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WATER BOARD BASIN PLANS HAVE AN NARRATIVE

BIOSTIMULATORY OBJECTIVE

Toxic cyanobacterial bloom 

in Clear Lake

Hypoxia-induced fish kill

Impact to fish habitat and aesthetics of 

trout stream

“waters shall not contain biostimulatory substances in concentrations that promote aquatic 

growths to the extent that such growths cause nuisance or adversely affect beneficial uses”

- Central Coast Water Board Basin Plan 1990

WB Staff Plans for Phase 1: Guidance for consistent 

interpretation of narrative objective across all waterbody 

types, and numeric guidance for wadeable streams



“Biostimulatory Principles” Document Represents Tech Team’s 
Operating Assumptions Supporting Approach to Biostimulatory

• General resource for generating conceptual 
models and indicators where no numeric 
guidance exist

• 40 + years of global eutrophication science

• Completed California eutrophication 
science on estuaries and (now) wadeable 
streams

• Operating assumptions



Support Consistent Interpretation of Narrative 
Objective (In Advance of Numeric Guidance)

• Definitions of eutrophication (the problem) and biostimulatory

• Typology of waterbodies (framework for numeric guidance)

• Generic conceptual models of risk pathways, indicators and 
linkage to beneficial uses

• Evidence of eutrophication impacts to California Waterbodies 
(problem statement)

• Key assumptions and principles (foundation for science we’ve 
conducted on wadeable streams, estuaries done thus far) B
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Assume that you may want to discuss this today, so presentation will focus on this, but can 

respond to anything



KEY DEFINITIONS THAT FRAME BIOSTIMULATORY SCIENCE

Eutrophication (the Problem): the accelerated delivery, in situ production, and/or 

accumulation of organic matter within an aquatic ecosystem (Nixon 1995, Cloern 2001)

Biostimulatory Substances and Conditions: substances such as nutrients (i.e. nitrogen, 

phosphorus, organic matter) or conditions, such as altered temperature, hydrology, etc. 

that can cause eutrophication (Cloern 2001, Paerl et al. 2011)

Hydromodification

Nitrogen and Phosphorus 

Loading

Light availability 

Organic Matter Loading

Physical Habitat 

Alteration

Temperature

Nutrient 

Management

Low Impact 

Development

Watershed 

Restoration

Environmental 

Flows



“Biostimulatory” 
Science

10 Key 
Assumptions 

and Principles

1. “Biostimulatory drivers” are defined as substances such as 

nutrients (i.e. nitrogen (N) and phosphorus (P) and associated 

organic matter) or conditions, such as altered physical habitat, 

temperature, hydrology, etc. that can cause eutrophication.

2. Assessment of biostimulatory impacts is based on the diagnosis 

of eutrophication and its consequences; inclusion of causal 

nutrients or other biostimulatory drivers are part of a 

comprehensive causal assessment and risk prevention approach.

3. Biostimulatory impacts to beneficial uses can be assessed 

through a framework developed for each waterbody type, with 

indicators that represent lines of evidence.

4. Assessment of biostimulatory impacts can consider evidence for 

impacts to both human and wildlife (aquatic and terrestrial) 

related beneficial uses.

5. Statewide bioassessment indices can be used as assessment 

endpoints from which to derive biostimulatory targets protective 

of aquatic life and related beneficial uses.



“Biostimulatory” 
Science

10 Key 
Assumptions 

and Principles

6. To account for total “biostimulatory” potential, thresholds should 

be based on total nutrients (as opposed to dissolved inorganic 

form) and for both N and Ps, as opposed to just controlling what 

is considered limiting on-site (either N or P). 

7. Eutrophication symptoms may be caused by biostimulatory 

drivers far-field from the waterbody; thus assessment of 

biostimulatory impacts should take a watershed-wide approach. 

8. Biostimulatory conditions can be a focal point of development 

of watershed-specific numeric targets and adaptive 

management strategies.

9. Implementation options to address biostimulatory conditions and 

substances should recognize the complexity of these drivers and 

how they can vary spatially and temporally from watershed to 

watershed and among certain waterbodies.

