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[bookmark: _Toc260242021]Comments on Applicable Definitions

Lake Definition 
EPA’s definition for a “lake” (a freshwater water body that is not a stream or other watercourse with some open contiguous water free from emergent vegetation) does not include a minimum size for the “open contiguous water.”  As such it does not allow for distinguishing a lake from a wetland, which would result in inappropriately applying lakes criteria to wetland systems.    We recommend that EPA revise the definition to include a minimum size requirement of two acres of open contiguous water free from emergent vegetation.
	
DEP has a long history of using a minimum of two acres of open water, free of emergent vegetation, to differentiate lakes from wetlands, a definition that was developed in conjunction with the DEP Environmental Resource Permitting Program (further described below).  DEP would like to emphasize that any waters that are defined as wetlands (rather than lakes) based on this size limit will still be protected from nutrient impairment under the current narrative criterion and would also be protected under numeric nutrient criteria, once numeric criteria are available for wetlands. 
As part of Florida’s adopted methods for delineating wetlands and determining the extent of State waters established under Section 373.4211, Florida Statues, DEP’s Environmental Resource Permitting Program has established a threshold of two acres of open water to distinguish lakes from wetlands.  With over 7,800 lakes of two acres or greater, Florida has more lakes than any other state.  Florida has extremely rich wetland resources as well, with well over 10% of the land surface classified as wetlands.  It is DEP’s stated mission to protect both resources, however, for practical purposes, it is necessary to classify systems appropriately to ensure the correct assessment tools (the Lake Vegetation Index versus the Wetland Condition Index, for example) are applied to the proper waterbody type.  In Florida, lakes with two acres or less of open water are generally associated with water depths of < 2 feet (conditions closely associated with wetlands).  
A literature search indicated that most entities consider a “pond” to be defined by an open water area of 5 acres or more, making DEP’s lake definition more inclusive than other lake definitions.  EPA has previously used a minimum size threshold of ten acres open water for defining small lakes when designing a probabilistic sampling strategy for Florida Lakes.  For the purposes of lakes nutrient and biological criteria, the “two acres of open water” definition has a long, legally accepted history of use, and is an appropriate way to distinguish lakes from wetlands.
EPA’s current definition of a lake would include virtually all wetlands in the state, subjecting them to criteria inappropriate for that waterbody type.  For example, based on studies conducted in the Everglades, DEP hypothesizes that some oligotrophic wet prairie or herbaceous slough systems in Florida would require low phosphorus to maintain a healthy, well balanced aquatic community.  EPA’s current lake definition would erroneously apply lake nutrient criteria to these wetland systems, potentially allowing significantly higher phosphorus concentrations in the wetlands, resulting in under-protective criteria.  Conversely, research conducted by the University of Florida Center for Wetlands has shown some wetlands, such as cypress domes (which typically have less than two acres of open water area) are highly insensitive to nutrient loadings, making application of the lakes criteria to these systems scientifically indefensible.  
Hydraulic retention time is another issue that needs to be addressed in the lakes definition.   Many Florida rivers have pools or wide areas that may be referred to as “lakes”, but actually function as part of the riverine system.  To avoid including these areas as lakes, DEP recommends that a minimum retention time of 14 days be included in the lakes definition.  The state of Minnesota currently has this retention time concept as a component of their lakes definition, which was based upon the National Lakes Management Society recommendations.  To be properly protective, an adequate and practical definition of lakes that distinguishes them from wetlands or wide areas in rivers is critical.		
[bookmark: _Toc260242022]Comments on Lake Classification System
DEP supports EPA’s proposed classification system, which classifies Florida’s lakes in three different classes based on clarity (color) and alkalinity.  The purpose of this classification system is to try and categorize lakes with different characteristics and subsequently different eutrophic expectations.   However, as noted in subsequent comments, DEP recommends that EPA change the alkalinity threshold for clear, low alkalinity lakes to 10 mg/L CaCO3 because it would better characterize the targeted oligotrophic sandhill lakes.  If EPA decides to make this change, the DEP recommends that EPA drop the provision that provides for an alternative specific conductivity threshold, rather than establish a new, lower specific conductivity threshold that is equivalent to 10 mg/L CaCO3.  While DEP originally supported the concept of allowing specific conductivity to serve as a surrogate for alkalinity (because there is more specific conductivity data available), further analyses showed that there is too much uncertainty in the relationship between alkalinity and specific conductivity at low levels of alkalinity (<20 mg/L) to accurately categorize a lake.  It should be noted that the specific conductivity that approximates an alkalinity of 20 mg/L CaCO3 is below standard Practical Quantification Limits for specific conductivity.  
[bookmark: _Toc260242023]Comments on Chlorophyll a Criteria/Thresholds 
[bookmark: _Toc260242024]Support of 20 µg/L Chlorophyll a Criterion for Colored Lakes and Clear, High Alkalinity Lakes
DEP supports the 20 µg/L criteria for colored lakes and clear, high alkalinity lakes proposed by EPA, which is consistent with a review of multiple lines of evidence that relate chlorophyll a to aquatic life use support  (Table 1).  As seen in the table, several lines of evidence, including paleolimnology, fisheries success, and user perception, converge to support the conclusion that 20 µg/L of chlorophyll a in colored and clear, alkaline lakes is protective of designated uses.  However, paleolimnological data also indicate that many Florida lakes are expected to have natural chlorophyll a concentrations significantly higher than 20 µg/L, which would support establishing a higher Site Specific Alternative Criteria (SSAC) for chlorophyll a for these lakes.  Discussion of lakes in the Bone Valley Region is contained later in the document.  Therefore, DEP also requests that EPA establish a streamlined SSAC process to more accurately establish acceptable chlorophyll a levels in naturally eutrophic lakes, where chlorophyll concentrations, even without human inputs, would be expected to be higher than the default value.
[bookmark: _Toc260242025]The 6 µg/L Criterion for Low Alkalinity, Clear Lakes 
It does not appear that EPA has demonstrated that this level of Chlorophyll a is needed to maintain healthy, well balanced communities in low alkalinity clear lakes.  It appears that EPA has set the threshold to either maintain “existing natural background” levels or based on a review of Salas and Martino, which targets 7.5 ug/L as the threshold between oligotrophic lakes and mesotrophic lakes.  
EPA’s justification of the 6 µg/L threshold appears to be partially based on the Morphedaphic Index (MEI) chlorophyll/transparency relationship.  The MEI calculates expected natural background nutrient levels based upon alkalinity and color, not those values supporting designated use.   DEP notes that during numerous laboratory audits throughout the state, it has been discovered that most labs incorrectly report lower Method Detection Limits (MDLs) and Practical Quantification Limits (PQLs) for chlorophyll a than actually justified by the data, and that chlorophyll PQLs of 3 to 5 µg/L are actually the routine expectation (see TMDL audit reports at http://www.dep.state.fl.us/labs/cgi-bin/reports/search.asp).   Therefore, it is probable that EPA’s MEI analysis, which included “measured” chlorophyll down to 1.4 µg/L, involves “suspect” data below the PQL.  
	
Table 1.  Lines of evidence used in determining support of the chlorophyll a targets.

