each Natural Com munity and Ecoregion.
From this datasetthe department determined that benthicalgae had the strongest correlation with TP in
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wadeable streams. The dataset wasfurtherusedin development of the Diatom Phosphorus Index described
inthissection.

5.7.2 Benthic algal biomass & diatom taxa

For streams, primary productivity can be measuredin one orboth of the following ways. To maximize
efficiency for making assessment decisions, the “viewing bucket” method foralgal biomassis recommended
as the firststepin assessing primary productivity. If these results are conclusive, as described below, no
furtheranalysisisrequired. If the results are inconclusive (mid-range scores), furtheranalysis of the diatom
communityisrequiredtodetermine whetherthe streamis exhibitinga TP response.

a. Viewing Bucket for algal biomass

A visual assessment of benthicalgal biomass in streams using a quantifiable system such as a viewing bucket
isan efficientand appropriate screening tool to determinewhetherasite clearlyis, oris not, exhibitinga
nutrientresponse. High TP can be expected toresultin greater biomass and coverage of benthicalgaein
streams. The viewing bucket methodisincludedinthe U.S. EPA’s Rapid Bioassessment Protocols for Use in
Streams and Wadeable Rivers (Barbouretal. 1999) and is usedin several states’ monitoring programs.

The method will be employed during evaluation of habitat assessment transects. Benthicalgal biomass will
be observed and characterized on a grid with a minimum of 25 points with the viewing bucket (Figure 25).
This will be done once on each of the twelve habitattransects (WDNR 2002) fora reach, staggered across
the stream from lefttoright. Scores from each transect will then be averaged forthe reach.

The assessment should be conducted during the growing season (July, Aug, or Sept) during baseflow
conditions, withthe first viewing bucket assessmentinJuly or August, and second (if needed) in August or
September. Because scouring during stream spate events may reduce algal biomass, sampling should be
avoided within 14to 21 days of a storm event.

Figure 25. An example viewing bucket from Rhode Island Dept. of Environmental Management. Photograph by
A. Patterson.

58



Thresholds foralgal biomass as evaluated with the viewing bucket method reflect the expectation that
higher TP levels willlead to higheralgal biomass. The viewing bucket scoring scale is from 0 (low biomass) to
3 (high biomass) (Table 10). If the average algal biomass score forthe reach islessthan 1, the streamis not
impaired by TP and there is no needforfurther primary production assessment. If the algal biomass score is
greaterthan 2, the streamis impaired by TP and no furtherassessmentis necessary. If the algal bio mass
score is between 1and 2, further primary production assessmentviathe Diatom Phosphorus Index (DPI) is
needed.

Table 10. Stream benthic algal biomass phosphorus response indicator using viewing bucket method.

Benthic algal biomass, Attainment decision
viewing bucket score (0-3) Aquatic Life Use Recreation Use
<1 Attained! .
- mec.l - - Attained
1-2 Inconclusive; assess benthic diatoms using DPI
>2 Not attained Not attained

11f the meanscore is <1 but 20% or more of individualtransect points score a3, a benthicdiatom
assessmentunderpar. (b) is required to make an attainment determination.

The viewing bucket method can also be used to assess whetherastreamis attainingitsrecreationuse, as
recreationisalsoimpacted by algal growth. A stream’srecreation use is considered attained if the viewing
bucketscoreis at 2 or below.

b. Diatom Phosphorus Index (DPI)

Diatoms are a form of algae with a silicate shellwith many species thattend to be found on stream beds or
clinging asa brown substance to filamentous algae, such as Cladophora. They are found in both freshwater
and marine waters and in many environments play avery substantial role in primary productivity within the
system. Analysis of diatoms has been used for water quality analysis around the world. Various species have
beenidentified as tolerant or sensitive to various stressors, including nutrients.

In development of phosphorus criteriafor wadeable streams, WDNR used three indices to evaluate diatom
community responses to phosphorus: the Diatom Nutrient Index (DNI), the Diatom Siltation Index (DSI), and
the Diatom BioticIndex (DBI) (Robertson et al. 2006). Because these indices are primarily based on
literature-derived tolerance values that are not specificto phosphorus, we decided to develop a new
methodthatis specificto phosphorus and calibrated to Wisconsin diatom data, hereinreferred to asthe
Diatom Phosphorus Index (DPI).

The DPI is based on a statistical method called Weighted Averaging (WA; ter Braak and van Dam 1989). This
method can be used to determine whetherthe diatom community atan assessmentsite resembles the
community thatistypically found at sites meeting the stream TP criterion. The TP criterionis based on
breakpointsinthe relationships between TP and diatom (and other biological) metrics, and as such
representsthe level of TP where the biological community changes the most.

WA estimates species-specificenvironmental preferences (optima) as the average value of an
environmental variable (in this case, TP) where a species occurs, weighted by its relative abundance. The DPI
at a siteisthen estimated as the weighted average of the TP optima of all the species present at that site.
WA was developed toinfer paleo-limnological characteristics such as pH, temperature, and TP (reviewed in
Juggins and Birks 2012), and has also been usedto develop astream diatom nutrientindexin New Jersey
(Ponader2007).
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A WA model was developed from the Nutrient Impacts (Version 2) Dataset described above. Diatom and
nutrientsamples were collected in 2001-03 and 2011 using methods described in Robertson etal. (2006).
Diatom samples were collectedin September, and nutrient samples were collected monthly from May-Oct.
Models using various subsets of nutrient samples duringand priorto Septemberwere evaluated to
determine whether they were better predictors of diatom community structure than the entire growing
season, butthe median of all six monthly samples was the best predictor. Onlytaxa with atleast five
occurrences (n=156) were used in the model development.

The WA model was fit usingthe WA functioninthe rioja package (Juggins 2014) in R. Prediction errors were
estimated by leave-one-out cross-validation. The cross-validated r2is 0.49, which means that TP explains
about half of the variationin diatom community structure among sites (Figure 26). The root mean square
error of prediction (RMSEP) is 62%, which means that the average DPI differs fromthe measured TP by 62%.
The residual variation in this relationship probably reflects sampling errorin both TP and diatoms.

For purposes of assessing attainment of the diatom phosphorus response indicator:

e Ifonlya single diatomsurveyis availablefrom asampling station, the departmentwould notlista
waterbody asimpaired forphosphorusifitis 90% confidentthatthe diatom communityis not
impaired. Abootstrapping procedure® was used to estimate confidence intervals around DPIvalues.
If the upper80% confidence limit of DPlis < 75 pg/L, we would be 90% confident that the diatom
communityisnotimpaired. Amongthe 68 sitesinthe model dataset where biological confirmation
would be relevant (measured TP is 75-150 pg/L), only two would be considered notimpaired
through the perspective of the diatom community.

e Ifmore thanone diatomsurveyisavailable fromasamplingstation, the DPl scores are averaged and
the mean DPI score is compared directly to the threshold of 75 ug/L without using confidence
intervals. Thisis because the bootstrapping procedures required to calculate the confidence
intervals are not practicable with more than one sample. Inthis case, averaging the scores addresses
sample variability.

