Report of the Academic Advisory Committee to Virginia Department of Environmental Quality: 

Freshwater Nutrient Criteria

Addendum to January 2005 Report

Introduction

The January 2005 report of the AAC to Virginia DEQ recommended candidate nutrient criteria for protection of aquatic life and suitability for recreational fishery use in Virginia’s constructed impoundments. The candidate criteria were advanced expecting that DEQ will seek to balance the nutrient requirements of recreational fisheries against those of other uses, including contact recreation and public water supplies, in defining nutrient criteria for implementation.
The candidate criteria advanced in January, 2005, were expressed as median values for total phosphorous (TP) and chlorophyll a (chl-a) (Table 1).

Table 1. Candidate criteria to accommodate fishery recreation and protect aquatic life, as recommended by AAC January 2005 report.a

	Fishery Type
	Warm-water
	Cool-water
	Cold-water (trout)
	Managed / Fertilized
	Warm-water
	Cool-water
	Cold-water (trout)
	Managed / Fertilized

	Eco-region
	 - - - - - - - - chl-a (μg/L)- - - - - - - - - 
	 - - - - - - - - TP (μg/L)- - - - - - - - - 

	
	
	
	
	
	
	
	
	

	11
	25
	10
	4
	
	40
	20
	10
	

	9
	25
	10
	
	60
	40
	30
	
	40

	14
	25
	10
	
	
	40
	20
	
	


a TP and Chl-a are median values representative of the April – October period.
In May of 2005, Virginia DEQ convened an ad-hoc advisory committee to assist the agency with nutrient criteria development for lakes and reservoirs. Among topics discussed by that committee were the possibility that chl-a criteria might be expressed as maximum values. The rationale for that discussion is that algal impairments of reservoir communities can be expected to occur as a result of the extreme conditions that occur when climatic and water conditions are favorable to algal growth, as opposed to the median or average conditions represented by Table 1.

The purpose of the analysis that follows is to investigate the potential for an alternate expression of chl-a criteria for impoundments that is reflective of the conditions that can occur in impoundments during high algal population episodes. 

Methods:
Three methods are explored for expressing chl-a criteria as extreme conditions: 

(a) A regression approach, that translates the median values of Table 1 to an alternative expression.

(b) A graphical approach, using DEQ water quality data and the Virginia Department of Game and Inland Fisheries (VDGIF) fishery status ratings that were analyzed as part of the process used to define Table 1.
(c) A scientific literature approach, which reviews published literature for comparable values. 
Results:

Indicator Selection:

The first step of the analysis is to determine an appropriate metric for criteria expression. This investigation was conducted using the DEQ water quality data analyzed for the January 2005 report. For each lake used in the candidate criteria analyses of Section C, three values were defined: a median, 90th percentile, and maximum. The median values used in the current report are those applied to the fishery status analysis in the January 2005 report. 

Median values (not means) are often used as an indicator of central tendency for water-quality data because such data tend to be highly skewed (are not normally distributed). Plots of the medians vs. maximums and medians vs. 90th percentiles (Figure 1) revealed that the 90th percentile values are more closely associated with medians than are the maximum values. Furthermore, most of the lakes for which maximum values exceed medians by a large percentage are those lakes with large numbers of observations. Such a result was expected because chl-a levels in lakes are highly variable. Therefore, the chances of observing a value approaching the actual maximum increase with increasing numbers of observations. In contrast, the correspondence of median and 90th percentile values do not demonstrate strong influence by number of observations. The tendency of the maximum observed value to be influenced by number of observations is an undesirable attribute for use in criteria development because it would create a disincentive for intensive monitoring. If criteria were expressed as a maximum observed value, the probability of detecting a criteria violation would increase with number of observations. 
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Figure 1. Plots of median vs. maximum and median vs. 90th percentile for chl-a (µg/L) by number of chl-a observations for the 59 Virginia impoundments for which both chl-a and fishery status data are available.
Estimation of Potential Criteria Levels:
Regression Approach:

The regression approach uses the mathematical relationship between chl-a medians (chl-amed) and 90th percentiles (chl-a 90 ) to translate candidate criteria expressed as medians to a 90th percentile basis. Three regressions were generated with differing decisions regarding observations used for the analysis (Figure 2). All available observations were used In the first regression, while several outlying points were removed from the second and third as a means of generating a regression line with the closest fit to the bulk of observed data. These decisions had little influence, however, as all three regression equations can be approximated as:
chl-a 90 = chl-amed * 2

This equation was used to estimate one set of candidate criteria, expressed as the 90th percentile, using the regression approach (Table 2). 