	Line of Evidence
	Chlorophyll a target
	State

	Paleolimnological studies
	14 to 20 µg/L (higher for some lakes)
	Florida

	Expert opinion
	20-33 µg/L
	Virginia, Iowa, West Virginia, Maryland

	Fisheries responses (warm water) 
Fisheries responses (cold water)
	35-60 µg/L
3-5 µg/L  and 25 µg/L, respectively
	Virginia
Minnesota, Colorado

	Lake user perceptions
	20-25, up to 30 µg/L in colored lakes;  as low as 3 µg/L in Florida Trail Ridge clear lakes
	Texas and Florida

	Existing levels approach
	5-27 µg/L
	Alabama

	Reference lake approach
	2-8 µg/L in clear lakes, 9-18 µg/L in colored lakes
	Florida, using 75th percentile



Additionally, because Florida lakes are routinely shallow (< 4 m), the projected 10% decrease in compensation point at these low chlorophyll levels is not expected to result in significant adverse changes, since the actual decrease in light penetration would generally be insufficient to affect submerged aquatic vegetation (SAV) in these shallow systems  (Figures 1 and 2).  DEP’s observations are supported by a recent publication (Bachmann et al., 2002[footnoteRef:1]), which found “no predictable relationship between the abundance of emergent, floating-leaved, and submersed aquatic vegetation and the trophic state indicators” in a study of 319 Florida lakes.  In contrast, EPA states “the risk of disrupting the balance between algae and submerged aquatic plants increases when reductions in transparency exceed 10%.”  It is unclear to FDEP  how transparency reductions of greater than 10% constitute a disruption of the balance between algae and SAV in lakes systems with such low chlorophyll a values would equate to an imbalance.   DEP notes that the transparency criterion (10% reduction in the compensation depth) was originally designed to protect algae, and it was not developed to protect SAV (EPA recommended “red book” criteria).  Using this criterion to limit increases of chlorophyll a, which measures phytoplankton growth in the lake is not consistent with the intent of the transparency standard. [1:  Bachmann et al., 2002 - Relations between trophic state indicators and plant biomass in Florida lakes - Hydrobiologia, V. 470, P. 219-234] 

When comparing the effect of a 6 ug/L versus 9 ug/L chlorophyll on the compensation depth at 4 m (the approximate 75th percentile Florida lake depth), the difference is only about 10 cm.  It is unlikely that this small difference in compensation depth would result in any measureable change in the macrophyte community composition in a lake.  In fact, DEP’s Lake Vegetation Index indicates that lakes may be healthy throughout a wide range of transparency conditions.
[image: cid:image002.png@01CAA313.E67ABCF0]
Figure 1.  Range of Average Depths for Florida Lakes (Based on LakeWatch Program data).
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Figure 2.  Estimated Differences in Compensation Depth Due to Varying Chlorophyll a and Color.
DEP is aware of no scientific data, and EPA has produced no evidence that suggest that 6 µg/L of chlorophyll a is linked to the designated use.  Instead, EPA appeared to set the 6 µg/L chlorophyll threshold in clear, low alkalinity lakes to maintain “existing natural background” levels rather than to support the designated use.  DEP supports the development of clear, acid lakes numeric nutrient criteria with an objective of preventing oligotrophic lakes from shifting into mesotrophy.  The Clean Water Act provides for protection of designated use, but does not require that existing natural background values be maintained, unless that is established by the State as a designated use.  Florida does not have a “natural background” designated use category.	
[bookmark: _Toc260242026]DEPs Proposed Chlorophyll a Criterion for Low Alkalinity, Clear Lakes
DEP evaluated several lines of evidence to determine the appropriate chlorophyll a criteria for low alkalinity, clear lakes and concluded that a chlorophyll a threshold in the range of 7.5 to 9 µg/L would be protective of these lake systems.  The lines of evidence supporting the range of protective chlorophyll a concentrations included a reference lake approach proposed by Tetra Tech that suggests that chlorophyll a values of up to 8 µg/L in clear lakes represent the 75th percentile of minimally disturbed reference lakes (meaning 25% of the reference lakes exceed 8 µg/L).  A second line of evidence was based on the TSI categorization of Salas and Martino (1991) for warm water lakes, which would consider a chlorophyll a of 10 µg/L to be mesotrophic.  EPA states that “studies indicated that mesotrophic lakes in Florida have TSI values ranging from 50 to 60 and eutrophic lakes have TSI values ranging from 60 to 70.  Thus a TSI value of 60 (chlorophyll a concentration of 20 μg/L) represents the boundary between mesotrophy and eutrophy.”  Using this same logic, consistent with the Salas and Martino (1991) findings, DEP initially concluded that the boundary between mesotrophy and oligotrophy occurs at a TSI value of 50.  However, careful review of Salas and Martino suggests that a slightly more protective boundary may occur at TSI of 45, which is associated with chlorophyll concentration of 7.5 µg/L.  This boundary was determined based on the overlap between the oligotrophic and mesotrophic probability functions in Salas and Martino’s (1991) Figure 3.  According to that paper, a chlorophyll concentration below 7.5 µg/L is within the oligotrophic classification and thus EPA’s proposed 6 µg/L chlorophyll a threshold may be overly stringent and unnecessary to protect against mesotrophy.  
DEP also solicited input from the Nutrient Technical Advisory Committee (TAC) in June, 2009, and the Nutrient TAC concluded that maintaining chlorophyll a below 10 µg/L in clear, low alkalinity lakes would be protective of the designated use, given that a value of <10 µg/L would still be categorized as oligotrophic (as seen below, a 9 µg/L chlorophyll a is the 68th percentile of oligotrophic lakes).  
FDEP also regressed the macroinvertebrate Lake Condition Index values against chlorophyll a in clear, low alkalinity lakes to determine if there was a chlorophyll a threshold, below 10 µg/L, which could be used for criteria development (Figure 3).   The Lake Condition Index is a measure of lake health based upon a composite of five benthic macroinvertebrate metrics, including taxa richness, the number and percent of the Ephemeroptera/Trichoptera/Odonata, Shannon diversity, the Hulbert (sensitive) Index, and the percent Diptera (DEP SOP LT 7300, found at: ftp://ftp.dep.state.fl.us/pub/labs/assessment/sopdoc/2008sops/lt7000.pdf ).  The results of this regression showed that there was no significant relationship between biological health (LCI) and chlorophyll a when chlorophyll a was below 10 µg/L (r2 <0.067).  Therefore, DEP believes that the information described above supports setting a protective chlorophyll a threshold at or below 9 µg/L in low alkalinity, clear lakes.   
A final line of evidence comes from an application of the Salas and Martino trophic expectations to Florida lakes.  Table 5 from Salas Martino (1991) presents geometric mean and the mean and standard deviation for lakes in each of the oligotrophic, mesotrophic, and eutrophic categories.  This information was used to generate a frequency distribution of expected TP concentrations within each of the trophic classifications based on a log normal frequency distribution (Figure 4a).  The predicted TP concentrations were then be applied to the EPA clear lakes TP regression to generate predicted average chlorophyll a frequency distributions for clear Florida lakes (Figure 4b).  EPA’s proposed 6 µg/L threshold falls at approximately the 33rd percentile chlorophyll a concentrations that are predicted by plugging in the phosphorus concentrations of oligotrophic lakes from Salas and Martino, while the alternative proposals of 7.5 µg/L and 9 µg/L thresholds occur at approximately the 50th and 68th percentiles, respectively.    Within mesotrophic lake TP concentrations from Salas and Martino, chlorophyll values of 6 µg/L, 7.5 µg/L, and 9 µg/L are equivalent to the 0.5th, 2.7th, and 8th percentiles of the distribution, respectively.   We as that EPA evaluate the actual Florida lake data to establish whether a 6 µg/L chlorophyll criterion in clear, acid lakes (with Alkalinity redefined) will produce in an excessively high Type I error rate, resulting in a large number of minimally disturbed clear, acid lakes to incorrectly be deemed “impaired”.  The DEP proposed 9 µg/L threshold is associated with a more reasonable Type I error rate (although 32% of clear, acid lakes could still incorrectly be classified as impaired) and a very low likelihood of Type II error or probability (<8%) of misclassifying a mesotrophic lake as oligotrophic.   

