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1. [bookmark: _Toc324487195][bookmark: _Toc324505967][bookmark: _Toc324512107][bookmark: _Toc329858305][bookmark: _Toc340232688][bookmark: _Toc349552645]Introduction
This document describes a process for determining natural background dissolved oxygen (DO) levels for both fresh and marine waters and a detailed process for determining the allowable deviation from natural background for marine waters that will not cause adverse impacts on resident aquatic species.  The Department plans to incorporate these processes into the proposed revisions to the DO criteria for both fresh and marine waters.  While these revisions are designed to better address naturally low DO levels while ensuring protection of aquatic life, there are a number of natural conditions in both fresh and marine waters that can result in DO levels below the proposed DO criteria.  
The USEPA guidance on fresh and marine DO criteria recognized that under some circumstances, natural conditions can result in DO concentrations below the generally applicable criteria:
“Where natural conditions alone create dissolved oxygen concentrations less than 110% of the applicable criteria means or minima, or both, the minimum acceptable concentration is 90% of the natural concentration (EPA 1986, Ambient Water Quality for DO)”
and
“If it is determined that the natural condition in the waterbody is less than the values stated above, then the criteria will revert to the natural condition and the water quality standard will allow for a 0.1 mg/L deficit from the natural dissolved oxygen value.  Up to 10 percent deficit will be allowed if it is demonstrated that resident aquatic species shall not be adversely affected” (USEPA 1980).”
To account for these situations, the proposed rule revisions will include a clause that allows the DO levels to be below the numeric criteria due to natural background conditions, and a clause that allows small deviations from natural background conditions as long as the deviations do not cause adverse impacts on resident aquatic species.  Inclusion of such language in Florida standards would reduce the number of waterbodies that are incorrectly placed on the 303(d) list of impaired waters and provide more accurate, implementable Total Maximum Daily Load (TMDL) targets as well as reducing the need for Site Specific Alternative Criteria (SSACs).
To be consistent with the expression of the proposed DO criteria as a percent saturation, the allowed 0.1 mg/L deviation from natural background conditions can be converted to a percent saturation.  Since the relationship between DO concentration and DO % saturation is dependent on temperature and salinity, these factors must be considered in making the conversion.  As an example, 0.1 mg/L was converted to percent saturation under a range of temperatures expected in Florida’s freshwater and saltwater.  The results of the conversion are summarized in Table 1.
In freshwater (i.e., 0 ppt salinity) the percent saturation corresponding to 0.1 mg/L ranges from 0.9% at 10°C to 1.3% at 30°C.  Similarly, in marine water with a salinity of 20 ppt, a DO concentration of 0.1 mg/L corresponds to a DO percent saturation of 1.0% at 10°C to 1.5% at 30°C.  Therefore, rounding the percent saturation results to the nearest percent indicates that the allowed 0.1 mg/L deviation from natural background conditions equated to an allowable deviation of 1 percent saturation under most conditions expected in Florida waters.  In waters with salinities above 20 ppt with accompanying high temperatures, the conversion can result in percent saturations slightly greater than 1.5% saturation.  In these circumstances, the use of the allowed deviation expressed as 1% saturation deviation would be slightly less than allowed by a 0.1 mg/L deviation.  Based on these results, the allowed deviation from natural background DO conditions could be expressed as 1% saturation for the purpose of the proposed DO criteria.




[image: ]Table 1.	Results of the conversion of a DO concentration of 0.1 mg/L to percent saturation under various temperature and salinity conditions.




[bookmark: _Toc324487196][bookmark: _Toc324505968][bookmark: _Toc324512108][bookmark: _Toc329858306][bookmark: _Toc340232689][bookmark: _Toc349552646]DEP Process for Determining Natural Background DO
All aquatic ecosystems are inherently influenced by natural factors, and many water quality parameters (e.g., pH, DO, turbidity, and transparency, etc.) exhibit a degree of spatial and temporal variability within the natural systems present in Florida.  Since these same parameters may also be affected by human activities, a comparison to “natural background” conditions may be required to conclude that human activities have caused exceedances of the water quality criteria. The purpose of this chapter is to provide a procedure for establishing “natural background” DO conditions for Florida’s surface waters.  Since DO concentrations naturally exhibit spatial and temporal variability, it is important to determine whether failure to achieve the DO criterion is due to anthropogenic pollutant loadings or is simply due to natural background conditions.
[bookmark: _Toc324487197][bookmark: _Toc324505969][bookmark: _Toc324512109][bookmark: _Toc329858307][bookmark: _Toc340232690][bookmark: _Toc349552647]EPA Policy on Natural Background
On November 5, 1997, the EPA Office of Water provided the following EPA policy statement.
  “States and Tribes may establish site specific numeric aquatic life water quality criteria by setting the criteria value equal to natural background. Natural background is defined as background concentration due only to non-anthropogenic sources, i.e., non-manmade sources. In setting criteria equal to natural background the State or Tribe should, at a minimum, include in their water quality standards:
(1) a definition of natural background consistent with the above;
(2) a provision that site specific criteria may be set equal to natural background; and
(3) a procedure for determining natural background, or alternatively, a reference in their water quality standards to another document describing the binding procedure that will be used.”

[bookmark: _Toc324487198][bookmark: _Toc324505970][bookmark: _Toc324512110][bookmark: _Toc329858308][bookmark: _Toc340232691][bookmark: _Toc349552648]Magnitude, Duration, and Frequency
Deriving background DO conditions should consider magnitude, duration, and frequency.  The magnitude is related to the concentration of a parameter, the duration is related to the averaging period for measuring that concentration, and the frequency is related to the expected acceptable occurrence of deviations from the magnitude and duration.  Expressing the background condition as a magnitude, duration, and frequency characterizes the central tendency of the data while acknowledging variability.  This type of expression accounts for natural fluctuations in the waterbody condition and anomalous events, such as droughts and hurricanes.  
[bookmark: _Toc324487199][bookmark: _Toc324505971][bookmark: _Toc324512111][bookmark: _Toc329858309][bookmark: _Toc340232692][bookmark: _Toc349552649]Determining Natural Background DO
The three methods available to describe or estimate natural background conditions include the:
· Reference Condition Approach;
· Pre- vs. Post-Disturbance Approach; and
· Modeling Approach (including use of empirical and/or deterministic models).

