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EXECUTIVE SUMMARY
Periodic review of the Water Quality Control Plan for the San Diego Basin (Basin Plan) is required by State and federal law. California Water Code section 13240 states that Basin Plans "…shall be periodically reviewed and may be revised." Federal Clean Water Act (CWA) section 303(c)(1) states that the Water Boards "…shall from time to time (but at least once each three-year period…) hold public hearings for the purpose of reviewing applicable water quality standards and, as appropriate, modifying and adopting standards." Because federal law requires that water quality standards be reviewed every three years, the periodic review of the Basin Plan is commonly referred to as the "triennial review."

A priority of the California Water Quality Control Board San Diego Region (San Diego Water Board) 2014 triennial review of water quality standards was the amendment of the Basin Plan to incorporate biological water quality objectives in order to protect and restore beneficial uses associated with aquatic and aquatic dependent wildlife.  On May 13, 2015, the San Diego Water Board adopted Resolution R9-2015-0043, which directed staff to begin working on the project to amend the Basin Plan to incorporate biological water quality objectives.

A water quality objective for biological condition is critical to restoring and maintaining the biological integrity of the region's waters.  Since the development of the CWA and Porter-Cologne Water Quality Control Act (Porter-Cologne) the San Diego Water Board has relied on direct measurements of a waterbody’s chemistry to assess if beneficial uses of waters for human health and ecosystems are protected.  These beneficial uses center around the objective of the CWA, which is to restore and maintain the chemical, physical, and biological integrity of the Nation’s Waters (U.S. Code title 33, chapter 26, subchapter 1, section 1251(a)).  Forty years of CWA and Porter-Cologne implementation in the San Diego Region has overwhelmingly focused on management of chemical integrity on a pollutant-by-pollutant and waterbody-by-waterbody basis.  While largely appropriate for human health risk, this approach is insufficient to fully protect and restore the biological integrity of waters.  Given the scientific advancements in biological metrics for streams, the use of a chemistry-only approach is no longer justified.

Biological assessments provide direct measures of the cumulative and integrated response of the biological community to all sources of stress, as the organisms are exposed to these stresses over time. Through this long-term exposure in their natural setting, biological communities provide the most comprehensive measure of the condition of the beneficial uses related to biological integrity. Biological objectives set the biological quality goal, or target, to which water quality can be managed against, rather than the maximum allowable level of a stressor(s) (pollutant or other water quality condition) that affects the aquatic life in that waterbody.     

Evaluating the biological condition of waterbodies allows the San Diego Water Board, other regulatory and regulated agencies, and the community at-large to take a more balanced and holistic approach when identifying priority areas for protection and restoration.  This approach is also intended to better integrate ecosystem beneficial uses with other core beneficial uses related to human health for drinking water, recreation, and fish and shellfish consumption.  


[bookmark: _Toc474227983][bookmark: _Toc478622663][bookmark: _Toc478623224][bookmark: _Toc481572245][bookmark: _Toc482274645][bookmark: _Toc485817087][bookmark: _Toc516653070][bookmark: _Toc516653307][bookmark: _Toc516653526][bookmark: _Toc535474219][bookmark: _Toc46752813][bookmark: _Toc46753698][bookmark: _Toc481572246][bookmark: _Toc482274646]
Table of Contents

EXECUTIVE SUMMARY	2
Table of Contents	4
List of Tables	6
List of Figures	7
List of Appendices	10
List of Acronyms and Abbreviations	11
1.	Introduction and Purpose	13
1.1.	Introduction	13
1.2.	Summary	13
1.3.	Purpose	14
2.	Project Intent and Applicability	15
2.1.	Project Goals and Intent	15
2.2.	Beneficial Uses	15
2.3.	Applicable Waters	17
3.	Narrative Guidance for Development of Numeric Biological Objectives	18
3.1.	Introduction – Water Quality Objectives	18
3.2.	Narrative Guidance	19
3.3.	Discussion Regarding Narrative Guidance	19
3.3.1 Ecosystem Protection: Biological Integrity	20
3.3.2 Reference Approach	20
3.3.3 Analogous Waters	21
3.3.4 Ecological Balance and Resiliency	22
3.3.5 Native and Non-native Species	24
4.	Numeric Objective for Streams	26
4.1.	Introduction	26
4.2.	Reference Stream Approach for the Stream Biological Objective	29
4.3.	Stream Biological Objective and the Confirmation Approach	31
4.4.	Discussion Regarding the Stream Biological Objective	34
4.4.1.	California Stream Condition Index (CSCI)	34
4.4.2.	CSCI Reference Quality	35
4.4.3 Selection of the CSCI Threshold	38
4.4.4.	Scientific Reference Confirmation Approach	40
4.5.	 Waterbodies to which the Stream Biological Objective Applies	49
4.5.1.	Seasonal Stream Applicability and Exclusions for Ephemeral and Non-wadeable Stream Segments	49
4.6.	Climate Change Considerations	63
4.7.	Bioassessment Field Sampling	63
4.7.1.	Benthic Macroinvertebrates	64
4.7.2.	Algae and Cyanobacteria	67
4.7.3.	Physical Habitat and California Rapid Assessment Method (CRAM)	67
4.7.4.	Chemistry	69
4.8.	Laboratory Analysis	70
4.8.1.	Benthic Macroinvertebrates	70
4.8.2.	Soft Algae, Diatoms, and Cyanobacteria	70
4.8.3.	Chemistry	71
4.9.	Reporting and Interpretation of Biological Index Scores	73
4.9.1.	Benthic Macroinvertebrates	73
4.9.2.	Soft Algae, Diatoms, and Cyanobacteria	73
4.9.3.	Physical Habitat Index and California Rapid Assessment Method	74
5.	Program Implementation	75
5.1.	Introduction	75
5.2.	Antidegradation Policies	77
5.3.	National Pollutant Discharge Elimination System (NPDES)	78
5.3.1.	Implementation of Biological Objectives in NDPES Permits	79
5.3.2.	Receiving Water Limits for Biological Objectives in NDPES Permits	82
5.3.3.	San Diego Water Board Determination of Probable Threat to the Stream Biological Objective	82
5.3.4.	Permit Implementation for Permits with Receiving Water Limitations for the Stream Biological Objective	86
5.3.5.	Effluent Limits for the Stream Biological Objective in NPDES Permits	89
5.4.	Integrated Reporting	89
5.5.	Total Maximum Daily Load	94
5.6.	Clean Water Act Section 401 Water Quality Certifications	98
5.7.	Waste Discharge Requirements (WDRs)	101
5.7.1.	Commercial Agriculture	102
5.7.2.	Dredge and Fill Material Discharged to Non-federal Waters	103
5.7.3.	Discharges to Land	103
5.8.	Nonpoint Source (NPS) Pollution Control Program	104
5.9.	Grant Program	105
5.10.	Monitoring and Reporting Requirements	105
6.	References	113
7.	Appendices	128
7.1.	Appendix I: Stream Biological Objective CSCI Documentation	128
7.2.	Appendix II: Substitute Environmental Document	129




[bookmark: _Toc485817088][bookmark: _Toc516653071][bookmark: _Toc516653308][bookmark: _Toc516653527][bookmark: _Toc535474220][bookmark: _Toc46752814][bookmark: _Toc46753699]List of Tables
Table 1.  Beneficial Uses in the San Diego Water Board Basin Plan related to Biological Objectives and Integrity	16

Table 2. History of State of California Stream Bioassessment Programs in the San Diego Region	28

Table 3. Beneficial Uses Directly and Indirectly Protected by the Stream Biological Objective	32

Table 4 (from Mazor et al. 2015).  Typical sampling periods at different types of streams. A non-perennial stream is not an ephemeral stream, for the purpose of the objective.	55
[bookmark: _Toc474227984][bookmark: _Toc478622664][bookmark: _Toc481572247][bookmark: _Toc482274647][bookmark: _Toc485817089][bookmark: _Toc516653072][bookmark: _Toc516653309][bookmark: _Toc516653528][bookmark: _Toc383584599]

[bookmark: _Toc535474221][bookmark: _Toc46752815][bookmark: _Toc46753700]List of Figures
Figure 1. Upper Boulder Creek in the San Diego River Watershed Pre and Post 2003 Cedar Fire. Bottom photo is pre-2003 fire while the top photo is post-2003 fire.  This reference quality stream had sufficient resilience to this anthropogenic fire disturbance event and was able to recover after multiple years of rainfall flushed excess sediment from the system (San Diego Water Board 2016b).	23

Figure 2. Long Canyon Creek, San Diego County. Long Canyon Creek is a long-term reference site that has been sampled by the State of California since 2001.	27

Figure 3.  Long-term reference stream bioassessment sites sampled under the Surface Water Ambient Monitoring Program’s Reference Condition Management Program.  Beginning clock-wise from upper left: south coast, central coast, north coast, desert-Modoc. Photos: A. Rehn.	30

Figure 4.  Map of Illegal Marijuana Grow Sites in Cleveland National Forest, including the San Mateo Wilderness (2010). Location of National Forest lands denoted by red areas within inset map.	37

Figure 5.  Distribution of California Stream Condition Index scores at reference calibration sites used to set thresholds in Mazor et al. 2016. Colors denote thresholds at the 1st and 10th percentiles (0.63 and 0.79, respectively).	38

Figure 6. From Phillips et al. 2016.  Relationship between the percent survival of amphipods in laboratory sediment toxicity tests and sediment concentrations of total pyrethroids compared to measures of CSCI at sites at or within 500 meters of sediment collection. Sites with observed toxicity below 80 percent survival or with elevated toxic units were found to have poor benthic community scores.	45

Figure 7.  Upper San Juan Creek (Status: non-reference, CSCI: 0.69).  This site’s CSCI score places it below the 10th percentile of the reference distribution, which does not meet the Stream Biological Objective.  The San Diego Water Board may, at its discretion and in accordance with Listing Policy and Impaired Waters Policy, consider additional biological, physical, and chemical relevant scientific information to determine if this stream is similar to reference.  Sampling results show the site scores similar to reference for algal IBIs (Fetscher et al. 2014, SMC 2015), the IPI (Rehn et al. 2018), and CRAM, with a combined diatom and soft algal hybrid (“H20”) score of 72, IPI score of 1.08, and CRAM scores of 92/88/100.  No evidence of toxicity was present, with 100 percent survival of Ceriodaphnia dubia. Chemistry water quality objectives were not exceeded at this site.  There is evidence this site may have a naturally occurring low CSCI score as scientific information on the biological, physical, and chemical condition of the stream show attainment of the beneficial use. Photo: SMC.  	47

Figure 8.  Lower Forrester Creek (Status: non-reference, CSCI: 0.72).  This site’s CSCI score places it below the 10th percentile of the reference distribution, which does not meet the Stream Biological Objective.  The San Diego Water Board may, at its discretion and in accordance with the Listing Policy and Impaired Waters Policy, consider additional biological, physical, and chemical relevant scientific information to determine if this stream is similar to reference.  Sampling results for algae were very poor with scores of 36/100 for diatoms and 3/100 for soft algae (Fetscher et al. 2014, SMC 2015).  Sediment toxicity results were significantly positive for toxicity, with 0-10 percent 10-day survival rates for Hyalella azteca. CRAM results were within reference expectations with Hydrologic/Physical/Biotic attributes scoring 75/69/75, all above the 10th percentile of reference (SMC 2015).  Despite scientific information (CRAM results) on the physical condition showing the site to be similar to reference, biological and chemical information shows the stream is in non-attainment.  Chemistry results point to elevated nutrients as well as pesticides as pollutants of concern. Photo: C. Turpe.	48

Figure 9 (from Mazor et al. 2015).  Comparison of CSCI distributions at perennial and seasonal (nonperennial) reference sites in the San Diego Region (R9) and for perennial reference sites across southern California.  CSCI scores showed no bias against seasonal streams.	51

Figure 10.  Examples of seasonal stream flow regimes at reference (Ode et al. 2016) streams used for the development of the CSCI (Mazor et al. 2016) and sampled by the State of California’s Surface Water Ambient Monitoring Program. Indian Creek and Sweetwater River are located in the San Diego Region and both exhibit seasonal flows during drought (2015, 2016) and elevated (2017) rainfall years.  Indian Creek lacked surface flows during 2015, which was the second straight year of exceptional drought for the Region. Note 2017 was an atypically high rainfall year that brought the region out of drought status.	52

Figure 11. From SDCWA 2018.  Rainfall records from the San Diego Region near reference sites used in CSCI development.	53

Figure 12.  Stream flows and CSCI Scores at Upper Bell Creek, Orange County.  Upper Bell Creek was sampled as part of the State of California’s Surface Water Ambient Monitoring Program, passes State of California reference screens (Ode et al. 2016), has a seasonally intermittent flow regime, and consistently scores as reference-condition using the CSCI. Note that drought conditions in 2014 and 2015 reduced the duration of baseflows but did not impact the ability to sample or reduce the CSCI score.  Note 2017 was an atypically high rainfall year.	57

Figure 13.  From: State of California 2016-2017 Budget.  Drought rating intensity from 2011 to 2015.  The San Diego Region underwent severe and extreme drought from 2013-2015, which reduced many stream baseflows (see Figures 10 and 11).	58

Figure 14. From SMC 2017.  CSCI scores at Stormwater Monitoring Coalition bioassessment sites across Southern California.  “Entirely Hardened” stream segments consisted of concrete or grouted rock banks and bottom (excluding road or bridge crossings) and are synonymous with “hardened streambed segments” in the Stream Biological Objective.  No “Entirely Hardened” stream segments sampled (n = 97) had a CSCI above 0.79 (denoted by dashed red line).	59

Figure 15. Examples of stream segments that have modified features but are not physically hardened from bank to bank (i.e., hardened streambed segments).  These streams have physically hardened stream banks but retain a natural stream bottom.  These stream segments have CSCI scores that would meet the Stream Biological Objective. Top:  Santa Paula Creek (CSCI: 0.94, 0.99). Bottom: Los Coches Creek (CSCI: 0.85).	61

Figure 16. Sample map from Orange County Flood Control identifying hardened streambed segments (www.ocflood.com).	62

Figure 17. From Ode et al. 2016b.  Reach layout for sampling of benthic macroinvertebrates, algae, and physical habitat.	64

Figure 18.  Example of sampling during stream flow cessation period, or oligorheic aquatic state (Gallart et al. 2012).  Note exposed active bed material and low flow condition. Site: Boden Canyon Creek (Status: Reference, CSCI at time of photo: 0.82 = 14th percentile of reference distribution).  Note that the sampling did not meet the requirements of the California SOP (Ode et al. 2016b) due to a lack of sufficient stream width, flow condition, and dry transects.  However, this site score would still meet the Stream Biological Objective as it scores > 0.79.  This site was resampled the following year during regular baseflow condition in accordance with the SOP and received a CSCI score of 1.06.	66

Figure 19. Stream riparian assessment area (AA) for the California Rapid Assessment Method (CWMW 2013).	68

Figure 20. Process of Implementation for Point Source Discharges	81

Figure 21. Flow chart of Stream Biological Objective assessment process and categorization for the Clean Water Act Sections 305(b) and 303(d) Integrated Report.	93

Figure 22.  Bioassessment Sampling Sites in the San Diego Region (outlined in red)	106
[bookmark: _Toc474227985][bookmark: _Toc478622665][bookmark: _Toc481572248][bookmark: _Toc482274648][bookmark: _Toc485817090][bookmark: _Toc516653073][bookmark: _Toc516653310][bookmark: _Toc516653529]

[bookmark: _Toc535474222][bookmark: _Toc46752816][bookmark: _Toc46753701]List of Appendices
Appendices	128
Appendix I: Stream Biological Objective CSCI Documentation	128
Appendix II: Substitute Environmental Document	129


[bookmark: _Toc474227986][bookmark: _Toc478622666][bookmark: _Toc481572249][bookmark: _Toc482274649][bookmark: _Toc485817091][bookmark: _Toc516653074][bookmark: _Toc516653311][bookmark: _Toc516653530][bookmark: _Toc535474223][bookmark: _Toc46752817][bookmark: _Toc46753702]List of Acronyms and Abbreviations

	Acronym/Abbreviation
	Definition

	ASCI
	Algae Stream Condition Index

	Basin Plan
	Water Quality Control Plan for the San Diego Basin

	BMI
	Benthic Macro Invertebrates

	BMP
	Best Management Practice

	CCR
	California Code of Regulations

	CRAM
	California Rapid Assessment Method

	CSCI 
	California Stream Condition Index

	CTR
	California Toxics Rule

	CWA 
	Clean Water Act

	CWC
	California Water Code

	CADFW 
	California Department of Fish and Wildlife, formerly Department of Fish and Game (DFG) 

	DO 
	Dissolved oxygen

	D18
	Diatom-based IBI

	GIS
	Geographic Information System

	H20
	“Hybrid” algae IBI

	HU 
	Hydrologic Unit

	IBI
	Index of Biotic Integrity

	IPI
	Index of Physical Habitat Integrity

	Listing Policy
	Water Quality Control Policy for Developing California’s Section 303(d) List

	LOE 
	Line of Evidence

	MDL 
	Method Detection Limit

	MEP
	Maximum Extent Practicable

	mg/L 
	milligrams per liter (parts per million)

	MS4
	Municipal Separate Storm Sewer System

	NOAA 
	National Oceanic and Atmospheric Administration

	NPDES 
	National Pollutant Discharge Elimination System

	NTU 
	Nephelometric Turbidity Unit

	QA 
	Quality Assurance

	QAPP 
	Quality Assurance Project Plan

	QC 
	Quality Control

	RL 
	Reporting Limit

	RWB
	Reachwide Benthos

	SAFIT
	Southwest Association of Freshwater Invertebrate Taxonomists

	S2
	Soft algae based IBI

	SCCWRP
	Southern California Coastal Waters Research Program

	SMC
	Southern California Stormwater Monitoring Coalition

	SOP
	Standard Operating Procedures

	SWAMP
	Surface Water Ambient Monitoring Program

	State
	State of California

	TDS 
	Total Dissolved Solids

	TIE 
	Toxicity Identification Evaluation

	TMDL 
	Total Maximum Daily Load

	TSS 
	Total Suspended Solids

	USEPA
	U.S. Environmental Protection Agency

	USGS
	U.S. Geological Survey

	WDR 
	Waste Discharge Requirement

	WLA
	Wasteload Allocation

	WQBEL
	Water Quality Based Effluent Limit

	WQIP
	Water Quality Improvement Plan

	WQO
	Water Quality Objective

	WQS 
	Water Quality Standard
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The federal Clean Water Act (CWA) gives states the primary responsibility for protecting and restoring surface water quality. In California, the State Water Quality Control Board (State Water Board) and nine Regional Water Quality Control Boards (Regional Water Boards), collectively referred to as the California Water Boards, serve as the agencies with the primary responsibility for implementing CWA requirements. One such responsibility includes the development and adoption of water quality standards. Water quality standards, as defined in CWA section 303(c), consist of designated uses[footnoteRef:1] of waterbodies, criteria to protect those uses, and an antidegradation policy. The criteria can be either narrative or numeric. A typical narrative criterion, for example, prohibits “the discharge of toxic pollutants in toxic amounts.” Numeric criteria establish pollutant concentrations or levels in water that protect designated uses. An example of a numeric saltwater criterion for copper to protect aquatic life is 3.1 micrograms per liter (μg/l) as a monthly average. [1:  Known as Beneficial Uses in California.  This document uses state terminology throughout for consistency with the Water Quality Control Plan for the San Diego Basin.] 


The states are primarily responsible for the adoption of water quality standards,
although USEPA has oversight and promulgation authority, as well. In California water
quality standards are found in statewide and regional water quality control plans.
Water quality control plans contain beneficial use designations, water quality objectives
to protect those uses, and a program to implement the objectives. Water quality
objectives are the State equivalent of federal criteria under CWA Section 303(c).
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The San Diego Water Board is proposing an amendment to the Water Quality Control Plan for the San Diego Basin (Basin Plan).  The amendment includes the following:

1. Narrative guidance for the development of numeric biological objectives for surface waters in the San Diego Region;  
2. A numeric biological objective for perennial and seasonal streams;
3. A program of implementation that contains a description of appropriate monitoring programs for the numeric biological objective; and
4. Actions that shall or should be undertaken when results indicate numeric biological objectives are not being met. 
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The purpose of this staff report is to present the San Diego Water Board’s Basin Plan amendment to incorporate narrative guidance for developing biological objectives and a numeric objective for perennial and seasonal streams.  This staff report also presents the scientific basis and rationale used to develop the narrative guidance and numeric objective, describes the programs and implementation actions related to the amendment, outlines monitoring program requirements, and includes supplemental environmental documentation pursuant to California Environmental Quality (CEQA) requirements for approved regulatory programs.
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This section provides an overview of the intent and applicability for biological objectives in the San Diego Region.
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Biological assessment, or bioassessment, is the science of evaluating the health of an ecosystem by assessing the organisms that live within it.  The goal and intent of the biological objectives project is to utilize biological assessment (“bioassessment”) to better protect and restore waters by facilitating a broader evaluation of the effects of stressors that extends beyond the existing regulatory convention of analyzing for individual chemicals.  The amendment of the San Diego Water Board Basin Plan will mirror the goal of the CWA to protect and restore the biological integrity of waters (33 U.S. Code § 1251), and of Porter-Cologne which defines the Quality of Water to include chemical, physical, biological, bacteriological, and radiological properties (CWC section 13050).  Unlike traditional chemistry-based monitoring, which provides only limited information about a relatively narrow portion of the environment at a discrete point in time, bioassessment can account for living organisms exposed to multiple chemicals and other stressors (such as altered habitats and changes in water-flow patterns) over extended time periods.  Consequently, bioassessment has the potential to provide a more integrated reflection of the condition of an aquatic ecosystem; bioassessment also is more closely tied to environmental managers’ end-goal focus on ecosystem protection and serves as an important way to monitor and protect the populations of endangered species and fisheries.
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Under Porter-Cologne, specifically Water Code section 13050 (f), beneficial uses of waters of the State may be designated as follows (emphasis added):

Beneficial uses of the waters of the State that may be protected against quality degradation include, but are not limited to, domestic, municipal, agricultural and industrial supply; power generation; recreation; aesthetic enjoyment; navigation; and preservation and enhancement of fish, wildlife, and other aquatic resources or preserves.