[image: ]Figure 3.  The relationship between chlorophyll a concentrations and invertebrate Lake Condition Index.
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Figure 4.  Cumulative frequency distribution of natural a) total phosphorus concentrations by trophic classification based on Salas and Martino (1991), and b) predicted chlorophyll a in oligotrophic and mesotrophic clear Florida lakes based on the Salas Marino TP frequency distribution and EPA’s clear lakes TP regression model [ln (chl-a)=1.136∙ln(TP)+6.37].

EPA also states that “there was some evidence of meaningful distinctions within the range of 5-10 μg/L chlorophyll a based on endpoints more directly responsive to nutrients.”  However, it is not clear what evidence is being referred to here and what is meant by “endpoints more directly responsive to nutrients.”  EPA states, “given available information on reference condition and predicted effect levels, EPA adjusted the approximate oligotrophic-mesotrophic boundary value of 7 µg/L slightly downward to 6 µg/L, as the proposed chlorophyll a criterion.”  DEP requests that EPA clarify what is meant by the cited “available information,” and if this is referring to literature or reports, they should be specifically cited.  DEP notes that in the analysis conducted by Tetra Tech, the 75th percentile of clear reference lakes was 8 µg/L, meaning 25% of the reference lakes exceeded 8 µg/L.  

DEP therefore recommends that EPA do two things.  A)  redefine clear, acidic lakes based on a much lower alkalinity threshold (between 10 and 20 mg/L) to more precisely capture naturally oligotrophic lakes.  B)  recalculate its clear, acid lakes criteria based on protective chlorophyll a thresholds within a 7 to 9 µg/L range based on Salas and Martino and other biological evidence specific to the State of Florida.   If EPA chooses a low chlorophyll a threshold for clear, acidic lakes that is more designed to protect natural background conditions, sub-categories of clear, acidic lakes (e.g., sandhill lakes) should be specifically identified, and then consider a different protective threshold for the wider range of somewhat higher alkalinity clear, acidic lakes (see comments on modification of proposed classification system below).  
[bookmark: _Toc260242027]Comments on Modification of the Proposed Classification System
EPA specifically requested comment on limiting the clear, acidic lakes criteria to lakes found in Florida’s sandhills, principally the Newhope Ridge/Greenhead slope, Norfleet/Springhill Ridge, and Trail Ridge.  EPA further suggested separating the clear, acid lakes into two categories:  one category for clear, acidic lakes in sandhill regions of Florida, and a second category for clear, acidic lakes in other areas of the State.  EPA could assign the first category (clear, acidic sandhill lakes) a chlorophyll a criterion of 6 µg/L and the second category (clear, acidic non-sandhill lakes) a chlorophyll a criterion of 9 µg/L.  As stated above, DEP does not believe that EPA has established the 6 µg/L threshold on the basis of designated use protection.  DEP requests that EPA consider the geographic extent of lakes for which the lower chlorophyll a threshold applies (e.g., the DEP recommended 7.5 µg/L) be limited only to the “sandhills” of the Newhope Ridge/Greenhead slope, Norfleet/Springhill Ridge, Trail Ridge, Doctor Phillips Ridge, Mount Dora Ridge, Ocala Scrub, and Southern Lake Wales Ridge (Figure 5) in order to more precisely target the intent stated in the rule.  DEP reviewed the geological and physiographic information for these seven regions and determined that all were naturally dominated by nutrient poor-sandy soils on elevations typically exceeding 100 feet.  Florida’s sandhill lakes may represent a water resource that is more sensitive to excess nutrient enrichment and additional precaution could be applied when establishing criteria for these lakes.  However,  the demonstration has not been made that lakes outside of the sandhill regions would require protection beyond the level afforded by a threshold selected to prevent mesotrophic conditions (i.e., 9 µg/L).  Additionally, as explained below, DEP believes additional consideration needs to be given to the natural range of variability inherent within the clear lake category.
EPA also requested comment on an alternative of lowering the alkalinity threshold to 20 mg/L CaCO3 so that the clear, acid lakes category would only include very acidic lakes with correspondingly low chlorophyll a, TN, and TP values.  DEP supports lowering the alkalinity threshold to level more representative of natural acidic and oligotrophic conditions.  EPA’s technical support document noted on page 1-20 that an alkalinity threshold of 20 mg/L, as suggested by the change point analysis, separated the alkalinity classes into more distinct groups than did a 50 mg/L threshold.  In fact, most the lakes with alkalinity below 20 mg/L exhibit chlorophyll concentrations less than 7.4 µg/L, while lakes  above 20 mg CaCO3/L exhibit higher chlorophyll concentrations (Figure 6).  Most significantly, based on the MEI-color predicted natural background TP concentrations, natural background chlorophyll a would exceed 9 µg/L in a large proportion of lakes with natural alkalinities of 20 mg CaCO3/L or greater (Figure 7).  This conclusion was reached by analyzing the clear lake data throughout a range of natural alkalinity conditions using the MEI equations for the least squares regression [i.e., average response; Ln(Chl-a)=1.136 Ln(TP) + 6.37] and upper 50% prediction limit [i.e., 75th percentile response; Ln(Chl-a)=1.137 Ln(TP) + 6.978].   Review of the information in Figure 7 suggests that chlorophyll a concentrations less than 9 µg/L are only expected in the clearest and lowest alkalinity Florida lakes.  On average, a chlorophyll a concentration of 7.5 µg/L is associated with an alkalinity of 10 mg CaCO3/L at a color of 20 PCU.  Note that only 25% of the clear, acidic Florida lakes are characterized by alkalinity of 6.5 mg CaCO3/L and color of 10 PCU.  These data demonstrate that establishing a discrete alkalinity concentration of 20 mg/L to differentiate between natural oligotrophic and mesotrophic clear lakes would lead to high Type I errors.    If EPA believes that it is necessary to maintain an ultra low chlorophyll level within a subset of Florida lakes, DEP has demonstrated that the clear, acid lakes criteria should be restricted to lakes with alkalinities less than 10 mg CaCO3/L .  
Florida DEP recommends that EPA seriously consider more precisely defining the oligotrophic lakes that are targeted with criteria to maintain their oligotrophic nature.  This would involve more precisely defining an alkalinity threshold in the 10 to 20 mg/L range or geographically targeting the lakes, or both.  Once identified, the Chlorophyll a thresholds need to be carefully considered so as not be to set at a level that would cause excessive Type I or Type II errors.  DEP believes that these modifications to the proposal are necessary to better account for natural variability among Florida’s lakes and reduce the number of natural lakes that will be incorrectly identified as impaired simply because their natural condition exceeds an overly protective chlorophyll threshold.  