10. Generic conceptual models provided are a starting point for 

more specific model development at a watershed- or 

waterbody-specific scale.



Outline of 
Eutrophication 

Synthesis 
Report

• Definitions, with citation of “Approaches…” report 

• Eutrophication

• Biostimulatory substances and conditions

• Wadeable streams

• Wadeable Streams conceptual models and literature review of 
pathways of adverse impacts on beneficial uses

• Evaluation of candidate eutrophication indicators

• Eutrophication Response

• (Causal) Biostimulatory Drivers

• Synthesis of Threshold Science, As Basis for Policy Decisions on 
Numeric Targets

• Aquatic Life

• Human

Report is ~90% 

complete; We expect 

advisory group questions 

and comments to inform 

additional work Assume that you may want to discuss this today, so presentation will focus on 

this, but can respond to anything



Key Findings, Part I: Conceptual Models and 
Indicators

• 40 year of eutrophication science of wadeable streams provides a robust basis for 
conceptual model and candidate indicators

• We’ve identified response or causal indicators that can serve as either primary 
and/or supporting lines of evidence in biostimulatory assessment (ultimately a Water 
Board staff judgment call)

– Organic matter accumulation
– Water column or benthic chemistry
– HAB cell density and toxins
– Biostimulatory drivers (nutrients)

Many of these measures have strong basis for thresholds. 

Summarized in Part II of this presentation



Response 
Indicator 
Review 
Criteria

Indicators Should:

• Have a clear link to beneficial uses 

• Show a trend either towards increasing or/and decreasing 
eutrophication with an acceptable signal: noise ratio

• Have a predictive relationship with biostimulatory drivers that can 
be modeled (empirical or mechanistic modeling) 

• Have a scientifically sound and practical measurement process, 
with available SOP 

• Have a scientific basis for a numeric target

It would be beneficial if indicators also:

• Were easy to understand to a non-technical audience 
(unambiguous)

• Is currently in routine use in statewide ambient monitoring 
programs

• Were adaptable for use at a range of spatial scales



Candidate 
Response 
Indicators 

Were 
Reviewed

Using these 
Criteria



Good Light Penetration

Benthic 

Chla
AFDM

TN 

and 

TP

Poor Light Penetration (Turbidity, Flow)

Sestonic 

Chla

Diel 

DO

Wadeable Streams

Non wadeable Streams

Benthic Cyanobacteria 

Cell Density & Toxins

DO, pH, Sestonic Cyanobacteria Cell Density, Particulate Toxins, tissue toxins

% 

Cover

Best evidence 

from CA 

biointegrity 

stress-response

Basin Plan 

WQO, 

Statewide 

Guidance, Other 

State Literature

Other State 

Literature

Applicability of Key Indicators and Bases for Threshold Science

TN 

and 

TP

Diel 

DO
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Key Findings, Part II: Thresholds for Aquatic Life 
and Human Uses

• Strong empirical evidence for aquatic life-related thresholds for nutrients and organic matter 
indicators

– Thresholds are validated with significant increased risk to AL indicators

– Empirical evidence supported by literature that describes mechanistic basis for relationships

– Thresholds vary based on confidence level and stringency of approach (e.g. aquatic protection 
endpoints REF30, REF10, REF1), but all within a fairly narrow range

• Thresholds to protect human uses rely to a greater degree on literature, existing basin plans and 
guidance

• Most tend to focus the numbers, but the devil is in the details (how is indicator and comparison to 
threshold assessed), so you will want to pay attention to that to

– In eutrophication synthesis, we are mostly silent on this, pending more detail on policy options



Good Light Penetration

Benthic 

Chla
AFDM

TN 

and 

TP

Poor Light Penetration

Sestonic 

Chla

Diel 

DO

Wadeable Streams

Non wadeable Streams

Benthic Cyanobacteria 

Cell Density & Toxins

DO, pH, Sestonic Cyanobacteria Cell Density, Particulate Toxins, tissue toxins

% 

Cover

Best evidence 

from CA 

biointegrity 

stress-response

(Mazor et al in 

prep, 

Fetscher et al. 