[bookmark: _Toc324487200][bookmark: _Toc324505972][bookmark: _Toc324512112][bookmark: _Toc329858310][bookmark: _Toc340232693][bookmark: _Toc349552650]Reference Condition Approach
Use of a reference condition is an excellent method for determining a natural background DO regime.  Sites used to describe the reference condition should be demonstrated to be minimally disturbed by human activities, using the objective criteria below.  Use of data from rigorously vetted reference sites is a common and useful method for determining natural background conditions, including for DO. 
When comparing data from a potentially impaired test site to a population of data representative of the reference condition, the reference sites should be minimally disturbed by human activities and functionally similar to the test site (e.g., a blackwater test stream should be compared with blackwater reference stream).  For use in a natural conditions determination, the reference sites should also have a similar natural disturbance regime (e.g., droughts, floods, hot temperatures) to that expected in the assessment watershed. 
When documenting the appropriateness of a reference site to make a natural background condition determination at an assessment location, the following factors should be taken into account: 
· Demonstrate that the proposed reference locations and the assessment locations are functionally comparable, including considerations such as geographic proximity, climate, watershed size, timing and quantity of flow, and other factors relevant to the parameter of concern;
· Demonstrate that the proposed reference watershed has been minimally affected by human activities, including point source dischargers and nonpoint source inputs.  
EPA determined that DEP’s objective approach for determining suitable reference conditions was a scientifically defensible method for developing protective nutrient criteria, and ultimately used DEP’s methodology to promulgate TP and TN criteria for Florida streams (U.S. EPA 2010b).  DEP and EPA identified stream and lake reference sites by application of the following criteria: 
1. Landscape Development Intensity Index (LDI) (Brown and Vivas 2007) score < 2 for land use within the 100 meter corridor 10 km upstream of the sample site; 
2. Watershed or near-field LDI scores < 3;
3. No land uses or nutrient sources, as discerned by using aerial photographs, field observations, and DEP Best Professional Judgment, that would remove them from consideration as minimally disturbed sites for nutrients;
4. Not in a waterbody segment (WBID) listed for nutrient impairment on the EPA-approved Florida  303(d) list of impaired waters;
5. Not within WBIDs with average SCI scores <40 or LVI scores <43;  
6. Not in a waterbody segment (WBID) listed for DO impairment on the EPA-approved Florida 303(d) list of impaired waters; and
7. Average nitrate/nitrite concentrations < 0.35 mg/L;  


Although these criteria were developed specifically for stream and lake nutrient criteria development purposes, the criteria may be modified to identify reference-quality waterbody segments for other parameters.  For example, if the first five of the above criteria are met in a stream or lake, one could conclude that the DO regime in the waterbody would be representative of natural background conditions and would fully support aquatic life uses.  Note that numbers 6 and 7 above would not be appropriate for determining natural background DO for Floridan Aquifer springs because it has been established that DO in these systems is naturally less than the existing water quality criterion (due to the age of the water), and that nitrate levels do not influence the DO in springs.  Similarly, because there are no calibrated multi-metric indices for Florida marine systems, only one through four of the above criteria would apply for identifying reference quality marine segments for DO.  Tides and natural salinity stratification should also be considered when identifying marine reference zones.