[image: ]
Figure 5.  Location of naturally nutrient poor lakes regions in Florida.


[image: ]
Figure 6.  Scatter plot of annual geometric mean chl. a concentration and nutrients in clear lakes showing the separation of acidic and alkaline lake with classification breakpoint at 20 mg/L CaCO3.  a:  TN; b: TP.  From EPA technical support document figure 1-17.

  

[image: ]
Figure 7.  Plots of predicted natural background chlorophyll a in clear Florida lakes (≤40 PCU) at four color levels color.  Chlorophyll a was calculated based on the Florida lakes MEI-predicted natural background TP condition at a depth of 3.0 meters and a) EPA’s least squares TP-chlorophyll regression for clear lakes, and b) the upper 50% prediction interval of the least squares regression.
[bookmark: _Toc260242028]Comments on Proposed Duration and Frequency of the Lakes Criteria
 Florida DEP supports the proposed duration (or averaging period) as specified as annual average and the no-more-than-once-in-a-three period as the criterion frequency expression for lakes.  We agree that the appropriate duration and frequency components of any criterion should be consistent with the data and analyses used to derive the criterion.  However, the relationships between nutrient concentrations and chlorophyll a response were based on natural log transformed annual averages; therefore, an annual average geometric mean would be the most consistent expression of duration, rather than the arithmetic mean.   
The DEP evaluated alternative durations based on different averaging periods (e.g., daily, monthly, seasonal).  However, the strength of the relationships between nutrient levels and chlorophyll declines when evaluated on shorter time steps, particularly within the colored lakes category.  For, example the R-squared between chlorophyll a and TP and TN in colored lakes is only 0.20 and 0.25, respectively, when daily average values are evaluated.   Nutrient concentrations do not explain enough of the daily variability in chlorophyll to serve as the basis for scientifically sound and defensible numeric nutrient criteria.  Relationships with low explanatory power (e.g., R2<0.5) do not provide an adequate basis to set defensible criteria.   DEP supports the use of the relationships based on annual averages as sufficiently strong and robust upon which to derive scientifically defensible lake criteria.  
Chlorophyll a concentrations exhibit statistically significant positive responses to both total phosphorus and nitrogen on an annual average basis , as demonstrated in the EPA proposal.  These relationships explain a large portion of the annual average variability observed in chlorophyll a concentrations (R2=0.68-0.77).  DEP also evaluated whether there were significant seasonal differences in chlorophyll a, and there are no significant seasonal differences in the data set used to develop the nutrient criteria (Figure 8).  As such, seasonal criteria are not needed, and an annual expression is appropriate.  
Figure 8.  Box plots of chlorophyll a by season in clear (left panel) and colored (right panel) lakes.
The preamble noted that some scientists and resource managers have suggested that nutrient criteria duration and frequency expressions should be more restrictive to avoid seasonal or annual “spikes” from which the aquatic system cannot easily recover, whereas others have suggested that criteria expressed as simply a long-term average of annual geometric means, consistent with data used in criteria derivation, would still be protective.  Florida DEP believes that the currently proposed annual average thresholds are sufficiently protective against season or annual “spikes” in chlorophyll.    Spikes above which the aquatic system could not easily recover would be well in excess of the proposed 6 or 20 µg/L thresholds and would be detected in the annual geometric mean as an excursion and would ultimately be recorded as an exceedance if the system did not in fact recover from the perturbation.   Furthermore, there is no sound scientific demonstration linking specific annual or seasonal “spikes” to long-term or recoverable impairment of the designated use.  The proposed upper bound of the modified TN and TP criteria already provide a sufficient level of protection against unrecoverable “spikes”. 
 