For assessment purposes, the DPI should be used only in conjunction with TP, notas a stand -alone
assessmentmetric. Ithasnot beenshowntobe sensitiveto a broaderrange of environmental stressors
than phosphorus. However, high algal viewing bucket scores may be used to list a wateras impaired
regardless of TP concentrations.

3 Inrioja, the predict function with sse=TRUE estimates standard errors for each site(v1), which reflect how much the
inferred P varies acrossthebootstrapped samples.
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Figure 26. Measured TP concentrations vs. DPI score from Weighted Awerage (WA) model (R2 = 0.49). Note log
scales on both axes. Gray area is TP range where hiological confirmation may be used. Error bars are 80%
confidence intervals on two example points.
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5.7.3 Other metrics notselected

For streams, we determined that primary production metrics werethe most appropriate as phosphorus
response indicators, and upper-level indicators did not add clear value to assessment of phosphorus
response. We considered both macroinvertebrate and fish metrics, as described below, but determined
that the relationships between these metrics and phosphorus, as assessed using currentlyavailable data,
were notstrong enough toinclude as response indicators.

The following primary productivity metrics were considered for development of stream phosphorus

response indicators but were not selected.

e Benthic chlorophyll a. Benthicchlorophyll aisa useful metricin streams; however, physical sampling of
chlorophyll ais highly variablein streams as growth is patchy and strongly influenced by substrate type
and substrate selected for sampling (i.e. selection bias) making the development of aclear relationship
with TP and an appropriate threshold difficult. Additionally, the viewing bucket method incorporates
benthicalgae butovera larger portion of the streambed. Though this metricwill notbe requiredin
code at thistime, staff are able to collect benthicalgae viaa rock scrape for chlorophyll a analysis, to be
used as supplemental information and to help build WDNR’s dataset on benthicchlorophyll a.
Obtaining additional datawill help the departmentrefine benthicchlorophyll a thresholdsin the future.
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e Suspended chlorophyll a. Streams do not typically have high suspended (sestonic) chlorophyll a levels,
so a grab sample of suspended chlorophyll ais not needed forstream sites. Suspended chlorophyllais
a more appropriate indicatorforrivers.

e Algal toxins. While production of algal toxins can be a result of high TP concentrations, algal toxins are
not recommended as a primary phosphorus response indicator. High algal toxins are veryrarelya
probleminstreams. Atthe current time, protocolsforassessing algal toxins are insufficient. However,
an algal toxin sample may be collected and analyzedinastreamif a problemis suspected, and the
analysis may be used as supplementary evidence of aproblem.

e Diatom NutrientIndex (DNI) and Diatom Biotic Index (DBI). The weighted average Diatom Phosphorus
Index (DPI1) was selected over the Diatom Nutrient Index (DNI) or Diatom BioticIndex (DBI) because it
shows a stronger correlation with phosphorus.

Macroinvertebrate and Fish Metrics

To support the continued development of stream nutrient criteria and phosphorus response indicators,
WDNR conducted an extensive set of analyses on bioticresponsesto nutrients. This study is described in
detailinareporttitled “Evaluation of the relative effects of phosphorus and nitrogen on stream biological
community structure” (Diebel 2015). One of the major conclusions of this study is that nitrogen and
phosphorus have independent and statistically significant effects on the community structure of all
taxonomicgroups, but the strength of those effects is relatively weak compared to other environmental
variables, except forthe effect of Pon diatoms, whichis strong. In particular, both macroinvertebrateand
fish communities are more strongly influenced by stream size, temperature, and conductivity than by
phosphorus. These highertaxonomicgroups are useful indicators of overall biological integrity in streams,
but do not match the specificity of primary producers as a phosphorus response indicator.

5.8 IMPAIRED WATERS LISTING USING PHOSPHORUS RESPONSE
INDICATORS

The department provided a dataanalysis to the External Stakeholder Committee in 2016, to provide
information on the number of waterbodies that would be kept off of the section 303(d) impaired waters list
using the combined approach to apply phosphorusresponse indicators. Thatanalysisis summarized here.
As discussed with the stakeholder committee, the percent of waterbodies that exceed the statewide P
criteriabutare not experiencingabiological response issmall. Thisindicatesthatthe statewide P criteria
are setat a level thatis not overly protective for most waterbodies. The following datasets containa
relatively small portion of the waterbodies in the state. Asthe phosphorusresponseindicators are applied
more broadly, additional waterbodies are expected to be determined to be attaining these indicators.

From the 2016 data analysis:

Streams: There are 182 stream sitesthat have been evaluated for P for which diatom analysis has also been
conducted. Of those 182 sites, 67 sites exceed the phosphorus criterion butare within the P range at which
the combined approach can be applied. Six of these sites attained the diatom phosphorus response
threshold and would therefore be removed from the impaired waters listfor P or would not be listed for P
whenthey otherwisewould have been.

Rivers: There are 28 riversitesthat have been evaluated for P for which chlorophyll a datahave also been
assessed. Ofthese, 11exceedthe P criterion butare within the range at which the combined approach can
be applied. Two of these attain the phosphorus response indicator for frequency of moderate algae levels,
and would therefore be removed from the impaired waters list for P or would not be listed for P when they
otherwise would have been.
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Lakes: There are 161 lakes that have P data and also have data for the three main phosphorus response
indicators: frequency of moderate algal levels (to protect recreation use), chlorophyll a concentration (to
protectaquaticlife use), and the plant phosphorus responsetool (aquaticlife). Of these 161lakes, 28
exceed the P criterion butare within the P range at which the combined approach can be applied. Eight of
those lakes attain all three phosphorus response indicators and would therefore be removed from the
impaired waterslistfor P or would not be listed for P when they otherwise would have been.
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6. Applying Biological Metrics to Develop
Site-specific Criteria for Phosphorus

6.1 STATEWIDE PHOSPHORUS CRITERIA AND THE NEED FOR SITE-
SPECIFIC CRITERIA

Concurrent with this rule package (WY-23-13, referred to here as the assessmentsrule), asecondrule
package (WT-17-12) is underway to establish a process for deriving site-specific criteria for phosphorus for
individualwaterbodies when needed. Rule package WT-17-12 would create a new rule, ch. NR 119, to
house this process. The SSC rule package cross-references the biologically-based metrics contained in the
assessmentsrule thatare discussed within this Technical Support Document. Therefore, ashort discussion
isincluded here regarding the interplay between the biological metricsin thisrule and the proposed SSC
rule®.