Of the 23 designated beneficial uses within the San Diego Basin Plan, 10 beneficial uses directly relate to the protection of biological condition, or integrity, of waters within the San Diego Region.  These are commonly referred to as “aquatic life” beneficial uses and are outlined in Table 1, below.  In addition, attainment for other beneficial uses, such as those related to recreation and fishing, indirectly rely upon the attainment of those beneficial uses in Table 1.  
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	Beneficial Use
	Abbreviation
	Description of Beneficial Use

	Warm Freshwater Habitat
	WARM
	support warm water ecosystems, including, but not limited to, preservation or enhancement of aquatic habitats, vegetation, fish or wildlife, including invertebrates

	Cold Freshwater Habitat
	COLD
	support cold water ecosystems, including, but not limited to, preservation or enhancement of aquatic habitats, vegetation, fish or wildlife, including invertebrates

	Inland Saline Water Habitat
	SAL
	support inland saline water ecosystems, including, but not limited to, preservation or enhancement of aquatic saline habitats, vegetation, fish, or wildlife, including invertebrates

	Estuarine Habitat
	EST
	support estuarine ecosystems, including, but not limited to, preservation or enhancement of estuarine habitats, vegetation, fish, shellfish, or wildlife (e.g. estuarine mammals), waterfowl, (shorebirds)

	Marine Habitat
	MAR
	support marine ecosystems including, but not limited to, preservation or enhancement or marine habitats, vegetation such as kelp, fish, shellfish, or wildlife (e.g. marine mammals, shorebirds)

	Wildlife Habitat
	WILD
	support terrestrial ecosystems including, but not limited to, preservation and enhancement of terrestrial habitats, vegetation, wildlife (e.g. mammals, birds, reptiles, amphibians, invertebrates), or wildlife water and food sources

	Preservation of Biological Habitats of Special Significance
	BIOL
	support designated areas or habitats, such as established refuges, parks, sanctuaries, ecological reserves, or Areas of Special Biological Significance, where the preservation of natural resources requires special protection

	Rare, Threatened, or Endangered Species
	RARE
	support habitats necessary, at least in part, for the survival and successful maintenance of plant or animal species established under state or federal law as rare, threatened or endangered

	Migration of Aquatic Organisms
	MIGR
	support habitats necessary for migration, acclimatization between fresh and salt water, or other temporary activities by aquatic organisms, such as anadromous fish 

	Spawning, Reproduction, and/or Early Development
	SPWN
	support high quality habitats suitable for reproduction, early development and sustenance of marine fish and/or cold freshwater fish
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Biological objectives within the San Diego Region may be developed for all surface Waters of the State within the San Diego Region, and specific numeric objectives will be developed and applied by waterbody-type, sub-type, or on a site-specific basis as developed.  Surface waterbody types, as defined by the San Diego Water Board Basin Plan, include inland surface waters, coastal waters, and lakes and reservoirs. Waterbody types also include subcategories based on general attributes.  As an example, coastal waters include ocean waters, enclosed bays, and estuaries
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Along with beneficial uses, Regional Water Boards are required under Porter-Cologne (CWC section 13241) to establish water quality objectives for Waters of the State which are necessary for the reasonable protection of beneficial uses and the prevention of nuisance. 

CWC section 13050 defines water quality objectives as:

The limits or levels of water quality constituents or characteristics which are established for the reasonable protection of beneficial uses of water or prevention of nuisance within a specific area. 

As defined in the San Diego Water Board Basin Plan and required under the CWA implementing regulations at 40 CFR 131.11(a)(1): “water quality objectives must protect the most sensitive of the beneficial uses which have been designated for a specific waterbody.”  While the San Diego Water Board is tasked with protecting the physical, chemical, and biological integrity of surface water beneficial uses, existing water quality objectives in the Basin Plan emphasize the chemical integrity of waters on a pollutant-by-pollutant basis. Doing so assumes that water quality objectives for pollutants will, if attained, result in beneficial use attainment and protection.  

However, the use of chemistry-based water quality objectives, alone, is a “bottom-up” paradigm based on laboratory observed effects data and simplistic systems models that rarely scale-up to represent the more complex natural ecosystem (Cairns et al. 1993, Scrimgeour and Wicklum 1996).  

Use of water chemistry alone in waterbody assessment does not adequately protect the biological integrity of waters due to the necessarily constrained temporal and spatial extent of chemical monitoring, the limited number of chemicals and matrices that can feasibly be monitored, cumulative and synergistic effects, sublethal effects, and the inability of chemistry-based assessment to detect impairment caused by pollution and not a pollutant (e.g. habitat modification).  

Biological objectives are needed, in tandem with chemistry-based water quality objectives and physical assessment, to protect and restore the beneficial uses associated with ecosystem condition (USEPA 1991).  For those waterbodies with a designated beneficial use(s) associated with the protection of aquatic ecosystems, chemistry-based water quality objectives alone do not protect the most sensitive beneficial use, nor do they provide accurate assessments of waterbody condition.  

As called for in the CWA implementing regulations at 40 CFR 131.11, states should establish water quality objectives as numeric criteria using scientifically defensible methods, or narrative criteria where numeric criteria cannot be established (e.g. due to a lack of scientific development), or to supplement numeric criteria.  Both narrative and numeric criteria have been identified by USEPA as a priority for California due to the percentage of impaired stream miles and need to protect existing high-quality waters (USEPA 2009).  Given the scope of waterbody types and associated ecological communities in the San Diego Region, it is infeasible at this time to establish numeric biological objectives for all surface waters.  Nonetheless, it is reasonable to establish an overarching narrative guidance to guide the current and future development of numeric biological objectives for all of the Region’s surface waters.  Consideration of numeric biological objectives for other specific waterbody types, or the need for site-specific numeric biological objectives due to unique site-specific factors, will be conducted as part of future basin planning efforts.
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This technical report provides the support for the San Diego Water Board Basin Plan’s Implementation Chapter to be amended to incorporate the following narrative guidance for development of numeric biological objectives to protect existing beneficial uses:

The development of numeric biological objectives for surface waters within the San Diego Region shall be done to support an ecologically balanced and resilient community of organisms having a native species composition, diversity, abundance, and functional organization commensurate with that of unaltered analogous waters.

This narrative guidance, which is discussed below, was used as the basis for the development of numeric biological objectives for perennial and seasonal streams.
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The narrative biological objective development guidance incorporates language that centers on the ecological concept of biological integrity through ecosystem protection.  This includes the use of a reference approach as a benchmark to evaluate community condition, as well as maintaining specific ecological characteristics indicative of a balanced and resilient biological community of organisms.  This requires that similar habitats be compared using the reference approach, and that the community of organisms within those habitats be composed of native species.   
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The ten beneficial uses directly related to biological communities in the San Diego Water Board Basin Plan all rely on the protection of ecosystems and subcategories of functions within those ecosystems.  This includes habitats necessary to protect rare, threatened, or endangered species, as well as for the protection of specific aquatic-organism life-cycle needs.  The Wildlife Habitat beneficial use extends the use of water to that which supports terrestrial ecosystems (e.g. wildlife water and food sources).

As a result, narrative guidance to develop numeric biological water quality objectives must include sufficient language to ensure ecosystem protection and allow for meaningful evaluation of ecosystem condition.  The objective of the CWA is clearly to restore and maintain the chemical, physical, and biological integrity of the Nation’s waters. There can be debate regarding what constitutes ecosystem “condition,” usually in the context of requiring an evaluation and definition of ecosystem “health” or “integrity,” both of which have vastly different expectations and are thereby fundamentally different (Karr 1995).  The use of “health” has been inconsistent in the scientific literature and in a regulatory context, and thus is inappropriate in this evaluation context due to its judgmental nature, inconsistency with the scientific method, and misuse through insertion of personal values under the guise of scientific impartiality (see Scrimgeour and Wicklum 1996, Lackey 2001).  

The CWA does not define biological integrity, though it was discussed extensively in committee (Davis and Simon 1995).  Dr. James Karr, who coined “index of biotic integrity,” defines the integrity of an ecosystem as one that has a “balanced, integrated, adaptive system having the full range of elements (genes, species, assemblages) and processes (mutation, demography, biotic interactions, nutrient and energy dynamics, and metapopulation processes) expected in areas with minimal influence from modern human society” (Karr 1999).  As such, the inclusion of a “top-down” approach that utilizes biological measurements of ecosystem integrity is needed, with specific inclusion of waters subjected to minimal human influence to serve as both a baseline and comparator (see Cairns et al. 1993).                 
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The proposed narrative guidance relies on the use of unaltered analogous waters to define the ecosystem condition that is indicative of attaining biological integrity and thus be able to set targets for maintaining or achieving that condition. This process is referred to as the reference approach.

In order to protect and restore beneficial uses associated with aquatic ecosystems, thus meeting the goal of Porter-Cologne and the CWA, there must be a point of reference for establishing objectively whether beneficial uses have been attained.  The use of a defined unaltered reference point incorporates important ecological components of the ecosystem, such as balance and resiliency (discussed below) when determining when aquatic life beneficial uses have been attained.  

Biological data, such as measures of community composition that form the basis for bioassessment, facilitate direct insight into the integrity of facets of an aquatic ecosystem, but they present a challenge. Whereas traditional water-chemistry measures lend themselves to the establishment of empirically derived levels not to be exceeded (in order, for example, to avoid toxic effects on humans and/or wildlife), this paradigm is not well suited to setting objectives in the case of biotic-community measures. Rather, the most tractable means to judge the integrity of ecosystems vis-à-vis bioassessment scores, that balances transparency and intuitiveness with practicality, is to compare scores at test sites with those from “reference” sites, where the latter serve to set expectations for what biotic communities should look like in the face of minimal human disturbance. 

This approach is consistent with the development of the CWA and its goals (USEPA 1991).  While the CWA does not define reference, the 1972 House Committee on Public Works and Senate Public Works Committee identified biological integrity as exemplified by systems that existed before perturbations caused by man’s activities, and that such systems could be identified with confidence by scientists (Davis and Simon 1995).

While there are many potential ways to define “reference” (reviewed by Stoddard et al. 2006), for the purposes of biological objectives in the San Diego Region, a reference site is considered to be one that is exposed to very low or no anthropogenic stress. This approach allows for the use of contemporary bioassessment scores at minimally disturbed sites throughout the State as a point of reference (rather than guessing, or attempting to reconstruct, what scores might have been during pre-Columbian times), thus reducing uncertainty, limiting assumptions, and promoting defensibility.

[bookmark: _Toc481572263][bookmark: _Toc482274663][bookmark: _Toc485817105][bookmark: _Toc516653088][bookmark: _Toc516653325][bookmark: _Toc516653544][bookmark: _Toc535474238][bookmark: _Toc46753717]3.3.3 Analogous Waters
The concept of “analogous waters” is necessary in order to guarantee that “apples are being compared to apples” in the course of determining whether biological objectives are met. If a test site is an eelgrass bed, its biological condition should be interpreted by comparing it to those of analogous waters, meaning reference-quality eelgrass beds (rather than other waterbody types). 

In addition, the environmental context within which a test site exists, in terms of the natural gradients (latitude, elevation, etc.) associated with that site, is important to consider. Attainment of biological objectives is determined within the context of expected results at reference sites (i.e., “benchmark  sites”) that occupy similar environmental contexts to the test sites. 

In the case of stream benthic macroinvertebrates, comparison of a given test site’s results to an analogous set of reference sites’ results is pre-loaded into the California Stream Condition Index (CSCI) calculation, because of the way in which the CSCI was constructed (Mazor et al. 2016). A statewide algae index (the “ASCI”) designed like the CSCI is expected to become available circa 2020.
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Ecosystems are often challenged by disturbances of natural and/or anthropogenic origin. Under certain circumstances, for example, when crucial thresholds have been crossed (Hilderbrand and Utz 2015), these disturbances can result in temporary or permanent shifts in the nature of the ecosystem, potentially compromising ecosystem services (e.g., primary and secondary productivity, detritus decomposition, pollination, soil formation, and nutrient uptake and fixation; Truchy et al. 2015). Disturbance regimes can vary in duration and severity, and natural disturbance plays a key role in many ecosystems. Disturbances may be episodic and abrupt in nature, such as a 100-year flood in a riparian wetland, or a wildfire leading to sedimentation following subsequent storms, or they may be more gradual and persistent, such as rising temperatures due to global climate change.    

In addition to natural disturbances, anthropogenic stressors can also directly disrupt ecosystems and threaten services. The “urban stream syndrome” (i.e., consistently observed ecological degradation of streams draining urban land; Walsh et al. 2005) reflects the effects of the variety and interplay of human-caused stressors to streams. Example stressors include flashy hydrographs, elevated concentrations of nutrients and contaminants, altered channel morphology, and reduced biotic richness, with increased dominance of tolerant species. Sources of the stress include urban storm water runoff delivered to streams by hydraulically efficient (engineered) drainage systems, as well as combined or sanitary sewer overflows, wastewater treatment plant effluents, and legacy pollutants (Walsh et al. 2005).

An important goal in protection and restoration of ecological integrity is resilience of the ecosystem, such that disturbances do not permanently curtail the provision of ecosystem services. Ecological resilience is the degree to which an ecosystem can absorb, or withstand, environmental stress or disturbance, and still maintain self-organization (i.e., characteristic structure and function (Holling 1973; Gunderson and Holling 2001, Hodgson et al. 2015)). Resilient ecosystems are those that have the capacity to retain attributes in the face of disturbances. 

In a resilient stream ecosystem, key ecological attributes such as species composition and functional organization, or the range of ecosystem functions performed, remain consistent over long time scales or readily return to pre-disturbance states following perturbations (Hilderbrand and Utz 2015, Figure 2 in Hodgson et al. 2015, see Figure 1, below), thus providing biological integrity (Westman 1978, Karr and Dudley 1981). Oliver et al. (2015) define “resilience” as the degree to which an ecosystem function can resist (or recover rapidly from) environmental perturbations, thereby maintaining function above a socially acceptable level.

[bookmark: _Ref481387532][bookmark: _Ref484678727][bookmark: _Ref481387525][bookmark: _Toc48124977]Figure 1. Upper Boulder Creek in the San Diego River Watershed Pre and Post 2003 Cedar Fire. Bottom photo is pre-2003 fire while the top photo is post-2003 fire.  This reference quality stream had sufficient resilience to this anthropogenic fire disturbance event and was able to recover after multiple years of rainfall flushed excess sediment from the system (San Diego Water Board 2016b).
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Oliver et al. (2015) go on to state that attributes at play at the level of the population down to the individual can all influence ecosystem resilience. Population-level examples include the intrinsic rate of population increase (i.e., species with a high intrinsic rate of increase will recover more quickly from environmental perturbations) and genetic variability (which increases the likelihood that genotypes that are tolerant to a given environmental perturbation will be present in a population—this can include epigenetic effects). Adaptive phenotypic plasticity (which encompasses flexible behavioral or physiological strategies that promote survival, such as thermoregulation) plays a role at the species/individual level. 

Community-level attributes within a single trophic level are also important for determining ecosystem resiliency. One example relates to the interplay between individual resident species’ “response” and “effects” traits, in that a higher correlation between the two results in lower resistance in ecosystem function. Another example is functional redundancy: According to Oliver et al. (2015), when multiple species perform similar functions (i.e., they exhibit some redundancy in their contributions to ecosystem processes), the resistance of an ecosystem function will be higher if those species also have differing responses to environmental perturbations; this is further enhanced in the case of negative spatial and/or temporal covariance (asynchrony) between species’ population sizes, driven by differing responses to environmental change or competition. 

Among trophic levels, interactions between species, such as predation, parasitism, or mutualism, can also have profound effects on ecosystem resilience. For example, extinction cascades can reduce network stability. Highly connected, nested networks dominated by generalized interactions are less susceptible to cascading extinction effects and provide more resistant ecosystem functions in contrast to networks dominated by strong specialized interactions (Oliver et al. 2015).

In summary, an ecologically balanced and resilient community of organisms is needed to ensure that an ecosystem can respond to natural disturbance and withstand and recover from anthropogenic disturbance. 
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The narrative guidance specifically stipulates that the community of organisms have a native species composition, diversity, abundance, and functional organization commensurate with that of unaltered analogous waters.  As discussed above, ecological balance and resilience are critical for maintenance of ecosystem function and support of aquatic-dependent beneficial uses.  Non-native species include those not naturally found within an ecosystem and which have been introduced, intentionally or otherwise, into habitats where they otherwise would be absent (e.g. see Williams and Meffe 1998).  

Impacts of non-native species are well documented in the scientific literature, with a multitude of individual and collective species resulting in drastic changes in ecosystem and biological integrity and functional organization, including causing or contributing to declines in native species, and in some cases extinction (Savidge 1987, Vitousek 1990, Ellison et al. 2005).  

Common examples of especially destructive non-native species in the United States include the tree snake (Boiga irregularis), snakehead (Channidae), quagga and zebra mussels (Dreissena rostriformis bugensis and D. polymorpha), Caulerpa (Caulerpa taxifolia), Asian carp (Cyprinidae), Italian rye grass (Lolium multiﬂorum), and bullfrog (Rana catesbeiana, (Lowe et al. 2000, Orlova et al. 2005, Kupferberg 1997, Huenneke et al. 1990, Herborg et al. 2007).  Damage from non-natives can be so expansive that on February 03, 1999, Executive Order 13112 was signed by President William Clinton to “minimize the spread of invasive non-native species and… protect the assets and security of the United States.”

The presence of non-native species within an ecosystem can be indicative of a non-reference condition, as ecosystems with high native species diversity and richness have been shown to be invasion resistant (“diversity resistance hypothesis,” Stachowicz et al. 1999, Kennedy et al. 2002, Seabloom et al. 2003).  The ability for non-native species to invade an ecosystem and for that invasion to become a success, thus causing subsequent cascading ecosystem impacts, is typically tied to disturbance events (specifically anthropogenic) that reduce native species diversity and competition.  In order for a non-native species to survive and exhibit a positive growth rate, there often must be resources available not used by native species. Such a window of opportunity typically occurs as a result of anthropogenic disturbance, such as deforestation, modified fire regimes, excessive grazing, and modification of hydrology. 

The impact and influence of non-native species can be site-specific and often co-occurs with disturbance.  For example, historic conversion of estuarine mudflat or sandy beach habitat to rocky riprap or hardened structure has allowed for the introduction and proliferation of Sargassum, a non-native brown macroalgae dependent on shallow hard habitat in marine locations sheltered from wave action, such as bays and coves.  In many shallow quiescent southern California marine areas, such as the leeward side of islands, Sargassum outcompetes native algae (Kaplanis et al. 2016).  

In the San Diego Region non-native species have the capability of altering or displacing native species and communities through habitat alteration, competitive displacement, and/or direct removal (e.g. Crooks 1998).  As an example, in riparian systems throughout the Region the giant reed Arundo donax has displaced native riparian vegetation, caused stream hydromodification, increased fire risk, and dewatered streams, all of which have displaced native species and altered the entire ecosystem (Bell 1997).  The impacts from this species have such an extensive impact on human health and wildlife that millions of dollars have been allocated through grants within the San Diego Region for restoration.  For example, on March 09, 2017, the California Department of Fish and Wildlife’s Wildlife Conservation Board granted $2.3 million dollars to the Mission Resource Conservation District for a cooperative project with the La Pata Mitigation Project, Integrated Regional Water Management, U.S. Army Corps of Engineers and local agencies to control 98 acres of Arundo donax on 17.8 river miles in the San Juan, Santa Margarita, San Luis Rey, and San Diego watersheds in Orange and San Diego Counties.             
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This section provides support for the use of a numeric objective for perennial and seasonal streams[footnoteRef:2] (hereinafter referred to as the Stream Biological Objective) in the San Diego Region. The support relies on State of California standardized methods, peer-reviewed assessment tools, and results from two decades of bioassessment evaluation in the Region. [2:  This includes perennial streams that flow year-round and intermittent streams that may flow from a few weeks to months during a typical rainfall year.  The definition for covered streams is discussed in section 4.5. ] 


Under the CWA states may establish numeric water quality objectives where scientifically defensible methods are available (see 40 CFR 131.11(b)).  While California has historically focused on chemical-specific parameters, other states have included numeric biological criteria to protect the biological integrity of beneficial uses associated with fish, wildlife, and other aquatic resources or preserves. For example, the State of Ohio incorporated biological criteria into Ohio Water Quality Standards in 1990 (Ohio Administrative Code 3745-1), and North Carolina utilizes both fish and benthic macroinvertebrates as biocriteria for its streams (North Carolina Administrative Code Title 15A, SubChapter 02B). 

Evaluation of the biological integrity of various surface waters using resident organisms is often referred to as “bioassessment.”  The use of bioassessment can give a better indication of the status of a waterbody and if beneficial uses are being protected or impaired by comparison of site-specific results with those found at defined reference sites.  Bioassessment for wadeable streams in California dates back to 1975, when the California Department of Water Resources began sampling sites in its Northern District.  In 1992, the United States Geological Survey (USGS) and California Department of Fish and Wildlife[footnoteRef:3] (CADFW) began large-scale bioassessment monitoring and method standardization efforts for California.  The State of California has been conducting bioassessment monitoring in the San Diego Region using benthic macroinvertebrates for at least twenty years and soft algae and diatoms for over fourteen (Figure 2, Table 2).     [3:  Formerly the California Department of Fish and Game] 

[bookmark: _Ref471374358][bookmark: _Toc471377824][bookmark: _Toc48124978]Figure 2. Long Canyon Creek, San Diego County. Long Canyon Creek is a long-term reference site that has been sampled by the State of California since 2001.
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The State of California’s Surface Water Ambient Monitoring Program (SWAMP) has developed standard operating procedures for bioassessment field sampling, laboratory identification of specimens, quality assurance/control, data management, and reporting.  The development of biological scoring tools, often referred to as indices or metrics, has been on-going during that time period, with various regional indices developed throughout the State for different organisms such as benthic macroinvertebrates (e.g. Ode et al. 2005, Rehn and Ode 2005, Rehn et al. 2008, Rehn 2010), algae (Blinn and Herbst 2003, Herbst and Blinn 2008, Fetscher et al. 2014), and higher trophic level organisms such as amphibians and/or fish (Moyle and Randall 1996, Moyle and Marchetti 1999).  In 2015 the State of California released a peer-reviewed statewide California Stream Condition Index (CSCI, Mazor et al. 2016[footnoteRef:4]) for assessing the biological condition of wadeable streams throughout the State based on benthic macroinvertebrates.  The CSCI utilizes a combined-reference-site approach to determine the site-specific benthic community expected to be present at any sampled site. The data collected by these programs, and indices developed for benthic macroinvertebrates and algae, serve as the basis for the inclusion of the numeric objective for streams. [4:  See Appendix I for additional documentation details.  Note that the CSCI was accepted and published online in 2015.] 


[bookmark: _Ref471374315][bookmark: _Ref471374311][bookmark: _Toc46835427]Table 2. History of State of California Stream Bioassessment Programs in the San Diego Region
	Agency*
	Program
	Time Period

	SWAMP
	Reference Condition Management Program
	2008 - present

	SWAMP/USEPA
	Perennial Stream Assessment/EMAP/CADFW
	1996 - present


	San Diego Water Board and SWAMP
	Regional Monitoring Programs
	1998 - present

	State and Local Municipalities
	Stormwater Monitoring Coalition
	2009 - present


*Note that different agency sampling programs may sample for different purposes.  Assessment of program data is discussed in Section 5
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The foundation of the proposed Stream Biological Objective relies on the identification of unaltered analogous waters, consistent with the proposed narrative guidance, as a reference point for evaluation of condition (see Section 3.3.2).  This is known as the reference stream approach.

California’s SWAMP has facilitated the reference stream approach by maintaining a long-term data set for benthic macroinvertebrates and benthic algae community composition, in-stream physical habitat, chemistry, and riparian-condition scores based on the California Rapid Assessment Method (CRAM) through the Reference Condition Management Program (RCMP). This program has collected biological data from a network of over 750 reference sites around the State since the program’s inception in 2000, with repeat sampling at subsets of sites over time. RCMP sites are distributed across natural gradients representing different latitudes, elevations, geological settings, flow regimes, etc (Figure 3). The RCMP samples a subset of sites throughout California on an annual basis, and California’s SWAMP periodically assesses reference data collected by the RCMP.

Thus, to the extent that natural gradients influence aquatic community structure, the means are available, through the use of “comparator sites” within the RCMP network, to “subtract” the effects of key gradients of natural variation from test-site bioassessment scores, leaving residual variation as a signal reflective of the degree and nature of anthropogenic stress at play.  In addition to RCMP, the southern California Stormwater Monitoring Coalition (SMC) conducts bioassessment at trend and probabilistic sites throughout southern California on an annual basis. The SMC program randomly selects a subsample of sites that qualify as reference, collecting benthic macroinvertebrates, benthic algae community, in-stream physical habitat, chemistry, and CRAM data.