DEP evaluated the potential for incorporating short-term chlorophyll “spikes”, such as single sample or monthly chlorophyll a averages in excess of 40 µg/L, as a means of preventing short-term algal blooms.  However, DEP found that it was highly likely that short-term blooms (≥40 µg/L) of a month or two in duration would result in exceedance of the annual average chlorophyll thresholds.  Furthermore, DEP found that the TP and TN thresholds developed based on annual averages would be protective against such algal blooms (Figures 9 and 10), and there is no need to further complicate the criterion with additional provisions.  
While the DEP supports the duration and frequency components of the criterion, it is important to note that the criteria derived by DEP were based on average concentrations for individual lakes.  The DEP recommends that EPA add a spatial component to the criteria to clarify that the lakes criteria apply as an average for a lake, rather than any location within the lake.  In addition to being more consistent with the derivation of the criteria, this change would also be more consistent with the general goal of the proposed nutrient criteria for lakes, which is designed to address the overall trophic status of lake, rather than specific areas within a lake.
[bookmark: _Toc260242029]Comments on Alternative Duration and Frequency Expressions 
EPA also requested comment on any alternative duration and frequency expressions that might be considered protective, including 1) a criterion-duration expressed as a monthly average or geometric mean, 2) a criterion-frequency expressed as meeting allowable magnitude and duration every year, 3) a criterion-frequency expressed as meeting allowable magnitude and duration in more than half the years of a given assessment period, and 4) a criterion-frequency expressed as meeting allowable magnitude and duration as a long-term average only.  As previously stated DEP supports the proposed magnitude and frequency expression.  We believe that it most closely fits the analyses used to derive the criteria and the demonstrated linkage between chlorophyll response and nutrient levels; that is, as an annual average.   Furthermore, we do not believe that longer term frequency, such as half the years in an assessment period or long-term average only, would be adequately protective.  Allowable criteria excursion frequencies should be established to account for natural variability and minimize Type I statistical error.  We believe that the once in three year frequency achieves these objectives when coupled with the proposed allowances for lake-specific, modified TP and TN criteria.  DEP’s position regarding the criterion-frequency expression would differ in the absence of lake-specific, modified TP and TN criteria.  In such a case, DEP would have to completely reevaluate the magnitude as well as the duration and frequency component. 
EPA further requested comment on whether an expression of the criteria in terms of an arithmetic average of annual geometric mean values based on rolling three-year periods of time would also be protective of the designated use.   As previously stated, DEP supports the currently proposed frequency expression.   Long-term averaging periods or rolling averages could potentially mask impairments and thus result in excessive Type II errors.  Furthermore, the statistical relationship used by EPA to derive the criteria was based on annual average concentrations.   The use of alternative frequency expressions would require re-analysis of the empirical relationship using longer averaging periods for TP, TN, and chlorophyll a.
[bookmark: _Toc260242030]Comments on the Proposal to Use Modified Criteria
Florida DEP supports the current proposed framework that uses both the upper and lower 50th percentile prediction interval, and allows the use of modified criteria for TN and TP when the chlorophyll a criterion is met.  This approach accounts for significantly more of the inter-lake natural variability than does either a single value based on either the regression line or the lower 50th percentile prediction interval (see next section).  The range of chlorophyll a responses between the upper and lower prediction intervals demonstrate the wide range of inter-lake response variability (Figure 11).  This represents variability that is inadequately explained by a simple interpretation (e.g., central line) of the regression models.  The uncertainty related to this unexplained variability can be handled either by constructing more complex models incorporating other confounding factors (e.g., regions, geology, lake depth, alkalinity, color); or, incorporating the uncertainty directly into the criterion expression.  While Florida DEP supports the development of more refined models, we acknowledge that such models are not yet adequately calibrated; therefore, we support the incorporation of uncertainty into the expression of the criterion.
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Figure 9.  Conditionally Probability of exceeding a chlorophyll a Concentration of 40 µg/L for at least 10% of a year in colored Florida lakes given an annual geometric mean TP concentration.  The annual TP concentration associated with just a 10% probability is above EPA’s proposed baseline criteria (0.050 mg/L).
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Figure 10.  Conditionally Probability of exceeding a chlorophyll a Concentration of 40 µg/L for at least 10% of a year in colored Florida lakes given an annual geometric mean TN concentration.  The annual TN concentration associated with just a 10% probability is equivalent EPA’s proposed baseline criteria (1.23 mg/L).
[image: Two graphs showing regression analyses of annual geometric mean chlorophyll a concentrations and annual geometric mean total phosphorus and total nitrogen concentrations in clear Florida lakes.]
Figure 11.   Regression analyses annual geometric mean chlorophyll a concentrations and annual geometric mean (A) TP and (B) TN concentrations in clear Florida lakes.  Note that x-axis and y-axis are both expressed on a log-scale.
In the case of nutrient criteria, response uncertainty can be managed by considering nutrient concentrations in a range between a level that is unlikely (e.g., 25% probability) to elicit a given threshold of response and a level that is likely to elicit a response (e.g., 75% probability).   Regression prediction intervals provide a range above and below the regression line that incorporate the unexplained variability of the independent variable, as well as the uncertainty in the model parameters (slope and intercept).  Within this range of nutrient concentrations (between the upper and lower prediction interval), there is less certainty that a response (exceedance of the chlorophyll target) will or will not occur.  This represents a range of conditions in which nutrients can be managed while considering the potential for Type I (incorrectly identifying a healthy system as impaired) and Type II (failing to identify an impaired water) errors. 
Nutrient concentrations less than or equal to the lower end (upper prediction interval) are unlikely to elicit the response threshold and therefore can be used as the basis for protective criteria, with a low probability of Type II statistical error but a high potential for Type I error.  Conversely, a high likelihood of an undesirable response occurs when the nutrient concentration exceeds the upper end of the range (lower prediction interval).   The probabilities of statistical errors at the upper end of the nutrient range are inverted compared with those at the lower end; that is, there is a low probability of Type I error and a higher probability for Type II error.   
Because algal response is influenced by factors other than nutrients (grazing, macrophyte nutrient uptake, and water retention time), the most scientifically defensible strategy for managing nutrients within the range of uncertainty is to verify a biological response prior to taking management action.  If data demonstrate that a given lake is biologically healthy and does not experience excess algal growth (e.g., < 20 µg chlorophyll a/L in a colored lake or high conductivity clear lake) despite having nutrient concentrations within the range of uncertainty, then no nutrient reductions are needed.  However, if the lake exhibits excess algal growth or biological impairment within this band of uncertainty, corrective action is warranted.  In the absence of chlorophyll a data, decisions should be made with an abundance of caution and assume an impaired condition if nutrients exceed the lower threshold.  If chlorophyll a data subsequently indicate that the designated use is indeed maintained at nutrient levels within the upper and lower prediction interval, then those existing levels should be deemed acceptable.  
While DEP agrees with this “performance based approach”, we are uncertain whether EPA’s proposal will be practical to implement, and are concerned that EPA’s proposed method for executing the performance based approach will greatly decrease the flexibility envisioned by DEP when EPA was asked to consider it.  DEP offers the following questions and comments on implementation of the performance based approach in lakes.
DEP envisioned that the chlorophyll a threshold would be used in combination with the nitrogen and phosphorus thresholds to determine whether there was an excursion of the criteria on an annual basis, and that nutrients would be expected to be within the specified range annually (with an acceptable one out of three year exceedance frequency).  It is not clear why EPA changed from DEP’s proposed annual assessment method to one where a three year baseline period is used to “lock in” nutrient concentrations for future assessments.  Algal response is influenced by factors other than nutrients, including droughts and floods, water retention time, grazing, macrophyte nutrient uptake, etc.  If the initial three year period proposed by EPA is hydrologically non-representative, this could create a situation where the assessment made during subsequent years is not accurate.  The EPA three-year assessment period, after which a fixed numeric target is specified, greatly reduces the flexibility needed to account for natural variability and could result in under- or over-protective criterion.  DEP would like EPA to explain the scientific need for establishing a fixed TN and TP value for each lake when the response variable (chlorophyll) is maintained.
If DEP’s understanding of EPA’s proposed 3 year baseline assessment is not correct, DEP requests clarification of the method to determine the baseline condition and description of the procedure to allow practical implementation.  Also, if there is only one or two year’s worth of data available for a lake but it achieves its chlorophyll target, how would the lake be assessed for compliance?  Would EPA consider the lake to be out of compliance until additional data determined that it was truly in compliance?  If the chlorophyll a threshold were exceeded once during the 3 year period, how would that affect the baseline calculation?
Beyond the technical complexities, there is an administrative burden placed on the State to establish the modified criteria at routine intervals.  This would likely occur every year when the State executes its assessment decisions for a group of basins.  The noticing and comment requirements would likely overwhelm the listing program as currently staffed.  There are also legal considerations that need to be evaluated by the State regarding authorizes to execute such a program.  How does the State’s Administrative Procedures Act dictate our process in this circumstance and what challenge rights are provided to the public?
[bookmark: _Toc260242031]Comments on Alternative Approaches to Derive Lakes TN and TP Criteria
[bookmark: _Toc260242032]Comments on Alternative Expressions
EPA asked for comments on alternative approaches to derive lakes TN and TP criteria using correlations associated with the regression line or lower value of the 50th percentile prediction interval.  Assuming that the modified criteria provisions remain, the DEP does not support application of an average response associated with the regression line because it is not adequately protective, and a more complex application is needed to account for uncertainty in the dose-response relationship.  The regression line and equation define the average relationship (i.e., half the data points fall above the line and half below it).  Essentially, there is a 50% probability that a given level of N or P will elicit the chlorophyll a response corresponding to the regression equations.  Similarly, the DEP does not support use of the lower value of the 50th percentile prediction interval because it is overly protective - 75% of the lakes would not elicit the increase in chlorophyll a above the criteria.  
[bookmark: _Toc260242033]Comments on Morphoedaphic Index
The DEP and SJRWMD have also been investigating the use of a morphoedaphic index (MEI) as a way to quantify the departure from inherent productivity due to accelerated eutrophication.  The MEI is based on investigations of inherent fish diversity and abundance, and hence productivity, in Canadian lakes that have documented the relationship between lake basin parent material, alkalinity and baseline phosphorus supply, and lake depth.  The underlying premise of its use in this context is that, while phosphorus tends to increase with watershed development, the sources of alkalinity are relatively invariant.  Hence, present day alkalinity can be used as a proxy for natural background phosphorus and inherent productivity.  An MEI has promise for Florida lakes because the predominant natural background sources of phosphorus (dissolution of limestone bedrock, leeching of calcareous soils in the contributing basin, and artesian inflow) also impart alkalinity.  
The MEI also represents a way to distinguish between lakes with different inherent productivity that would otherwise be grouped together in an ecoregional classification approach.  In northeast Florida, the most productive lakes are those of the central lake district that are in contact with the Eocene-Miocene limestone, at roughly at 20 meters above sea level.  In the same lake region where these lakes reside, there are also many higher elevation sand ridge-perched lakes, with contributing basins in deep sands, that are not in contact with limestone, and exhibit very low phosphorus and productivity.  The former typically exhibit calcium and magnesium concentrations above 30 mg/L and 10 mg/L, respectively, while the latter typically exhibit concentrations about one tenth of these. 
[bookmark: _Toc260242034]Comments on Regional Approach
DEP evaluated an alternative approach of developing lake criteria based on the 47 Florida lake regions and using a distributional approach.  This approach primarily controls upward trends relative to existing conditions in total phosphorus concentration, which is assumed to be largely influenced by geology.  
Ultimately, DEP favored the regression based derivation using color and alkalinity classes because:
· criteria development should be focused on designated use protection, 
· there are insufficient reference sites in many of the lake regions, and
· the lake regions are not adequately homogeneous.   
EPA’s proposed criteria were derived based on a clear and demonstrated cause and effect relationship that can be linked to designated use support.  There is no inherent relationship between valued ecological attributes and a selected percentile of an all lakes date distribution.  A distributional approach using reference lakes would potentially yield criteria that are assumed to be inherently protective of the designated use.    However, we currently have an inadequate dataset in most lake regions to accurately characterize the reference condition.