Wisconsin promulgated its statewide phosphorus criteriain December 2010 following the publication of ch.
NR 102, Wis. Adm. Code. In reviewingstatewide datatrends, the department has concluded that the
statewide phosphorus water quality criteriaare appropriately protectivein most cases. However, there may
be some instances forspecificwaterbodies wherethe applicable statewide phosphorus criterionis more
stringentthan necessary to protect the designated uses of the waterbody in question. Alternatively,there
may be some waterbodies, such as certainimpounded flowing waters, that are not beingadequately
protected by the current phosphorus criteria. In such cases, federal and state law allow for development of
site-specificcriteria—criteria that are applicable onlyto a specificwaterbody or waterbody segment, based
on site-specific circumstances —which are more appropriate forindividual waterbodies. After taking effect,
an approved SSCbecomes the applicable water quality standard forthe approved waterbody or segment.

Authority fordeveloping SSCforany substance is already containedin s. 281.15, Stats. The proposed SSC
rule does not create additional authority; it establishes a process under which SSCdevelopment can be
carried out. Establishment of this process will provide consistency and transparency, specifying the type of
information needed to make an approvable demonstration thatan SSC is appropriate foran individual
waterbody.

6.2 UNDERLYING PRINCIPLE: PROTECTING DESIGNATED USES

Site-specificcriteriamust be set at levels that are protective of a waterbody’s designated uses. In
Wisconsin, the main uses associated with phosphorus are Recreation and AquaticLife (whichis further
dividedinto several subcategories). The statewide phosphorus criteriawere developed to be protective of
both of these types of uses. Similarly, during development of any site -specific criteria, one of the critical
goalsis toselecta criterion that maintains orimproves protection of anindividual waterbody's uses, based
on the waterbody’s specific ecological context and response to phosphorus. Forexample, some
waterbodies may naturally be less sensitive to phosphorus, and can therefore assimilate more phosphorus
than others without adverse impacts to theiruses. Otherwaterbodies may be more sensitive to phosphorus

4 The SSC rule package does not requirea separate Technical Support Document because itdoes not consitutea new
water quality standardinand ofitself;itsets a process for derivingcriteria. Eachindividual SSC developed usingthe
new process (or any other process)wouldstill beapproved separately by EPA, along with its own analysis.
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and experience biological responses and use impairments at lower levels than usually expected. Ingeneral,
it may be appropriate to derive asite-specificcriterion for phosphorusin either of the following scenarios:

1) Thestatewide phosphorus criterionis notstringentenough to protect a waterbody’s designated
uses. Despite the applicable statewide phosphorus criterion being met, the designated uses of a
given wateror waterbody segment are not attained.

- In this case, a more stringent phosphorus SSC may be needed.

2) The statewide phosphorus criterionis more stringent than reasonably necessary to assure
attainment of the designated uses forthe waterbody in question and adjacent downstream waters
(ifapplicable).

- In this case, a less stringent phosphorus SSC may be appropriate.

It isimportantto note the underlying premise that a criterion may be more or less stringent but equally
protective of the designated uses. The stringency needed is based on the sensitivity of the waterbodyin
question. Alessstringent criterion may be equally protective where, due to the specificchemistry, geology,
or morphology of a site, the biological community of awaterbody exhibits less sensitivity or responseto
phosphorusthan most waterbodies. This mayinclude areas of the state where naturally high levels of
phosphorus have always existed, due to the underlying geology, and the biology is adapted to those levels.
Conversely, some sites may need a more stringent phosphorus criteria because they are naturally more
sensitiveto phosphorusimpacts.

Itisalso importantto clarify thatan SSCis a water quality standard to protect aquaticlife, recreation, and
otheruses, ratherthan a compliance tool for permittees. Compliance tools for me eting phosphorus permit
limitsincludewater quality tradingand adaptive management. If a permittee cannot comply with permit
limits because it would cause economichardship, an individual or multi-discharger phosphorus variance is
available. Awaterbodyisonly eligibleforan SSCif an adjusted phosphorus criterionisappropriate based on
the biological responses of the system.

6.3 USING BIOLOGICALMETRICS TO REPRESENT DESIGNATED USE
ATTAINMENT

To determine whetherawaterbody’s designated uses are being met, certain biological metrics are used to
indicate the ecosystem’s response to phosphorus and whether uses are beingimpaired. The biological
metrics are different for different waterbody types. Two types of biological metrics thatare delineated in
ch. NR 102 revisions that are described in this Technical Support Document are integral to SSCdevelopment:

1) Phosphorus response indicators. (proposed ch. NR 102.07) Phosphorus response indicators are
based on biological metrics that are particularly responsive to phosphorus, such as algae (as
measured through chlorophyll a) and aquaticplants. They are used to determine the effects of
phosphorus within awaterbody, including attainment of phosphorus criteriaand designated uses.

2) Biological assessmentthresholds. (proposedch. NR102 Subch. Ill) Biological assessment
thresholds are based on an assessment of the overall health of key biological communities, such as
aquaticplants, algae, fish, oraquaticinsects, whichis used to determine support of aquaticlife or
recreation designated uses.
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The phosphorus response indicators and biological assessment thresholds for each waterbody type are
foundinch. NR 102 proposed Subchapter Ill. Theyare alsodetailedin sections4and 5 of this Technical
Support Document. They are based on the following metrics:

e Lakes/reservoirs:

o Phosphorusresponseindicators: suspended chlorophyll a (indicating algae growth, for both
recreation and aquaticlife uses) and aquatic plants (macrophytes), plus oxythermal habitat
criteriafortwo-storyfishery lakes

o Biological assessment thresholds: aquatic plants and chlorophyll a forrecreation and aquatic
life uses

e Streams:

o Phosphorusresponseindicators: benthicalgal biomass and benthic diatom taxa (diatoms
are a type of hard-bodied algae that grows on the substrate)

o Biological assessment thresholds*: aquaticinsects (macroinvertebrates) and fish

e Rivers:
o Phosphorusresponseindicator: suspended chlorophyll a
o Biological assessmentthresholds*: aquaticinsectsand fish
¢ Impoundments:
o Phosphorusresponseindicator: suspended chlorophyll a
o Biological assessment thresholds: chlorophyll a forrecreation use
* Denotes assessmentthresholds currentlyin guidance, used to interpret narrative biological
assessmentthresholdsin code.

Additional indicators may also be required to determine the health of the bioticcommunity, and the
attainment of designated uses.