Reference sites for the RCMP are designated based on filtering them through a suite of criteria primarily related to surrounding land-uses (i.e. using geographic information system (GIS) data), in order to identify those that are minimally disturbed (described in detail in Ode et al. 2016). For the purposes of the Stream Biological Objective in the San Diego Region, the reference pool will continue to be reevaluated and updated over time, as feasible and necessary, as the applicable science and technological tools available for determining reference continue to evolve.

The concept of reference comes into play in two ways that are relevant to the Stream Biological Objective. First, the two components of the CSCI (taxonomic completeness and predicted multi-metric index, Mazor et al. 2016) were both calibrated based on an understanding of benthic macroinvertebrate community composition within the RCMP network of reference sites throughout the State. Second, the Stream Biological Objective for benthic macroinvertebrates is derived from percentiles of the distributions of scores from reference sites within the RCMP network.  Other biological metrics based on stream benthic algae and riparian assessment scores, discussed in Section 4.3 below, also use reference sites and reference site scoring distributions.


[bookmark: _Ref481575956][bookmark: _Toc48124979]Figure 3.  Long-term reference stream bioassessment sites sampled under the Surface Water Ambient Monitoring Program’s Reference Condition Management Program.  Beginning clock-wise from upper left: south coast, central coast, north coast, desert-Modoc. Photos: A. Rehn.
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This technical report provides the support for the San Diego Water Board Basin Plan to be amended to incorporate the following Stream Biological Objective to protect existing beneficial uses:

[bookmark: _Hlk17291610]
Inland surface waters with the COLD or WARM beneficial use, except those meeting one or more definitions in Table TBD1, shall achieve a California Stream Condition Index (CSCI) score equal to or greater than the 10th percentile of the CSCI reference calibration sites (Table TBD2).  

Table TBD1. Inland Surface Waters with COLD or WARM Beneficial Use to Which the Stream Biological Objective Does Not Apply
	Exclusion
	Definition

	Non-Stream Waterbodies 
	[bookmark: _Hlk46139266]Reservoirs, lakes, ponds, vernal pools, and other lentic waterbodies.

	Non-wadeable Stream
Segments
	Stream segments in which depths exceed one (1) meter for at least one half (75 meters) of the entire length of a 150 meter bioassessment sampling reach measured during baseflow conditions.

	Ephemeral  Stream Segments 
	[bookmark: _Hlk45801919]Stream segments that exhibit only ephemeral flow, which is flow that occurs only during or immediately following rainfall events. Ephemeral stream segments do not include stream segments that exhibit four or more consecutive weeks of continuous flow during the period February 1 and October 31 in any year within the previous 10 consecutive yearsbeginning in 1999.

	Hardened Streambed Segments
	Stream segments in which the entire stream channel substrate has been artificially lined with concrete or other impervious materials from toe of bank to toe of bank.




The Stream Biological Objective uses a single threshold for the CSCI.  As the CSCI is a predictive index based on reference condition, thresholds have been set in accordance with the likelihood, or risk, that sites are not reference. The threshold is set at the 10th percentile, with scores above meeting the Stream Biological Objective.  Scores below the 10th percentile show a condition of “likely to be altered” or “very likely altered.” Such sites are considered not in attainment of the objective unless the San Diego Water Board determines, in accordance with State Water Resources Control Board (SWRCB) Resolution 2005-0050, Water Quality Control Policy for Addressing Impaired Waters: Regulatory Structure and Options (Impaired Waters Policy), that site-specific information shows the stream is indeed attaining expected reference condition and low CSCI scores are due to natural factors. This site-specific reference confirmation will rely on additional physical, chemical, and biological scientific information for the stream, as well as substantial evidence on the naturally occurring factors influencing the CSCI score (see sections 4.4.4, 5.4, and 5.5). 

Multiple existing beneficial uses are directly and indirectly protected by the Stream Biological Objective (Table 3). The use of the CSCI as a Stream Biological Objective directly protects the WARM and COLD beneficial uses, which specifically include invertebrates. The Stream Biological Objective also indirectly protects the WILD, BIOL, RARE, MIGR, and SPWN beneficial uses as benthic macroinvertebrates are a critical component of supporting the species or habitats these beneficial uses encompass.

[bookmark: _Ref513462605][bookmark: _Toc46835428]Table 3. Beneficial Uses Directly and Indirectly Protected by the Stream Biological Objective
	Beneficial Use
	Abbreviation
	Description of Beneficial Use

	Warm Freshwater Habitat
	WARM
	support warm water ecosystems, including, but not limited to, preservation or enhancement of aquatic habitats, vegetation, fish or wildlife, including invertebrates

	Cold Freshwater Habitat
	COLD
	support cold water ecosystems, including, but not limited to, preservation or enhancement of aquatic habitats, vegetation, fish or wildlife, including invertebrates

	Wildlife Habitat
	WILD
	support terrestrial ecosystems including, but not limited to, preservation and enhancement of terrestrial habitats, vegetation, wildlife (e.g. mammals, birds, reptiles, amphibians, invertebrates), or wildlife water and food sources

	Preservation of Biological Habitats of Special Significance
	BIOL
	support designated areas or habitats, such as established refuges, parks, sanctuaries, ecological reserves, or Areas of Special Biological Significance, where the preservation of natural resources requires special protection

	Rare, Threatened, or Endangered Species
	RARE
	support habitats necessary, at least in part, for the survival and successful maintenance of plant or animal species established under state or federal law as rare, threatened or endangered

	Migration of Aquatic Organisms
	MIGR
	support habitats necessary for migration, acclimatization between fresh and salt water, or other temporary activities by aquatic organisms, such as anadromous fish 

	Spawning, Reproduction, and/or Early Development
	SPWN
	support high quality habitats suitable for reproduction, early development and sustenance of marine fish and/or cold freshwater fish




[bookmark: _Toc474228000][bookmark: _Toc478622680][bookmark: _Toc481572270][bookmark: _Toc482274670][bookmark: _Toc485817112][bookmark: _Toc516653095][bookmark: _Toc516653332][bookmark: _Toc516653551][bookmark: _Toc535474245][bookmark: _Toc46752834][bookmark: _Toc46753724]Discussion Regarding the Stream Biological Objective
This section discusses the selection of the CSCI, selection of CSCI thresholds based on the concept of reference quality and risk, and the use of additional scientific results, in accordance with the Listing Policy and Impaired Waters Policy, where the cause of a low CSCI score is due to natural conditions[footnoteRef:5] .   [5:  The Impaired Waters Policy defines natural conditions as follows: “Natural conditions alone are incompatible with the Standards: This occurs either when natural background levels of a pollutant exceed water quality objectives, or natural background conditions are incompatible with the beneficial uses assigned in the basin plan, or natural background conditions are degrading the water body.”] 


[bookmark: _Toc535474246][bookmark: _Toc46753725]California Stream Condition Index (CSCI)
The CSCI has been selected as the appropriate index for use as an objective over regionalized indices (e.g. southern California IBI) for benthic macroinvertebrates due to its use of reference as a benchmark, incorporation of natural gradients, allowance for incorporation of new site data over time and space, and use of both species composition and functional organization in determining stream condition.  Utilization of the CSCI as a basis for the Stream Biological Objective to determine stream condition is consistent with the proposed narrative guidance, the intent of the CWA, and Porter-Cologne.

Unlike prior indices of biotic integrity for benthic macroinvertebrates, which rely on evaluation of the community structure based on reference streams in fixed locations at a fixed point in time, the CSCI utilizes a predictive framework to identify reference sites across the State that show similar abiotic properties (e.g. precipitation, elevation, temperature) and thus more similar biological communities.  This predictive approach is used to determine the community of organisms that would be expected to be present (i.e. “taxonomic completeness”), as well as the functional organization of the community, under the assumption of minimal anthropogenic stress.  

The pool of reference sites can be augmented by the State or other interested entities (e.g. Stormwater Monitoring Coalition, NGOs), and can include repeated sampling over time at selected sites, which will both increase precision and allow for incorporation of predicted reference condition change over time if influenced by external factors, such as climate change.  The State of California also maintains a stream bioassessment Reference Condition Management Program that annually monitors qualifying reference sites, including in the San Diego Region. 

[bookmark: _Toc46753726]CSCI Reference Quality
As discussed previously (section 3.3.2), the definition of “reference” and identification of reference stream reaches by the State are critical components in beneficial use evaluation using the Stream Biological Objective.  The misidentification of sites as reference and their inclusion within the CSCI development process would theoretically result in reference site score distributions not as indicative of a condition of “true reference.”  The CSCI development process defined specific criteria for selection of sampling reaches that met the reference definition (see Ode et al. 2016), which was based on high-resolution ad-hoc landuse and attribute mapping in GIS and screening in order to achieve a balance “between environmental representativeness and biological integrity…sufficient to support robust regulatory applications” (Ode et al. 2016).  The metric screens used in the CSCI development and by the RCMP are intended to ensure that most types of anthropogenic activity that could impact stream condition are kept to a minimal level, though some activities are not captured by land-use geographic metrics and are therefore not included in screening.  These include discrete activities not captured at larger scales (discussed below) and some larger anthropogenic impacts, such as atmospheric deposition, that can impact sensitive species and beneficial uses (e.g. Fellers et al. 2004, Smalling et al. 2013). 

Larger-scale reference screening for CSCI development sites and continued RCMP monitoring is followed by an “on-the-ground” post-hoc validation conducted by trained sampling crews. A trained crew can flag a sampling reach in a database as not meeting reference criteria based on field observations.  Sampling reaches that have passed through the GIS screens for reference can still be excluded from reference for a variety of reasons, including, but not limited to, flow diversions, unmapped roads and crossings, mining operations, and fire events, as flagged and documented by sampling crews. However, there are smaller unmapped anthropogenic alterations that may occur in a stream’s tributary watershed that may not be reliably excluded from reference by either the GIS mapping or the field crew observations. These include activities such as illegal grazing, unauthorized marijuana cultivation, unpermitted upstream crossings, and illegal mining.  These activities can, unknown to scientists or the sampling crew, impact the benthic community sampled which results in that site’s incorrect inclusion within the “reference” pool of sites.

As an example, long-term flow monitoring of streams has revealed the presence of otherwise undocumented flow diversions, including in reaches that would otherwise qualify as reference based on GIS land use mapping (Mazor et al. 2014).  In addition, information provided by law enforcement agencies has identified potential impacts associated with illegal marijuana cultivation in otherwise reference-quality watersheds, including wilderness areas in the San Diego Region (Figure 4). Such anthropogenic activities, if known, would result in these streams potentially not being treated as reference due to possible sources of pollution and flow modification associated with these activities.  In some cases, however, such non-reference reaches are sampled and unwittingly included in the reference pool.  When available, additional information, even if acquired post-sampling, should be considered for possible reclassification of reference sites for future sampling.  
It is important to note that the step-wise approach for identifying reference sites results in potential unidirectional bias, with some reference sites potentially included in metric development (e.g. CSCI) that are non-reference.  It is also possible for some potential reference sites to be erroneously excluded from the State reference pool by inaccurate screening.  While the existing statewide reference network has a robust sample size and replication maintained by the State and cooperative agencies, the exclusion of sites can un-necessarily limit the size of the reference pool, and future site reference screening and updates to the CSCI by the State will likely include consideration of sites that may be erroneously screened out on a site-by-site basis due to incorrect or outdated land use data.  This can increase CSCI score confidence and precision ever further over time, further improving the threshold identified for the Stream Biological Objective, which can be updated in future Basin Plan amendments (see section 4.4.3 below for additional discussion on CSCI threshold selection).



[bookmark: _Ref471375069][bookmark: _Toc471377825][bookmark: _Toc48124980]Figure 4.  Map of Illegal Marijuana Grow Sites in Cleveland National Forest, including the San Mateo Wilderness (2010). Location of National Forest lands denoted by red areas within inset map.
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[bookmark: _Toc535474248][bookmark: _Toc46753727]4.4.3	Selection of the CSCI Threshold
The selection of index scoring thresholds to identify impacts associated with natural and/or anthropogenic disturbance is an important component of the use of any conditional index.  As the CSCI is a predictive index based on reference condition, the threshold has been set in accordance with the likelihood, or risk, that sites are not reference.  As discussed in section 4.4.2 above, reaches identified as reference-quality for the CSCI meet a minimum level of screening for anthropogenic alteration; however, due to imperfect knowledge about all stressors potentially at play, some seemingly reference reaches may actually be more than just minimally disturbed, and may not truly qualify as reference for the purposes of setting a numeric biological objective.  In addition, some site-specific, naturally occurring stressors may not be wholly represented in the reference dataset.  Due to this uncertainty, the 10th percentile is used as a threshold for the CSCI, with the inclusion of evaluation of compliance, at the discretion of the San Diego Water Board, where naturally occurring factors may suppress a stream’s CSCI score (Mazor et al. 2016, Figure 5).
[bookmark: _Ref484678735][bookmark: _Toc48124981]Figure 5.  Distribution of California Stream Condition Index scores at reference calibration sites used to set thresholds in Mazor et al. 2016. Colors denote thresholds at the 1st and 10th percentiles (0.63 and 0.79, respectively).
[image: C:\Users\cloflen\Desktop\Refhist.jpeg]
The 10th percentile was selected as a threshold to add certainty, incorporate a margin of safety, and reduce risk associated with mis-identification of stream reaches as being of “reference” quality given the uncertainty around the misidentification of sites in the reference pool.  The 10th percentile is the threshold designated by the creators of the CSCI (Mazor et al. 2016) as indicative of a threshold state that, when scoring below, is “likely to be altered” or “very likely to be altered,” implying relatively low confidence that reaches with such scores below 0.79 qualify as reference quality condition.  In addition, analysis of statewide CSCI results by CSCI authors has identified sites below the 10th percentile threshold as being in “poor” condition (Rehn 2016).  For the Stream Biological Objective, the selection of the 10th percentile as the threshold was based on this designation by the CSCI authors, combined with the likelihood that the reach does not represent comparability to a “true” minimally disturbed reference condition. 

The use of the 10th percentile (vis-a-vis 90th percentile) is common throughout the literature and across ecosystem types for data standardization, index development, ecological condition evaluations, setting standards, and environmental risk assessment (USEPA 1992a, Van Dolah 1999, Snyder et al. 2003, Hawkins 2006, Borja et al. 2008) including for existing numeric objectives in the San Diego Water Board Basin Plan (San Diego Water Board 2016c).  For example, when updating human health criteria for drinking water and fish consumption in 2015, USEPA used the upper 90th percentile consumption rate for drinking water and fish tissue to represent the general U.S. adult population (USEPA 2015). 

Scores used for integrity evaluations associated with other biological condition indices are also classified as “degraded” based on the quality of reference sites, with the 25th or 10th percentile (as a wide margin of safety) used in states and regions with greater anthropogenic stressors and fewer minimally disturbed reference reaches, or the 1st or 5th percentile where higher-quality and higher-confidence reference reaches are available for index development (see discussion in Pont et al. 2009). 

The CSCI Stream Biological Objective has been set at the 10th percentile of the reference distribution, based on the rationale that, for reaches scoring below the 10th percentile, there is estimated to be 10 percent chance or less that they are truly representative of reference condition if, and only if, every single one of the reference sites in the CSCI development dataset themselves were 100 percent truly representative of reference condition.  However, the current reference screening in Ode et al. 2016 does not provide 100 percent assurance that all sites sampled as reference and used in CSCI development were truly representative of reference. Thus, the Stream Biological Objective uses the 10th percentile to incorporate a margin of safety and as an estimated evaluation of risk associated with uncertainty in the true representativeness of the reference site pool.  This is also consistent with recommendations for ecological risk assessments (see USEPA 1992b).  

Setting the 10th percentile as a threshold provides for a margin of safety that the Stream Biological Objective is protective of reference biological condition.  However, as discussed above, there is a low probability that sites scoring below the 10th percentiles are indeed scoring similar to reference, except for in very rare cases where streams may have naturally occurring stressors that are not well represented in the reference pool.  Thus, for those reaches that score below the 10th percentile of the CSCI reference distribution, the San Diego Water Board may, at its discretion, utilize site-specific additional physical, chemical, and biological information on the stream (described below) to assess if the stream is truly like reference, thus preventing a “false positive” that a stream is unlike reference. This process will occur in accordance with the Listing Policy and Impaired Waters Policy (see sections 4.4.4, 5.4, and 5.5).  

Establishing a CSCI threshold at the 10th percentile of the CSCI reference distribution also presents a risk of a “false negative.”  A false negative would occur when a stream reach meets the CSCI threshold but may not be achieving the best attainable condition for the WARM and/or COLD beneficial use(s).  A number of metrics and tools are available to assess the potential for improving streams that already meet the numeric threshold, such as other indices of stream integrity (e.g. Fetscher et al. 2014, Rehn et al. 2018) and worst-case scenario modeling to evaluate the potential stream condition using sites that are similar in terms of presumed unmitigated landscape scale stressors (e.g. Beck et al. 2019), or using rapid assessment methods at sites above the threshold to evaluate restoration potential (e.g. Gillett et al. 2019, Beck et al. 2019b).  Akin to the “false positive” approach, the San Diego Water Board may use these metrics and tools and additional information (e.g. section 4.4.4 below) to help identify “false negative” sites.[footnoteRef:6]  It is important to note that the San Diego Water Board, in identifying these tools as potential implementation tools, is not endorsing  their use for future setting of biological water quality objectives. [6:  The Stream Biological Objective does not identify “false negatives” as impaired.  However, the identification of potential improvements in stream condition for the CSCI, or other stream integrity metrics, may be utilized in program implementation (Section 5) using non-regulatory mechanisms or may be used voluntarily as part of regulatory programs. ] 


0. [bookmark: _Toc535474249][bookmark: _Toc46753728]Scientific Reference Confirmation Approach
If the CSCI score for a given sampling reach is greater than the 10th percentile of the distribution of scores among reference sites, then no other information is needed in order for the reach to be considered “not degraded” (i.e., attaining the Stream Biological Objective). Likewise, if the CSCI score is less than the 10th percentile, it is considered degraded. 

[bookmark: _Hlk38450025]However, for those streams with CSCI scores below the 10th percentile of the reference distribution, the San Diego Water Board may, when given significant reason, consider other scientific results for a stream’s biological, physical, and chemical condition as an alternative analytical method to showthat the site is truly similar to reference. This consideration is done at the discretion of the San Diego Water Board, in accordance with the Listing Policy and Impaired Waters Policy, and will be specific to where evidence is presented, to the satisfaction of the San Diego Water Board, that the cause of a low CSCI score is due to natural conditions.  Thus, conducting the determination will first be predicated on evidence that natural factors have suppressed the CSCI score, and that these natural factors thus preclude the accuracy of the CSCI in predicting reference condition.  For those waters where a determination may result in a recommendation for site-specific objectives in accordance with the Impaired Waters Policy, that determination will be considered in the triennial Basin Plan review process (see sections 5.4 and 5.5).  

Where the San Diego Water Board conducts this determination, the San Diego Water Board will use all relevant and scientifically valid physical, chemical, and biological condition information (discussed below) for the stream.  This can include, but may not be limited to, indices of biotic integrity (or equivalent) for benthic algae, results from water column and sediment acute and chronic toxicity assays, chemical-based water quality objectives related to aquatic life, and physical habitat condition, such as using the Index of Physical Habitat Integrity (IPI, Rehn et al. 2018) or CRAM Scores (Physical and Biotic Structure) as discussed below.  Examples of sites evaluated using such relevant and scientifically valid information are included as Figures 7 and 8.

This approach is consistent with the recommendations of USEPA, which considers toxicity, chemistry, and biology as independently applicable when evaluating if water quality standards are met, and states that “appropriate action should be taken when any of the three types of assessment determines that the standard is not attained” (USEPA 1991).  USEPA also “encourages States to implement and integrate all three approaches into their water quality control programs and apply them in combination or independently as site-specific conditions and assessment objectives dictate” and also include considerations for habitat condition (USEPA 1991).

[bookmark: _Hlk527642501]As furtherbiological, physical, and chemical science is developed, the San Diego Water Board may consider using such methods, tools, and results when making a determination of similarity to reference condition (e.g. Goldberg et al. 2011, Maruya et al. 2013, Mehinto et al. 2016, Macher et al. 2016, Hering et al. 2018).

Naturally Occurring Factors
Consideration of other scientific results may be conducted when evidence is presented, to the satisfaction of the San Diego Water Board, that the cause of a low CSCI score is due to natural conditions. The San Diego Water Board does not expect to conduct this evaluation at every site that does not meet the Stream Biological Objective. The reason for this is two-fold:

1) The majority of streams subject to the Stream Biological Objective are well represented by reference sites in the CSCI’s reference data pool. 

2) There are a limited number of natural disturbance events/factors that may suppress CSCI scores. 

The CSCI incorporates a wide range of reference sites that incorporate wide environmental gradients, including site elevation, ecoregion, slope, and other natural factors (see Olson and Hawkins, Mazor et al. 2016).  This provides a reasonable level of assurance that a sampled stream is well represented by the CSCI due to the inclusion and evaluation of natural factors in the CSCI’s development.  However, it is possible that a sampled site has site-specific natural stressors that are not well represented in the CSCI reference pool, and theoretically this may have the potential to result in suppressed CSCI scores.  In addition, sites that are well represented in the reference pool may experience natural disturbance that results in suppressed CSCI scores (e.g. Hawkins and Sedell 1990).  In such cases, the resulting CSCI score may not be representative of the reference-quality condition of a stream due to naturally occurring factors.   

As an example, in the County of San Diego some groundwater contains naturally high levels of radionuclides and total dissolved solids (County of San Diego 2010, City of San Diego 2015a), and these naturally occurring pollutants may impact benthic macroinvertebrate communities where they naturally occur in streams through unaltered ground-surface water interactions.  Anthropogenic modification that results in the unnatural presence of an otherwise naturally occurring factor or stressor that impacts CSCI scores will not be considered due to “natural conditions.”  Where significant scientific evidence is submitted to the San Diego Water Board in this regard then the San Diego Water Board may, at its discretion, conduct an evaluation and determination for applicable sites that do not meet the 10th percentile threshold in accordance with the Listing Policy and Impaired Waters Policy.  The compliance and regulatory process for implementation of this aspect of the objective is discussed in Section 5 of this report.

Scientific Biological Condition Information 
Scientific biological condition information may be used by the San Diego Water Board, to determine if streams scoring below 10th percentile are truly representative of expected reference condition and demonstrate attainment of aquatic-life Beneficial Uses.  Biological condition information for other organisms can provide degradation information that is directly or indirectly linked to benthic macroinvertebrates, thus providing information that can be used in accordance with the Listing Policy and Impaired Waters Policy. 

For example, other portions of the State of California, and other states, have developed specific metrics and indices of biotic integrity for other organisms, such as amphibians and fish, which are often used with or in addition to benthic macroinvertebrates to assess biological integrity (e.g. Moyle and Randall 1996, Hughes et al. 1998, Klauda et al. 1998, Moyle and Marchetti 1999, Nerbonne and Vondracek 2001, Marzin et al. 2014).  For streams covered by the Stream Biological Objective in the San Diego Region, stream benthic algae are a primary example of relevant and scientifically valid information available for consideration when confirming the attainment or non-attainment of the biological uses for site-specific objective development. 

Stream benthic algae (“algae”) provide strong confirmation information for attainment or non-attainment of aquatic-life Beneficial Uses as algae community structure reflects impacts to a stream over time, are sensitive to changes in water chemistry (e.g. nutrients; Rehn 2016), and may provide a faster response to anthropogenic alteration and restoration than benthic macroinvertebrates (Parkyn et al. 2010).  However, benthic algae may be less responsive to anthropogenic stressors associated with in-stream physical habitat degradation, which can limit their independent use to confirm beneficial use attainment (Rehn 2016).  Peer-reviewed published indices of biotic integrity are available and used for assessment purposes in southern California for diatoms and soft algae, including cyanobacteria (Fetscher et al. 2014, e.g. Table 1-1 in SMC 2015).  While not a predictive index akin to the CSCI, the indices utilize the same reference pool used for CSCI development, plus an additional number of non-perennial stream reaches.  An algae stream condition index (“ASCI”) is currently under development statewide and is expected to be available to supplement or replace the existing indices if needed.  In addition, a State of California Standard Operating Procedure (SOP) has been written for collection of algae alongside benthic macroinvertebrates (Ode et al. 2016b).         