Table 2. Potential candidate criteria for chl-a to protect fishery recreation and aquatic life, derived using the regression approach and expressed as 90th percentiles of  values of monthly values representative of the April – October period.
	
	Fishery Type
	Warm-water
	Cool-water
	Cold-water (trout)
	Managed / Fertilized

	
	Eco-region
	 - - - - - - - - chl-a (μg/L)- - - - - - - - - 

	
	
	
	
	
	

	
	11
	50
	20
	8
	

	
	9
	50
	20
	
	120

	
	14
	50
	20
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Figure 2. Three regressions of chl-a 90th percentile vs. median.

Graphic Approach:

90th percentile values for each of the 59 lakes were plotted against fishery status ratings in a manner similar to that applied to develop the candidate criteria values (expressed as medians) in the January 2005 report (Figure 3).

Candidate criteria values based on this method (Table 3) are derived using the following logic:

Warmwater fisheries: Diascond in ecoregion 9 (chl-a 90  = 33) and Robertson in ecoregion 11 (chl-a 90  = 31) are both high-fishery status lakes where chl-a 90 is approaching 35 µg/L. In these two ecoregions, only two warmwater fishery lakes with fishery status ratings of 4 or 5 have higher chl-a levels: Chickahominy, which is characterized by subsurface structure and large quantities of macrophytes, and is atypical of other lakes in that regard, and Lake Chesdin (chl-a 90  = 67). However, a closer inspection of  the Lake Chesdin data set reveals 5 observations from July, 1990 (mean = 104), 5 observations from July, 1995 (mean = 50), and 35 observations evenly distributed over April-October of 2001, (maximum = 32.5, mean = 17, chl-a 90   = 24). Thus, the Lake Chesdin data set does not satisfy the analysis criteria that observations be evenly distributed throughout the months between April and October. The 1990s data are both a decade or more removed from the present and concentrated in July. The Chesdin 90th percentile calculated solely from the 2001 data is 24 µg/L, a 90th-percentile value that more representative of Lake Chesdin’s current conditions. In Ecoregion 14, three lakes “good” fishery status (= 4) lakes – Burnt Mills (37 µg/L), Cohoon (49 µg/L), and Meade (60 µg/L) have values higher than 35 µg/L, suggesting that a higher level is appropriate for Ecoregion 14.
Coolwater fisheries: Kerr in ecoregion 9 (chl-a 90  = 30), South Holston Lake in Ecoregion 11 (chl-a 90  = 25 ), and Western Branch in ecoregion 14 (chl-a 90  = 21) are the good-to-excellent fisheries within their respective ecoregions with the highest chl-a 90  values. However, closer inspection of the Kerr data set revealed that data collection was concentrated in July and August as 38 of 68 total observations (including 8 of 11 pre-2000 observations) occurred during these two months) (Figure 4). A chl-a 90 for Kerr for the year 2000 and later data only (with 29 of 55 observations representing July and August, the months when chl-a levels can be expected to be highest) is 26.5 µg/L. The South Holston and Western Branch observations are evenly distributed among April – October months. These analyses suggest a chl-a 90  value in the range of 25 µg/L, calculated from data evenly distributed over the months extending from April – October, as reasonable candidate criteria for all three ecoregions.

Coldwater: Lake Moomaw observations are reasonably well distributed among months. Since it is considered as the best trout fishery in the state, its chl-a 90 value of 9.9 suggests 10 µg/L as a candidate criteria value.

Managed / Fertilized Lakes: Of these lakes, the highest chl-a 90 value (79 µg/L) occurs in Curtis Lake. However, of the 7 observations used to calculate this value, 5 occurred during July and August, suggesting that a lower chl-a 90  would be calculated if a more evenly distributed data set were available. The only 5-rated fertilized lake in the data set is Stonehouse Creek (chl-a 90  = 50), which has 6 total observations, 1 per month (May – October) in 2003, which suggests that a candidate criteria value lower than that calculated from the Curtis data would be appropriate. This analysis suggests 60 µg/L for such a value, based on evidence that is admittedly sparse.

Table 3. Potential candidate criteria for chl-a 90  to protect fishery recreation and aquatic life, derived using the graphic approach and expressed as 90th percentiles of monthly values representative of the April – October period.
	