For purposes of determining the appropriateness of SSC, atleasttwoyearsof recentdata are required for
each metricto account for any temporal variability in the aquaticsystem. Historical datashould also be
analyzedif availableto assess temporal variability. Fora less-stringent SSC determination, the proposal
must demonstrate that the proposed SSCis protective of the designated uses notonlyin the segmentitself
but alsoinany downstream waters. Therefore, sampling forbiological metricsis required at multiple
monitoring sites downstream of the SSCsegment.

Once the complete datasetis obtained, modeling may be needed as part of the data analysis. Modeling
techniques will need to be determined on a case-by-case basis. Forinstance, models such as BATHTUB are
frequently be used by U.S. EPA and the departmentto validate appropriate lake/reservoir targets (United
States Environmental Protection Agency, April 2000). Modelingistypically only available forchlorophyll a
predictions, and would not be applied to othertypes of biological metrics.

6.4 APPLYING BIOLOGICAL METRICS FOR SSCDETERMINATION

As describedin proposed ch. NR119, the phosphorusresponseindicators and biologicalassessment
thresholds are appliedinthe following ways to determine SSC eligibility:

Less stringentSSC: A waterbody orsegment may be eligible foran SSCthat is less stringent than the
statewide phosphorus criterion in the following types of cases:

(1) The waterbody is exceedingits statewide phosphorus criterion but all of its phosphorus response
indicators and biological assessment thresholds are attained. This cantypically be demonstrated usingonly
field datawithout modeling.
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(2) If a waterbody is exceeding its statewide phosphorus criterion, and one or more of its phosphorus
response indicators or biological assessment thresholds are not attained, aless-stringent SSCcould be
appropriate if a modeling analysis demonstrates that the phosphorus response indicators are expected to be
attainedif the waterbody’s phosphorus concentration is sufficiently reduced to attain a proposed SSCthat is
less stringent than the statewide phosphorus criterion. (Example: Certain reservoirs with a statewide
phosphorus criterion of 30-40 ug/L may fitinthis category. For instance, areservoirthatis exceedingits
statewide TP criterion of 40 ug/L with a current phosphorus level of 70ug/L is also not attainingits
chlorophyll a threshold. Inthis case, modeling may demonstrate thatan SSC of 50 ug/L TP should be
sufficientto attainits chlorophyll a threshold; it does not need to attain 40 ug/L TP to reach its biological
goals.)

(3) Alessstringent SSC may be appropriate if awaterbody is not attaining the statewide phosphorus
criterion because the natural background phosphorus concentrationis higherthan the statewide
phosphoruscriterion.

More stringent SSC: A more stringent SSC may be appropriate in the followingtypes of cases:

(1) The waterbody attainsits statewide phosphorus criterion but does not attain one or more of its
phosphorus response indicators or biological assessment thresholds. Modeling may be requiredto
determine atwhatlevel the SSCshould be setto attainits biological metrics. However, amore stringent SSC
isnot appropriate if phosphorusis nota factor inthe non-attainment of a biological assessment threshold or
phosphorusresponse indicator;i.e.itis notattained due toreasons otherthan phosphorus.

(2) Amore stringent SSC may be appropriate even if a waterbody attainsits statewide phosphorus criterion,
phosphorus response indicators,and biological assessment thresholds in cases whenitis demonstrated that
a more stringent SSCthan the statewide phosphorus criterion is necessary to maintain attainment of any of
these indicators and the level necessary can be demonstrated through modeling.

(Example: Certainimpounded flowing waters with a statewide phosphorus criterion of 100 ug/L may fitin
this category. Forinstance, if animpounded flowing water currently has a phosphorus concentration of 50
ug/L TP and is attainingits biological metrics, ademonstration may show thatan SSC of 70 ug/L TP is needed
because its biological metrics willno longer be attained above thatlevel.)

Proposed chapter NR 119 describesthese processesin detail.
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Appendices

APPENDIX A. Chlorophyll a user perception surveys - Lake type comparison

Section4.4.1. describes how 20 ug/L chlorophyll awas selected for use in the assessment thresholds for frequency of moderatealgal levels to protect recreation
inlakes, reservoirs, and impounded flowing waters. Models were fitfornine lake classes and forall lakes combined. Thisappendix shows the results for all lakes
combined (this page) and forthe nine lake classesindividually (next page). The nine lake classes did not exhibit enough variation to warrant separation of results
based on lake class.
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APPENDIX B. Weather-controlled phosphorus concentrations

Estimating long-term median total phosphorus concentrations in streams by

controlling for seasonal and weather variation
Alex Latzka, Matt Diebel, Francisco Guerrero-Bolano, KristiMinahan

11-1-2019

Motivations and technical considerations

The departmentisdocumentingits phosphorus evaluation proceduresin s. NR 102.07(2)(a), Wis. Adm.
Code. These procedures allow for calculating a weather-controlled phosphorus concentration to be used for
assessing whetherawaterbody is attainingits phosphorus criterion. The departmenthas developed the
Phosphorus Mixed Effects Regression (PhosMER) model to calculate the weather-controlled median
phosphorus concentration of streams orrivers. The department plansto make the PhosMER model
available onits websitein aformatthat can be easily used by external parties. Similartools may be
developed for calculating weather-controlled lake meansin the future.

Whyis it important to calculate weather-controlled phosphorus concentrations?

Phosphorus samples collected during aone- ortwo-year period may be heavily influenced by awetor dry
year, or by the timing of sampling. Although samples are evenly spaced acrossthe season, if these happen
to fall just after storms or aftera longdry spell, the mean or median of those samples may be skewed higher
or lowerthan the waterbody’s true mean or median. Similarly, the confidence intervals calculated from such
samples may also be skewed and not necessarily contain the true parametervalue. Foramore robust
assessment, i.e. less sensitiveto the random fluctuations of the weather, we wantto estimate the true
medianandthe likelihood tofind it withinagivenrange regardless of temporary weather conditions.

A tool such as PhosMER uses the sampled phosphorus
data and weatherata site todetermine how much
phosphorusistypically delivered to a specific
waterbody with different levels of precipitation. This
provides along-term phosphorus-precipitation
correlationforthe site. Based on this correlation and
the long-term weatherrecords availablefor eachssite,
the data usedinthe estimation of the median
phosphorus concentration can be significantly
expanded. Due to the statistical nature of the

The current assessment methodology could be
improved by the calculation of weather-controlled
phosphorus concentrationsin the following ways:
e Control forweathervariability.
* Allowthe use of more samples without
biasing median estimates.
* Narrow confidence intervals to provide more
definitiveassessments where possible.

method, the expanded datawould notintroduce biasin median estimates and will help to narrow
confidence intervals to provide more definitive assessments where possible.