Scientific Physical Habitat Condition Information
Scientific stream physical condition information may be used by the San Diego Water Board to determine if streams scoring below the 10th percentile are truly representative of expected reference condition.  The physical condition of streams is directly linked to beneficial uses and benthic macroinvertebrates, as the physical habitat is the living space, and often food source, for living biota (Wallace et al. 1997, Kaufmann et al. 1999, Maddock 1999, Herbst et al. 2012, Herbst et al. 2016).  As a result, habitat alteration may result in significantly higher impacts on benthic community condition than using chemical water quality objectives alone (see Hall et al. 2013).  A stream’s overall physical habitat integrity and alteration is directly linked to attainment of the Stream Biological Objective and is an important component of waterbody assessment for regulatory purposes (e.g. Integrated Reporting under the CWA, see section 5.4, San Diego Water Board 2016). For the Stream Biological Objective, physical habitat metrics associated with the stream, such as those in CRAM, are an example of relevant and scientifically valid physical information for consideration in accordance with the Listing Policy and Impaired Waters Policy.

Multiple physical habitat metrics and assessment tools are available for streams, including assessment tools like the Hydrogeomorphic Approach (HGM, Brinson et al. 1995). More recent habitat metrics include CRAM and a physical habitat index of physical habitat integrity (“IPI”, Rehn et al. 2018).  CRAM is a USEPA Level 2 tool that involves a semi-quantitative assessment of multiple attributes of habitat condition for streams and other types of wetlands (Sutula et al. 2006, Stein et al. 2009, CWMW 2013).  These include an overall score, a buffer and landscape score, a hydrologic connectivity score, a physical structure score, and a biotic structure score.  For CRAM the stream reach’s hydrologic, physical, and biotic structure attributes may be used (e.g. Rehn 2016) to determine a stream’s likelihood of degraded conditions and thus confirmation of the attainment or non-attainment of the Stream Biological Objective.  The IPI is a more prescriptive USEPA Level 3 tool that uses quantitative habitat protocol data collected as part of stream bioassessment to assess the in-stream physical habitat condition.  Akin to the CSCI, the IPI uses a predictive approach to assess how similar the physical habitat in a stream is to reference-quality streams.  IPI scores incorporate multiple physical habitat metrics and thus can be used to determine a stream’s likelihood of degraded condition.

Additional metrics to assess physical stream condition, such as for hydrologic alteration (or “hydromodification”) are in various phases of scientific research, development, and metric tool use availability (Stein et al. 2017a), with general assessment tools available, as well as guidance on conducting watershed-specific assessment.  These additional metrics would be appropriate for use in place of or in conjunction with CRAM and the IPI.  Sites with no evidence of degraded conditions as confirmed by benthic algae, toxicity, and water chemistry results, but with evidence of physical habitat alteration that is impacting benthic macroinvertebrates are good candidates for physical habitat restoration.     

Scientific Chemical Condition Information
Scientific chemical condition information may be used by the San Diego Water Board to determine if streams scoring below the 10th percentile are truly representative of expected reference condition.  

Standardized lab toxicity testing using test organisms representative of stream systems provides additional evidence regarding the attainment or non-attainment of the beneficial use.  Toxicity testing can provide a high confidence of non-attainment, thus confirming non-attainment, as it is a more direct measurement of the acute and chronic impact from the chemical conditions present in a stream system and their impacts on resident benthic macroinvertebrates (Weston et al. 2014, Phillips et al. 2016).  Furthermore, evaluation of statewide site-specific toxicity data relative to CSCI scores shows the utility of toxicity testing to determine beneficial use attainment (Phillips et al. 2016, Figure 6). 

Whereas a positive toxicity result can be a robust indication that beneficial uses are not being attained, a failure to detect toxicity is less definitive.  Lab-based toxicity testing can take multiple forms (chronic, acute), in multiple matrices (sediment, water), and on multiple organism types (invertebrates, vertebrates).  Thus, while observed significant toxicity in a sample provides confirmation of non-attainment, observed failure to detect toxicity may occur due to an incorrect test, test organism, matrix, or use of culture conditions that are not representative of field conditions.  For example, toxicity testing should be conducted at representative stream temperatures using organism(s) sensitive to the toxicants expected to be present to prevent potential toxicity from being undetected (Anderson et al. 2012, Weston et al. 2009).  In addition, sampling the wrong matrix (e.g. water column instead of sediment) ) or time (e.g. dry weather vs. storm water) can “miss” the presence of certain pollutants and toxicity effects, such as  pesticides (Gillett et al. in preparation, City of San Diego 2015b, Batikian et al. 2019).  Lastly, toxicity testing does not test for longer-term sublethal impacts on stream biota.

[bookmark: _Ref504470105][bookmark: _Ref474141435][bookmark: _Toc48124982]Figure 6. From Phillips et al. 2016.  Relationship between the percent survival of amphipods in laboratory sediment toxicity tests and sediment concentrations of total pyrethroids compared to measures of CSCI at sites at or within 500 meters of sediment collection. Sites with observed toxicity below 80 percent survival or with elevated toxic units were found to have poor benthic community scores.  
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Relevant aquatic-life-associated water quality objectives for conventional and toxicant pollutants may also be used as information to evaluate the attainment or non-attainment of beneficial uses.  Water or sediment samples taken over multiple years, or multiple samples taken during a single bioassessment sampling index period that exceed water quality objectives for one or more parameters potentially impacting the benthic macroinvertebrate community[footnoteRef:7] provide strong evidence for non-attainment of the beneficial use (unless such parameters are determined by the San Diego Water Board to be naturally occurring).   [7:  Water quality objectives based upon the protection of aquatic life, not water quality objectives established to protect human health (e.g. maximum contaminant levels, indicator bacteria).] 


Like toxicity testing, water quality objectives for conventional and toxicant pollutants may provide a more robust confirmation of non-attainment.  However, the testing and comparison of individual chemical parameters to water quality objectives may not detect cumulative effects from chemical mixtures, impacts from mass loading of a pollutant, or may simply “miss” or misrepresent the presence of pollutants due to the ephemeral nature of collecting water samples in flowing streams (Vighi et al. 2003, Skeffington et al. 2015).  There also may be pollutants for which no water quality objectives or other criteria are available.  In addition, water quality objectives may be overly or under-protective of the beneficial uses they are intending to protect, and site-specific natural factors may influence perceived impacts (e.g. USEPA 1997a).  It is expected that biological objectives will, over time, provide a basis for the updating of relevant chemistry-based water quality objectives on a site-specific, watershed, or regional scale.
[bookmark: _Toc471377826]
 
[bookmark: _Toc48124983]Figure 7.  Upper San Juan Creek (Status: non-reference, CSCI: 0.69).  This site’s CSCI score places it below the 10th percentile of the reference distribution, which does not meet the Stream Biological Objective.  The San Diego Water Board may, at its discretion and in accordance with Listing Policy and Impaired Waters Policy, consider additional biological, physical, and chemical relevant scientific information to determine if this stream is similar to reference.  Sampling results show the site scores similar to reference for algal IBIs (Fetscher et al. 2014, SMC 2015), the IPI (Rehn et al. 2018), and CRAM, with a combined diatom and soft algal hybrid (“H20”) score of 72, IPI score of 1.08, and CRAM scores of 92/88/100.  No evidence of toxicity was present, with 100 percent survival of Ceriodaphnia dubia. Chemistry water quality objectives were not exceeded at this site.  There is evidence this site may have a naturally occurring low CSCI score as scientific information on the biological, physical, and chemical condition of the stream show attainment of the beneficial use. Photo: SMC. 
[image: http://www.waterboards.ca.gov/water_issues/programs/swamp/bioassessment/images/csci_scores_map/smc00313.jpg]
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[bookmark: _Toc48124984]Figure 8.  Lower Forrester Creek (Status: non-reference, CSCI: 0.72).  This site’s CSCI score places it below the 10th percentile of the reference distribution, which does not meet the Stream Biological Objective.  The San Diego Water Board may, at its discretion and in accordance with the Listing Policy and Impaired Waters Policy, consider additional biological, physical, and chemical relevant scientific information to determine if this stream is similar to reference.  Sampling results for algae were very poor with scores of 36/100 for diatoms and 3/100 for soft algae (Fetscher et al. 2014, SMC 2015).  Sediment toxicity results were significantly positive for toxicity, with 0-10 percent 10-day survival rates for Hyalella azteca. CRAM results were within reference expectations with Hydrologic/Physical/Biotic attributes scoring 75/69/75, all above the 10th percentile of reference (SMC 2015).  Despite scientific information (CRAM results) on the physical condition showing the site to be similar to reference, biological and chemical information shows the stream is in non-attainment.  Chemistry results point to elevated nutrients as well as pesticides as pollutants of concern. Photo: C. Turpe.
[image: C:\Users\cloflen\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\SAXKDNQK\FC Natural Wetland Upstream after rain 01.jpg]
[bookmark: _Toc474228001][bookmark: _Toc478622681][bookmark: _Toc481572271][bookmark: _Toc482274671][bookmark: _Toc485817113][bookmark: _Ref513453556][bookmark: _Toc516653096][bookmark: _Toc516653333][bookmark: _Toc516653552][bookmark: _Toc535474250][bookmark: _Toc46752835][bookmark: _Toc46753729] Waterbodies to which the Stream Biological Objective Applies

The Stream Biological Objective includes all inland surface waters and provides specific exclusion language for waters that are not perennial and seasonal streams (lentic waterbodies), as well as for specific stream segments of perennial and seasonal streams for which the CSCI is not appropriate as a water quality objective at this time.  The Stream Biological Objective definition uses the general term “stream” to represent wadeable perennial and seasonal streams, rivers, and creeks with the COLD or WARM beneficial use, and that can be successfully sampled for benthic macroinvertebrates using the State of California SOP (Ode et al. 2016b, see below discussion in 4.5.1) for CSCI calculation. The table for exclusions is as follows:

Table TBD1. Inland Surface Waters with COLD or WARM Beneficial Use to Which the Stream Biological Objective Does Not Apply
	Exclusion
	Definition

	Non-Stream Waterbodies 
	Reservoirs, lakes, ponds, vernal pools, and other lentic waterbodies.

	Non-wadeable Stream
Segments
	Stream segments in which depths exceed one (1) meter for at least one half (75 meters) of the entire length of a 150 meter bioassessment sampling reach measured during baseflow conditions.

	Ephemeral  Stream Segments 
	Stream segments that exhibit only ephemeral flow, which is flow that occurs only during or immediately following rainfall events. Ephemeral stream segments do not include stream segments that exhibit four or more consecutive weeks of continuous flow during the period February 1 and October 31 in any year  within the previous 10 consecutive years beginning in 1999. 

	Hardened Streambed Segments
	Stream segments in which the entire stream channel substrate has been artificially lined with concrete or other impervious materials from toe of bank to toe of bank.



[bookmark: _Toc26192271][bookmark: _Toc46753730]Seasonal Stream Applicability and Exclusions for Ephemeral and Non-wadeable Stream Segments

Research by the CSCI’s authors (Mazor et al. 2014, Mazor, Rehn, and Stein in Mazor et al. 2015, Figure 9, Figure 10) that occurred up to and simultaneous to the CSCI’s publication found that the CSCI and sampling protocols overwhelmingly work for seasonally intermittent streams (“seasonal streams”) in the San Diego Region.  The authors found that “as long as a stream can be successfully sampled with standard protocols, it can be successfully assessed with standard indices” (the CSCI, Mazor et al. 2015).   Thus, both perennial and regularly seasonal intermittent streams can be sampled for the CSCI.  The CSCI scores represent biological integrity in perennial and seasonal streams. 

[bookmark: _Ref524328671][bookmark: _Toc48124985]Figure 9 (from Mazor et al. 2015).  Comparison of CSCI distributions at perennial and seasonal (nonperennial) reference sites in the San Diego Region (R9) and for perennial reference sites across southern California.  CSCI scores showed no bias against seasonal streams. 
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[bookmark: _Ref510089552][bookmark: _Toc48124986]Figure 10.  Examples of seasonal stream flow regimes at reference (Ode et al. 2016) streams used for the development of the CSCI (Mazor et al. 2016) and sampled by the State of California’s Surface Water Ambient Monitoring Program. Indian Creek and Sweetwater River are located in the San Diego Region and both exhibit seasonal flows during drought (2015, 2016) and elevated (2017) rainfall years.  Indian Creek lacked surface flows during 2015, which was the second straight year of exceptional drought for the Region. Note 2017 was an atypically high rainfall year that brought the region out of drought status.
[image: ]



This result is consistent with the findings from on-going stream bioassessment work associated with Mazor et al. 2015, which has found that while the CSCI was developed for so-called “perennial” streams, the majority of streams used for index development were not monitored to confirm the assumed perennial hydrologic condition.  Instead, streams were sampled if they had sufficient flow to meet State of California SOPs for conducting bioassessment during the site visit, with sampling occurring from March 1 through October 31, though typically between May and July (see Appendix I). In addition, the CSCI developmental dataset includes data from San Diego Region reference sites that spans drought years (e.g. 2002, 2007, Figure 11), when streams were likely seasonal. 

[bookmark: _Ref524328874][bookmark: _Toc48124987]Figure 11. From SDCWA 2018.  Rainfall records from the San Diego Region near reference sites used in CSCI development. 
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As shown in Figure 10 and Figure 12, more recent flow sampling of reference bioassessment sites by SWAMP, including those used in CSCI development and calibration, has documented that many streams used in development were, in fact, not perennial but seasonally intermittent streams that flow for short durations during spring and early summer on an annual basis. Some streams had a complete lack of flow due to extreme drought years (e.g. 2013-2015, Figure 10 and Figure 13), though this did not preclude the use of the CSCI in prior or following years to accurately predict similarity to reference. Thus, the definition of seasonal streams also includes those streams that may not naturally flow during severe, exceptional, or extreme drought.

As a result, the CSCI, and the Stream Biological Objective as defined, is suitable to apply to streams that are perennial or seasonally intermittent, using a minimum expected flow requirement for sampling.  Mazor et al. 2015 used and recommends using a minimum 4-week sampling delay period from both the onset of stream flow and/or from the last major storm “re-setting” event (see below for discussion of delay from scour event).  This 4-week minimum flow duration requirement has been combined with the CSCI development reference site sampling period beginning March 1 through October 31 to insure the objective (CSCI) applies to representative streams from Mazor et al. 2015 and 2016 (sampling beginning on March 1 would need at least 4 prior weeks of flow, resulting in a flow evaluation start date of February 1 for the objective applicability). Seasonal stream segments which do not meet these criteria are considered to be ephemeral stream segments and, as the CSCI is not intended to apply to stream segments that exhibit ephemeral flows, these stream segments are excluded from the Stream Biological Objective.  The Stream Biological Objective uses the year 1999 to establish the earliest time periodprior ten consecutive years for evaluation of a seasonal stream segment as ephemeral, as this time period represents the earliest time period for bioassessment data used in CSCI development (Mazor et al. 2016)will allow for the evaluation of changes in hydrology over time due to climate change.  Many stream segments in the San Diego region are ephemeral, even during non-drought years, only flowing for short time periods during and following (e.g. 24-48 hours) rainfall events, and lacking connectivity to groundwater to allow for sustained surface flows beyond storm event response (e.g. see USEPA 2008c).  While specifically excluded from the Stream Biological Objective, current efforts are focused on conducting representative biological assessment sampling of ephemeral streams during their dry phase to evaluate condition (Mazor et al. 2017).        


For the Stream Biological Objective, samples should be collected when streams are at or near base flow (i.e., not influenced by storm runoff), as sudden flow increases can displace benthic organisms from the stream bottom and dramatically alter local community composition (Ode et al. 2016b). State of California approved methods require sampling be carried out at least two, and preferably, three weeks after any storm event that has generated enough stream power to mobilize cobbles and sand/silt capable of scouring stream substrates (Ode et al. 2016b). Section 1.4 in Ode et al. (2016b) provides tips on how to evaluate a sampling reach for recent scour. Two to three weeks will usually allow time for benthic fauna and algae to recolonize scoured surfaces (Kelly et al. 1998; Stevenson and Bahls in Barbour et al. 1999). As specified in the State of California SOP, the time of delay from a scouring event to the acceptable window for sampling will depend on a stream’s environmental setting, time of year, and that season’s timing of storm events.  Mazor et al. 2015 recommends a 4 week delay for streams in the San Diego Region, and also provides additional recommendations for stream flow assessment (e.g. see Table 4).

A reach is also considered sampleable per Ode et al. (2016b) if at least half of the reach has a wetted width of at least 0.3 m (the width of a D-frame net) and there are no more than three transects that are completely dry within the monitoring reach at the time of assessment. If more than three transects are completely dry, then the stream reach should not be sampled; however, if the monitoring program allows it, the reach may be shifted in order to reduce the number of dry transects, thus allowing the shifted reach to be sampled. Stream segments that are non-wadeable due to depth have been excluded from the Stream Biological Objective. The wadeability limitation is determined by the practical ability to safely obtain a consistent sample of the benthic community from a reach as prescribed by the SOP. In general, a reach is considered wadeable if the thalweg is less than one-meter-deep for at least half the length of the reach.  For purposes of the Stream Biological Objective, non-wadeable streams, failing to meet this measure, are excluded from the Stream Biological Objective.  While largely not applicable in the San Diego Region, the wadeability limitation can preclude the sampling of portions of large rivers in certain parts of the state (e.g. American, Sacramento, and Owens River).

[bookmark: _Ref484501329][bookmark: _Ref473265387][bookmark: _Toc46835429]Table 4 (from Mazor et al. 2015).  Typical sampling periods at different types of streams.[footnoteRef:8] A non-perennial stream is not an ephemeral stream, for the purpose of the objective.
 [8:  For the purposes of the Stream Biological Objective (as applicable), non-perennial and perennial streams are wadeable streams.   Non-wadeable streams, as defined in the objective, are excluded.] 

	Scenario
	Typical sampling period

	Nonperennial stream in a typical year
	March 1 through May 1

	Nonperennial stream in a dry year
	February 15 through April 15

	Nonperennial stream in a wet year
	April 15 through July 15

	Perennial stream in a typical year
	May 15 through July 15

	Perennial stream in a dry year
	April 15 through June 15

	Perennial or high-elevation stream in wet year*
	June 15 through August 15


* (where snow or meltwater is a concern)





[bookmark: _Ref510089509][bookmark: _Toc48124988]Figure 12.  Stream flows and CSCI Scores at Upper Bell Creek, Orange County.  Upper Bell Creek was sampled as part of the State of California’s Surface Water Ambient Monitoring Program, passes State of California reference screens (Ode et al. 2016), has a seasonally intermittent flow regime, and consistently scores as reference-condition using the CSCI. Note that drought conditions in 2014 and 2015 reduced the duration of baseflows but did not impact the ability to sample or reduce the CSCI score.  Note 2017 was an atypically high rainfall year.
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[bookmark: _Ref524329208][bookmark: _Toc48124989]Figure 13.  From: State of California 2016-2017 Budget.  Drought rating intensity from 2011 to 2015.  The San Diego Region underwent severe and extreme drought from 2013-2015, which reduced many stream baseflows (see Figures 10 and 11).
[image: ]

[bookmark: _Toc26192272]Applicability to Physically Hardened Streambed Segments
As proposed, the Stream Biological Objective does not apply to those stream segments whose stream substrate (aka bottom, substratum) has been physically hardened (lined) by humans with concrete or other impervious materials, from bank to bank (hereinafter referred to as hardened streambed segments).  While hardened streambed segments can and have been assessed using the CSCI, there is insufficient data concerning timetables by which such stream segments could be restored to achieve the Stream Biological Objective.  For this reason, fully lined stream segments have been excluded from the Stream Biological Objective.[footnoteRef:9]   [9:  At a future date, the San Diego Water Board may revisit the applicability of the Stream Biological Objective 10th percentile threshold to hardened streambed segments if data or other information support such a future amendment to the Basin Plan.  Restoration of fully lined stream segments through site-specific regulatory and non-regulatory methods may also be considered as appropriate.  ] 


The CSCI has been successfully used to monitor for and conduct assessments of the benthic macroinvertebrate communities in hardened streambed segments.  CSCI scores in such stream segments, not surprisingly, suggest they are biologically degraded. For instance, the SMC found no monitored hardened streambed segment able to meet the 10th percentile threshold (SMC 2017, see Figure 14).  

The importance of the presence of natural substrate on stream ecosystems through hydrologic connectivity and habitat availability is well documented in the literature (e.g. Grim and Fisher 1984, Findlay 1995).  Likewise, the conversion (“lining”) of natural substrate to impervious causes direct changes to in-stream hydrology, chemistry, and habitat availability for invertebrates (e.g. Kent et al. 2005, Bernhardt and Palmer 2007, Loflen et al. 2016). The lining of the stream bottom precludes many stream benthic macroinvertebrates from occurring in the stream through direct loss of habitat types and diversity (e.g. Rabeni et al. 2002, Herbst 2016), loss of access to refuge areas (e.g. Holomuzki and Briggs 2000, Stubbington 2012), and preclusion of life cycle completion (e.g. Cover et al. 2015).  Accordingly, the Basin Plan (p.4-98) already identifies such channel alteration activities as causing direct impairment of beneficial uses. 
[bookmark: _Ref17373733] 
[bookmark: _Ref27734375][bookmark: _Toc38455736][bookmark: _Toc48124990]Figure 14. From SMC 2017.  CSCI scores at Stormwater Monitoring Coalition bioassessment sites across Southern California.  “Entirely Hardened” stream segments consisted of concrete or grouted rock banks and bottom (excluding road or bridge crossings) and are synonymous with “hardened streambed segments” in the Stream Biological Objective.  No “Entirely Hardened” stream segments sampled (n = 97) had a CSCI above 0.79 (denoted by dashed red line).  
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Hardened streambed segments exist in a variety of natural settings (e.g. top of watershed/bottom of watershed, high gradient/low gradient, etc.…), as well as developed landscapes, which means many factors affect the scope, timing, and duration of potential restoration.  At this time, there is a limited sample size of representative restoration projects for fully lined segments in the region.  Examples include the removal and restoration of 3600 linear feet of concrete-lined stream by the City of Laguna Niguel at a cost of $1.3 million and 1050 linear feet in Paradise Creek by the City of National City [total cost unknown].

Many existing resources are available to identify hardened streambed segments.  Landscape level tools are available from County flood control agencies that identify hardened streambed segments at various resolutions (e.g. San Diego County 2003, Riverside County 2019[footnoteRef:10], Figure 16).  In addition, segment-specific confirmation of exception can be done using site specific information, such as planning documents, aerial photography, sampling records, and actual field confirmation site visits.  [10:  http://rcflood.org/GIS.aspx] 


The San Diego Water Board has excluded hardened streambed segments from the Stream Biological Objective at this time not because such segments are incapable or unworthy of being monitored and assessed, but due to a lack of information regarding the scope and timeframe over which restoration, relative to the CSCI threshold, can reasonably be expected to be achieved.  However, while not included in the Stream Biological Objective at this time, the CSCI can still be used as a monitoring and assessment tool in hardened streambed segments to evaluate beneficial uses.  It remains a valuable indicator and metric for hardened streambed segments.