One aspect of the lake region approach is that it does make an attempt to consider the complex geomorphology of the State.  The complexity in bedrock and soils has resulted in a wide and natural range of variation in TP, TN, transparency and chlorophyll in its inland and coastal waters.  Without taking that natural variation into consideration, the regression based process may result in misclassification of lakes as 'impaired' where there is not really human impact in certain areas.   
The application of the criteria using alkalinity and color classes will likely account for as much or more of the natural spatial variability as would the 47 lake regions.   Alkalinity can be used as a proxy for natural background phosphorus sources, dissolution of limestone bedrock, leeching of calcareous soils, and inherent productivity.  Color is indicative of both natural organic nitrogen and phosphorus sources from the watershed as well as being a mitigating factor influencing and often limiting algal response.  Taken together these two parameters represent a means of distinguishing between lakes with different inherent productivity that would otherwise be grouped together in an ecoregional classification approach.   Florida lake productivity can be grouped into broad categories based on these two parameters alone (Figure 12).  Conversely, the Florida lakes regions are not internally homogeneous with regard to alkalinity, color or chlorophyll levels (Figures 13 through 15).  In particular, colored and clear lakes occur in every region, with the exception of 75-07 (Marion Hills) where only three colored lakes occur.  
It should be acknowledged that particular lake classes do tend to dominate individual lake regions, which may lend support to an argument for limiting the clear, acid class to Florida’s sandhill regions.    However, no single region, with the exception 75-07, contains only a single lake class.  Nearly 70% of the regions contain all three lake classes, while 28% contain two classes.
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Figure 12.  Average geometric mean chlorophyll a levels from 1798 Florida lakes categorized by color and alkalinity.  Acid lakes were distinguished as lakes with averaged alkalinity less than 50 mg CaCO3/L or if alkalinity data were unavailable a conductivity of less than 250 µS/cm.  Colored lakes were distinguished based on a color greater than 40 PCU.  


[image: ]
Figure 13.  Average alkalinity concentrations within 1247 Florida lakes categorized by Lake Region.  The blue horizontal line depicts the 50 mg CaCO3/L threshold proposed by EPA.
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Figure 14.  Average color within 1798 Florida lakes categorized by Lake Region.  The blue horizontal line depicts the 40 PCU threshold proposed by EPA.  Note:  color is presented on a log scale.
[image: ]
Figure 15.  Average chlorophyll a concentration within 1798 Florida lakes categorized by Lake Region.  The red and black horizontal lines depict the 6 and 20 µg/L, respectively, thresholds proposed by EPA for designated use support.  Note:  chlororphyll a is presented on a log scale.


DEP performed a residuals analysis to evaluate how well the EPA proposed empirical regression equations predict chlorophyll response in Florida lakes.  The regression equations from Figures 1-11 and 1-13 of EPA’s technical support document were used to predict average (geometric mean) chlorophyll a response in colored and clear lakes, respectively, based on geometric mean TP and TN concentrations  queried from DEP’s Run 38 IWR database.   A good model fit to data will result in residuals that average near zero.  Deviations away from zero, either positive or negative, indicate a weaker model fit and suggest areas where other factors in addition to the independent variables are influencing response.  
Figures 16 and 17 summarize the results of the Florida lakes TP and TN residuals analysis.   Negative residuals indicate lakes where the regression model is over predicting chlorophyll a response, while positive residuals indicate lakes where the model is under predicting chlorophyll.  Residuals for most regions are centered on a value of zero with little positive or negative bias.   However, there are a few regions with substantial negative or positive residuals, particularly in the Bone Valley area (e.g., 75-30, 75-36).  The TP regression tends to over-predict chlorophyll response, while the TN regression under-predicts the response.   This pattern reflects the fact that lakes within the Bone Valley are phosphorus rich and most likely severely nitrogen limited, resulting in an incomplete expression of the TP response and potential nitrogen fixation to overcome the nitrogen limitation.   The Bone Valley exhibits a unique nature of phosphorus levels and response.  Additionally, lakes with color in excess of 140 PCU are typically associated with over predication of response (negative residuals). 
Because the Regression models provide a good fit to mean chlorophyll a response in most regions, DEP concurs with the conclusion stated on page 1-14 of the EPA technical support document that the “relationships are sufficiently robust to develop scientifically defensible and protective criteria.”  However, the residuals analysis suggest that there are a small number of lakes within certain regions that warrant site specific review and may warrant a different approach to criteria development.  The development of region specific chlorophyll thresholds that better reflect background conditions in naturally phosphorus rich regions (e.g., the Bone Valley) may be necessary.  A morphoedaphic index (MEI), if developed, may better predict inherent natural nutrient levels and productivity within Florida lakes because it could ultimately explain more of the variance in lake response than would a lake region based approach.
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Figure 16.  Residual error (observe-predicted) by Florida Lake Region for chlorophyll a using the EPA proposed TP based regression equations.  Results for both clear and colored lakes were combined.  Negative Residuals indicate an over prediction of lake chlorophyll response, while positive residuals indicate an under prediction of response.
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Figure 17.  Residual error (observe-predicted) by Florida Lake Region for chlorophyll a using th EPA proposed TN based regression equations.  Results for both clear and colored lakes were combined.  Negative Residuals indicate an over prediction of lake chlorophyll response, while positive residuals indicate an under prediction of response.