Identifying assessment sites versus non-assessment sites

The departmenthas minimum datarequirements forassessing a waterbody’s phosphorus concentration.
For streams and rivers, at least six samples are required overa period of one year, to be taken monthly May
to October. If a monthly sampleis missedin one year, it may be made upin anotheryear. If a waterbody
has enough samplesfromthe mostrecent5-year period, datafrom that 5-year period will be used forthe
assessment. If awaterbody does not have enough datafromthe most recent 5-year period butit does have
sufficientdatainthe past 10 years, then the 10-year period may be used. Sites with sufficient datawithin
the most recent5 or 10 years (the “assessment period”) are identified as “assessment sites”. The weather-
controlled median phosphorus concentration of each of these sites will be compared toits phosphorus




criterion todetermine whetheritis attaining the criterion. Sites that do not qualify as assessment sites but
have at least 6 phosphorus samples priorto that period are called “non-assessment” sites. Data from both
types of sites are used within PhosMER, but for assessment sites only datafrom within the assessment
period are used, so that the results reflect conditions only during the assessment period. For non -
assessmentsites the full historical datasetis used toinformthe statewide phosphorus-precipitation

relationships.

Estimating weather-controlled median total phosphorus with PhosMER

PhosMER stands for Phosphorus Mixed Effects Regressionanditis a statistical model that allows estimation
of TP concentrations across all sampling locations in the state by using information about daily precipitation,

temperature and watershed characteristics.

Mixed effects regression models are an “enhanced” version of linear regression models that overcome
methodological issues that arise from the typical characteristics of water quality data such as heterogeneity,
nested data, temporal correlation, and spatial correlation. Thus, a mixed effect regression modelhastwo
components: afixed effects componentand a random effects component. Whilethe fixed effects
componentworks exactly inthe same way thata linear regression model does, the random effects
component can accommodate additional sources of variabilityin the datathat otherwise would invalidate
the conclusionsfrom a linearregression. One of these sources of variability is site -specific characteristics,
that onceincludedinthe model, allowforsite-specific predictions.

PhosMER fits both overall relationships between
predictorvariablesand TP across all sites (fixed
effects, such as precipitation levels), and site -
specificvariables affectingasite’s response
(random effects). The extentto which fixed
effectsand random effects are applied toasite
isbased on the sample size and fit of the site-
specificrelationship. In other words, the
regression equation forasite with many
samplesthatare strongly related tosample-
specificvariablesis largely determined by data
fromthat site only, while the regression
equationfora site with few samplesthatare
weakly related to sample-specificvariablesis
largely determined by the mean relationshipsfor
sites with similar site-specificvariables.

PhosMER estimation of weather-controlled median total
phosphorus forassessmentsitesisdone inthree steps*:

4. Identify assessmentsites, andfita mixed effects
regression model by using the appropriate date
ranges: only recent TP measurements from
assessmentsites and historical TP
measurements from non-assessment sites.

5. Calculate weather-controlled TP medians using
long-term records of precipitation and
temperature.

6. Run 100 to 1000 iterations of PhosMER to
calculate 80% confidence intervals around
weather-controlled TP medians forassessment

sites.
*More specific details are provided in the figures and methods section

Comparing the weather-controlled median to the phosphorus criterion

Once the weather-controlled median and 80% two-sided confidence interval are calculated using PhosMER,
the results are evaluated to determine whether the waterbody’s median concentrationis exceedingits
phosphoruscriterion. Thisis done by comparingthe weather-controlled median and confidence interval to
the applicable phosphorus criterion froms. NR 102.06, Wis. Adm. Code usingthe protocols specifiedins. NR
102.07(2) andthe confidence intervalapproach describedins. NR102.52(2). Once a determination of
whetherthe median exceedsthe criterionis made, the combined assessment approach specifiedins. NR
102.07(3) to (6) may alsobe appliedif appropriate. This determines whetherthe waterbody is exhibitinga
biological response to phosphorus and should be listed on the section 303(d) list as not attaining the

phosphoruscriterion.
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Summary points

*  Water quality samples are not always representative of the true condition of awaterbody.

*  Weathervariabilityis known to influence water quality and is relatively easy to control for.

* PhosMER providesinsightinto causes of phosphorus variation amongsites (fixed effects) and among
samples ata site (random effects).

* PhosMER’s confidence intervals are likelyto be more accurate and robust than those obtained from
raw samplesonly.

(seefigures and methods on the following pages)
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1. PhosMER uses both recent data from
assessment sites and available historical

«——— 10-year assessment —————» data from non-assessment sites
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io[ 5-year assessment)
! ° For 5- or 10-year assessment sites, datafrom
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o aboutthe specificresponse of TP to
o ol °°°Q o oo precipitation and temperature at that site.
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@ (10-yearassessment) Figure 1.Incorporating growing season
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Growing Season (May-October) during the assessmentperiod, historical data from
these sites (even if available) are not used in the
model.

Pre-assessment data from other locations is used to inform PhosMER
about the general response of TP to precipitation and temperature
across more than 500 sampling locations



2. Weather-controlled TP medians are calculated using
long-term records of precipitation and temperature

Weather-controlled
TP concentrations
estimated

with PhosMER

TP (mg/1)

Long-term median

from PhosMER
I'v'ledlan and
confldence interval

(from raw data)

Up to 30 years
of weather-controlled
TP estimates

2010 2012 2014 2016 2018

Growing Season (May-October)

Figure 2. PhosMER estimates daily TP concentrations based on long-term weather pattems and provides a weather-controlled median TP for each site. By
using a 30-year long record of daily precipitation and temperature previouslygeoprocessed for each site (see methods section), PhosMER estimates site-specific 30-year
long records of daily T P concentrations (during the growing season). T hese values are averaged per site to provide a single e stimate of weather-controlled TP. T he dotted
square in the top left highlights these predictions foran assessmentsite over a 9-year window (for demonstration purposes the longer historic record is truncated). Without
PhosMER, the currentassessmentmethodologywill calculate amedian and a confidence interval only based on the observed data that may not be representative of the
true condition ofthe waterbody.




3. A hundred to a thousand iterations of PhosMER are used to calculate 80% confidence
intervals around weather-controlled TP medians for assessment sites.