While use of the CSCI threshold for the Stream Biological Objective does not apply to hardened streambed segments, it does apply to all other perennial and seasonal streams not otherwise excluded, including partially-modified stream segments that do not meet the definition of hardened streambed segments, as such streams do have timeframes associated with restoration through the control of discharged pollutants.  Prior studies in southern California have found that a CSCI threshold of 0.79 is attainable in stream segments that exhibit some form of reach-scale modification, such as artificial bank armoring (Stein et al. 2013[footnoteRef:11], SMC 2017, Figure 14, Figure 15). Such studies identify factors applicable in efforts to achieve the Biological Stream Objective in segments that have some level of local modification (e.g. hardened banks).  Furthermore, properly bioengineered bank controls have been found to have a positive effect on benthic macroinvertebrate communities compared to other methods in urban streams (Sudduth and Meyer 2006).    [11:  Note the publication uses the Southern California IBI.  Recalculation of scores using the CSCI found most sampled sites met or exceeded the 0.79 threshold and would thus meet the Stream Biological Objective. ] 


[bookmark: _Ref17382949][bookmark: _Ref27734386][bookmark: _Toc38455737][bookmark: _Toc48124991]Figure 15. Examples of stream segments that have modified features but are not physically hardened from bank to bank (i.e., hardened streambed segments).  These streams have physically hardened stream banks but retain a natural stream bottom.  These stream segments have CSCI scores that would meet the Stream Biological Objective. Top:  Santa Paula Creek (CSCI: 0.94, 0.99). Bottom: Los Coches Creek (CSCI: 0.85).
[image: ]  

[bookmark: _Ref27734410][bookmark: _Toc38455738][bookmark: _Toc48124992] Figure 16. Sample map from Orange County Flood Control identifying hardened streambed segments (www.ocflood.com).
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[bookmark: _Toc482274672][bookmark: _Toc485817114][bookmark: _Toc516653097][bookmark: _Toc516653334][bookmark: _Toc516653553][bookmark: _Toc535474251][bookmark: _Toc46752836][bookmark: _Toc46753731][bookmark: _Toc474228002][bookmark: _Toc478622682][bookmark: _Toc481572272]Climate Change Considerations
The use of bioassessment and setting of the Stream Biological Objective includes considerations regarding potential impacts associated with climate change.  The two primary concerns related to climate change and regulatory setting of objectives include 1) the ability of the objective(s) to detect changes due to climate change and 2) the ability to distinguish between climate change related impacts vs. other anthropogenic stressors (e.g. see discussion of bioassessment in USEPA 2012).  The combined use of the CSCI and continued San Diego Water Board and Statewide support of the SWAMP Reference Condition Management Program address these two concerns.

The primary route to detect changes in stream systems due to climate change is through the Reference Condition Management Program with support from the Stormwater Monitoring Coalition, together which encompass a long-term reference condition monitoring program statewide.  USEPA has identified the “long-term monitoring of high-quality, generally undisturbed rivers and streams” using a “comprehensive monitoring design” as needed to document climate change impacts (USEPA 2012).  Detected changes in benthic macroinvertebrate communities in response to climate change at otherwise un-impacted reference sites can then be compared to CSCI taxa metrics and sub-metrics to determine if the CSCI requires modification.  

The CSCI is a predictive index whose predictive portion relies on samples collected from the statewide network of reference sites.  Unlike past regional indices, the CSCI will be updated if needed and warranted to include more recent sampling of reference sites, specifically if long-term monitoring by the State or other agencies indicates climate change is depressing or increasing scores independent of local or regional stressors.  The updating of the CSCI shall occur as warranted through the Basin Plan amendment process.
      

[bookmark: _Toc482274673][bookmark: _Toc485817115][bookmark: _Toc516653098][bookmark: _Toc516653335][bookmark: _Toc516653554][bookmark: _Toc535474252][bookmark: _Toc46752837][bookmark: _Toc46753732]Bioassessment Field Sampling

[bookmark: _Toc474228003][bookmark: _Toc478622683][bookmark: _Toc481572273][bookmark: _Toc482274674][bookmark: _Toc485817116]This section summarizes the field protocols required for conducting bioassessment sampling, as well as sampling for additional lines of evidence.  Field sampling for bioassessment requires properly trained personnel and adherence to the latest State of California Standard Operating Procedures (SOPs) in an unbiased manner representative of stream reach condition.  Field sampling also requires consistency with the SWAMP Quality Assurance Program Plan (SWAMPP QAPP) guidelines and requirements or having a project-specific QAPP that meets these minimum guidelines and requirements, such as the Southern California Regional Watershed Monitoring Program Bioassessment Quality Assurance Project Plan, 2009.




[bookmark: _Toc516653099][bookmark: _Toc516653336][bookmark: _Toc516653555][bookmark: _Toc535474253][bookmark: _Toc46753733]Benthic Macroinvertebrates
The sampling of benthic macroinvertebrates is conducted in accordance with the latest State of California SWAMP SOP for wadeable streams developed for California’s SWAMP (Ode et al. 2016b). Sampling of benthic macroinvertebrates in the SOP is conducted on a fixed transect basis, with eleven samples taken along a 150-meter stream reach (Figure 14).  Sampling is conducted utilizing the reachwide benthos method (RWB), which, unlike other methods, does not target specific habitat types (e.g. riffles). Instead, different stream habitat types are sampled according to transect location.  This results in sampling of habitats, such as pools and glides, which are representative of overall stream condition.  SWAMP requires that duplicate sampling of benthic macroinvertebrates and benthic algae occur at 10 percent of study sites (preferably at the same set of sites, when both assemblages are being sampled together) for quality control evaluation for field personnel.  Field duplicates assist field personnel in quantifying intrinsic variability from sampling. The recommended location for collecting duplicates is at adjacent positions along the sampling transects. In addition, regular (e.g., yearly) field audits of sampling crews should be conducted by an authorized individual (e.g., qualified personnel of CADFW).

[bookmark: _Ref530496456][bookmark: _Toc48124993]Figure 17. From Ode et al. 2016b.  Reach layout for sampling of benthic macroinvertebrates, algae, and physical habitat.  
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Use of the RWB method for sampling benthic macroinvertebrates representative of stream condition requires sufficient baseflow conditions and depends on streamflow duration (see guidance in Mazor et al. 2015 for intermittent streams, also Table 4). 

Sampling at or near natural stream flow cessation (e.g. oligorheic period, Gallart et al. 2012) may result in biased sample results due to the proportional loss of select habitat types (riffles, glides) as flows cease and stream water levels drop (Herbst 2016, see Figure 15).  The use of water level and/or flow monitoring devices (e.g. Mazor et al. 2014 and 2015), cameras (Costigan et al. 2017, Schoener 2017), or simple reconnaissance, can be used to document natural flow cessation if warranted (in addition to documenting unnatural modification of flow patterns). Likewise, sampling too soon following high scour events should be avoided (Ode et al. 2016b, see also Section 4.5).  Sampling benthic macroinvertebrates during periods of no measurable flow should be avoided (or documented in field sheets if unavoidable).   

[bookmark: _Ref471376239][bookmark: _Toc471377828][bookmark: _Toc48124994]Figure 18.  Example of sampling during stream flow cessation period, or oligorheic aquatic state (Gallart et al. 2012).  Note exposed active bed material and low flow condition. Site: Boden Canyon Creek (Status: Reference, CSCI at time of photo: 0.82 = 14th percentile of reference distribution).  Note that the sampling did not meet the requirements of the California SOP (Ode et al. 2016b) due to a lack of sufficient stream width, flow condition, and dry transects.  However, this site score would still meet the Stream Biological Objective as it scores > 0.79.  This site was resampled the following year during regular baseflow condition in accordance with the SOP and received a CSCI score of 1.06.  
[image: R:\RB9\SHARED\MARU\SWAMP\Non Perennial Stream\Site Photos_Recon Info\Boden\2016-0329-Chad, logger\IMG_1275.JPG]
[bookmark: _Toc474228004][bookmark: _Toc478622684][bookmark: _Toc481572274]

[bookmark: _Toc482274675][bookmark: _Toc485817117][bookmark: _Toc516653100][bookmark: _Toc516653337][bookmark: _Toc516653556][bookmark: _Toc535474254][bookmark: _Toc46753734]Algae and Cyanobacteria
As with benthic macroinvertebrates, field sampling for benthic algae requires sampling crews follow the methods described in the SOP for wadeable streams developed for SWAMP (Ode et al. 2016b).  Field sampling for benthic algae is typically conducted during the benthic macroinvertebrate sampling event, but may occur independently if needed. 

This ‘‘multi-habitat method’’ involves objectively collecting eleven fixed-area samples of benthic algae along a pre-determined grid overlain on a 150-m-long stream segment comprising the sampling site (Figure 14). Under this method, “quantitative” algae samples are collected by isolating benthic specimens from a known, fixed surface area on stream substrata (e.g., silt, sand, gravel, cobbles, bedrock, concrete) in proportion to their relative abundances in the stream, and combining them into a “composite.” In addition, a fresh, ‘‘qualitative’’ sample is also collected by gathering an intact sample of all macroalgal types observed within the sampling reach. The qualitative sample provides important data that are used in calculating algal IBI (Fetscher et al. 2014) scores, and aids in laboratory identification of specimens in the quantitative sample that may have been fragmented in the course of collection (Stancheva et al., 2012). In addition, it can be used, as needed, for isolation and culturing of specimens of interest. 

[bookmark: _Toc474228005][bookmark: _Toc478622685][bookmark: _Toc481572275][bookmark: _Toc482274676][bookmark: _Toc485817118][bookmark: _Toc516653101][bookmark: _Toc516653338][bookmark: _Toc516653557][bookmark: _Toc535474255][bookmark: _Toc46753735]Physical Habitat and California Rapid Assessment Method (CRAM)
As with benthic macroinvertebrates and algae, field sampling for in-stream physical habitat and associated riparian habitat (“Physical Habitat”) requires sampling crews follow the methods described in the SOP for wadeable streams developed for SWAMP (Ode et al. 2016b).  Field sampling for Physical Habitat is typically conducted during the benthic macroinvertebrate sampling event, but may occur independently. As with benthic macroinvertebrates, sampling at or near stream flow cessation (e.g. oligorheic period, Gallart et al. 2012) may result in biased physical habitat sampling results due to the under-sampling of select habitat types (riffles, glides) as flows cease and stream water levels drop (Herbst 2016, see Figure 18).  Likewise, sampling too soon following high scour events or during periods of high flows should be avoided (Ode et al. 2016b, see also Section 4.5) as scouring events and high flows can modify or expose physical habitat not present or representative of baseflow conditions, such as the sampling of bed material during active movement from flows.

Sampling of Physical Habitat in the SOP is conducted on a fixed transect basis, with various quantitative samples of physical habitat taken across 21 transects along a 150-meter stream reach (Figure 14).  Measurements include, but are not limited to, water depth, substrate type, flow habitats, canopy cover, and stream width.  Results from the Physical Habitat sampling can be used to calculate the stream segment’s IPI score (Rehn et al. 2018)

CRAM is a field sampling method used to assess riparian condition (CWMW 2013,
Figure 16). CRAM uses “guided, best-professional judgment” conducted by trained CRAM practitioners (CWMW 2013) for determining the health of wetlands, including stream riparian habitat. Practitioners collect observational data along the stream reach of concern and its adjacent floodplain, based on a number of metrics, such as landscape buffer and channel stability, with narrative condition categories ranging from “A” to “D,” like a report card. Metric scores are aggregated into four “attributes:” 1) habitat buffer/landscape context, 2) hydrology, 3) physical structure, and 4) biotic structure per the CRAM manual (CWMW 2013). The resulting attribute scores are then combined, per the CRAM manual, to generate a single, overall CRAM score. In addition, several types of stressors that the practitioner observes to be potentially impacting the site are tallied in order to document likely factors that could explain why stream/wetland condition might be subpar. This stressor information, while not included as a score, can be used as ancillary information by those evaluating the CRAM condition for a monitored site (e.g. wetland managers, restoration specialists).  
[bookmark: _Ref481732237]
[bookmark: _Toc48124995]Figure 19. Stream riparian assessment area (AA) for the California Rapid Assessment Method (CWMW 2013).
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[bookmark: _Toc46753736]Chemistry
The sampling of stream chemistry for regulatory purposes in receiving waters, including for lab toxicity evaluation, requires adherence with the most recent State of California SWAMP SOP for the Collection of Field Data for Bioassessments of California Wadeable Streams (Ode et al. 2016b) and, at a minimum, the most recent State of California SOP Collections of Water and Bed Sediment Samples with Associated Field Measurements and Physical Habitat in California (March 2014).  Standard parameters monitored per the SWAMP SOP for bioassessment (Ode et al. 2016b) include turbidity (NTU), water temperature (°C), specific conductivity (µS/cm), salinity (ppt), alkalinity (mg/L), pH, and dissolved oxygen (mg/L and % saturation).  When algae is collected, this also includes total nitrogen (TN) and total phosphorus (TP) as well as nitrate-nitrite and orthophosphate.    

Sampling of water and sediment chemistry (including for toxicity testing) is described in the bioassessment SOP, and occurs prior to bioassessment sampling, and at a location immediately downstream of what will be the first bioassessment transect, so as not to disturb benthic communities and potentially compromise benthic macroinvertebrate and algae data.  Sampling of water chemistry occurs within a non-depositional area subject to stream flows (e.g. run), while sediment sampling occurs in depositional areas.  Field crews avoid sampling water from an area where they have just disturbed the sediment, which would otherwise contaminate the water sample. 
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This section summarizes the laboratory analysis protocols required for analyzing bioassessment samples for the Stream Biological Objective, as well as samples for additional lines of evidence.  
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Laboratory analysis of benthic macroinvertebrates for CSCI calculation requires taxonomic identifications be conducted at a Southwest Association of Freshwater Invertebrate Taxonomists (SAFIT) level of II (genus/species level) or IIa level (Chironomidae to subfamily) in accordance with the most recent State of California Standard Operating Procedures for Laboratory Processing and Identification of Benthic Macroinvertebrates in California (Woodward et al. 2012).  Woodward et al. describes proper sample handling and record keeping, processing (picking, sorting, and subsampling), and identification and enumeration procedures for benthic macroinvertebrates for subsequent CSCI calculation, as well as quality assurance and quality control measures and methods.

External laboratory quality control is conducted in accordance with State of California guidelines and the most recent Standard Operating Procedures for External Quality Control of Benthic Macroinvertebrate Taxonomy Data Collected for Stream Bioassessment in California (July 2015).  Though not developed at this time, future laboratory identification using genetic methods may be used if consistent with laboratory results and conducted using methods approved by the State of California SWAMP and San Diego Water Board Executive Officer. 

[bookmark: _Toc46753739]Soft Algae, Diatoms, and Cyanobacteria
Laboratory identification and quantification of specimens in the benthic stream algal communities sampled for IBI calculations follow the SOP developed for California’s SWAMP Program (Stancheva et al. 2015), which prescribes methods for separate analysis of 1) diatoms and 2) soft algae (including cyanobacteria). 

Diatom samples are cleaned of organic matter via boiling in nitric acid. The cleaned sample is then mounted on a microscope slide with appropriate mounting medium. Slides are viewed under a compound microscope along a series of optical “transects,” and the taxonomic IDs of the diatom valves traversed by the transects are recorded, for a total of 600 IDs. 

Soft algae quantitative samples undergo separate processing for the “macroalgae fraction” and the “microalgae fraction.” For the former, all macroscopic algae from the sample tube are isolated, identified taxonomically under a microscope, and their biovolume determined. For the latter, the remaining liquid in the sample tube (i.e., after all visible macroalgae have been removed) is gently homogenized and quantitatively subsampled, then 300 soft algal “natural entities” (defined in Stancheva et al. 2015) are identified along transects on a microscope slide, as viewed under a compound microscope. Dimensions of specimens are recorded for calculations to estimate biovolumes. Recordkeeping of original sample volume, subsample volume, and number of transects allows the calculation of total biovolume of each taxon in the sample. Results for both macro- and micro-algal fractions of the quantitative sample are reported in terms of total biovolume estimated for the stream reach. Epiphytes are identified on the macroalgal specimens and enumerated to a total of 100. Qualitative samples undergo an exhaustive tally of all macroalgal taxa in the sample. Both the epiphytes and specimens in the qualitative sample are reported as tallies.

Nomenclatural conventions of the SWAMP program (i.e., the most current version of the “Master Taxa List”) is used for naming the algae specimens encountered (https://www.waterboards.ca.gov/water_issues/programs/swamp/bioassessment/), and taxonomic resolution of the specimens identified follows that prescribed by the California Freshwater Algae Work Group.  External laboratory quality control for identification is conducted in accordance with State of California guidelines and Stancheva et al. (2015).

As of spring 2017, work is underway to develop and test molecular tools for inferring algal community composition, which may eventually be useful in addition, or as an alternative, to current algae taxonomy data based on morphology.  Depending on the outcome of this development, molecular algae data may eventually replace and/or supplement the morphology-based data discussed here when approved by the State of California’s SWAMP as a Standard Operating Procedure. 

[bookmark: _Toc46753740]Chemistry
For chemistry monitoring, including toxicity testing, analyses and determinations are performed by qualified personnel using USEPA or California Department of Public Health (CDPH) approved test procedures described in the following references: 

· USEPA CFR, Title 40, Part 136, “Guidelines Establishing Test Procedures for the Analysis of Pollutants, Standard Methods for Examination of Water and Wastewater”
· USEPA publication SW-846 entitled “Test Methods for Evaluating Solid Waste, Physical/Chemical Methods;” CDPH approved test procedures
· California Code of Regulations (CCR), Title 22, Division 4.5, Chapter 11, “Identification and Listing of Hazardous Waste,” as appropriate. 

Chemistry lab analysis and determinations are conducted consistent with the requirements found in the SWAMP QAPP and its specifications for laboratory procedures, sample analysis, and reporting.

Reporting limits associated with analysis are included within the State Water Board’s SWAMP QAPP. At a minimum, samples analyzed according to the SWAMP QAPP should achieve Reporting Limits (RLs) for SWAMP analytical procedures as listed in Appendix C of the SWAMP QAPP, and report the method number, MDL, and RL with each constituent analyzed. RLs for chemical constituents, or contaminants are at least as sensitive as the more restrictive of those required for analysis of pollutants under CFR, Title 40, Part 136, or analysis of drinking water under CCR, Title 22, Division 4, Chapter 15, or CFR, Title 40, Part 141.
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This section summarizes the reporting protocols required for calculating CSCI scores, as well as scoring and evaluating additional scientific biological information for the Stream Biological Objective.  
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Benthic macroinvertebrate data collected and identified to SAFIT Level II or IIa in accordance with the most recent State of California SOPs are used for calculating California Stream Condition Index scores on a per sample basis (one reach, one sampling event).  Scores are calculated using the most recent version of The California Stream Condition Index (CSCI): Guidance for calculating scores using GIS and R (current version: Mazor et al. 2018).  The State of California intends to release a web-based calculation tool for CSCI scores using taxonomy data entered into State of California databases.  

There are scoring limitations for CSCI scores calculated with certain data types or sources.  These are discussed in the Mazor et al. (2018) guidance document for score calculation.  Samples where benthic macroinvertebrates were identified to a lower level of taxonomic level effort cannot be used to calculate accurate CSCI scores in all cases.  Data based on lower level taxonomic effort may be used in a qualitative purpose using CSCI sub-metrics or as prescribed specifically in the implementation section to calculate a “best-case scenario score” (Section 5).  Samples where portions of the watershed are within other nations (e.g. Mexico) should be interpreted with caution as select GIS predictive metrics may be missing data from Mexico (see Section 5).
    
[bookmark: _Toc46753743]Soft Algae, Diatoms, and Cyanobacteria
Following algae bioassessment sampling and sample analysis per the SWAMP methods (Ode et al., 2016b, Stancheva et al. 2015), the following benthic algae data types will be available: 1) identifications of 600 diatom valves, 2) identifications and total biovolumes of 300 microalgal entities from the quantitative sample, 3) identifications and total biovolume of all macroalgal specimens from the quantitative sample, 4) identifications of 100 epiphytes, 5) identifications of all macroalgae in the qualitative sample. These data are used to calculate at least three types of index scores (Fetscher et al. 2014): 1) the diatom index, D18, 2) the soft-algae index, S2, and 3) the “hybrid” index, H20, which incorporates metrics from both the diatom and soft-algae assemblages. Eventually (circa 2020), the ASCI will be available to be calculated.

Two methods are available for calculating D18, S2, and H20. The SWAMP database includes a reporting module for automatically producing the metric and index scores. The only requirement is that the data be entered into the SWAMP database beforehand. If the option to upload the data to SWAMP is unavailable, an online calculator is available at http://sccwrp.org/Data/DataTools/algaeIBI.aspx. To use this tool, data must be formatted according to instructions on the website. Score output includes raw and scaled metric scores, as well as all index scores and information about data completeness as it relates to reliability of the metric scores.

The resulting index scores could be compared to the 10th percentiles from the distributions of appropriate sets of reference sites in order to assist the San Diego Water Board determination of whether beneficial uses are being attained (e.g. see Table 1-1, SMC 2015, see Section 4.4.4).
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Physical habitat data collected using the “full” physical habitat method with the most recent State of California SOP (Ode et al. 2016b) is used for calculating Index of Physical Habitat Integrity scores on a per sample basis (one reach, one sampling event, Rehn et al. 2018).  Scores are calculated using the most recent version of The Physical Habitat (PHAB) Index of Physical Integrity (IPI): Interim instructions for calculating scores using GIS and R (current version: Rehn et al. 2018b).

CRAM results can be calculated by hand or entered into EcoAtlas, at 

http://www.cramwetlands.org/dataentry

The resulting CRAM scores could be compared to percentiles from the distributions of appropriate sets of reference sites in order to assist in the San Diego Water Board determination of whether beneficial uses are being attained (e.g. see Table 1-1, SMC 2015, see Section 4.4.4).
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The incorporation of water quality objectives requires the implementation of those objectives within existing San Diego Water Board programs pursuant to the CWA and Porter-Cologne. These programs include:

5.2 	Anti-Degradation
5.3 	National Pollution Discharge Elimination System
5.4 	Integrated Reporting
5.5 	Total Maximum Daily Load
5.6 	CWA Section 401 Water Quality Certifications
5.7 	Waste Discharge Requirements
5.8 	Non-point Source Pollution Control Program
5.9 	Grant Program
5.10	Monitoring and Reporting

The incorporation of the Stream Biological Objective into the San Diego Water Board Basin Plan will result in implementation consistent with existing language in Chapter 4 of the Basin Plan, with the Stream Biological Objective generally implemented as receiving water limitations in applicable waterbodies or waterbody types.  When included as receiving water limitations, permits will focus on the discharger and/or San Diego Water Board determination that the discharge(s) does not cause or contribute to an exceedance of the Stream Biological Objective in receiving waters.  A determination as to whether a discharge causes or contributes to degradation will consider the pollutants, magnitude, and duration of the discharge in relation to the physical, chemical and biological condition of the receiving water.  In many cases, there may be historic discharges (e.g. stream fill) or land use practices that have directly caused existing degraded biological conditions in receiving waters.  In addition, as specified in section 4.4.4, natural site-specific factors (including pollutants) may preclude compliance with the 10th percentile objective.