EPA’s regression models explain a large portion of the variability in chlorophyll a response among Florida lakes.  These regression analyses generally provide a sufficiently sound scientific basis upon which to develop defensible numeric nutrient criteria.  However, these models do not fit all lakes and that there are lakes and areas where the models do not adequately fit the response (e.g., the Bone Valley).  Under the current proposal, DEP would be forced to evaluate site specific alternative criteria in the future on a case by case basis where a sufficiently rigorous scientific demonstration is made that either the chlorophyll response differs from the state model or a higher natural trophic level exists.  We anticipate these efforts will require a significant investment of state, EPA Region 4, and private resources; therefore, we recommend that any notable or widespread exceptions to the statewide models be addressed up front in the final federal promulgation rather than passing the future effort and expense onto the state and region.  Specifically, the lakes within the Bone Valley stream nutrient region exhibit high residual errors (see region 75-30 and 75-36 in Figures 16 and 17).  DEP evaluated the exceedance rate of lakes within the Bone Valley using data from Run 40 of the IWR database.  For simplicity the TP, TN, and chlorophyll a criteria were compared against the long term average geometric mean concentrations (minimum annual sample size=4).    Out of 21 Bone Valley lakes, 71%, 76%, and 62% of the lakes exceeded the chlorophyll a, TP, and both TP and chlorophyll a criteria, respectively.   Furthermore, 65% of the annual geometric mean TP concentrations in Bone Valley lakes exceed EPA’s upper criteria threshold for colored lakes (0.157 mg/L) and most exhibit chlorophyll a concentrations well in excess of 20 µg/L (Figure 18).  
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Figure 18.  Cumulative frequency of distribution of A) annual geometric mean TP, and B) chlorophyll a concentrations in Bone Valley lakes.
There is a strong scientific basis for concluding that a large fraction of the Bone Valley limnetic phosphorus, and thus productivity, is derived from natural sources.  The same geologic formations that influence stream phosphorus levels also affect lake phosphorus levels, via direct contact and dissolution of phosphatic deposits, interaction with groundwater, and stream run-off.   Paleolimnological studies in Lake Hancock suggest that historic chlorophyll a in the Bone Valley lakes were naturally well above 20 µg/L, with historic chlorophyll ranging from 74-133 µg/L (Whitmore and Brenner 2002; Whitmore 2003).  Whitmore and Brenner concluded that phosphorus was present in excess of algal production and that Lake Hancock might be nitrogen limited.  DEP evaluated the relationships between chlorophyll and color, TN, TP in Bone Valley lakes using the IWR Run 40 dataset.   The analyses indicated that unlike the statewide model, TP is not a strong predictor of chlorophyll a response in the Bone Valley (Figure 19).  We do not believe that these relationships are sufficiently robust to develop cause/effect TP criteria in the Bone Valley.  Conversely, TN is a sufficient strong predictor of response (Figure 20).  DEP additionally created a multivariate step-wise model predicting Bone Valley chlorophyll based on TP, TN, and color (Table 2), which explained 81.5% of the variability in chlorophyll.  These analyses support the conclusion that the phosphorus is present in excess of algal production and Bone Valley lakes are highly nitrogen limited.  Clearly, the 20 µg/L chlorophyll a threshold does not accurately account for the natural (non-human influenced) eutrophic/hypereutrophic conditions in the Bone Valley lakes.  Because of this naturally high chlorophyll expectation, coupled with the fact that nitrogen is the major controlling factor of lake productivity in this region, DEP recommends that EPA develop an alternative chlorophyll a expectation for Bone Valley lakes, for example based on paleolimnological evidence from Lake Hancock.    Total nitrogen criteria should then be derived based this alternative threshold and a Bone Valley specific regression model.  EPA could derive a Bone Valley lake TP criteria based on upper percentile TP concentration within Bone Valley lakes, which would acknowledge the fact that TP is not limiting response in these lakes, but would prevent the current concentrations from increasing.
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Figure 19.   Relationships between chlorophyll a and TP concentrations in clear (≤ 40 PCU) and colored (>40 PCU) Bone Valley lakes.  Note:  TP and chlorophyll values are expressed as annual average natural log transformed values.
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Figure 20.   Relationships between chlorophyll a and TN concentrations in clear (≤ 40 PCU) and colored (>40 PCU) Bone Valley lakes.  Note:  TN and chlorophyll values are expressed as annual average natural log transformed values.
Table 2.  Least squares regression model predicting natural log transformed chlorophyll a (dependent variable) in Bone Valley Lakes.  IWR Run 40 data were used to develop the model.
	Effect
	Coefficient
	Std Error
	Std Coef.
	Tolerance
	t
	P(2 Tail)

	CONSTANT
	6.181
	0.641
	0
	.
	9.64
	0

	LN_TN
	1.649
	0.176
	0.616
	0.765
	9.385
	0

	LN_COLOR
	-0.76
	0.116
	-0.425
	0.783
	-6.54
	0

	LN_TP
	0.532
	0.152
	0.219
	0.841
	3.498
	0.001

	 
	
	
	
	
	
	

	Analysis of Variance
	

	Source
	Sum-of-Squares
	df
	Mean-Square
	F-ratio
	P
	

	Regression
	84.225
	3
	28.075
	83.289
	0
	

	Residual
	17.865
	53
	0.337
	
	
	

	Adjusted squared multiple R: 0.815 
	



[bookmark: _Toc260242035]Comments on Effect of High Color
While DEP supports EPA’s proposal classification of  lakes into two categories based on a color threshold of 40 PCU,  DEP’s evaluation of the available scientific evidence strongly suggests that excess nutrients have little effect on algal response in highly colored lakes (>140 PCU) and that the proposed criteria may be overprotective for highly colored lakes.   For example Lake Manatee, located in Manatee county, is a highly colored (average color=149 PCU) lake with average annual geometric mean concentrations well in excess (0.304 mg/L) of the proposed TP criteria for colored lakes.  Annual geometric mean chlorophyll concentrations have been well below 20 µg/L, despite the extremely high TP concentrations (Figure 21).  Furthermore, algal blooms (defined as instantaneous chlorophyll greater than or equal to 40 µg/L) have occurred less than three times between 1997 and 2008.  Thus, there is no evidence of excess algal response in the highly colored Lake Manatee.