Up to 30 years
of weather-controlled
TP estimates

B i TP (mg/l)

Growing Season (May-October)

Figure 3.Between 100 and 1000 long-term time series of daily TP concentrations are calculated
foreach site to obtain a distribution of weather-controlled medians. PhosMER accounts for
weather variability by estimating the long-term weather controlled median TP for each site. However,
there is also variability associated with all the possible models thatcould be fitted through the available
data. Toaccountfor this variability, the entire dataset is resampled with replacementand the model is
refitted to produce the weather-controlled median for each site. T his process, called “bootstrapping’is
repeated between 100 and 1000 times to calculate a distribution of medians thatwill reflectthe
combination ofthe same numberofmodels times 30 years of weather patterns. Thus, for an
assessmentsite between 100 and 1000 weather-controlled median TP concentrations are estimated
and used to build a 80% confidence interval. The weather-controlled median and confidence intervals

canthen be compared to the sites’s phosphorus criterion to determine ifit is attaining the criterion.

Confidence intervals derived
from PhosMER bootstrapping
80% chance
that the median
of the TPy is
within this range

Weather-controlled I "I

median C.L !
Averaged across
long-term (30yrs)

weather records ~

Assessment TP
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—

80% chance the median of
the sampled TP is within this range
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Methods

We constructed mixed effects models using landscape variables and daily time series of weather data, with
random effects forindividual sites to control for site-specificvariation and enablethe combination of all
sitesintoone model. The model was built to analyze both phosphorus and total suspended solids (TSS)
concentrations.

Data acquisition and processing

Water quality data

Wisconsin DNR monitors water quality in streams throughout the state, and stores water quality datafrom
individual projects, partneragencies, etc. Ingeneral, grab samples are taken at stream sites and processed
by the Wisconsin Lab of Hygiene. Data are stored in Wisconsin DNR’s Surface Water Inventory System
(SWIMS). We extracted data forsites on streams or impounded flowing waters between 1981 and 2014 that
had phosphorus measurements that spanned at least 80% of the growing season (May to October), to allow
for random effects associated with seasonality to be fitted reasonably. When multiple measurements
occurred on a single day, we used the average. We also removed outlier observations identified using
Grubb’steston the natural logof TP and TSS, with an alphavalue of 0.01. Because our dataset spans over 30
years, in which many other changes — particularly land use change — could influence TP and TSS, we used
only the mostrecent 10 years of data for any givensite. Lastly, we removed sites with fewerthan 6
observationsinthistime period fortwo reasons: 1) we wanted to include only sites with multiple
observationstoaidin assessing random effects, 2) 6 observationsisthe minimum datarequirementin the
assessment protocol, and 3) because there was a steep drop off in the number of sites with sufficient dataif
we required more than 6 observations.

Geographicpredictors

We compiled catchment-scale geographic predictors from Wisconsin’s 24k Hydro Layer
(ftp://dnrftpOl.wi.gov/geodata/hydro_va_24k/).Inthis database, catchment-scale variables are calculated
for each streamreach, where catchments characterize the entire upstream contributing area. Predictors
included catchmentarea, average slope, average soil permeability, percent coverage of agricultural land
covers, and percent coverage of urban land covers. Land management practices such as establishment of
best management practices or crop rotations are not included in the model.

Daily predictors

We joined these geographicpredictors with seasonal terms and weather datafor each day for each reach.
We first accounted forseasonal curvature in TP and TSS trends using the sine and cosine of day -of-yearasin
the LOADEST model. We also calculated daily temperature and precipitation indexes from DAYMET
(https://daymet.ornl.gov/), adaily gridded (1kmx 1 km) dataset that includes temperature minimaand
maxima and precipitation amounts. To capture the effects of variation in temperature, daily average
temperatures were converted to 7-day averages, which we converted to 7-day temperature anomalies by
subtracting the mean 7-day temperature forthe respective day of yearfora givensite. These 7-day
temperature anomalies (T7D) were then used as predictors in subsequent models, along with calculated
antecedent precipitationindexes.

Antecedent precipitation calculation

We calculated an antecedent precipitation index for each reach-day, using DAYMET daily precipitation
amountsand temperatures. We converted raw precipitation to effective precipitation by separating rain
fromsnow and converting waterin snow to snowmelt. We assumed any precipitation that occurred when
the daily temperature was above 0°Cto be rain and precipitation on days at or below 0°Cto be snow.Snow
accumulates until temperature exceeds 0°C, at which pointit begins to melt. Melt rates were estimated



fromair temperature and solar radiation, using equations from NOAA’s Snow-17 model
(http://www.nws.noaa.gov/oh/hrl/nwsrfs/users_manual/part2/_pdf/22snow17.pdf). Thus, each reach-day
had estimates of directrain and snowmelt, which were summed to represent effective precipitation.
Antecedent precipitation for each day was then calculated as the weighted sum of effective precipitation
overthe preceding 365 days, where weights follow atime decay function. Specifically, weights were
assigned to each day usingan equation:

e~ ((og (1)-m)?/2)

d\2m

w =

where dis the numberof days before presentand mis a parameterthat controls the shape of the function.
Low values of m correspond to a fasterand shorterresponse of TP or TSS to precipitation and highvalues
correspondtoa slowerandlongerresponse. Values of mwere assigned to individual sites by estimating the
relationship between watershed area (WSA, km2) and slope (%) (indicators of hydrologicresponsetime),
and the optimal value of mfor a subset of sites with atleast 12 TP or TSS samples.

(eq.2) mTP =-0.35 + 1.14*log10(WSA) - 0.84*log(SLOPE)
(eq.3) mTSS =0.011 + 0.203*log(WSA)
Modeling

We fit mixed effects models using the Imer function from the Ime4 package in R. The modelsfor TP and TSS
have the same structure, but different coefficients. The model formulais:

(eq.4) log(TP/TSS) ~PS * (SLOPE + log(WSA) + PERM + AG + URB) + SDT + CDT + T7D
+(1+ SDT+CDT +T7D + PS +1(PSA2) | STATION_ID)

where log(TP/TSS)isthe log of TP or TSS concentration, PSis the antecedent precipitation index, PERMis
mean soil permeability(in/hr), AGis percent agricultural land cover, URBis percent urban land cover, and
SDT and CDT, the seasonal terms, are the sine and cosine of decimal year.

We included random effects for each site where TP or TSS was measured and included in the study.

Random effectsincluded arandominterceptalong with random slopes for each seasonal term, temperature
anomaly, precipitationindex, and the square of the precipitationindex. The randominterceptallows for
site-specifichigherorlower TP or TSS concentrations, given asite’s fixed effe cts. Sites could also presumably
vary inthe seasonal trend of TP or TSS concentrations, where peak concentrations could occur earlieror
later. They could vary intheirsensitivity of the TP or TSS response to temperature or precipitation. Finally,
some sites may have nonlinearresponses to precipitation. The random effect forthe slope of the squared
precipitationindex allows sites to express responses to precipitation thatincrease exponentially or that peak
with a moderate amount of antecedent precipitation.