[bookmark: _Toc324487201][bookmark: _Toc324505973][bookmark: _Toc324512113][bookmark: _Toc329858311][bookmark: _Toc340232694][bookmark: _Toc349552651]Pre- vs. Post- Disturbance (Historical Conditions) Approach
If DO data from a minimally disturbed watershed are available prior to the onset of a disturbance under investigation, one may use a “before” versus “after” comparison approach.  For this approach to be scientifically defensible, the minimally disturbed (reference) nature of the historic conditions should be documented, the variability of the DO must be adequately characterized, and site conditions such as seasonality, hydrologic and weather conditions, or other influential factors should be described and linked to the natural background DO levels.  Sampling conditions before and after the anthropogenic disturbance should be as similar as possible, so the primary difference at the site(s) between sampling events is the target disturbance.  The central tendency (mean or median, as appropriate) and lower distribution of the data (e.g., 10th percentile) should be determined, with confidence intervals, to adequately conclude that the post- disturbance data are significantly different from the pre-disturbance data (see section on Statistical Considerations below).
When using this approach, it is also important to ensure that sampling used to establish water quality of the “before” conditions is representative of the waterbody.  A sample is considered representative if it has approximately the same distribution of characteristics as the population from which it was drawn. Since there may be spatial and temporal variations in the characteristics of DO at background (and test) sites, one should have a reasonable understanding of what the data from the background condition represents when using these data for determining compliance with water quality standards.  Depending on a given environmental situation (and variability of the parameter in question), there may be a range of data sufficiency needs for confident determination of background conditions, and the following should be taken under consideration: 
· The amount and quality of the data used to estimate natural, or minimally affected condition; 
· The appropriateness of statistical treatment of the data and the rationale for its selection, including the handling of values less than the detection limit (generally, one half the detection limit is a good estimate if detection limits are consistent); 
· Whether data were collected during the appropriate time period to evaluate the parameter of concern; 
· The variability of the measurements and how this variability is taken into account in the analysis.  
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The term “model” simply refers to a technique for predicting a condition in a specific place in the environment. A water quality model is a mathematical tool used to estimate water quality conditions under a specific set of environmental conditions. Confidence in a model's results is dependent upon its ability to accurately predict the existing condition. 
There are two basic types of models used to estimate water quality: 
1. Statistical or empirical models, which are based on observed relationships between environmental variables and which are often used in conjunction with measurements from reference locations, and
2. Simulation or process-based deterministic models that attempt to quantify the natural and anthropogenic processes acting on the waterbody. Using deterministic models, anthropogenic inputs may be mathematically set to “zero” to estimate what environmental conditions would be in the absence of human pollution loading. This technique is an excellent option when no suitable reference locations or reference watersheds can be identified
Both types of models use equations to represent the key relationships among system components, but the ways they derive those equations are different.
Empirical models use measurements from target locations to describe relationships, using statistical techniques such as correlation or regression. The equations describe the observed relationships between the variables as they were measured at those specific locations. Statistical models have the advantage of being relatively simple, as they rely on actual data and statistics to develop correlations. In the case of modeling the natural condition, the correlations would involve a parameter of interest and the landscape or other water quality characteristics that control that parameter.  
For example, previous analyses by FDEP have shown that color and Total Organic Carbon (TOC) are significantly and inversely correlated with DO in streams.  Although correlations are not direct indications of cause and effect, a cause and effect relationship can be inferred by linking the statistical model to a conceptual model that describes the known relationships between the environmental processes affecting the parameter of interest.  In the color/TOC example, the conceptual model would predict that color and TOC are related to the decomposition of leaf litter, which in turn is related to the spatial coverage of wetlands in a watershed.   Therefore, the conceptual model would predict that a non-anthropogenically affected land cover (wetlands), which is known to be associated with naturally low DO, would influence the DO in downstream receiving waters.  
Another example of an empirical model involves the known relationship between river discharge, salinity, stratification, and naturally low DO in estuaries.  Therefore, a statistical relationship between river stage and salinity could be used to predict the naturally low DO concentrations in an estuary.  The comparability between a reference location and an assessment location affects the results from empirical models, and therefore, use of statistical models to estimate the natural condition should also describe the uncertainties associated with the estimates.
Simulation modeling, which may also be referred to as process modeling, numeric modeling, deterministic modeling, or mechanistic modeling, can be used to estimate water quality under natural conditions using a two-step process. The first step is to simulate the existing condition and calibrate the model based on comparisons between measurements and model estimates for the parameter in question. The second step is to remove the model inputs that represent the human-caused sources of the pollutant from the model of the existing condition. While the resulting output from the model is a representation of natural background pollutant loading conditions, it may not always represent all historic natural conditions (e.g., hydrologic modifications may still be present).

Estimating Natural Background Land Uses from Modeling
There are several approaches that can be used to establish natural background conditions using a model calibrated to existing conditions.  These approaches are not intended to re-establish natural background hydrology, but rather to establish the total anthropogenic pollutant loading delivered to a waterbody under existing hydrologic conditions and estimate the impact of anthropogenic loads on surface water quality conditions.  As applied for the development of Total Maximum Daily Loads (TMDLs), this estimate of total anthropogenic load has been used to ensure that load reductions required by TMDLs do not result in reductions in excess of the anthropogenic component, assuring that the TMDL is not established at a load that is less than the watershed load estimate for natural land cover.  For this type of background condition model simulation, the impacts of channelization, weirs, control structures, dams, or other types of physical alterations to the water bodies are not removed (hydrology stays the same as in the existing condition).  
There are various methods that can be used to establish the natural background pollutant loading estimates for a natural land use condition.  The following are examples of methods that have been used by DEP to estimate natural landuse within a watershed: 
1. Ratio Method.
Where the Water Management Districts or other entities have developed GIS information for natural landuse conditions (with and without changes in hydrology), this information should be preferentially used.  In cases where this information is not available, the ratio of forest to wetland cover under current conditions is applied to the total watershed acreage to establish a background condition of forest and wetland.  
2.  Soil Information Method.
This method can be applied in cases where local historic land use information is not available.  The investigator should utilize soil information to calculate the human land uses based on the soil hydrological group information included in the Natural Resource Conservation Service (NRCS)’s SSURGO soil coverage.  Four hydrological soil groups are generally used in classifying the hydrological characteristics of soils, including:
0. Type A soil (low runoff potential): Soils having high infiltration rates even if thoroughly wetted and consisting chiefly of deep, well-drained to excessively drained sands or gravels. These soils have a high rate of water transmission. 
0. Type B soil: Soils having moderate infiltration rates if thoroughly wetted and consisting chiefly of moderately deep to deep, moderately well-drained to well-drained soils with moderately fine to moderately coarse textures. These soils have a moderate rate of water transmission. 
0. Type C soil: Soils having slow infiltration rates if thoroughly wetted and consisting chiefly of soils with a layer that impedes the downward movement of water, or soils with moderately fine to fine texture. These soils have a slow rate of water transmission. 
0. Type D soil (high runoff potential): Soils having very slow infiltration rates if thoroughly wetted and consisting chiefly of clay soils with a high swelling potential, soils with a permanent high water table, soils with a clay pan or clay layer at or near the surface, and shallow soils over nearly impervious materials. These soils have a very slow rate of water transmission. 
Dual soil groups also exist, including A/D, B/D, and C/D, which are soils that, when dry, show A, B, and C soil characteristics, but when flooded, showed D soil characteristics.
To use the hydrological soil group information to estimate natural land cover from the existing human land uses, the SSURGO soil GIS coverage is overlaid with the land use GIS coverage to create a combined hydrological group-land use coverage, and human land uses that are associated with the C, D, A/D, B/D, and C/D soil groups are assigned to wetland areas and the remaining human land uses are assigned to upland forest.  When using this method, it should be noted that some existing soil coverage may not represent the historical coverage.  However, in many cases, the soil coverage is the best available information for developing a natural land cover condition.
Deriving an Estimate of the Background Conditions for Pollutant Loads
After the natural land uses have been estimated, the background landuse estimates can then be characterized using the existing characteristics, e.g. event mean concentrations, for natural forest and wetland areas.  Depending on the type of model used, estimates of background/natural concentrations of pollutants may also be needed for rainfall, interflow, and groundwater.  Once this information has been incorporated into the model, a model simulation is performed using the same “weather data” as applied in the existing condition model to derive an estimate of the background conditions for pollutant loads and surface water quality.  
Unlike statistical models, process models do not rely upon data from specific reference locations, so these models can be used for aquatic systems that have no suitable natural reference comparisons available. For example, it is often difficult to establish minimally disturbed reference conditions for larger rivers and estuaries, so this method is especially useful in those cases. 
Any model used to estimate natural background conditions should be appropriate for the scale and type of system being assessed, and there should be adequate data available to use for the model input parameters. In addition, it is important to document that the uncertainties in the estimate of the natural background condition are within a reasonable range. 
Since no model can include all processes that may affect water quality, the following questions should be addressed when describing the model results: 
· What factors or important processes does the model include? 
· What factors or processes does it omit? Are the un-modeled factors likely to be significant? 
· What input parameters have the strongest effect on the model results? 
· What input parameters have the greatest and the least amounts of uncertainty? 