[image: ]
Figure 21.  Time series of annual geometric mean chlorophyll a and total phosphorus concentrations in Lake Manatee, Manatee County, FL.
To evaluate the interaction between color and chlorophyll response in colored lakes, DEP constructed a multiple regression model (adjusted R2= 0.507) between chlorophyll a (dependent variable) and TP and TN (independent variables) (Table 3).  Model residual error was plotted against both color expressed as a long-term geometric mean (period of record) and annual geometric mean color.  This evaluation demonstrated that the nutrient regression model tended to underestimate (positive residuals) chlorophyll a concentrations at lakes with color less than approximately 150 PCU and overestimated (negative residuals) chlorophyll a levels at lake with color over approximately 150 PCU (Figure 22).  Classification and Regression Tree (CART) analysis was used to discriminate a breakpoint in the model residual error.  A significant breakpoint that explained 36.4% percent of the relative error in the residuals was found at a long-term lake color of 143 PCU.  Additional breakpoints were 
Table.  3.  Summary of the linear multiple regression between Ln transformed chlorophyll a and Ln transformed TP and TN in colored Florida lakes.   The regression multiple R2 and adjusted R2 were 0.510 and 0.507, respectively. 
	Effect
	Coefficient
	Std Error
	Std Coef.
	Tolerance
	t
	P(2 Tail)

	CONSTANT
	2.703
	0.272
	0
	.
	9.922
	0.0000

	LTP
	0.347
	0.085
	0.213
	0.457
	4.091
	0.0000

	LTN
	1.546
	0.149
	0.542
	0.457
	10.395
	0.0000



	Source
	Sum-of-Squares
	df
	Mean-Square
	F-ratio
	P

	Regression
	449.764
	2
	224.882
	205.223
	0.0000

	Residual
	432.839
	395
	1.096
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Figure 22.   Relationship between the residual error in the TP and TN chlorophyll model and (A) period of record geometric mean lake color and (B) annual geometric mean lake color.  Note that both relationships exhibit a significant negative slope.
found at annual geometric mean colors of 54 and 360 PCU.  However, these subsequent breakpoints provided only marginal improvements in the amount of explained variance (Figure 23).  Based on the CART analysis, the colored lakes were further sub-categorized to long-term ranges of >40-140 PCU (moderately colored; n=100 lakes) and >140 PCU (highly colored; n=29 lakes), for purposes of investigating nutrient responses, to account for the substantial remaining influence of color on the chlorophyll a.
The relationships between TP and TN and chlorophyll a in the highly colored lakes (greater than 140 PCU) were significant but weak (TP R2=0.112; TN R2=0.062).  These relationships are not sufficiently robust to directly derive numeric nutrient criteria given the high level of uncertainty and unexplained variance.  Although DEP was investigating the possibly of applying the criteria developed based on the response relationships from the moderately colored lakes (40-140 PCU), we are concerned that doing so would result in a high Type I error rate.  DEP believes that the current proposal will result in excessive impairment lists for highly colored lakes, and either the development of unnecessary TMDLs or an unnecessary burden on the State and stakeholders to develop site specific criteria for a large number of lakes.  Therefore, we recommend that EPA refine the criteria for high color lakes (color > 140 PCU) by either:
· [image: ] not applying the upper limit to the modified criteria for TP and TN to highly colored lakes (and instead apply the applicable stream TN or TP criteria for colored lakes that discharge to streams), or 
· developing a more complex empirical model that incorporated the moderating effect of color.  

	Split
	Variable
	PRE*
	Improvement

	1
	POR_COLOR
	0.333
	0.333

	2
	Annual_COLOR
	0.371
	0.039

	3
	Annual_COLOR
	0.409
	0.037


*Proportion reduction in error.
Figure 23.  Classification and Regression Tree (CART) analysis, using a least-squares fitting method, of the residual error from the  TP and TN model for chlorophyll a response in colored Florida lakes.    The analysis demonstrates that colored lakes can be split into two large groups, using the first CART split, where the chlorophyll a response to TP and TN differs due to the confounding effect of color.
[bookmark: _Toc260242036]Comments on Alternative Expressions 
EPA requested comments on the concept of expressing the criterion as an instantaneous concentration in the lake that could not be surpassed more than 10% of the time (criterion-duration: instant; criterion-frequency: 10% of the time).  DEP does not support the inclusion of this type of instantaneous criterion because it would not be consistent with the analytical basis for the criteria.   In contrast with the proposed criteria, which are clearly linked to a biological response, simple statistical distributions are not linked to valued ecological attributes or designated use support.  These simple statistics only relate to preserving trophic conditions observed within in some arbitrarily selected segment of the population of waterbodies.    Review of EPA-HQ-2009-0596-0003.1 suggests that example criteria-magnitude concentrations were calculated based on a dataset consisting of both reference quality and potential impaired lakes.   There is clearly no inherent relationship between designated use support and any percentile of an “all” lakes data distribution.  A more logical and much less arbitrary alternative would be to base an instantaneous 10% exceedance limit on an undesirable algal bloom as measured by chlorophyll a concentration.  This undesirable bloom chlorophyll a concentration can be developed based on multiple lines of evidence, similar to the 6 and 20 µg/L thresholds, and would most likely be linked to an elevated likelihood of harmful algal blooms (e.g., Figures 8 and 9).  EPA could then develop regression relationships between instantaneous TP and TN and chlorophyll a to establish protective nutrient concentrations either similar to those developed for annual geometric means or through the use of logistic regression.  The major limitation with this approach is the fact that the relationships between chlorophyll and nutrients is not as strong on an individual sample basis as it is on annual average basis, and may not be statistically significant within colored lakes.   
[bookmark: _Toc260242037]Comments on Requiring Ambient Monitoring of Lakes with Modified Criteria
Regarding EPA’s request for comments on the concept of requiring ambient monitoring and verification of chlorophyll a levels as a condition of allowing the use of modified criteria for lakes, the Department does not support this approach because it would be too resource-intensive to monitor all of the lakes that may be candidates for modified criteria.   Monthly monitoring is simply not practicable by either the Department or local governments given the number of lakes that could fall under the modified criteria.  Furthermore, additional monitoring is not needed because lakes would only be eligible for modified criteria if they have sufficient historical chlorophyll a, TN and TP data to assess chlorophyll a levels and calculate the modified criteria for TN and TP.  It also does not seem logical to require more intensive monitoring (monthly) to verify chlorophyll a levels than to qualify for the modified criteria (four samples per year).  
[bookmark: _Toc260242038]Comments on Procedures for Documenting and Tracking Modified Criteria

While the Department prefers application of the modified criteria on an annual basis, the Department has evaluated potential procedures for documenting and tracking the results of modified criteria in the event that EPA maintains its position of establishing the modified criteria using a three- year baseline period.  The Department proposes to identify and assess lakes for the modified criteria as part of its existing 5-year 303(d) list assessment cycle.  While the DEP does not have the resources to monitor all lakes during each 5-year cycle, the lakes that meet the requirements for modified criteria would be included as part of this process.   The DEP’s extensive noticing of the 303(d) list development already requires public noticing of draft lists of impaired waters and “master lists” showing the assessment results for all waters, including lakes, assessed in that cycle.  As part of this existing public process, DEP could include draft modified lake criteria and associated assessment information along with the 303(d) materials that are distributed to the public.  The 303(d) noticing process also provides several opportunities for the public to comment on the draft lists before adopting the 303(d) lists by Secretarial Order, which the DEP could expand to also accept public comment on the proposed modified lake criteria.  While the modified lake criteria would not be adopted as part of 303(d) list, the Department could post a list of any modified lake criteria on the Department’s website, which would serve to inform interested parties about the modified criteria.  During the next assessment cycle, the Department would analyze all existing and readily available data on the lakes with modified criteria to determine if they had still attained the applicable chlorophyll a criteria and whether further modification of the modified criteria was appropriate.  While this may be the approach, further evaluation of State legal considerations need to be evaluated regarding authorizes to execute such a program.  How does the State’s Administrative Procedures Act dictate our process in this circumstance and what challenge rights are provided to the public?  
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