82



APPENDIX C. Combined approach range for phosphorus assessments

The graphs below demonstrate how the combined assessment approach for phosphorus assessments is
conducted. The range for combined assessmentsis shadedin gray. Notall waterbody types or phosphorus
response indicators are shown here, but this provides an example from each major waterbody group
(streams, rivers, lakes). The left-most edge of the shaded range is the phosphorous criterion for the
waterbody type. Waterbodies withinthe shaded areaare exceedingtheirphosphorus criterion but may
have theirphosphorus responseindicators assessed to determine whether they should be considered
impaired forphosphorus. The horizontal dashed line shows the response indicatorthreshold. Inthe
examplesshown here, the indicatoris attained if the waterbody is below the dashed line. The indicatoris
not attained if the waterbody is above the dashed line.

Opencircles show waterbodies that would not be listed asimpaired, either because they are to the left of
(below) the TP criterion or because they are within the combined range and attaining (below) the response
indicatorthreshold. Closed circles show waterbodies that would be listed asimpaired for phosphorus
because they are eitherto the right of (above) the combined assessment range orthey are within the range
but not attaining (above) the indicator threshold.

As showninthese graphs, only asmall number of waterbodies (for which the department currently has
data) exceed phosphorus criteriawhilestillhaving good response indicators. Thisindicates thatthe general
phosphorus criteriaare not overprotective. However, it demonstrates that there is some variabilityinthe
response of biological factors to phosphorus concentrations.

Range extent: For streamsand rivers, the shaded range extends from the phosphorus criterionto 2 times
the criterion: the streamrange is 75-150 ug/LTP, and the riverrange is 100-200 ug/L TP. For lakesand
reservoirs, the rangeis fromthe criterionto 1.5 times the criterion (in this example, the shallow lake range
is40-60 ug/L TP; there are several otherlake criteriafor differentlaketypes). Ineach example, the highend
of therange is setto a pointabove which very few waterbodies are achieving good biology (attaining their
response indicators). Above the high end of the range, itis unnecessary and inefficientto apply a response
indicatoras thereis a high level of certainty that waterbodies do not attain good biology at such high
phosphorus concentrations.



Figure 27. Diatom phosphorus response indicator for streams showing the combined assessment range (shaded)

from 75 to 150 ug/L TP. Open circles in the shaded area would not be listed as impaired for phosphorus because

they attain (are lower than) the diatom indicator threshold (DPI score of 75 ug/L). Closed circles in the shaded
area would be listed as impaired for phosphorus because they are not attaining (are higher than) the diatom

indicator threshold.

DPI
score

(ug/L)

400

200

100

50

20

50

I
100

I I
200 400

Measured Total Phosphorus (ug/L)

84



Figure 28. River chlorophyll a phosphorus response indicator for percent of summer days exhibiting moderate algal

levels. Shows the combined assessmentrange (shaded) from 100to 200 ug/L TP. Open circles in the shaded area
would not be listedas impaired for phosphorus because they attain (are lower than) the algal frequency indicator

threshold (30% or fewer of summer days with algal lewvels above 20 ug/L chlorophyll a). Closed circles in the shaded
area would be listed as impaired for phosphorus because they are not attaining (are higher than) the algal frequency

indicator threshold.
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Figure 29. Shallow lake chlorophyll a phosphorus response indicator for percent of summer days exhibiting moderate
algal levels. Shows the combined assessmentrange (shaded) from 40 to 60 ug/L TP. Open circles in the shaded area

would not be listedas impaired for phosphorus because they attain (are lower than) the algal frequency indicator
threshold (30% or fewer of summer days with algal lewels above 20 ug/L chlorophyll a). Closed circles in the shaded area

would be listed as impaired for phosphorus because they are not attaining (are higher than) the algal frequency indicator
threshold.
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APPENDIXD. Plantspecies used in the Macrophyte Assessment of Condition: MAC-General and MAC-Phosphorus.

Table 11. Macrophyte species assignedto each tolerance group for the two Macrophyte Assessmentof Condition (MAC) tools. The General Macrophyte
Assessment of Condition (MAC-Gen) isused to assess owverall aquatic plant response to anthropogenic disturbance and has three tolerance groups:
“disturbance-sensitive”, “moderately tolerant to disturbance” and “disturbance-tolerant”. The Macrophyte Assessment of Condition for Phosphorus (MAC-P)
assesses plant response to phosphorus specifically, using two tolerance groups: “phosphorus-sensitive’™ and "‘phosphorus-tolerant™. The MAC-P isusedas a
phosphorus response indicator as described insection 5.4.2 of this document.

Taxonomy MAC-P MAC-Gen

ScientificName (Synonym) Level Parent Taxon Common Name(s) Tolerance Tolerance

Ceratophyllales Ceratophyllaceae

Ceratophyllumdemersum | Species Coontail Tolerant Tolerant
Ceratophyllum

Heterantheradul:?la Species Commelinales Pontederiaceae Heteranthera Water star-grass Tolerant Tolerant

(Zosterelladubioa)
Lemnaminor Species Alismatales Araceae Lemna Common duckweed Tolerant Tolerant
Lemna perpusilla Species Alismatales Araceae Lemna Least duckweed Tolerant Tolerant
Lemnasp Genus Alismatales Araceae Duckweed Tolerant Tolerant
Lemnaturionifera Species Alismatales Araceae Lemna Turion duckweed Tolerant Tolerant
zgj\i/z;?csfr;yllummblrlcumx Species Saxifragales Haloragaceae Myriophyllum Hybrid water-milfoil Tolerant Moderate
Myr.|o.p.hyllum5|:?|catumor Species Saxifragales Haloragaceae Myriophyllum Euras.lan water-rmlfonor Tolerant Tolerant
M sibiricum X spicatum Hybrid water-milfoil
Potamogeton crispus Species Alismatales Potamogetonaceae Potamogeton | Curly-leaved pondweed | Tolerant Tolerant
Spirodelapolyrrhiza Species Alismatales Araceae Spirodela Giant duckweed Tolerant Tolerant
Stuckenia pectinate

(Potamogeton Species Alismatales Potamogetonaceae Stuckenia Sago pondweed Tolerant Tolerant
pectinatus)
Wolffia borealis Species Alismatales Araceae Wolffia Northern water-meal Tolerant Tolerant
Wolffia brasiliensis Species Alismatales Araceae Wolffia Brazilian water-meal Tolerant Tolerant
Wolffia columbiana Species Alismatales Araceae Wolffia Common water-meal Tolerant Tolerant
Wolffiasp Genus Alismatales Araceae Water-meal Tolerant Tolerant
Zannichellia palustris Species Alismatales Potamogetonaceae Zannichellia Horned-pondweed Tolerant Tolerant
Elodea nuttallii Species Alismatales Hydrocharitaceae Elodea Slenderwaterweed Tolerant Sensitive