[bookmark: _Toc324487203][bookmark: _Toc324505975][bookmark: _Toc324512115][bookmark: _Toc329858313][bookmark: _Toc340232696][bookmark: _Toc349552653]Statistical Considerations
Statistics are useful when evaluating differences between populations of data or when determining whether water quality changes are attributable to human influences.  Ideally, monitoring and assessment should be of sufficient rigor to detect significant differences in ambient water quality caused by humans if in fact they exist (referred to as having a low Type II error). Simultaneously, the assessment should not falsely indicate there is a human-induced difference when in fact there is none (low Type I error). The analytical detection limit is important when making statistical comparisons, especially relating to the concept of a minimum detectable difference.  The detection limit should be sufficiently low to quantify environmentally relevant concentrations or levels and to allow for differences between sites to be observed, if in fact differences actually exist. 
The ability to statistically determine exceedances of criteria from background depends upon five interacting factors: sample size, variability, level of significance, power, and minimum detectable effect (MacDonald et al. 1991):
1. 	Sample size: Larger sample size increases the ability to detect a difference between two groups of samples;
2. 	Variability: The more variable a measure, the less the ability to detect significant change;
3. 	Level of significance: This refers to the probability that an apparently significant difference is not real but simply due to chance. This is referred to as alpha (α) or a Type I error. An α of 0.10 means there is a 1 in 10 chance that an observed difference is due to chance, or a test is 90% “confident”; 
4. 	Power: The probability of detecting a difference when in fact one exists; designated (1-β). β or a “Type II” error, is the probability of incorrectly concluding that two groups of samples are the same when in fact they are different.  Significance and power values of α <0.1 and β <0.2 are commonly used in environmental studies.
5. 	Minimum detectable difference (MDD): Determining how much change is unacceptable should be linked to the inherent error associated with a given measurement system.

[bookmark: _Toc324487204][bookmark: _Toc324505976][bookmark: _Toc324512116][bookmark: _Toc329858314][bookmark: _Toc340232697][bookmark: _Toc349552654]Natural Background DO Examples
Example 1: Natural Background Dissolved Oxygen Using the Reference Approach
Thomas Creek, a minimally disturbed, blackwater stream in northeast Florida, meets all of the criteria discussed in the above reference approach section except that it does not meet the DO criterion (number 6).  For example, the 100 meter buffer LDI was 1.9, the entire watershed LDI was 2.1, field observations indicated minimal human inputs, and the waterbody passed the SCI at two separate stations on two separate time periods.  Therefore, the existing DO in the creek approximates natural background conditions.  An analysis of the DO data showed that that annual average DO was 3.1 mg/L and that that lower 10th percentile of the individual DO measurements was 1.3 mg/L (see Figure below). Therefore, these DO levels serve as appropriate natural background targets, and would provide the basis for a Type I (Natural Background) SSAC for Thomas Creek itself, as well as for similar nearby streams. 
[image: ]
Statistical distribution of DO data collected from Thomas Creek and its tributaries.

Example2:  Natural Background Dissolved Oxygen Using Modeling
Due to natural stratification, Escambia/Blackwater/Pensacola Bay systems experience DO levels in some areas that are lower than the current criterion of 4 mg/L as an instantaneous measurement.  To address this, a consultant developed calibrated three-dimensional, time variable hydrodynamic and water quality models to evaluate whether an alternate DO target, based on natural background conditions, could be established. Natural background conditions were estimated using the model by removing all point source discharges and converting all agricultural, range, urban, and barren land uses to forest land use. These changes resulted in a reduction in nutrient and Biochemical Oxygen Demand loads of approximately 42% to 44%.  A comparison of the “current” and “natural background” modeling output showed essentially no differences for the DO regime, meaning the existing DO conditions are acceptable because they approximate natural background (see Figure below). 
[image: ]
Existing DO conditions compared to modeled natural background conditions in Pensacola Bay.