2014) Basin Plan 

WQO, 

Statewide 

Guidance, Other 

State Literature

Sutula et al. TR 

1048

Other State 

Literature

Sutula et al. TR 

1048

WHAT ARE YOU MOST INTERESTED IN DISCUSSING?

TN 

and 
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Diel 

DO





What Science Products Can Be Used to Answer 
Biostimulatory Policy Questions?

Q7. What are the biostimulatory thresholds that are protective of aquatic life and human uses?

Wadeable streams, dominated by benthic primary producers (most streams in state): TN, TP, Benthic 

Chla, AFDM, macroalgal % cover, DO diel variability

• %ILE OF REFERENCE: Fetscher et al. (2014)- 75th and 95th, ecoregion and statewide

• %ILE OF REFERENCE: Mazor et al. in prep – 90th, ecoregion and statewide

• CHANGEPOINT: Fetscher et al. (2014) – Comparative for CSCI and So Cal algal IBI, statewide)

• CHANGEPOINT: Mazor et al. in prep – Raw taxonomy for bugs and algae, statewide

• PROTECTION ENDPOINT: Mazor et al. in prep – 30th, 10th and 1st percentile of reference, BCG bins 3 

and 4 for bugs (CSCI) and algae (ASCI)

• Literature from other states, using comparable approaches, state criteria: Sutula et al. TR 1048, 

notably Jessup et al. (2015) for New Mexico streams

Wadeable streams, dominated by sestonic primary producers (most streams in state): TN, TP, water 

column chl-a, DO diel variability

• Literature from other states, using comparable approaches, state criteria: Sutula et al. TR 1048



Comparisons of CA 
Wadeable Stream 
Thresholds By Approach 

• Protection endpoints for CSCI 
and ASCI

• Percentile of range of 
biostimulatory values at 
reference sites  (90th shown 
here)

• Change point analyses



Comparisons of CA 
Wadeable Stream 
Thresholds to

Changepoint 
Literature Values 
(other states)

Nutrient Criteria 
(other states)
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Nitrogen

(mg/L) 

Thresholds that Associated with Levels of Protection of Aquatic Life Are 
Extremely Low Relative to Urban/Ag Runoff and POTW Wastewater

Biostimulatory Science
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Aquatic Life 
Derived Benthic 
Chl-a Also Within 
Range of Other 
State Literature

AFDM May Have 
Issues with False 
Positive at Low End of 
Disturbance Gradient



Wadeable 
Streams 

Aquatic Life 
Response and 
Biostimulatory 

Thresholds

Response 

• Benthic Chl-a

• Ash-free Dry Mass

• Macroalgal Cover

• Sestonic Chl-a

• Dissolved oxygen and pH 

• Diel DO Variability

• Particulate cyanoHAB cell count and toxins

• CyanoHAB tissue toxin concentrations 

• SPATT

• CSCI and ASCI or component metrics

Causal 

• TN, TP 

Other response indicators are 

derived from existing basin 

plans, state guidance, or are 

”placeholders” for emerging 

science 



BASIS FOR STREAM WATER COLUMN CHL-A THRESHOLDS: QUICK

SNAPSHOT



DO AND PH DIEL VARIABILITY

• For DO and pH, the diel variability is linked to fish and invertebrate impacts, is an 
easier endpoint to model mechanistically, and requires a shorter timeframe to monitor to 
assess
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Summary of Thresholds Values for DO Diel 
Variability





Wadeable 
Streams Human 

Uses (Water 
Resources, 

Consumption, & 
Recreation) 
Thresholds

Primary Lines of Evidence

• Macroalgal Percent Cover:  REC2

• CyanoHAB particulate toxins: MUN, REC1

• CyanoHAB tissue concentrations: COMM, AQUA, SHELL

• DOC and trihalomethane: MUN

Supporting Lines

• Cyanotoxin SPATT: MUN, REC1

Causal Lines

TN and TP



Macroalgal Percent Cover Impacts to 
Recreational Use

• Aesthetic nuisance conditions are caused by the 

fraction of stream surface covered by visible 

periphyton mats, especially filamentous green 

algae and in particular Cladophora.