The inclusion of water quality objectives for biological condition works to ensure implementation will meet aquatic life beneficial uses in receiving waters.  The incorporation of biological objectives for specific surface water types (the Stream Biological Objective) or locations does not preclude the assessment of the physical and chemical condition of those same waterbodies (USEPA 1991 and 2002a).  Biological objectives are intended to provide a more accurate and direct assessment of aquatic-life beneficial uses, and work with existing chemical water quality objectives and assessments of physical waterbody condition (USEPA 1991 and 2002a).  Implementation actions that include the chemical and physical conditions, and the potential impacts of those conditions on the biological condition of surface waters allows for better protection and meaningful restoration (e.g. Herbst et al. 2018).    
For the Stream Biological Objective, the co-evaluation of stream physical habitat and hydrology, in addition to chemistry and toxicity water quality objectives, provides the needed information for the San Diego Water Board to guide appropriate program implementation actions and document success.  Conducting bioassessment includes a minimum level of evaluation of stream hydrology, physical habitat, and water quality objectives.  San Diego Water Board evaluation of streams for protection or restoration through program implementation using the Stream Biological Objective may include assessment of physical habitat and hydrology metrics, including an evaluation of the deviation from natural flow condition (e.g. see Zimmerman et al. 2017), using metrics such as duration, magnitude, variability and frequency for hydrology (Stein et al. 2017a and 2017b) and flow habitat, substrate type, riparian cover and channel cover for habitat (Rehn et al. 2018).  Other physical habitat and hydrologic metrics may be evaluated as applicable given site and landscape characteristics (e.g. Mazor et al. 2018b, Sengupta et al. 2018).  Combining the evaluation of physical and chemical components of stream integrity when implementing programs for the Stream Biological Objective is expected to result in successful protection and meaningful restoration of stream beneficial uses.      

Regulatory permitting for the Stream Biological Objective as a receiving water limitation requires that, for discharges that represent an elevated risk to the Stream Biological Objective, the discharger conduct monitoring of receiving waters to ensure the discharge does not cause or contribute to an exceedance.  Where the discharge is determined, by the San Diego Water Board or discharger, to have caused or contributed to an exceedance of the Stream Biological Objective, appropriate permit and discharge follow-up actions would be required.  For those discharges to receiving waters where other sources, such as in-stream channel hardening, already cause and/or contribute to an exceedance, the permitted discharge is largely not required to remedy existing in-stream physical habitat condition in order to discharge (see discussion in Section 5.5) unless a condition of proposed mitigation associated with a site-specific project (e.g. Section 5.6), or as a matter of enforcement (e.g. illegal fill). Instead, consistent with implementation of existing water quality objectives, the discharger would be required to ensure its discharge does not contribute to the continued degradation or increase the level of degradation, resulting in additional Beneficial Use loss (e.g. Section 5.2).  

While insuring that a discharger does not contribute to existing degradation may not resolve existing degradation from other historic sources in the short term, degraded waters will still be assessed and restored over time by a combination of the CWA Integrated Reporting process (Section 5.4) and Total Maximum Daily Loads (Section 5.5), through continued measured improvement within the existing regulatory framework (e.g. Section 5.3.4 Phase I Storm Water), and via other Regional Board programs, such as grants (Section 5.9).  This general implementation approach is consistent with the goals and intent of the project for the following reasons:

1) The goals and intent of the project are to protect and restore the biological condition of receiving waters.  Protection includes 1) ensuring those waters that are meeting objectives not degrade, resulting in loss of Beneficial Use(s) and impairment, and 2) ensuring those waters with some form of existing impairment do not further degrade and lose additional Beneficial Use(s).

2) Where existing historic activities, such as stream channel hardening, may already cause degradation of the biological condition of receiving waters subject to a discharge(s) today, these historic activities do not preclude discharges from meeting other water quality objectives for chemistry and toxicity.  This consideration is important as discharges do extend downstream beyond the initial discharge point to other waterbodies, such as estuaries, bays, reservoirs, and the ocean.

3) Restoration of waters where long-term historic land use decisions have restricted the ability for current discharges to meet the Stream Biological Objective will require long-term incremental improvement through existing implementation programs (e.g. Section 5.3.3 Phase I Storm Water, Section 5.5).                  
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Title 40, Section 131.12 of the Code of Federal Regulations requires that the state water quality standards include an antidegradation policy consistent with the federal policy (Federal Antidegradation Policy). The State Water Board established California’s antidegradation policy in State Water Board Resolution No. 68-16, “Statement of Policy with Respect to Maintaining High Quality of Waters in California” (State Antidegradation Policy). The State Antidegradation Policy incorporates the Federal Antidegradation Policy where the federal policy applies under federal law. The San Diego Water Board’s Basin Plan implements, and incorporates by reference, both the State and Federal Antidegradation Policies. 

The Federal Antidegradation Policy applies to surface water, regardless of quality. (40 CFR 131.12.) It establishes three tiers of waters. Tier 1 maintains and protects existing uses and water quality conditions to support such uses. (40 CFR 131.12(a)(1).) Tier 2 is comprised of “High Quality Waters.” Tier 2 waters have higher water quality than those required to support designated uses. (40 CFR 131.12(a)(2).) Tier 3 is comprised of Outstanding National Resource Waters. (40 CFR 131.12(a)(3).) Some degradation may be allowed in Tier 1 and Tier 2 waters provided that certain findings are met. If degradation is allowed in a high quality water, the state must determine, after a consideration of alternatives, that the degradation is necessary to accommodate important economic or social development in the area in which the waters are located. (40 CFR 131.12(a)(2)(ii).) No water quality degradation is allowed in Tier 3 waters. (40 CFR 131.12(a)(3).)

The State Antidegradation Policy protects high quality waters of the State, including groundwater. High quality waters are waters where existing water quality is better than required by water quality control plans or policies. The State Antidegradation Policy requires that any discharge to a high quality water must use the best practicable treatment and control necessary to maintain the highest water quality possible consistent with the maximum benefit to the state.

The San Diego Water Board will consider the potential for degradation of biological conditions when issuing or modifying waste discharge requirements (including NPDES permits) and 401 certifications. In conducting an antidegradation analysis the San Diego Water Board must compare baseline water quality to the water quality objective. Baseline water quality is the best water quality that has existed since 1968, when considering the State Antidegradation Policy, or 1975 when considering the Federal Antidegradation Policy, unless subsequent lowering was due to regulatory action consistent with State and federal antidegradation policies. (See State Antidegradation Policy Resolve 1 and APU 90-004.) Where a water quality objective is adopted after 1968, or 1975, the baseline for that water quality objective is determined as of the date the new objective takes effect. (State Antidegradation Policy, Resolve 1.) Therefore, any antidegradation analysis with respect to the Stream Biological Objective will consider baseline water quality as of the effective date of the Stream Biological Objective. 
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CWA section 402 establishes the NPDES Program to regulate the ‘‘discharge of a pollutant,’’ other than dredged or fill materials, from a ‘‘point source’’ into ‘‘waters of the U.S.” (CWA §§ 1342(a) & 1362(12)). The NPDES Permitting Program is a federal program that has been delegated to the State of California for implementation through the State Water Board and the nine Regional Water Boards (CWC § 13370 et seq.). Under section 402, discharges of pollutants to waters of the U.S. must obtain and comply with NPDES permits issued by the Water Boards. In California, NPDES permits are also Waste Discharge Requirements (WDRs). (CWC § 13374). 

NPDES permits control water pollution by regulating point sources with Best Management Practices (BMPs), Technology Based Effluent Limitations (TBELs) and Water Quality Based Effluent Limitations (WQBELs). TBELs control pollution by requiring discharges to achieve the minimum level of effluent quality attainable using demonstrated treatment technologies. TBELs may not be stringent enough to ensure that water quality standards will be attained in receiving waters. In such cases, NPDES regulations require the San Diego Water Board to develop WQBELs for pollutants at the levels needed to apply and ensure compliance with applicable state water quality standards. WQBELs must be consistent with the assumptions and requirements of any wasteload allocation assigned to a water through an adopted TMDL. (40 CFR § 122.44(d)(1)(vii)(B)).  NPDES permits may also include receiving water limitations. Receiving water limitations prohibit discharges that cause or contribute to an exceedance of an applicable water quality standard in the surface water that receives the discharge.
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Biological objectives are potentially applicable to all point source discharges in the San Diego Region. The San Diego Water Board currently regulates point source discharges from a variety of sources, including but not limited to: wastewater treatment plants, municipal storm water systems (MS4s), shipbuilding, and groundwater extraction.  The State Water Board also issues general statewide NDPES permits to cover certain types of discharges in the San Diego Region, such as industrial storm water, construction storm water, California Department of Transportation (CalTrans) storm water, and pesticides.  The proposed Basin Plan Amendment implements the Stream Biological Objective in NPDES permits affecting waters in the San Diego Region as discussed below.  An outline of the process is also included as Figure 17, below.

[bookmark: _Ref510003065]Where incorporated as receiving water limits, permit requirements will include Stream Biological Objective monitoring and assessment where the discharge presents an elevated risk to the Stream Biological Objective.[footnoteRef:12] Where the San Diego Water Board determines a discharge  does not present an elevated risk to the Stream Biological Objective, receiving water monitoring for the Stream Biological Objective will not be required as implementation of permit requirements is expected to be sufficient to meet water quality standards.  For discharges that are determined to present an elevated risk, bioassessment will be required in surface waters subject to the discharge. Stream Biological Objective monitoring and reporting for receiving waters will be required to be conducted in accordance with State of California Standard Operating Procedures (SOPs).  Permits with bioassessment monitoring may also require receiving water chemistry and toxicity monitoring, which will be determined on a case-by-case basis in the permitting process based upon the pollutant(s) of concern associated with the discharge. For permit renewals, the San Diego Water Board will evaluate prior monitoring requirements to determine if any can be reduced to help off-set costs of new biological monitoring and assessment. 
 [12:  Note that Statewide General NPDES Permits undergo a different process than as described and presented in Figure 17.  See further discussion in Section in 5.3.3] 

[bookmark: _Ref530580398][bookmark: _Toc48124996]Figure 20. Process of Implementation for Point Source Discharges
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Biological objectives will be applied as a receiving water limit in all permits where there is a biological objective for the receiving water subject to the discharge.  Receiving water monitoring and reporting will be required where the San Diego Water Board has determined the discharge does or will represent an elevated risk to biological objectives.  

The amendment of the San Diego Water Board Basin Plan to include the Stream Biological Objective would require some new, amended, and reissued individual NPDES permits to include an assessment of the regulated discharge(s) related to the Stream Biological Objective.  The required assessment would be related to the biological condition of the receiving waters and not an individual pollutant or toxicity, the latter of which can be monitored directly in the proposed discharge. Existing reasonable potential analysis is focused on the pollutants in the discharge and the potential for the pollutants to cause or contribute to an exceedance of applicable water quality objectives in the Basin Plan, which are presumed to be protective of receiving waters.  With the adoption of the Stream Biological Objective, dischargers to streams may be required to, as part of their ROWD, submit an assessment of the condition of the receiving water for the Stream Biological Objective related to the discharge, including the proposed discharge’s magnitude and duration spatially and temporally, constituents expected to present and potentially associated with biological impacts, and current documentation, if any, of existing degradation and attributed potential sources.  
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For NPDES permits, the San Diego Water Board will determine where Stream Biological Objective receiving water monitoring and reporting will be required based upon the elevated risk of the discharge to cause or contribute to degradation of the Stream Biological Objective.  In some cases, existing permits may have already identified a discharge as presenting an elevated risk to the Stream Biological Objective. Applicants for discharges to surface waters where the San Diego Water Board determines the discharge may present an elevated risk to the Stream Biological Objective may be required to submit, as part of their ROWD, an assessment of receiving water condition for the Stream Biological Objective (Receiving Water Biological Assessment).

This assessment must include a discussion of the biological condition of receiving waters relative to their existing and/or proposed discharge as well as the management measures proposed to protect receiving water condition.  This assessment must also evaluate whether flow from the discharge is likely to cause a condition of erosion or the need for engineered stream channel modifications because both are significant threats to aquatic life beneficial uses and the ability of waterbodies to meet the Stream Biological Objective.  The Receiving Water Biological Assessment may include data collected by the applicant, SWAMP data, data from the most recent Integrated Report, or data from other agencies and sources.


General Regional Phase I MS4 Permits
The San Diego Water Board presently has findings and  fact sheets that document the impact of Phase I MS4 discharges on benthic macroinvertebrates (see San Diego Water Board Orders No. R9-2007-001, R9-2009-0002, R9-2010-0016, and R9-2013-0001, as amended, hereinafter referred to as R9-2013-0001).  The Phase I MS4 permit currently requires bioassessment monitoring and reporting, and the use of receiving water data, including bioassessment, to guide permit implementation actions.  As such, implementation of Stream Biological Objective monitoring and reporting will occur in general regional Phase I permits because Phase 1 discharges have already been determined by the San Diego Water Board to represent an elevated risk to the Stream Biological Objective through permit findings and fact sheets.  This determination does not constitute a determination by the San Diego Water Board that Phase I MS4 permittees have caused or contributed to an exceedance of water quality standards, including for the Stream Biological Objective.

Individual NPDES Permits
The San Diego Water Board currently issues individual project or facility specific NPDES permits for point sources discharges throughout the region.  The San Diego Water Board will require applicants, as part of their ROWD, to submit a Receiving Water Biological Assessment if the discharge meets criteria I, II, and III, or meets criteria IV :

I. Discharge to a seasonal stream, and
II. Discharge duration period greater than 2 months, and
III. Discharge outside the rainy season (rainy season is October 1st to May 30th), or
IV. Discharge to a high quality waterbody

While stream systems have a high degree of intra and inter-annual flow variability, increasing the duration of baseflows in naturally intermittent (seasonal) streams may contribute to the establishment and spread of non-native species dependent on sustained perennial flow (e.g. New Zealand mud snail (Potamopyrgus antipodarum), NZMMCPWG 2007).  In addition, discharges that do not match natural stream hydrologic regimes may cause excessive scour and sedimentation, which can impact benthic macroinvertebrate communities (Stein et al. 2017a) and cause or contribute to an excursion of the Stream Biological Objective and/or other receiving water quality objectives (e.g. nutrients, turbidity).

San Diego Water Board staff may, upon review of a ROWD, determine a discharge presents an elevated risk to the Stream Biological Objective and require Stream Biological Objective monitoring and reporting requirements.  The above criteria represent an expected level of potential applicability of the Stream Biological Objective associated with the assessment of probable threat. However, staff may also request the submittal of a Receiving Water Biological Assessment to determine if the discharge may present an elevated risk to the Stream Biological Objective on a case-by-case basis.
The Receiving Water Biological Assessment must include an assessment of the Stream Biological Objective (in applicable receiving waters), which would be upstream and downstream of the discharge.  The assessment must include traditional evaluations (chemistry and toxicity), and an evaluation of existing conditions upstream and downstream (in applicable receiving waters) to assess if the magnitude, scope, and duration of the discharge may cause or contribute to an excursion above the biological water quality standard using the Stream Biological Objective.  Consideration must include the existing physical and biological condition of the receiving water(s) impacted by the proposed discharge and the potential for the discharge to cause or contribute to the alteration of the chemical, physical, and thus biological, condition of the receiving water(s).

General Statewide NPDES Permits
General Statewide NPDES Permits are issued on a statewide basis by the State Water Board, and generally include all water quality objectives as receiving water limits.  The San Diego Water Board expects that the vast majority of enrollees under statewide general NPDES permits will not require additional implementation measures, including Stream Biological Objective monitoring and reporting, as existing BMP-based permit requirements and implementation should be sufficient to meet the Stream Biological Objective (see 40 CFR 122.44(k)). 

The implementation of BMPs and compliance with statewide general permit conditions is expected to be sufficient to protect Beneficial Uses and meet the Stream Biological Objective.  Projects or facilities enrolled under statewide general permits are required to develop extensive project or site-specific plans for BMP implementation, including site evaluation and design, assessment, structural and non-structural BMP selection, BMP monitoring and inspections, and plan implementation requirements (e.g. see USEPA 2003, SWRCB 2014).  Statewide general permits encompass projects and facilities that are spatially or temporally limited and are expected to have reduced discharge magnitudes and pollutant loading compared to projects or facilities required to obtain individual permits.  General permits contain thresholds of applicability associated with site activities (e.g. industrial), size (e.g. acres), or production (e.g. number of animals), thus limiting general permit applicability to those where BMPs are reasonably expected to achieve water quality standards (see 40 CFR 122.44(k)), while also reducing risk of potential pollutant loading to receiving waters when in compliance with permit requirements.  In addition, BMP permit requirements, in addition to structural BMP design and technologies, have improved over time (e.g. Currier et al. 2006). Many recommendations for BMP improvements have been incorporated into general statewide permits (e.g. 2009-009-DWQ, 2014-0057-DWQ). Lastly, many projects or facilities are regulated at both the state and local level, providing multiple layers of project or facility oversight for BMP implementation.  

However, the San Diego Water Board will, upon adoption of the Stream Biological Objective, review enrollments under statewide general NPDES permits within the San Diego Region to assess whether current implementation requirements within the various statewide general NPDES permits are sufficient for the protection of the Stream Biological Objective, or if additional implementation measures for permits, enrollee types or categories, or waterbodies may be needed to protect beneficial uses associated with the Stream Biological Objective.  When evaluating statewide general permits, the San Diego Water Board will consider the magnitude and duration of covered discharges, the spatial and temporal variability of covered discharges, constituents expected to be present in various covered discharge types, and documentation, if any, of existing degradation and attributed potential sources.  The San Diego Water Board will also consider the locations of covered discharges (e.g. to an MS4, directly to a receiving water) and the biological condition of downstream receiving waters.  

The San Diego Water Board may, on a case-by-case basis, determine if an individual enrollee or proposed enrollee has a discharge that presents an elevated risk or directly causes or contributes to an exceedance of the Stream Biological Objective. The San Diego Water Board may require such dischargers to obtain an individual NPDES permit for their discharges, implement additional other control measures or BMPs to meet the Stream Biological Objective, and/or require receiving water monitoring and reporting.  In addition, many statewide general permits require that, where a Regional Water Board determines the discharge is causing or contributing to an exceedance of a water quality standard, the discharger must take corrective actions under the general permit (e.g. State Water Board Order No. 2014-0057-DWQ).  The San Diego Water Board will consider the magnitude and duration of the discharge spatially and temporally, constituents expected to present and potentially associated with biological impacts, and current documentation, if any, of existing degradation and attributed potential sources for the downstream receiving waters.  The San Diego Water Board will also consider the location of the proposed discharge (e.g. to an MS4, directly to a receiving water) and the biological condition of downstream receiving waters.

The San Diego Water Board may also issue regional general NPDES permits for discharges otherwise covered under statewide general NPDES permits.  Regional general permits may include more specific implementation measures, such as focused BMPs or additional monitoring and reporting requirements.   

Lastly, in response to documented impacts to the Stream Biological Objective by similar projects or facilities under statewide general permits, the San Diego Water Board may request that State Board include additional requirements or limitations to protect the Stream Biological Objective during subsequent general permit reissuance processes.





General Regional Board NPDES Permits
For Regional General NPDES permits (excluding Phase I MS4), the San Diego Water Board will evaluate the elevated risk to the Stream Biological Objective associated with the discharge to determine if Stream Biological Objective monitoring and reporting implementation requirements will be incorporated as permit requirements.  

As with individually issued permits, the San Diego Water Board will require applicants, as part of their ROWD, to submit a Receiving Water Biological Assessment if the discharge meets criteria I, II, and III, or meets criteria IV:

I. Discharge to a seasonal stream, and
II. Discharge duration period greater than 2 months, and
III. Discharge outside the rainy season (rainy season is October 1st to May 30th), or
IV. Discharge to a high quality waterbody

For temporary discharges under San Diego Water Board general NPDES permits, the San Diego Water Board will, as is currently done, assess a proposed discharge’s qualification for enrollment under the general order and may require additional BMPs, effluent limitations, and/or the discharger to obtain an individual NPDES permit.

Applicants for permanent and temporary discharges to streams under San Diego Water Board NPDES permits that meet the above criteria may be required to include a Receiving Water Biological Assessment in their ROWD.  The Receiving Water Biological Assessment will evaluate bioassessment and invasive species data, channel morphology and the potential for scour, and evaluation of regional models relative to the discharge in order to determine if the discharge will match naturally occurring flow magnitudes and duration (see Stein et al. 2017a). Receiving water data for the Receiving Water Biological Assessment may include data collected by the applicant, Surface Water Ambient Monitoring Program (SWAMP) data, data from the most recent Integrated Report, or data from other agencies and sources. 

For permits that require a consideration of discharge alternatives, the Receiving Water Biological Assessment must be included in the alternatives consideration by the applicant/permittee.  Should information submitted to the San Diego Water Board indicate that the discharge may cause or contribute to an excursion above the Stream Biological Objective, additional WQBELs, BMPs, monitoring, and/or the issuance of an individual NPDES permit may be required to ensure the discharge would not cause or contribute to an excursion above a water quality standard. 



 
[bookmark: _Toc535474272][bookmark: _Toc46753752][bookmark: _Toc516653117][bookmark: _Toc516653354][bookmark: _Toc516653573]Permit Implementation for Permits with Receiving Water Limitations for the Stream Biological Objective 

Standard Permit Implementation
The inclusion of the Stream Biological Objective as a receiving water limit in specific permits is intended to be used as a priority consideration when determining program implementation effectiveness. As described above, Stream Biological Objective data in receiving waters subject to a discharge are expected to be used to assess the success of a permittees BMPs, TBELs, and WQBELs while guiding what additional implementation actions, if any, are needed.  

Where conditions in the receiving waters subject to a discharge do not meet the Stream Biological Objective, that result in itself does not produce a condition of permit noncompliance.  Permits are issued to ensure that a discharge does not cause or contribute to an exceedance of water quality standards, including the Stream Biological Objective.  It is possible that factors external of the permitted discharge result in the Stream Biological Objective not being met in a receiving water, such as illicit discharges, illegal dredge or fill activities, noncompliance by other permitted dischargers, or natural factors.  

Results from permit-based Stream Biological Objective monitoring are expected to be assessed by the discharger to determine if the permitted discharge caused or contributed (or may have caused or contributed) to an exceedance of the Stream Biological Objective.  However, implementation of the Stream Biological Objective in NPDES permits is not intended or expected to require permittees to conduct traditional USEPA causal assessments in response to degraded conditions or exceedance of the Stream Biological Objective (“CADDIS” USEPA 2010).  These may be required when conducting TMDL development (see Section 5.5).  Instead, regulated permittees will be highly encouraged to utilize rapid causal assessment methods when assessing impacts associated with their discharge as part of their existing implementation of BMPs, TBELs, and WQBELs.

San Diego Water Board Permits for Phase I Municipal Storm Water
As Phase I MS4 discharges have been identified by the San Diego Water Board as presenting an elevated risk to the Stream Biological Objective, the Stream Biological Objective will be incorporated as a receiving water limit with associated Stream Biological Objective monitoring and reporting unless a permittee or permittees choose to select an alternative compliance pathway as allowed under the permit.  Where an alternative compliance pathway is selected, the permittee must notify the San Diego Water Board prior to the submittal of their ROWD.  

For San Diego Water Board issued individual or regional permits for Phase I MS4 discharges, the San Diego Water Board will require that permittees conduct receiving water bioassessment in locations representative of the discharge(s). 

For San Diego Water Board regional municipal storm water permits, dischargers are currently required to evaluate if their discharges cause or contribute to an exceedance of water quality standards in receiving waters.  Tools are available to evaluate the storm and non-storm water hydrologic (see Stein et al. 2017a and 2017b) and chemical quality of discharges from their MS4 in relation to observed receiving water chemical, physical habitat and biological condition (e.g. USEPA 2015b, City of San Diego 2015c).  This process is already in place and being used for existing water quality objectives.  In addition, current Regional MS4 Permit dischargers have already conducted receiving water condition assessments and included bioassessment, as seen in the approved Water Quality Improvement Plan (WQIP) for the San Juan Hydrologic Unit (Orange County 2017), or are developing rapid casual assessment stressor identification methods for larger scale MS4 systems that incorporate both physical and chemical alteration components (e.g. City of San Diego 2015b, 2015c, Beck et al. 2019b , Gillett et al. 2019).  The San Diego Water Board expects this process to continue, with the Stream Biological Objective added as a water quality objective driver for stream integrity.