[bookmark: _Toc324487205][bookmark: _Toc324505977][bookmark: _Toc324512117][bookmark: _Toc329858315][bookmark: _Toc340232698][bookmark: _Toc349552655]The USEPA Natural Background Larval Recruitment Model 
One potential method for evaluating the potential effects of changes in the background DO regime on sensitive biological communities in marine waters is the use of a spreadsheet model developed by the USEPA.  The model has been used by the USEPA to determine the allowable deviation from natural background DO levels (up to 10%) that would result in a less than 5% additional loss in larval recruitment (Tetra-Tech, 2005).  This model can be used to make site-specific evaluations using information about natural background DO levels and those taxa expected in similar, minimally disturbed conditions to demonstrate that the deviation from natural background is protective.  The use of the USEPA Natural Background Larval Recruitment Model and the data requirements for use of the model are described below.  A more detailed discussion of the model and its application can be found in Tetra Tech, Inc. (2005).
[bookmark: _Toc324487206][bookmark: _Toc324505978][bookmark: _Toc324512118][bookmark: _Toc329858316][bookmark: _Toc340232699][bookmark: _Toc349552656]Data Requirements
The USEPA model uses site specific information concerning the natural background DO regime and sensitive aquatic species that occur in the waterbody or region to estimate the effect that changes to the DO regime will have on larval recruitment of sensitive species or species of special concern (e.g., threatened or endangered species).  The Excel spreadsheet model developed by the USEPA is entitled, “Generic Implementation for % Impairment-REGION 4.xls”. There are three different worksheets visible in the file named “Parameters”, “D.O. time series-daily” and “Custom Spawning Season”.  A description of the data requirements for each portion of the model is provided below.
[bookmark: _Toc324487207][bookmark: _Toc324505979][bookmark: _Toc324512119][bookmark: _Toc329858317][bookmark: _Toc340232700][bookmark: _Toc349552657]Parameters sheet
The information required to evaluate each DO time series of interest is input on the Parameters worksheet.  The items that require user input are inside the Input Parameters box (Figure 1). The parameters that must be entered include:
Number of Time Series: the number of DO regimes that the user provides and wants to assess in the model run.  One DO regime should be the estimate of natural background conditions determined using one of the approaches described above.
Spawning Season information:
Length: The length in days of the spawning season of the species of concern (There is no need to enter units; the word “days” appears automatically);
Start Day: The Julian day that the first cohort appears or the spawning season starts;
Larval Development Time: The number of days it takes a larva of the species of concern to develop into a juvenile.
Dose-Response Information:
24-hour LC50: The acute effect concentration for the species of interest. The 24-hour LC50 for the hypothetical 95th percentile sensitive species from USEPA’s original application of the Virginian Province approach is 3.15 mg/L.
Mortality “slope”: The shape factor of the sigmoid dose-response curve. It is a constant (i.e., 8.23) for DO no matter which species is being tested. It does not need to be altered, but can be changed if desired.
CCC: The Criterion Continuous Concentration. All DO values in a time series that are at or above this value are considered to have no effect.  The CCC value for the hypothetical 95th percentile Florida specific sensitive species used in the derivation of the proposed criteria is 5.0 mg/L.
% Population Exposed: This represents the portion of the population of larvae that are exposed to low DO conditions.  This can encompass both horizontal and vertical considerations. For example, if the low DO conditions are confined primarily to bottom waters, the % of the population exposed can be adjusted to account for the vertical distribution of the larvae in the water column.  Additionally, if the hypoxia area only represents 20% of the range of the species at the site of concern, then this value would be 20%. 




[image: ]Figure 1.	Screen capture of data entry portion of the Parameters worksheet showing spawning and dose-response information required by the model.  An explanation of each component is provided above.



Cohort Distributions:
After entering the spawning parameters, the user must select one of the seven cohort distributions from the set of options located on the Parameters worksheet (Figure 2).  The options include six pre-defined cohort distributions (uniform, wide peak, narrow peak, twin peaks, tall/short peaks, and short/tall peaks) and a customizable distribution that can be used if detailed site specific information is available.  “Clicking” on one of the blue boxes below the spawning information input block will automatically update the spreadsheet with the appropriate cohort distribution. The six standard spawning distributions all assume a new cohort is created each day. The total for the season for each of these is adjusted so that the same numbers are created as would be for the uniform distribution using 1000 per cohort. For example, if the spawning season is 90 days, then the total created under uniform spawning conditions would be 90,000. Any other spawning distribution that also lasts 90 days would be adjusted such that the total for the season would be 90,000 (this does not apply to the custom spawning situation). This feature allows the direct comparison of different spawning strategies under the same DO conditions.