• Basis for thresholds:

• Welch (1988) > 20 % is nuisance to aesthetics; 
100 to 150 mg m2 benthic chla

• Suplee et al. (2009) and Jakus et al (2017) 
recreational user survey; strongly tied to 
Cladophora mat cover (also drives up biomass), 
less “generic cover”, > 20%, > 150 mg m2

• West Virginia: > 25% cover undesirable for > 
50% of respondents (Responsive Management 
2012)

< 5% 5–10% 50–

80%

20–

60%

50% 70% 90%30–

100%

We strongly suspect that CA biomass estimates are NOT 

comparable with that of other states

Would be worthwhile doing a comparison of methods 

AND refinement of Fetscher et al. (2009) to improve 

quantitative estimate of organic matter accumulation 



REC-2 THRESHOLDS ARE ROUGHLY

COMPARABLE TO AQUATIC THRESHOLDS

FOR % COVER AND BENTHIC CHL-A

CSCI- 90% Prob

REf10

ASCI- 90% Prob

REf10

Literature 

Recreational Use

13% 21 % > 20 to 25% Cover

Comparison of Cover Targets: Aquatic Life Versus 

Recreational Use (Literature-Based)

CSCI-

REf10

ASCI-

REf10

13% 

Cover

30% 

Cover

50% 

Cover

28 58 19 41 123

Comparison of Biomass Thresholds (mg/m-2) with 90% Prob. 

Of Meeting Aquatic Life Versus Range of % Cover Goals* 

* Numbers are provisional, pending model validation



Human Uses: Basis for 
Cyanotoxin Thresholds….

• Primary Line

• Particulate cyanoHAB cell densities and toxins 
(CCHAB triggers, Table 3.16)

• CyanoHAB toxin concentrations in tissues 
(OEHHA 2012)

• Supporting Line

• SPATT Toxin (Kudela et al. references)



DOC and Trihalomethane (THM): MUN

• Trihalomethanes (THMs) are byproducts of drinking water treatment that result 

from the chlorination or bromination of certain dissolved organic carbon (DOC) 

compounds.

– Known and suspected carcinogens

– EPA (2003) suggested 0.080 mg/L total THM in potable water distribution 

system

• Algal blooms in wadeable streams leak DOC.  The Stage I Disinfection 

Byproducts Rule requires removal of DOC by water treatment plants when the 

source water concentration exceeds 2 mg/L DOC, a limit easily exceeded 

during benthic algal blooms

• CALFED (2004) has an objective of 3 mg/L organic carbon in source water



Other Issues Not Currently Addressed In Synthesis, 
But Would Like to, With More Policy Context

• How should thresholds be applied? Statistics matter! 

• Mean vs maximum vs minimum?

• Duration of effects?

• Minimum number of samples to estimate effect?

• Whether or how to use multiple lines of evidence

• Seasonality 

• wet versus dry weather

• Winter dry versus summer dry

• Analytical variability versus threshold significant digits

• Temporal variability of nutrients in reference streams

• Relevance of indicators and thresholds for protection of downstream uses

• Biostimulatory thresholds were biointegrity constrained by landscape development

What Else?



Take Home Message: Conceptual View of Review 
and Timeline of Completion of Technical Products 

Biointegrity Tools, CSCI (Mazor et al. 2016)

ASCI (Theroux et al. in prep), Channels in 

Developed Landscapes, Beck et al in review)

Reference Distribution, Biointegrity Interpretation 

Support (Ode et al. 2016, BCG Paul et al in prep)

Biostimulatory CA-specific analyses protective of 

Biointegrity (Fetscher et al. 2014, Mazor et al. in prep)

Wadeable Stream Eutrophication Synthesis (Sutula et al. TR 1048)

Approaches to Assessment, Prevention and Management (Sutula TR 871)

Finalize Spring 2019

Iterations on stress-

response analyses

Finalize as Policy 

Options Become Clarified

Finalize Before Staff 

Report