Potamogeton pusillus Species Alismatales Potamogetonaceae Potamogeton | Small pondweed Tolerant Sensitive




Elodeacanadensis
Lemnatrisulca
Nupharsp
Nupharvariegata

Nymphaea odorata

Potamogeton foliosus
Potamogeton nodosus
Potamogeton zosteriformis
Ranunculus aquatilis
Elodeasp
Najas marina
Persicariaamphibia
(Polygonum amphibium)
Potamogeton hillii
Potamogetonillinoensis

Potamogeton praelongus

Bidens beckii
(Megalodonta beckii)

Braseniaschreberi

Elatine minima

Eleocharis acicularis

Eriocaulonaquaticum

Isoetessp

Juncus pelocarpus

Lobeliadortmanna

Myriophyllum tenellum

Najas flexilis

Najas gracillima

Najas guadalupensis

Najas sp

Nitellasp

Nitellopsis obtusa

Potamogeton amplifolius

Species
Species
Genus

Species

Species

Species
Species
Species
Species
Genus

Species

Species

Species
Species

Species

Species

Species
Species
Species
Species
Genus

Species
Species
Species
Species
Species
Species
Genus

Genus

Species
Species

Alismatales Hydrocharitaceae Elodea
Alismatales Araceae Lemna
Nymphaeales Nymphaeaceae
Nymphaeales Nymphaeaceae Nuphar

Nymphaeales Nymphaeaceae Nymphaea

Alismatales Potamogetonaceae Potamogeton
Alismatales Potamogetonaceae Potamogeton
Alismatales Potamogetonaceae Potamogeton
Ranunculales Ranunculaceae Ranunculus
Alismatales Hydrocharitaceae

Alismatales Hydrocharitaceae Najas

Caryophyllales Polygonaceae Persicaria

Alismatales Potamogetonaceae Potamogeton
Alismatales Potamogetonaceae Potamogeton

Alismatales Potamogetonaceae Potamogeton

Asterales Asteraceae Bidens

Nymphaeales Cabombaceae Brasenia
Malpighiales Elatinaceae Elatine

Poales Cyperaceae Eleocharis

Poales Eriocaulaceae Eriocaulon
Isoetales Isoetaceae

PoalesJuncaceae Juncus

Asterales Campanulaceae Lobelia
Saxifragales Haloragaceae Myriophyllum
Alismatales Hydrocharitaceae Najas
Alismatales Hydrocharitaceae Najas
Alismatales Hydrocharitaceae Najas
Alismatales Hydrocharitaceae

Charales Characeae

Charales Characeae Nitellopsis
Alismatales Potamogetonaceae Potamogeton

Common waterweed
Star duckweed
Pond-lily

Bull-head pond-lily
American white water-
lily

Leafy pondweed
Long-leaf pondweed
Flat-stem pondweed
White water crowfoot
Waterweed

Spiny naiad

Water smartweed

Hill's pondweed
Illinois pondweed
White-stemmed
pondweed

Water-marigold

Water-shield

Small waterwort
Needle spike-rush
Seven-angle pipewort
Quillwort
Brown-fruited rush
Water lobelia
Slender water-milfoil
Slender naiad
Slenderwater-nymph
Southern naiad

Naiad

Nitella

Starry stonewort
Large-leaved pondweed

Tolerant
Tolerant
Tolerant
Tolerant

Tolerant

Tolerant
Tolerant
Tolerant
Tolerant
Tolerant
Sensitive

Sensitive

Sensitive
Sensitive

Sensitive

Sensitive

Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive

Moderate
Moderate

Moderate
Moderate

Moderate
Moderate
Moderate
Moderate

Tolerant

Tolerant

Tolerant

Tolerant

Sensitive

Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
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Potamogeton epihydrus
Potamogeton gramineus

Potamogeton robbinsii
Potamogeton spirillus

Potamogeton strictifolius

Schoenoplectus
subterminalis
Sparganium angustifolium
Sparganium fluctuans

Utriculariageminiscapa

Utriculariagibba
Utriculariaintermedia
Utricularia minor

Utriculariaresupinata

Chara sp

Myriophyllum
heterophyllum
Myriophyllum sibiricum
Myriophyllum verticillatum
Potamogeton friesii
Potamogeton natans
Potamogeton richardsonii
Utriculariavulgaris
Vallisneriaamericana

Species
Species

Species
Species

Species

Species

Species
Species

Species

Species
Species
Species

Species
Genus
Species

Species
Species
Species
Species
Species
Species
Species

Alismatales Potamogetonaceae Potamogeton
Alismatales Potamogetonaceae Potamogeton

Alismatales Potamogetonaceae Potamogeton
Alismatales Potamogetonaceae Potamogeton

Alismatales Potamogetonaceae Potamogeton

Poales Cyperaceae Schoenoplectus

Poales Typhaceae Sparganium
Poales Typhaceae Sparganium

Lamiales Lentibulariaceae Utricularia

Lamiales Lentibulariaceae Utricularia
Lamiales Lentibulariaceae Utricularia
Lamiales Lentibulariaceae Utricularia

Lamiales Lentibulariaceae Utricularia
Charales Characeae
Saxifragales Haloragaceae Myriophyllum

Saxifragales Haloragaceae Myriophyllum
Saxifragales Haloragaceae Myriophyllum
Alismatales Potamogetonaceae Potamogeton
Alismatales Potamogetonaceae Potamogeton
Alismatales Potamogetonaceae Potamogeton
Lamiales Lentibulariaceae Utricularia
Alismatales Hydrocharitaceae Vallisneria

Ribbonleaf pondweed
Variable-leaved
pondweed
Robbins'pondweed
Spiral-fruited pondweed
Narrow-leaved
pondweed

Water bulrush

Narrow-leaved bur-reed
Floating-leaved bur-reed
Hidden-fruited
bladderwort
Creepingbladderwort
Flat-leaved bladderwort
Lesserbladderwort
Northeastern
bladderwort

Muskgrass
Various-leaved water-
milfoil

Common water-milfoil
Whorled water-milfoil
Fries'spondweed
Floating pondweed
Richardson's pondweed
Commonbladderwort
Water-celery

Sensitive
Sensitive

Sensitive
Sensitive

Sensitive

Sensitive

Sensitive
Sensitive

Sensitive

Sensitive
Sensitive
Sensitive

Sensitive
Sensitive
Sensitive

Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive
Sensitive

Sensitive
Sensitive

Sensitive
Sensitive

Sensitive

Sensitive

Sensitive
Sensitive

Sensitive

Sensitive
Sensitive
Sensitive

Sensitive
Moderate
Moderate

Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate
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