[image: ]Figure 2.	Screen capture of spawning season cohort distribution selection portion of the Paramaetrs worksheet showing six pre-established cohort distributions and the Custon Spawing Season selection.  
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If the custom spawning season is selected on the Parameters worksheet, the cohort distribution specified on the Custom Spawning Season worksheet is utilized.  The number of cohorts present is entered for each day of the year based on site specific information.  A zero is entered for any day that is not a spawning day, including days before and after the spawning season, as well as any non-spawning days between the start and the end of the season.  Also, the first non-zero day after January 1 should be entered as the spawning “Start Day” in the “Parameters” input table.  Likewise, the number of days from the “Start Day” until the last nonzero cohort at the end of the season, regardless of the any zero days between successive cohorts, should be entered as the “Length” of the spawning season.
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To accurately predict the larval recruitment effects resulting from a deviation from natural background DO levels, an accurate estimate of the natural background DO daily time series must be entered on the “D.O. Daily Time Series Worksheet”.  The daily average natural background DO concentrations are entered in Column C of the worksheet.  A number of additional time-series to be evaluated in comparison to the background condition can be entered in consecutive columns to the right of the natural background DO time series.  There is no limitation on the number DO time series that can be entered.  A daily average DO level is expected for each day, however, a value at or above the CCC can be entered for days outside of the hypoxia season.  Since DO levels at or above the CCC will have no effect on recruitment, this will assure that any cohorts present outside of the hypoxia season are considered to have 100% survival.  It should be noted that the first cell in each column in which the DO time series is evaluated is used as the identifier for the calculated results.  Additionally, the “# of time series” entered in the “Parameters” input table controls the number of columns (i.e., DO time series), starting with the background (column C), that are evaluated.
The natural background DO regime can be estimated in a number of ways including actual measurements at the site, if the site is minimally impacted, or from a nearby minimally disturbed reference site; or by results from an appropriate water quality model.  The DO regime should be representative of the area being assessed as well as the habitat occupied by the DO sensitive species being evaluated.  
To protect the juvenile and adult life stages of DO sensitive organisms, the alternative DO regimes should not be allowed to fall below the proposed Criteria Minimum Concentration (CMC) during more than 10 percent of the days.  If the daily average DO levels fall below the CMC during natural background conditions, then no further reduction in DO levels during these periods should be allowed. 
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After all of the required data are entered, the model can be run to estimate changes to larval recruitment based on the DO time series entered.  When the model is run, the graph on the “Parameters” worksheet is updated to show the selected spawning season cohort distribution (black line), the background DO time series (blue line), and the most recent DO time series used (red line) (Figure 3).  Additionally, as the larval recruitment is evaluated for each DO time series, the results are placed in the “Most Recent Results” table on the “Parameters” worksheet (these data are automatically cleared at the start of each run).  Figure 4 provides an example of the results from an evaluation of five DO time series (i.e., background and four alternative DO regimes).  In the example, the natural background DO condition would result in approximately 4.4 percent loss in recruitment.  In this example, the four alternative DO regimes were created by multiplying the baseline daily DO concentrations by 95, 90, 85, and 80 percent to reduce the baseline DO levels by 5 to 20 percent.  It should be noted that the alternative DO regimes to be evaluated can be derived in any manner that meets the objectives of the evaluation.  
The results for the alternative DO regimes resulted in additional recruitment losses 1.8 to 18 percent over the natural background condition, for the 5 to 20% reductions in DO, respectively (Figure 4).  Given that EPA generally considers a maximum of five percent increase in recruitment loss over natural background conditions an acceptable minimal change, the results in the example indicate that the natural background DO regime could be decreased by approximately 10 percent (i.e., 10 percent of natural background DO regime) with a minimal loss in recruitment of the sensitive organisms of concern.  It should be noted that an additional five percent loss in recruitment over natural background may not always be an acceptable result.  For example, in cases where the effects of an altered DO regime on a threatened or endangered species are being accessed, no additional recruitment loss may be the goal.
Additionally, if the model results indicate abnormally high recruitment losses under the natural background condition, the model inputs should be checked and verified, especially the estimates of the natural background DO regime.  Further, if the larval stage of the species is rare within the area being assessed, it may be naturally excluded from the area due to the natural conditions present and may not be a reliable indicator species.  In this case, a species that is more common in that specific estuary should be selected and evaluated.  
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Figure 3.	Screen capture of “Current Conditions” graph on the Parameters worksheet which is automatically updated as the required data is entered and the model is run.  The graph displays the spawning season cohort distribution along with the natural background DO regime and the alternative DO regime being evaluated as the model is running or the final alternative after the model has finished running.