The San Diego Water Board will require permittees to assess and prioritize program implementation based on the biological condition of waters subject to a discharge(s). Permits will require permittees use CSCI scores to guide program implementation (e.g. in permittee development of WQIPs).  Consistent with the general steps for implementation of the Stream Biological Objective, this process may prioritize implementation actions for discharges to:

•	Protect high quality sites that meet or exceed the biological objective.
•	Protect sites that meet the biological objective but are vulnerable.
•	Restore sites that do not meet the biological objective. 

Prioritization of implementation actions must investigate if the observed condition is or could be threatened, vulnerable, or impacted relative to a storm water discharge(s) and/or an external factor(s) that caused or contributed to the observed condition.  Rapid causal assessment, physical in-stream habitat assessment, biological condition modeling, and traditional stressor identification methods may be utilized for the evaluation and prioritization.  Formal USEPA causal assessment (e.g. “CADDIS” USEPA 2010) is not appropriate for use in this application.  While this prioritization may identify other core beneficial uses as a priority for implementation actions (e.g. human health related beneficial uses), this does not preclude the evaluation of the Stream Biological Objective in the assessment process.

Permit writers will require permittees to use CSCI results as part of the process to evaluate program effectiveness, and to prioritize storm water program implementation actions to protect and/or restore aquatic life Beneficial Uses. CSCI results shall be used to target management measures and/or best management practices that prevent or minimize the discharge of pollutants that impact aquatic habitat.
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Technology and chemistry-based effluent limitations, as well as BMPs, are expected to protect water quality standards, including the Stream Biological Objective (40 CFR 144(k)).  Water quality monitoring of discharges and receiving waters will be required to be assessed in permits to guide the implementation of best management practices.  Effluent limitations for the Stream Biological Objective in NPDES permits will be established where a causal assessment has been conducted, the Total Maximum Daily Load (TMDL, see Section 5.5 below) development process has identified sources and parameters, and wasteload allocations have been established.  The Stream Biological Objective may be translated into effluent limits established to protect or restore the biological integrity of surface waters after:

· A clear causal relationship has been established linking the discharge to the degradation,
· The pollutants causing or contributing to the degradation have been identified, and
· Appropriate loading studies have been completed to estimate the reductions in pollutant loading for the discharge that will protect Beneficial Uses.
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Section 305(b) of the CWA requires each state to report biennially to USEPA on the water quality conditions of its surface waters. USEPA compiles these assessments into a biennial “National Water Quality Inventory Report” to Congress. CWA Section 303(d) requires each state to develop, update, and submit to the USEPA for approval, a list of waterbody segments not meeting water quality standards. Federal regulations at 40 CFR Section 130.7(d)(1) require each state to submit the list biennially. This list is commonly referred to as the “303(d) List” or the “List of Impaired Waters.” Waterbody segments placed on the 303(d) list must be addressed through the development of TMDLs (see below), or an existing regulatory program that is reasonably expected to result in the attainment of the water quality standard within a specified timeframe. 

In conformance with USEPA guidance (USEPA 2005), the State and Regional Water 
Boards prepare a single Integrated Report that meets the reporting requirements of
CWA sections 303(d) and 305(b).  The San Diego Water Board is responsible for developing and adopting the Integrated Report for waters within the San Diego Region. Following adoption by the San Diego Water Board, the Integrated Report is transmitted to the State Water Board, where it is considered for approval.

The Water Quality Control Policy for Developing California’s Clean Water Act Section 
303(d) List (Listing Policy) (SWRCB 2015), provides guidelines for the water quality assessment process and establishes a standardized approach for developing California’s 303(d) list.  The Listing Policy outlines an approach for making listing decisions based upon different types of data and establishes a systematic framework for statistical analysis of water quality data. The Listing Policy also establishes requirements for data quality, data quantity, and administration of the listing process. Listing and delisting factors are provided for chemical-specific water quality standards; bacterial water quality standards; health advisories; bioaccumulation of chemicals in aquatic animal tissues; defining “nuisance” such as trash, odor, and foam; nutrients; water and sediment toxicity; adverse biological response; degradation of aquatic animal populations and communities; trends in water quality; and weight of evidence.

The San Diego Water Board has previously used the CSCI in the Integrated Reporting process (San Diego Water Board 2016) in accordance with the Listing Policy and USEPA recommendations for incorporation of biological data (USEPA 2002a and 2002b).  The addition of the Stream Biological Objective to the San Diego Basin Plan is consistent with the recommendations for benthic community effects determination in the Listing Policy and by USEPA, which includes using physical and chemical data when conducting assessments, including assessment of hydrologic alteration and physical habitat condition (see USEPA 2015b, Listing Policy §§ 6.1.5.8).  

Under the Listing Policy, a water segment may be on the 303(d) list for biological impairments if it exhibits significant degradation in biological populations as compared to a reference site or if there is an adverse biological response (e.g. fish or bird kills) in the water segment. (Listing Policy §§ 3.8 and 3.9.) The Listing Policy further specifies how to assess condition using biological data, including the number of samples required for listing, how to conduct temporal-trend assessment, and how to segment waterbodies into assessment units. However, prior to listing the biological degradation or adverse response must first be associated with a potential pollutant (e.g. temperature, dissolved oxygen, trash) or type of pollution (e.g. hydromodification).  This step is important, as the 303(d) List (Category 5 waterbodies) identifies those waterbodies for which pollutants are impairing beneficial uses.  Category 4 identifies those waterbodies where beneficial uses are impaired due wholly or in part to non-pollutant factors (it also identifies waters impaired but with an approved TMDL).  

While the Stream Biological Objective is a water quality objective, it is not a pollutant.  Thus, failure to meet a biological water quality objective simply means there is an overall beneficial use impairment.  Consistent with USEPA recommendations (2015b), the San Diego Water Board will continue to place waterbodies identified as impaired for biological condition into multiple Integrated Reporting Categories, as applicable depending on the impairment sources (pollutant or pollution) identified in lines of evidence for stream segments and as applicable using the current Listing Policy (see Figure 18.   

Upon adoption of the Stream Biological Objective, a water segment may be considered impaired based on exceedances of the Stream Biological Objective consistent with section 3.9 and 6.1.5.8 of the Listing Policy[footnoteRef:13].  However, pollutant and pollution information will not be disregarded, and will be critical for the identification of potential sources and subsequent placement into proper Integrated Reporting Categories for impairment, as specific categories are specific to pollutants or pollution (see Chapter 3 in San Diego Water Board 2016). These sources can include chemical, physical, and biological pollutants/pollution, especially with respect to current, proposed, and historic discharges.  The degree of habitat and/or hydrologic alteration is a critical consideration in the assessment of biological integrity, and tools are currently developed or under development to better assess degrees of alteration on various scales, from site-specific to the watershed level (e.g. City of San Diego 2015c, Stein et al. 2017a and 2017b, Mazor et al. 2018b, Rehn et al. 2018, Sengupta et al. 2018).  In addition, other non-traditional sources of impacts (e.g. incidental introduction of invasive species like New Zealand mudsnail) may affect biological processes that can be directly attributable to observed impairment (e.g. CADFW 2005, Herbst et al. 2008). [13:  Tables 3.1, 3.2, 4.1, and 4.2 in the Listing Policy apply to pollutants.  They do not apply to the assessment of biological population and community data.  ] 


The tools available may be used by the San Diego Water Board as part of the source identification and listing/delisting process, which will also provide dischargers with information regarding a discharge’s potential to cause or contribute to exceedance of the Stream Biological Objective.  Rapid causal assessment methods, when automated, could also be used by the San Diego Water Board during the listing and delisting process to assess potential sources and guide TMDL and/or TMDL alternative development. The San Diego Water Board may use rapid causal assessment methods for water segment assessment, as well as for evaluating a water segment’s recovery potential, developing timeframe(s) for potential restoration targets, and selecting potential restoration methods and mitigation measures under Section 6.1.2.2 of the Listing Policy.

The listing and delisting of waterbodies for biological degradation will be conducted consistent with the Listing Policy (Listing Policy §§ 4.9, 4.10, 4.11) regarding assessment of degradation, trends, and site-specific weight-of-evidence factors.

As specified in section 4.4 the San Diego Water Board may identify where natural factors are or potentially are resulting in low CSCI scores for a waterbody.   Where evidence is available that natural sources of pollutants may be negatively impacting the CSCI score, natural sources may be included as a potential cause in accordance with Section 6.1.2.2 of the Listing Policy.  Some waterbodies may have disturbance or chemistry that mirrors anthropogenic impacts but occurs naturally, warranting a case-by-case site-specific assessment of for that particular waterbody in accordance with the Listing Policy.  At the discretion of the San Diego Water Board, the integrated reporting process will incorporate this assessment to identify natural source factors, such as natural levels of a pollutant, as a potential source of impairment when determining if water quality objectives for specific waterbodies are met. Where a CSCI score is determined to be low due to natural sources of pollutants, the attainment of the WARM and/or COLD beneficial use may be determined using an alternate analytical method/guidelines consistent with the Listing Policy and Impaired Waters Policy. Alternative analytical methods include, but are not limited to: “Algal Index of Biotic Integrity for Southern California Streams” scores, “California Rapid Assessment Method” (CRAM) scores, and sediment or water chemistry. 
  


[bookmark: _Ref530580566][bookmark: _Toc48124997]Figure 21. Flow chart of Stream Biological Objective assessment process and categorization for the Clean Water Act Sections 305(b) and 303(d) Integrated Report.
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The Total Maximum Daily Load (TMDL) program is required under CWA Section 303(d). CWA Section 303(d) requires states to identify where surface waters are not meeting water quality standards and to restore those water quality standards that are impaired, either through a TMDL, an existing regulatory program, or other pollution control programs (SWRCB 2005, USEPA 2013).

A TMDL is a quantitative assessment of water quality problems, contributing sources, and load reductions or control actions needed to restore and protect a waterbody’s water quality standards. The TMDL approach does not replace existing water pollution control programs. It provides a framework for evaluating pollution control efforts and for coordination between federal, state and local efforts to meet water quality standards where existing programs are insufficient. TMDLs typically include an implementation plan, including a schedule for achieving the water quality standards in the receiving waters and monitoring and assessment to evaluate compliance. The majority of TMDLs are adopted as amendments to the Basin Plan. Under some circumstances, TMDLs may be established through non-regulatory tools such as permitting and enforcement actions (see Impaired Waters Policy). In other cases, TMDL alternatives such as site-specific objectives or other regulatory actions can be developed. 

As described in Section B of the Impaired Waters Policy, the San Diego Water Board can modify water quality standards when natural conditions alone are incompatible with the standard.  Thus, where a waterbody has been identified in the Integrated Report as not meeting the Stream Biological Objective, and the Board finds that meeting the Stream Biological Objective is not possible due to natural conditions, an appropriate regulatory response is to develop a site-specific biological objective.  

As specified in Section B of the Impaired Waters Policy, “Modification of standards should not be viewed as “an easy fix” to avoid a TMDL, and review of the appropriateness of the standards will not be considered in every case.”  The Impaired Waters Policy further identifies the process for review, station that “Review of standards’ underlying policies generally occurs in the triennial review process.”

The San Diego Water Board utilizes waterbodies identified in the Integrated Report as impaired as a basis for beginning the TMDL process.  While the Integrated Report also includes TMDL scheduling, the 2014 Integrated Report adopted by the San Diego Water Board has at least 166 impaired waterbodies, typically for multiple pollutants.  Thus, the implementation of the TMDL program must consider additional factors when prioritizing waterbodies for implementation, including availability of alternative restoration approaches, spatial and temporal applicability, key beneficial uses and areas, environmental justice, and progress made in existing permits to restore beneficial uses relative to TMDL timeframes (USEPA 1997b, USEPA 2015b).  The 2014 Integrated Report includes impairment listings for benthic community degradation, and amendment of the Basin Plan to include exceedances of the Stream Biological Objective would continue the practice of waterbody assessments for impairment listings and subsequent evaluation of priority for TMDL development.

If a waterbody is selected for formal TMDL development, the numeric (if applicable) objectives would likely be included in the TMDL impairment and source assessment process, which evaluates the magnitude of the impairment spatially and temporally, as well as historic, existing, and potential sources of impairment.  For the Stream Biological Objective, this evaluation is expected to include an assessment of the biological condition of receiving waters to confirm the magnitude of the listed impairment and include a causal assessment component where warranted to determine the physical (see USEPA 2015b) and/or chemical causes of impaired biological condition, if and where observed.  

As described in the NPDES implementation section above, causal assessment is not limited to the TMDL process, but when used by the TMDL program it is expected to be done in accordance with San Diego Water Board and USEPA guidance, recommendations, and requirements on a TMDL-by-TMDL basis.  Extensive research and piloting of the USEPA causal assessment has occurred in California and other states (see Schiff et al. 2015), with extensive improvements identified for the traditional CADDIS causal assessment method (USEPA 2010).  For TMDLs in the San Diego Region, the causal assessment process is expected to include recommendations from Schiff et al. 2015, including expansion of comparator sites (consistent with predictive index tools, Gillett et al. 2019) and incorporation of new assessment tools (e.g. flow ecology, Stein et al. 2017a and 2017b).    

For the Stream Biological Objective, the TMDL development process needs to differentiate between impairment caused by pollutants, pollution, or a combination of both.  Impairment caused by pollutants are differentiated in Integrated Reporting from those caused by pollution. In USEPA 2015b, clarification was provided on the assessment and assignment of waters whose impairment is caused wholly or in part by pollution.  Such pollution includes hydrologic or habitat alteration, which USEPA suggests States can assess using biological or flow criteria.  Thus, “data and/or information documenting significant hydrologic or habitat alteration could be used to make a use attainment decision for an impairment due to pollution not caused by a pollutant and should be collected, evaluated, and reported as appropriate” (USEPA 2015b).  Furthermore, USEPA 2015b states:

If States have data and/or information that a water is impaired due to pollution not caused by a pollutant (e.g., aquatic life use is not supported due to hydrologic alteration or habitat alteration), those causes should be identified and that water should be assigned to Category 4C. Examples of hydrologic alteration include: a perennial water is dry; no longer has flow; has low flow; has stand-alone pools; has extreme high flows; or has other significant alteration of the frequency, magnitude, duration or rate-of-change of natural flows in a water; or a water is characterized by entrenchment, bank destabilization, or channelization. Where circumstances such as unnatural low flow, no flow or stand-alone pools prevent sampling, it may be appropriate to place that water in Category 4C for impairment due to pollution not caused by a pollutant. In order to simplify and clarify the identification of waters impaired by pollution not caused by a pollutant, States may create further sub-categories to distinguish such waters. While TMDLs are not required for waterbody impairments assigned to Category 4C, States can employ a variety of watershed restoration tools and approaches to address the source(s) of the impairment.

Thus, for TMDL development related to the Stream Biological Objective, the TMDL will by necessity identify those pollutants and/or pollution that is causing or contributing to the impairment, with appropriate regulatory and/or non-regulatory actions for pollutants and pollution.  This is consistent with existing TMDL requirements, which require pollutants be addressed within a set time period though incorporation into relevant permits.  However, for impairment due to pollution, such as channel modification via hardening, longer-term restoration of the watershed’s hydrologic regime is needed in order to provide for in-stream habitat restoration (see Bernhardt and Palmer 2011, Hughes et al. 2014, Loflen et al. 2016, Stein et al. 2017a and 2017b).  The existing San Diego Regional Municipal Storm Water permit (R9-2013-0001) includes requirements for redevelopment activities to mitigate for changes in hydrology associated with redevelopment projects.  In addition, Section E.5.e of R9-2013-0001 requires Copermittees have a program to retrofit areas of existing development within their jurisdictions to address identified stressors, including pollutants and pollution, and to have a program for the rehabilitation of streams, channels, and habitats within areas of existing development in consideration of pollutants and pollution. These existing requirements are expected to gradually address pollution over time and allow for in-stream habitat restoration to occur at various time scales, due to difference in existing stream condition, independent of the traditional TMDL process.
 
Selection of biological targets in TMDLs would be consistent with the narrative guidance and the Stream Biological Objective, and is expected to be conducted on a TMDL-by-TMDL basis, allowing for site-specific expectations over select time periods in comparison to reference, consistent with the guidance and Stream Biological Objective.  This would also include consideration as to if impairments are due to pollutants and/or pollution.  The Stream Biological Objective will, in most cases, guide restoration of water quality standards for chemistry-based water quality objectives, which is the goal of the TMDL process, and may take precedence when considering compliance with WLAs and conducting Basin Plan modifications, as the development of WLAs is a modeling exercise with assumptions and levels of uncertainty. For example, the Lahontan Region Squaw Creek TMDL 2006 includes benthic invertebrate biological metrics to guide stream sediment restoration activities and Beneficial Use attainment, which guides overall TMDL compliance with WLAs in the TMDL (e.g. the restoration of the stream takes precedence over compliance with chemistry-based WLAs).

Lastly, the TMDL development process may identify that a specific waterbody that was 303(d) listed as impaired due to pollutants is actually impaired due to naturally occurring factors (e.g. not present due to anthropogenic activities).  For such cases, the TMDL development process may identify that specific waterbodies are, in fact, similar to reference expectations and thus may warrant the development of site-specific objectives in accordance with Section B of the Impaired Waters Policy.  In such cases, this determination may be used in the Integrated Report process (described above) for de-listing purposes.   
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Under section 401 of the CWA, any applicant for a federal license or permit which may result in any discharge into navigable waters must obtain a CWA Section 401 Water Quality Certification (Certification) from the Water Boards verifying that the project will comply with state water quality standards and other appropriate requirements of state law.[footnoteRef:14]   State water quality standards include designated beneficial uses of the receiving water, water quality objectives, and the federal and state antidegradation policies. Certifications may also have to comply with other state requirements, such as the California Environmental Quality Act.  [14:  Discharges to waters of the state that are not regulated under the CWA, including discharges are of dredge and fill material, are regulated through the issuance of WDRs under Porter-Cologne. ] 


The Certification issued by the State may establish relevant effluent limitations, monitoring requirements, and performance standards that then become conditions of the federal license or permit.  The Certification ensures that beneficial uses for waterbodies subject to the discharge will be protected.  In California, the responsibility for Certifications is assigned to the State Water Board and the nine Regional Water Boards. The Water Board may opt to:

· Recommend Certification with or without conditions
· Deny Certification
· Adopt or deny WDRs

The federal license or permit may not be issued if a Certification is denied.

The federal licenses and permits that are most frequently subject to Section 401 water quality certification are CWA Section 404 (dredge and fill) permits. However, other federal licenses and permits may be subject to Section 401, such as NPDES permits issued by EPA and Rivers and Harbors Act Sections 9 and 10 permits issued by the Corps.  

The San Diego Water Board reviews Certification applications for impacts to water quality and the designated beneficial uses for receiving water(s). Certifications involve activities that vary in scope, magnitude, and duration, and may often impact multiple habitats types.  In cases where there will be impacts to waters of the United States attributable to the project, the Certification applicant must show that a sequence of actions has been taken to first avoid, then minimize, and lastly mitigate for the impacts. The Certification may include appropriate conditions to offset any unavoidable impacts through compensatory mitigation. Upon adoption of the Stream Biological Objective, the San Diego Water Board will consider impacts to the Stream Biological Objective in its review of Certification applications. If the activity has the potential to impact a biological resource, the San Diego Water Board may impose additional conditions on the activity or the compensatory mitigation as discussed below.

The Section 401 Certification has special emphasis on activities affecting wetlands, riparian areas, and headwaters. These valuable waters have high resource value and are vulnerable to dredge and fill activities.  The Basin Plan includes a discussion on the degradation of biological communities associated with dredge and fill activities (4-62, 4-98).  Research to date in the San Diego Region has demonstrated that the Section 404 permit/401 Certification Program has resulted in the loss of beneficial uses, and recommends incorporation of “performance standards based on habitat function” (Sudol and Ambrose 2002).

The Stream Biological Objective established through this Basin Plan amendment will be incorporated into the San Diego Water Board’s Certification application review and issuance process.  Certification applications will be reviewed for a project relative to applicable water quality standards, including the Stream Biological Objective.  Projects that are small in scale having temporary-only impacts to aquatic resources will be evaluated for Certification with the inclusion of existing Basin Plan prohibitions and BMPs to ensure the Stream Biological Objective is protected.  These projects are expected to not require further evaluation for the protection of the Stream Biological Objective, such as the inclusion of pre-project stream bioassessment monitoring or setting of biological objective performance standards.  

Project applications proposing permanent impacts to aquatic resources in receiving waters with the Stream Biological Objective will be assessed for adverse effects to water quality standards through the priority of first avoiding, and then minimizing adverse effects of the project on aquatic life Beneficial Uses.  Project applicants will be required to offset any remaining unavoidable adverse impacts to Beneficial Uses through compensatory mitigation requirements, which may include restoration, enhancement, establishment, and/or preservation of Beneficial Uses.  Depending on the project conditions, the condition of Beneficial Uses may be evaluated using the Stream Biological Objective under both pre-project and post-project conditions in order to assess if Beneficial Uses have been lost due to the project, and said losses require additional mitigation.  This may require pre-project evaluations including biological monitoring and bioassessment for streams, to determine the condition of Beneficial Uses on site relative to proposed avoidance, minimization, and compensatory mitigation measures, and to set biological objective performance criteria.  Projects subject to CWA Section 404b requirements, which are required by the U.S. Army Corps of Engineers to consider project alternatives in the 404 process, may be required to include bioassessment in their evaluation of project alternatives for Certification.  
For those projects with unavoidable permanent impacts to Beneficial Uses, measurable biological performance criteria may be required to ensure water quality standards are met and restored post-project at compensatory mitigation site(s).  If required, this will include site-specific numeric criteria consistent with the Stream Biological Objective in the Basin Plan and Executive Order W-59-3, commonly referred to as California’s No Net Loss of Wetlands policy (No Net Loss Policy).  The Basin Plan amendment is consistent with and supports the No Net Loss Policy by incorporating the Stream Biological Objective for the assessment of habitat quality and values as outlined in the Executive Order.  Assessment of potential compensatory mitigation site(s) to offset loss associated with permanent impacts is expected to consider the quantity and quality of loss at the permanent impact site (using biological monitoring). Furthermore, selection of compensatory mitigation site(s) may be required to evaluate mitigation activities expected to achieve defined biological improvements for Beneficial Uses as a result of the restorative actions of the permittee applicant, independent of other external factors that may impact a mitigation site (e.g. upstream storm water discharges, see Loflen et al. 2016).  This monitoring and assessment approach is currently used in some existing Certifications in the San Diego Region(e.g. R9-2015-0127[footnoteRef:15], 11C-05811), with new Certifications requiring enforceable Stream Biological Objective performance standards to protect and restore Beneficial Uses. Tools such as rapid causal assessment may be used to identify potential mitigation sites where specific restoration/establishment activities will meet performance metrics.   [15:  https://www.waterboards.ca.gov/sandiego/water_issues/programs/401_certification/] 


Where required, biological monitoring for assessment related to criteria, including the Stream Biological Objective, must also occur for a time period sufficient to demonstrate improvement and sustained performance (e.g. Parkyn et al. 2010, Loflen et al. 2016, Fong et al. 2017), including to meet biological objective performance metrics, but not less than five years as currently specified in current Certifications.         