	Fishery Type
	Warm-water
	Coolwater
	Coldwater (trout)
	Managed / Fertilized

	
	Eco-region
	 - - - - - - - - chl-a (μg/L)- - - - - - - - - 

	
	
	
	
	
	

	
	11
	35
	25
	10
	

	
	9
	35
	25
	
	60

	
	14
	60
	25
	
	


We should note that calculated chl-a 90  values would be more representative of actual conditions if data from at least 3 years were available, with each year’s data evenly distributed throughout the monitoring season. This condition is met for only 7 of the lakes in the data set, even if a loose interpretation of “evenly distributed” is applied.
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Figure 3. Plots of chl-a 90 vs. fishery status, by ecoregion.
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Figure 4. Chlorophyll a observations at Kerr Reservoir, April – October observations only, by month and year.
Scientific Literature Approach:
Results of the regression (Table 2) and graphic (Table 3) approach values are compared to scientific literature values (Table 4). Both approaches yield chl-a 90 values for coldwater and warmwater fisheries that are equal to or less than the highest observed chl-a levels cited in scientific literature for lakes and impoundments in which species representative of these fishery types do well. Warmwater fisheries are the most common in Virginia, and AAC (2005) cites 2 studies that reported warmwater species doing well at chl-a 90 levels of 60 ug/L, and an additional study that stated trophy fish were abundant at chl-a levels > 40 ug/L. Only two of the reviewed studies report chl-a levels favorable to coolwater fisheries (10 µg/L and 15 µg/L are the levels cited). Similarly, only two studies reported chl-a levels favorable to coldwater fisheries with species that occur in Virginia; 6 µg/L and 14 µg/L  were the levels cited. The study that found 14 µg/L  to be a favorable endpoint for coldwater species considered only that and higher chlorophyll-a levels, and did not consider the possibility that lower chl-a levels would be more favorable.
Table 4. Values from scientific literature representing conditions where various fishery types can thrive (AAC, 2005), compared to chl-a 90 values from Table 3.
	Fishery Type
	Chl-a (µg/L) median levels recommended from literature (AAC, 2005).
	Upper end of favorable chl-a ( µg/L) levels cited by literature (AAC, 2005).
	Chl-a 90 (µg/L) levels from regression approach (Table 2)
	Chl-a 90 (µg/L) levels from graphic approach (Table 3)

	
	
	
	
	

	Coldwater
	≤ 6
	14
	8
	10

	Coolwater
	≤ 15
	15
	20
	25

	Warmwater
	20 - 40
	60
	50
	35-60

	Fertilized*
	
	
	120
	60

	* Virginia’s managed / fertilized impoundments support warmwater fisheries.


Conclusions:

AAC (2005) recommended candidate nutrient criteria values for protection of aquatic life and fisheries’ recreation that were expressed as medians of monthly (April – October) measured values. This addendum reports on the results of an investigation of the potential for an alternative expression of those criteria that is more reflective of the chl-a levels that occur during conditions favorable to algal growth.
The 90th percentile of monthly (April – October) chlorophyll-a measurements would be a more appropriate basis for such expression than the maximum observed value, because the 90th percentile is not biased by number of observations. 
Of the three estimation methods investigated (regression, graphic, and scientific literature), the results of the graphic approach appear the most appropriate basis for alternative candidate criteria expression. For all fishery types except managed / fertilized, results of the graphic and regression approaches are similar but not identical. The graphic-approach results are based on an analysis of Virginia data, and thus are reflective of observed and measured Virginia conditions. The results appear as internally consistent, in that most of the endpoints are supported by observations from 2 or more Virginia impoundments. The results of this approach are consistent with findings of scientific literature for warmwater and coldwater fisheries. Although the resulting values for coolwater fisheries are higher than those observed in scientific literature, studies of chl-a levels in coolwater fisheries are limited and at least 3 Virginia impoundments with good-to-excellent coolwater fisheries (including Kerr, given our expectation of April – October conditions) were found to have chl-a 90 values in the 20-to-25 ug/L range. Based on these analyses, it appears that the chl-a 90 levels cited in Table 3 would be an appropriate basis for alternative expression of candidate criteria. Recommended values for managed / fertilized warmwater fisheries are based on a very limited sample, and we would recommend that Virginia Department of Game and Inland Fisheries (which manages the state’s fertilized impoundments) be consulted for a recommended chl-a 90 candidate criteria value.
Like the median-based candidate criteria advanced by the AAC’s January 2005 report, this alternative expression for candidate criteria is advanced expecting that DEQ will seek to balance the nutrient requirements of recreational fisheries against those of other uses, including contact recreation and public water supplies, and that implementation would include a systematic process of review and evaluation.
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