[image: ]Figure 4.	Screen capture of “Most Recent Results” table on the Parameters worksheet which is automatically updated as the model is run.  The results table provides the predicted recruitment loss as well as the change in recruitment loss from the natural background condition for each alternative DO regime evaluated.
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As described above, the application of the USEPA’s recruitment effects model requires acute and chronic hypoxia response criteria as well as information concerning the spawning period and length of larval development for each species of interest.  The required information can be found from a number of sources including site specific observations and in scientific literature.  The information required by the model has been assembled for a number of sensitive Florida species and is presented below.  If detailed site specific information is not available for the area being evaluated, the recruitment effects can be estimated using the generic information provided below.
The acute and chronic DO effects concentrations provided below were taken from the data used to develop the revised DO criteria for Florida’s marine waters (FDEP, 2012).  The presence and spawning larval distribution and length of larval development for each species were determined from data collected as part of NOAA’s Estuarine Living Marine Resources (ELMR) and Biogeography Programs database available at http://ccma.nos.noaa.gov/ecosystems/estuaries/elmr.aspx#products and NOAA Reports (Pattillo et al, 1997; Nelson et al. 1992; and 1991).  
The NOAA database provides information on the distribution and relative abundance of 153 fishes and invertebrates in estuaries within the continental United States.  The NOAA database and reports provide site specific data and observations for 15 estuaries covering both the Atlantic and Gulf coasts.  Because species abundance can depend on salinity, the database provides monthly species abundance scores for each life stage for each species within various salinity ranges.  In the NOAA database, spawning abundance is reported as a value from 0 to 5, where:
0 – Not present: species of life stage not found, questionable data as to identification of the species, or recent loss of habitat or environment degradation suggests absence.
2 – Rare: species is present but not frequently encountered. 
3 – Common: species is generally encountered but not in large numbers; does not imply an even distribution over a specific salinity zone.
4 – Abundant: species is numerically dominant relative to other species.
5 – Highly Abundant: species is numerically dominant relative to other species.
NOAA’s 1992 (Volume 1) and 1997 (Volume II) (Nelson et al. 1992; and Pattillo et al, 1997) studies of the “Distribution and Abundance of Fishes and Invertebrates in Gulf of Mexico Estuaries” were used to estimate the length of larval development.  Volume I of the report describes the spawning abundance, and Volume II summarizes the species life history and includes descriptions of growth and development.  Similarly, a 1991 NOAA report “Distribution and Abundance of Fishes and Invertebrates in Southeast Estuaries” (Nelson et al. 1992) covers the estuaries on Florida’s Atlantic coast.  The length of development was determined for the period from larvae to juvenile maturity.  Where the length of development was given by a time range, the mid-point of the range is provided as an estimate.
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During the derivation of the proposed revised DO criteria for Florida’s marine waters, a comprehensive literature review was conducted to assemble the data necessary to evaluate the effects of low DO levels on various Florida specific coastal and estuarine animals.  During this effort, DO concentrations protective of chronic and acute effects for a number of species found in Florida waters were tabulated and can be found in FDEP, 2012.  While some information concerning the effects of low DO levels is available for a significant number of Florida organisms, far fewer have all of the information required by the model to estimate recruitment effects.  Table 2 lists the species mean acute and chronic values calculated in accordance with USEPA guidance for species occurring in Florida marine waters for which all of model required information is available.  Where the chronic effects concentration (SMCV) is not available, the CCC derived as part of the statewide criteria development effort can be substituted as a conservative estimate.  Because the model is designed to evaluate the low DO effects on individual species, multiple model runs using a number of sensitive species listed in FDEP, 2012 or Table 2 will be required to assure no sensitive species are adversely affected.  Unfortunately, not all of these species spawn in all portions of the state; therefore the list of species to be evaluated should be selected based on more site-specific data and observations wherever possible.  
The habitat, range, and spawning characteristics of a number of DO sensitive Florida species are discussed in the following sections to provide some background information.  Estimates of the specific information required by the recruitment effects model for each species are presented in Table 3.  Because site specific conditions can significantly influence the spawning and growth of many of these species, this information should be modified based on site specific observations when possible.  
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The spotted seatrout is an important species to commercial and recreational fishing interests.  It occurs in coastal waters from Cape Cod to Mexico, but is most abundant from Florida to Texas (NOAA, 1997).  The spotted seatrout is a top trophic level carnivore within coastal and estuarine ecosystems, and probably plays a significant role as a predator in the structure of estuarine communities.  Seatrout complete their entire life cycle in near shore waters with seagrass areas being an important habitat area.  Based on the presence of larval seatrout in the northern Gulf, spawning appears to occur from February through October, with a peak from April through August.  Reports indicate that larval seatrout grow approximately 0.4 mm per day and require approximately 25 days to mature into juveniles.  It should be noted that growth rates and spawning periods can vary significantly due to differences in temperature and other site specific conditions.  Therefore, site specific information should be used to refine the spawning and developmental information input into the model whenever possible.
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The summer flounder is another important commercial and recreational fishery species that occurs in southeastern Atlantic coastal waters from North Carolina to Florida and in the Gulf from Florida to northern Mexico.  However, the range of the flounder does not appear to be continuous around the southern tip of Florida and is not commonly found in estuaries along the southwestern coast of Florida.  Spawning occurs in marine waters in the northern Gulf from September through April, with a peak from December to February.  The transformation of the larval flounder to the post-larval stage is completed within approximately 50 days.
The flounder was originally identified as species sensitive to low dissolved oxygen from data gathered in the Virginian Province (EPA 2000) and is a species used in the derivation of the proposed Florida DO criteria for marine waters (FDEP, 2012).  
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The northern quahog was originally identified as a species sensitive to low dissolved oxygen based on their tolerance to dissolved oxygen during spawning, as shown in Table 2.  The quahog or hard clam is a filter feeder that resides in the bottom sediments. They are widely distributed throughout Florida but are not generally abundant in the near shore waters, preferring intertidal shallow water in coastal bays, sounds, and estuaries.
The quahog is known to spawn in marine and estuarine subtidal seawater.  Spawning appears to coincide with high algal concentrations, allowing ample food resources for larval stages.  NOAA’s Biogeography Program reports (NOAA, 1997) the quahog as commonly spawning in Florida waters throughout much of the year, with bimodal peaks occurring in the spring (February to June) and Fall (September to December), but can occur yearlong in warmer areas.  
NOAA (1997) also describes the characteristics of the quahog’s habitat and indicates that the development from larval to juvenile stages to be depended on temperature with an average developmental time of 30 days.
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The silverside was also identified as a species sensitive to low dissolved oxygen based on tolerance to dissolved oxygen during spawning, as shown in Table 2.  They are ubiquitous residents of shallow estuarine waters in the southeastern United States.  Most silversides are typically collected in the top 30-45 cm of the water column and near vegetated shorelines.
NOAA (1997) indicates that spawning of the silverside in Gulf waters is typically bimodal with peaks in the spring and fall, but can occur all year long in some locations.  Seasonal peaks often occur from May to June and September to January.  Spawning is most prevalent in tidal freshwater or brackish water in the upper parts of estuaries, but larvae have been found in salinities ranging from 0 to 30 ppt. 
NOAA’s Biogeography Program reports the most abundant spawning of the silverside in Florida estuaries from March through October at salinities from 0.5 to 25 ppt.  All the necessary modeling parameters are available to assess the influence of dissolved oxygen on the spawning of silversides.  Growth estimates on the silverside are unreliable, but one study in Tampa Bay indicated silversides grew 5-7mm per month from June to November, and that early-spawned juveniles grew about 8 mm (Standard Length) per month from June to September (Springer and Woodburn 1960). These studies were used to estimate a 72 day developmental period for transition from larvae to juvenile.
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The blue crab is a cosmopolitan species commonly found in coastal waters, primarily bays and brackish estuaries.  The blue crab is in high demand as a commercial and recreational fishery and is commonly used in pollution studies because of its wide distribution in the nation’s estuaries including Florida estuaries and its fishery.  The blue crab has been characterized as an opportunistic benthic omnivore whose food habits are governed by availability of food items.
Blue crab females release their eggs near estuarine mouths so they can be carried offshore during the zoeal larval stage. They return to estuarine waters during the final of several larval stages. In the northern Gulf, larval crabs have been found year-round, with less frequent occurrences in December through April and with peaks typically occurring in late fall and late summer or early fall.  In the St. Johns River, spawning typically occurs from February through October, with a peak from March through October.  Laboratory studies indicate that 31 to 43 days are required to complete zoeal larval stages at typical temperature and salinity ranges.  The length of development of 37 days is provided as a general estimate for the purpose of the recruitment model. 
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The red drum is a highly valued game and food fish throughout its range in the Atlantic from Massachusetts to Florida and in the Gulf from Florida to Mexico.  Red drum are estuarine-dependent. Eggs, larvae, and early juveniles are planktonic and pelagic.  Red drum eggs are spawned in nearshore and inshore waters close to barrier island passes and channels.  After hatching, larvae and post-larvae are carried by tidal currents into the shallow waters of bays and estuaries.  Larvae seek grassy coves, tidal flats, and lagoons where the vegetation protects them from predators and currents, and where they can avoid rough waters until they are strong enough to swim actively.
The spawning season typically lasts from summer through early winter, but its onset and duration vary with photoperiod, water temperature, and possibly other factors (Holt et al. 1981a, Overstreet 1983).  Spawning can start as early as August in some parts of the study area, but it usually begins in September and ends in early January, with peaks occurring in mid-September through October.  Growth from larvae to juvenile requires approximately 30 days, but as with many other species, growth rate is highly dependent on temperature, food source, and other environmental factors.
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The pink shrimp is a commercially important and valuable species throughout the Gulf. The range of the pink shrimp extends from the Chesapeake Bay to southern Florida and throughout the Gulf.  The distribution of pink shrimp generally appears to coincide with the presence of seagrass, with the maximum abundance occurring in southwest Florida waters.
Larval shrimp occur most commonly from March through October.  The time required for development to juvenile stage ranges from 15 to 25 days depending on temperature with an average of 20 days.
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Two sturgeon species occurring in Florida (i.e., Gulf sturgeon, Acipenser oxyrinchus desotoi and shortnose sturgeon, Acipenser brevirostrum) have been shown to be particularly sensitive to low oxygen levels (Wakeford 2001) and are provided special consideration due to their listing as threatened and endangered, respectively, under the Endangered Species Act.  The sturgeon are most sensitive to low DO levels during their early life stages.  As the Gulf and shortnose sturgeon mature and become less sensitive to low DO, they migrate downstream to brackish and marine waters (McEnroe and Cech 1987).  Because all modern sturgeon species spawn in fresh water, further information is not included for these species.