Certification applicants may propose to mitigate for unavoidable impacts to Beneficial Uses through the purchase of credits at mitigation banks or via payment of fees into in-lieu fee programs. Thus, the use of mitigation banks and in-lieu fee programs are included within the 401 Certification Program to compensate for impacts to aquatic resources authorized by general permits and individual permits.  Mitigation banks and in-lieu fee programs are constructed/developed for the creation, restoration, enhancement, and/or preservation of aquatic resources that can be used, at a monetary cost, to offset unavoidable impacts to aquatic resources by individual projects seeking Certifications from Water Boards.  As mitigation banks and in-lieu fee programs offset impacts to water quality standards, those offsets relative to impacts must be quantified in regard to establishment, restoration, and/or enhancement of water quality standards lost (permanently or temporarily) as a result of a project’s impacts.  

The historic basis for assessment of Beneficial Uses lost and gained relied on a geographical assessment of acreage and/or linear feet of aquatic resources, with quantitative measurements of plant-based metrics to determine condition and guide the purchase of credits or payment of fees.  In order for project applicants to utilize mitigation bank or in-lieu fee programs, the San Diego Water Board must assess the success of the bank or program at provided compensation for lost Beneficial Uses.  The San Diego Water Board currently requires assessment consistent with this  Basin Plan amendment, which would require more ecologically-based assessment of pre and post bank/program implementation using comparator sites and/or upstream/downstream sites to quantify water quality standards and meet the Not Net Loss Policy.  For the Stream Biological Objective, this process will now likely include conducting bioassessment pre and post bank establishment and the setting of biological objective performance metrics to document bank establishment and fee payment program success and thus suitability for use by project applicants.  
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The San Diego Water Board regulates discharges of waste that may affect the quality of waters of the State, other than discharges to a community sewer system, through the issuance of WDRs or conditional waivers of WDRs. (Water Code §§ 13263, 13269). WDRs impose limits on the quality and quantity of waste discharges and specify conditions to be maintained in the receiving waters.   This section focuses on WDRs imposed for discharges not covered by the CWA under the NPDES program.  These include WDRs for nonpoint sources (e.g.  agriculture), for discharges of dredge and fill to waters of the State not considered waters of the United States (e.g. isolated wetlands), and for discharges to land that have the potential to impact groundwater (e.g. landfills). (See Sections 5.3 for NPDES and Section 5.6 for 401 Certifications for discussion of WDRs issued concurrently under the CWA).  

Where the Stream Biological Objective will apply as a receiving water limit, the San Diego Water Board will require Stream Biological Objective monitoring and reporting based upon the elevated risk of the discharge to cause or contribute to degradation of the Stream Biological Objective.  The San Diego Water Board presently has findings and a fact sheet that documents the impact of discharges from commercial agricultural operations on benthic macroinvertebrates (see Orders No. R9-2013-0001, R9-2016-004 and 005).  These discharge permits currently require bioassessment monitoring and reporting, and the use of receiving water data, including bioassessment, to guide permit implementation.  As such, implementation of the Stream Biological Objective monitoring and reporting will occur in these permits as the discharges have already been determined by the San Diego Water Board to represent an elevated risk to the Stream Biological Objective.

For other individual or general WDRs, the San Diego Water Board will rely on the permit implementation process as described in section 5.3, above.

WDRs need not contain numeric effluent limits and generally rely on best management practices to reduce pollution. The following sections discuss how the Stream Biological Objective will be implemented in WDRs issued in the San Diego Region.
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The San Diego Water Board has issued WDRs for discharges associated with commercial agriculture operations.  In 2016, the San Diego Water Board adopted Order No. R9-2016-0004, General WDRs for Discharges from Commercial Agricultural Operations for Dischargers that are Members of a Third-Party Group in the San Diego Region (Third-Party General Order), and Order No. R9-2016-2005, General Waste Discharge Requirements for Discharges from Commercial Agricultural Operations for Dischargers Not Participating in a Third-Party Group in the San Diego Region (Individual General Order). Collectively, the Third-Party General Order and the Individual General Order are referred to as the General Agricultural Orders. 

The General Agricultural Orders require Agricultural Operations to implement effective management practices to minimize or eliminate the discharge of pollutants that may adversely impact the Beneficial Uses of waters of the State, conduct routine monitoring and reporting activities, complete yearly water quality management training, and prepare and implement Water Quality Protection Plans and Water Quality Restoration Plans. The Third-Party General Order also includes requirements for approved Third-Party Groups.  The General Agricultural Orders contain water quality monitoring “benchmarks” to assess the adequacy of implementation of management practices to protect water quality standards.  When monitoring benchmarks are exceeded affected dischargers are required to update their Water Quality Protection Plans and develop and implement Water Quality Restoration Plans.  The Stream Biological Objective would be included as an additional monitoring “benchmark.” 

Water Quality Protection Plans identify the type and location of management measures, based on agricultural operations, to minimize or prevent the discharge of waste to waters of the State via sources such as storm water runoff and irrigation water runoff.  Quarterly monitoring and assessment of these management measures is required.  As stated above, when receiving water quality “benchmarks” are exceeded, dischargers are required to develop Water Quality Restoration (Program) Plans. Water Quality Restoration Plans must include the following:

· A description of the actual or suspected waste sources that may be causing or contributing to the exceedance or trend of water quality degradation that threatens a beneficial use(s);
· Additional or improved management practices that will be implemented to minimize or prevent discharges causing or contributing to the exceedance or trend;
· A schedule for implementation; and
· A monitoring and reporting plan to provide feedback on progress. 

The Third Party General Agricultural Order already includes monitoring requirements to conduct bioassessment at selected trend sites in the San Diego Region.  The amendment of the San Diego Water Board Basin Plan would require the inclusion of the Stream Biological Objective as a receiving water limit and thus the use of the Stream Biological Objective as an additional “benchmark” under the General Orders during the next WDR renewal.  Individual enrollees would be required to conduct an assessment of receiving water condition for the Stream Biological Objective relative to their existing and/or proposed discharge.  Compliance with the Stream Biological Objective is expected to be consistent with the existing response required for exceeding benchmarks, as described above.  

The San Diego Water Board may also direct discharger(s) to prepare a Water Quality Restoration Plan if discharger(s) are determined to present an elevated risk or are found to be causing or contributing to an exceedance.  Traditional causal assessment would not be required where receiving water limits are exceeded.  However, rapid causal assessment could be used to assess the sources relative to discharges associated with agricultural activities.

The San Diego Water Board expects that the use of the Stream Biological Objective as an additional or priority benchmark to result in more effective and efficient Water Quality Restoration Plans over time, as the Stream Biological Objective benchmark can:

· Better assess the condition of receiving waters that receive agricultural dischargers than relying on chemistry-based monitoring results, and
· Better pinpoint specific pollutants that are impacting receiving waters, allowing for better focus on implementing measures that will yield results.        
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The San Diego Water Board may issue general or individual WDRs for discharges of dredge and/or fill material to waters of the State that are not waters of the United States.  The implementation for such discharges mirrors the 401 Certification implementation discussed in section 5.6 above.
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The San Diego Water Board may issue WDRs for waste discharges to land that may affect ground water quality and beneficial uses.  Examples of such waste discharges include:

· Sewage treatment plants with discharges to land
· On-site wastewater treatment systems, or “OWTS” (septic tanks and advanced treatment systems) 
· Class III (nonhazardous waste) and Class I (hazardous waste) landfills
· Industrial discharges
· Land treatment units (bioremediation)
· Dairies

For WDRs for discharges to land, treatment is required to protect beneficial uses associated with groundwater.  The proposed Stream Biological Objective is not applicable to groundwater and generally would not be incorporated into WDRS as a receiving water limit. However, where discharges to land may impact surface waters via an interconnected groundwater pathway, the San Diego Water Board may adopt WDRs that that include the Stream Biological Objective as a receiving water limit in the affected surface water with permit-specific groundwater and receiving water monitoring to determine if an interconnected groundwater pathway exists. Should the discharge to land be determined by the San Diego Water Board to reach surface waters with the Stream Biological Objective, the objective will be applied in the WDRs as a receiving water limit and included in receiving water monitoring and reporting requirements consistent with Section 5.3.
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NPS pollution comes from many diffuse sources. NPS pollution occurs when rainfall flows off the land, roads, buildings, and other features of the landscape. This diffuse runoff carries pollutants into drainage ditches, lakes, rivers, wetlands, bays, and aquifers. NPS discharges are not subject to the NDPES permitting program, but the CWA requires states to develop a program to protect the quality of water resources from the adverse effects of NPS water pollution. The NPS Program aims to minimize NPS pollution from land use activities in agriculture, urban development, forestry, recreational boating and marinas, hydromodification, and wetlands. The NPS Program goal is to achieve water quality goals and maintain beneficial uses. The NPS Program also provides financial support and condition reporting (CWA section 319) for those waterbodies that are determined to be impaired and whose sources include NPS.

The San Diego Water Board regulates NPS pollution through WDRs as discussed in Section 5.7. The proposed amendments to the Basin Plan to the Stream Biological Objective may result in identification of waters where the Stream Biological Objective is met as discussed in Section 5.4.  Waterbodies identified in the Integrated Report process as a priority based on biological condition are expected to be included as a San Diego Water Board priority for NPS reporting under the State of California’s Nonpoint Source Management Plan, which is required to measurably improve water quality via the addition of management practices.  The San Diego Water Board also may include the measurable protection of high quality waters in existing Nonpoint Source areas as a priority. 
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The San Diego Water Board periodically administers grants issued from various funding sources (e.g. legislative funds). Grants administered by the San Diego Water Board will require, as appropriate, the use of the Stream Biological Objective to provide an assessment of their proposed project on receiving water conditions and to assess the effectiveness of attaining the proposed improvements to water quality. This should include utilization of existing biological data relative to the proposed project, and a discussion of how the project relates to observed conditions and targeted improvements. Evaluation and recommendations by San Diego Water Board staff will be made on a case-by-case basis, consistent with the existing grant program process.  
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Monitoring guidance, goals, and strategies for the San Diego Water Board are presented in the “Surveillance, Monitoring and Assessment” Chapter of the San Diego Basin Plan, as well as in the Framework for Monitoring and Assessment in the San Diego Region (Busse and Posthumus 2012).  Surface water monitoring in the San Diego Region is conducted by a multitude of entities including, but not limited to, federal, state, local, research institutions, and citizen monitoring groups.  In addition, entities regulated by the San Diego Water Board are required to conduct effluent and receiving water monitoring to measure compliance with applicable water quality standards. Monitoring may include: effluent monitoring and receiving water monitoring, including water column, sediment, and tissue monitoring, as well as bioassessment monitoring.

The amendment of the Basin Plan to include the Stream Biological Objective may require San Diego Water Board permitting programs to incorporate biological monitoring (or bioassessment) to determine compliance with the Stream Biological Objective. Some permitting programs have already incorporated bioassessment into existing monitoring and reporting programs. In these cases, existing bioassessment requirements may need to be modified to provide the appropriate data and documentation to evaluate compliance with the Stream Biological Objective as discussed below.  In addition, the proposed amendment to the Basin Plan requires biological monitoring programs for receiving waters to be conducted in accordance with the State of California’s most recent SOPs. The SOPs and provide guidance on the minimum requirements for sample collection and analysis (e.g. reach delineation, sampleability criteria, sampling protocol, etc.) Existing bioassessment requirements may be modified or supplemented to ensure consistency with the SOPs.  For the Stream Biological Objective, this includes SOPs for sampling and analysis of benthic macroinvertebrates, algae, and chemistry as defined in the most recent SWAMP stream bioassessment SOP.
[bookmark: _Ref485797008]It is important to note that bioassessment monitoring data available for use in program implementation is not limited to the bioassessment activities conducted by individual dischargers.  Within the San Diego Region, over 300 bioassessment sites have been sampled by various regulatory, regulated, and not-for-profit entities (Figure 19). Many of these sites have trend information, with some having been sampled periodically for 15 years or more.
[bookmark: _Ref530559476][bookmark: _Toc48124998]Figure 22.  Bioassessment Sampling Sites in the San Diego Region (outlined in red)
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Municipal Storm Water
Phase I municipal storm water permittees in the San Diego Region are currently regulated under a region-wide permit which requires monitoring and reporting on receiving water conditions for a variety of surface waters, including conducting targeted bioassessment for wadeable streams on a watershed basis as part of their WQIPs (R9-2013-0001, Section II.D.1).  In addition, permittees participate in region-wide probabilistic and trend stream bioassessment sampling as part of the SMC bioassessment program, which provides for an offset from other permit requirements (R9-2013-0001, Section II.D.1.e).  The level of monitoring and reporting that has occurred in the current Regional Phase I permit and past Phase I permits in the San Diego Region is expected to continue with the amendment of the Basin Plan to include the Stream Biological Objective. Existing permitting requirements under the region-wide permit require the Copermittees to evaluate data collected by all monitoring efforts (outfall monitoring, receiving water monitoring, and special studies) to assess program strategies in the WQIP towards achieving compliance with receiving water limitations and discharge prohibitions (Section II.D.4 of R9-2013-0001, as amended.).   Copermittees are also required to re-evaluate the priority waterbody conditions for their watershed management area(s) as needed and as part of their ROWD. As part of this assessment, the Copermittees must consider the biological monitoring data (Section II.D.1.c.(5).).  The incorporation of the Stream Biological Objective as a receiving water limit in the Phase I MS4 permit would thus require the Copermittees to assess if their discharge(s) are causing or contributing to an exceedance of the Stream Biological Objective receiving water limit and, based on that evaluation, adjust their BMPs in accordance with permit requirements.  

Caltrans and Phase II storm water discharges are covered under General NPDES permits adopted by the State Water Board.  The Phase II permit (2013-0001-DWQ, Section E.13) requires that monitoring occur for discharges to ASBS, TMDL, or 303(d) impaired waterbodies for Traditional Phase II enrollees, and includes required receiving water monitoring based on Phase II thresholds.  Phase II permittees are also required to consult with the Regional Water Board on their receiving water monitoring programs, subject to Executive Officer approval.  While there are not currently any Traditional Phase II enrollees in the San Diego Region, should any Traditional Phase II enrollees emerge, the Stream Biological Objective would be incorporated as a receiving water limit and bioassessment monitoring conducted consistent with the permit requirements. 
For current or new small Phase II enrollees, no receiving water monitoring is required under the Phase II permit. The Caltrans permit (2012-0011-DWQ) does not require bioassessment monitoring.  While the amendment of the Basin Plan to incorporate the Stream Biological Objective does not require Caltrans or Phase II facilities to conduct additional monitoring, the San Diego Water Board may exercise its authority section 13383 of Porter-Cologne to require enrollees to conduct bioassessment within the San Diego Region to determine if their discharge(s) cause or contribute to an exceedance of water quality standards and submit reports commensurate with regulatory requirements.  This may occur if the San Diego Water determines there is or may be a relationship between discharges from enrollees relative to the biological degradation in a specific receiving water, or if a discharge presents a high likelihood that the discharge will result in degradation of a high quality water.                

Construction Storm Water
Enrollees under the current Statewide General NPDES construction storm water permit, 2009-0009-DWQ as amended, are required to conduct bioassessment of receiving waters only if the discharger is classified as a Risk 3 or LUP Type 3 construction site and the project is equal to or larger than 30 acres with direct discharges into receiving waters.  While the amendment of the Basin Plan to incorporate the Stream Biological Objective does not require construction permit enrollees to conduct additional monitoring, the San Diego Water Board may exercise its authority under section 13383 of Porter-Cologne to require enrollees to conduct bioassessment within the San Diego Region to determine if their discharge(s) cause or contribute to an exceedance of water quality standards and submit reports commensurate with regulatory requirements.  This may occur if the San Diego Water determines there is or may be a relationship between discharges from enrollees relative to the biological degradation in a specific receiving water, or if a discharge presents a high likelihood that the discharge will result in degradation of a high quality water.



Industrial Storm Water
Enrollees under the Statewide General NPDES industrial storm water permit in the San Diego Region are currently not required to conduct bioassessment of receiving waters within the San Diego Region.  While the amendment of the Basin Plan to incorporate the Stream Biological Objective does not require enrollees to conduct additional monitoring, the San Diego Water Board may exercise its authority under section 13383 of Porter-Cologne to require enrollees to conduct bioassessment within the San Diego Region to determine if their discharge(s) cause or contribute to an exceedance of water quality standards and submit reports commensurate with regulatory requirements.  This may occur if the San Diego Water determines there is or may be a relationship between discharges from enrollees relative to the biological degradation in a specific receiving water, or if a discharge presents a high likelihood that the discharge will result in degradation of a high quality water.  NPDES permits issued to individual industrial facilities for storm water discharges generally require receiving water monitoring, including for biological condition.  While no such permits are in place in the San Diego Region, the inclusion of the Stream Biological Objective may require additional biological monitoring if permits are issued to individual facilities that discharge to receiving waters with the Stream Biological Objective to determine if their discharge(s) cause or contribute to an exceedance of water quality standards.

NPDES permitting
The San Diego Water Board has issues individual and general NPDES permits for discharges of wastewater to surface waters.  Individual permits currently contain receiving water chemical, physical, and biological monitoring that is largely consistent with the amendment to the Basin Plan to incorporate the Stream Biological Objective (e.g. R9-2016-0099).  In some cases, individual permits may need to be modified to ensure sampling and analysis methods are consistent with the State SOPs needed for the Stream Biological Objective.  Existing individual permits (e.g. R9-2016-0099) already require biological monitoring, including bioassessment, for receiving waters subject to the discharge and include monitoring of analogous comparator sites (upstream in wadeable streams).   

For individual non-storm water discharge permits with a discrete discharge point receiving water monitoring will occur upstream and downstream of the proposed or current discharge location for wadeable streams, or by the use of appropriate comparator sites for other waterbody types.  If receiving water monitoring data indicates the downstream receiving water site is impacted relative to the upstream receiving site the discharger will be required to evaluate their discharge monitoring data and the observed downstream receiving water conditions (e.g. physical habitat, invasive species, illegal discharges) to investigate the observed impact. This investigation into the observed impacted condition is meant to determine if the impact may be due to the discharge and/or an external factor that caused or contributed to the observed condition.  This can then be used to address any needed discharge modifications or through conveyance of external factors to the San Diego Water Board. 

Monitoring and reporting for individual dischargers may also require additional source identification monitoring and assessment if receiving water monitoring continuously indicates a discharge may be causing or contributing to an exceedance of the Stream Biological Objective when compared to upstream (or otherwise appropriate comparator site) monitoring results beyond the initial investigation and response.  Source identification monitoring may include rapid causal assessment or confirmation monitoring, which may include additional chemistry, physical habitat, and toxicity monitoring (e.g. at different temperatures using different species and endpoints). 

For general statewide NPDES permit, enrollees are currently not required to conduct bioassessment of receiving waters within the San Diego Region.  While the amendment of the Basin Plan to incorporate the Stream Biological Objective does not require enrollees to conduct additional monitoring, the San Diego Water Board may exercise its authority under the 13383 of Porter-Cologne to require enrollees to conduct bioassessment within the San Diego Region to determine if their discharge(s) cause or contribute to an exceedance of water quality standards and submit reports commensurate with regulatory requirements.  This may occur if the San Diego Water determines there is or may be a relationship between discharges from enrollees relative to the biological degradation in a specific receiving water, or if a discharge presents a high likelihood that the discharge will result in degradation of a high quality water. Locations required for sampling would likely include stations upstream and downstream to ensure that permanent or extended duration discharges are not causing or contributing to an exceedance of water quality standards.  This is consistent with current permitting for monitoring and reporting for discharges in the San Diego Region that are permanent or of extended duration (e.g. R9-2011-0052[footnoteRef:16], R9-2016-009912).   [16:  https://www.waterboards.ca.gov/sandiego/board_decisions/adopted_orders/] 


It is important to note that, consistent with current permitting requirements, the San Diego Water Board assessment of individual and/or general enrollee permit conditions, compliance, and monitoring results may result in additional monitoring and special studies requirements, including biological monitoring to assess if a discharge causes or contributes to an exceedance of water quality standards.   

CWA Section 401 Water Quality Certifications
Monitoring and reporting for CWA 401 Water Quality Certifications are discussed in the prior implementation section.  

Waste Discharge Requirements
Applicable WDRs within the San Diego Region include those for commercial agricultural operations, for discharges of dredge and fill to waters of the State of California not considered waters of the United States, and in discharges to land that have the potential to impact groundwater via interconnected ground-surface waters.  Existing WDRs for commercial agricultural for dischargers enrolled in a Third-Party Group require receiving water monitoring requirements, including regional stream bioassessment consistent with the latest SWAMP SOPs.  The WDRs for commercial agricultural operations also require coordination in sampling with the SMC to prevent duplicative efforts and provide for resource efficiency.   The Water Quality Protection Plan and Water Quality Restoration Plan process and use of the Stream Biological Objective in goal setting processes may result in additional targeted sampling efforts by some permittees or Third-Party Groups.  

Monitoring and reporting for WDRs for discharges of dredge and/or fill to waters of the State that are not waters of the United States are covered under the CWA 401 Certification discussion in the prior implementation sections.

For WDRs for discharges to land, treatment is required to protect beneficial uses associated with groundwater, and thus the amendment of the Basin Plan to include the Stream Biological Objective will have low applicability to monitoring and reporting except in those cases where potential discharges to surface waters may exist via the groundwater pathway. As discussed above, for these cases the Regional Water Board may impose WDRs requiring a reduced concentration in the proposed discharge effluent, reduction in total nitrogen loads, and/or compliance with more stringent water quality objectives in receiving surface waters for the protection of beneficial uses. Such scenarios may include biological monitoring to ensure the discharge is not causing or contributing to an exceedance of the Stream Biological Objective, including using bioassessment for wadeable streams.  These monitoring requirements would be consistent with those for individual NPDES permits.   

NPS Program and CWA section 319(h) Grants
NPS Program and CWA section 319(h) grants shall, as appropriate, include bioassessment monitoring for NPS Program and Grant projects associated with wadeable streams, to assess project implementation success, depending on the scale and scope of the project on a case by case basis. Monitoring for restoration projects shall, as appropriate, take into account the magnitude and scope of the proposal related to receiving waters (see Loflen et al. 2016). 

San Diego Water Board SWAMP Program
The State of California SWAMP was created to fulfill the State Legislature’s mandate for a unifying program that would coordinate all water quality monitoring conducted by the Water Boards (see Assembly Bill 982, 1999).  Each Regional Water Board implements its own individual program through annual funding for personnel and monitoring purposes.  The amendment of the Basin Plan to include the Stream Biological Objective will not have a direct regulatory impact on the San Diego Region SWAMP.  However, the San Diego Region SWAMP will continue to conduct and participate in biological monitoring and assessment in the region to support the Stream Biological Objective, including reference condition monitoring and assessment to support the CSCI.  In addition, the State Water Board bioassessment program, which utilizes USEPA funds, conducts probabilistic and reference site sampling throughout California, including in the San Diego Region.  This monitoring will be used to support development of additional biological objectives and the continued support of the CSCI.
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Figure 2
Drought Has Expanded, Intensified Across State

Statewide Drought Measurements From U.S. Drought Monitor, Taken Around October 1 Each Year?
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8The U.S. Drought Monitor estimates drought intensity based on several indicators, including soil moisture, streamflow, and precipitation.
October 1 is the beginning of the state’s “water year” for annual precipitation calculations.

The U.S. Drought Monitor is jointly produced by the National Drought Miigation Center at the University of Nebraska-Lincoln (NDMC-UNL),
the United States Department of Agriculture, and the National Oceanic and Atmospheric Administration. Maps courtesy of NDMC-UNL.
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Biological Objectives: Integrated Report Process
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