Table 2.	Florida specific DO sensitive species with species mean acute (SMAV) and chronic (SMCV) DO concentrations.  Where the SMCV is missing, the CCC of 4.9 mg/L derived during the development of the proposed DO criteria for Florida’s marine waters using the Virginian Province approach.
	Scientific Name
	Common Name
	Species Mean Acute DO concentration, mg/L
	Species Mean Chronic DO concentration, mg/L

	Cynoscion nebulosus
	Spotted Seatrout
	1.88
	----

	Paralichthys dentatus
	Summer Flounder
	1.41
	3.97

	Mercenaria species
	Quahog (Hard Clam)
	0.43
	3.17

	Menidia species
	Silverside
	1.63
	3.30

	Callinectes sapidus
	Blue Crab
	1.40
	----

	Sciaenops ocellatus
	Red Drum
	1.45
	----

	Penaeus duorarum
	Pink Shrimp
	1.41
	3.46
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To obtain an accurate estimate of the recruitment effects resulting from deviations from background DO levels, accurate information concerning the spawning and larval development must be entered into the spreadsheet model.  Although generic spawning and developmental information is provided above for selected species, the information should be refined based on site specific knowledge of the system being evaluated because spawning and development of many species is highly dependent on specific site conditions (e.g., temperature, salinity, food sources and availability, etc.).  Additional species can also be added if all of the necessary information is available and data indicates that they are sensitive to decreasing DO levels.  More detailed site specific information is available for a number of species in the NOAA (1991, 1992, and 1997) reports and the NOAA ELMR database described previously.
Once the required information is collected and entered into the model, estimating the effects on larval recruitment is relatively straight forward as described in Sections 2 and 3 above.  To assure all sensitive species are protected, the model should be run with multiple species from different taxonomic groups with different spawning patterns and developmental times to evaluate the range of effects that could be expected. 

Table 3.	Relative monthly spawning abundance and length of larval development for selected Florida sensitive species based on NOAA ELMR database available at http://ccma.nos.noaa.gov/ecosystems/estuaries/elmr.aspx#products.
	Scientific Name
	Common Name
	Length of Larval Development, Days
	Relative Monthly Spawning Abundance*

	
	
	
	J
	F
	M
	A
	M
	J
	J
	A
	S
	O
	N
	D

	Cynoscion nebulosus
	Spotted Seatrout
	25
	0
	0
	4
	5
	5
	5
	4
	4
	4
	0
	0
	0

	Paralichthys dentatus
	Summer Flounder
	50
	3
	3
	3
	3
	3
	0
	0
	0
	0
	0
	0
	3

	Mercenaria species
	Quahog (Hard Clam)
	30
	3
	3
	3
	0
	0
	0
	0
	0
	0
	0
	0
	3

	Menidia species
	Silverside
	72
	2
	3
	4
	4
	4
	4
	4
	4
	4
	4
	3
	2

	Callinectes sapidus
	Blue Crab
	37
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5

	Sciaenops ocellatus
	Red Drum
	30
	3
	0
	0
	0
	0
	0
	0
	0
	3
	3
	3
	3

	Penaeus duorarum
	Pink Shrimp
	20
	2
	2
	3
	4
	5
	5
	5
	5
	5
	4
	3
	3


*Spawning abundance scores: 0 = Not present, 2 = Rare: species is present but not frequently encountered, 3 = Common: species is generally encountered but not in large numbers, 4 = Abundant: species is numerically dominant relative to other species, 5 = Highly Abundant: species is numerically highly dominant relative to other species.
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