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Introduction 
Biological assessment, or bioassessment, is the science of evaluating the health of an ecosystem 
by examining the organisms that live within it (Mazor et al., 2019). From algae to invertebrates 
to fish and amphibians, biological indicators of ecological condition play a key role in helping 
the environmental management community monitor the overall health of water bodies. Unlike 
chemistry- and toxicology-based monitoring methods, bioassessment can integrate the 
cumulative effects of all stressors on an ecosystem and the organisms in it, including 
contaminants, altered physical habitat, and changing hydrological flow patterns. And while 
traditional chemical and toxicology-based methods are typically restricted to monitoring at a 
discrete point in time, a single bioassessment sampling event can produce integrative data on all 
stressors over the organism’s full lifespan. Because of the managerially relevant insights 
generated through bioassessments, bioassessment is intrinsically linked to the beneficial-use 
goals that are the focal point of water-quality improvement plans. Already, bioassessment has 
become a cornerstone of Southern California’s two premier regional monitoring programs: the 
Southern California Bight Regional Monitoring Program and its freshwater counterpart, the 
Southern California Stormwater Monitoring Coalition Regional Watershed Monitoring Program. 
While use of bioindicators such as algae, invertebrates, and fish as biological indicators of 
ecosystem health is already well-established for certain water body types , SCCWRP’s goal is to 
build a comprehensive bioassessment program that eventually encompasses all water body types 
in Southern California and utilizes organisms across all levels of aquatic food webs, enabling 
environmental managers to better protect aquatic ecosystems and foster healthy, sustainable 
biological communities (Figure 1). 

Conceptual Model 
SCCWRP’s conceptual model for bioassessment research is driven by a series of beneficial-use 
goals that environmental managers are mandated to protect. These goals form the foundation of a 
robust bioassessment monitoring program that comprises three distinct research areas, which 
work in coordination to seamlessly transition science into managerially relevant products 
optimized for widespread adoption (Figure 1). These three research areas are assessing 
waterbody condition (Condition Assessment), assessing the causes of or threats to waterbody 
degradation (Causal and Protective Assessment), and facilitating the use of bioassessment data to 
inform or evaluate management actions (Management Applications). 

Research described in this plan spans multiple levels of biological organization, from molecular 
to ecosystems (Figure 2). Other SCCWRP research areas tackle similar problems, but at different 
levels of organization (e.g., Ecological Risk Assessment) or with a focus on specific kinds of 
stress (e.g., Ecohydrology, Eutrophication). 
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Figure 1.SCCWRP’s bioassessment research is driven by the need to achieve beneficial-use goals for 
waterbodies. SCCWRP works across three main areas – condition assessment, causal and protective 
assessment, and management applications – to advance ecosystem protection and achieve 
beneficial-use goals. 
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Condition Assessment 
Concepts – Biological organisms provide a direct way to assess the ecological health of a 
waterbody, therefore providing a preferred method for assessing the support of several beneficial 
uses related to aquatic life. Thanks to their diverse life histories, biological indicators can reflect 
responses to multiple types of stressors impacting a waterbody. They can integrate the effects of 
brief “pulse” disturbances, as well as long-term “press” disturbances, and they can integrate the 
cumulative impacts of disturbances, even if they occur at some distance away up- or down-
stream of a waterbody.  

Figure 2. SCCWRP uses bioindicators at different levels of biological organization to 
develop a wide array of bioassessment tools. Collectively, these bioassessment tools 
support projects and programs across multiple SCCWRP research themes – beyond just 
SCCWRP’s Bioassessment research theme –  including Ecohydrology, Ecological Risk 
Assessment and Eutrophication. Within each research theme, SCCWRP has prioritized 
developing bioassessment tools that focus on specific levels of biological organization. 
These existing areas of emphasis reflect SCCWRP’s progress to date, rather than 
permanent divisions, as SCCWRP’s long-term vision is to develop bioassessment tools 
that utilize organisms across all levels of aquatic food webs and that span all water body 
types in Southern California. 

Current areas of 
Emphasis 

Levels of Biological 
Organization 

Ecosystem 

Community 

Population 

Individuals 

Cells and Tissues 

DNA/RNA/Protein 

Bioassessment 

Ecohydrology 

Ecological Risk Assessment 
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Ideally, biological indicators (e.g., benthic macroinvertebrates, ichthyoplankton, macrophytes) 
are easy to measure, can be analyzed with a high degree of consistency, are relevant to the 
waterbodies of interest, and relate to the ecosystem functions and beneficial uses managers want 
to see supported. Thus, selecting appropriate indicators is often the first step in developing 
assessment tools for a habitat type. Different indicators have different sensitivities and response 
times to different types of stress. Therefore, assessments that rely on multiple indicators provide 
a more comprehensive picture about waterbody health than assessments based on single 
indicators. 

Condition assessments often require indices or similar tools to transform complex biological data 
into simple quantifications of ecological condition. Moreover, these tools require a method to 
benchmark index values with levels of beneficial use support. These benchmarks are often 
intended to reflect natural levels, and are derived from historic conditions, conceptual models, 
and/or contemporary data at reference sites. Defining and characterizing reference conditions is 
thus one of the fundamental tasks in developing tools to assess biological condition. A related 
step is understanding how variability in reference conditions can be disentangled from variability 
related to human impacts. In states as large and complex as California, this task takes on a great 
deal of importance. Much of SCCWRP’s past bioassessment research has been focused on 
developing predictive indices that set unique and appropriate biological expectations for 
waterbodies in different environmental settings (Mazor et al., 2016; Theroux et al., 2020). 

Challenges – To date, condition assessment has focused on streams and near-coastal habitats 
with long-standing monitoring and management programs. Other water body types, such as 
lakes, estuaries, and seasonal streams and wetlands, lack tools to assess condition in a systematic 
manner. SCCWRP aims to develop condition scoring tools (i.e., indices) for these water body 
types using both traditional and emerging molecular methods. The latter hold great promise for 
enhancing development of condition assessment tools where taxonomy is poorly characterized 
and/or where there is a desire to integrate information across multiple assemblages. Management 
programs are increasingly holistic in their desire to protect watershed health and improve 
condition over time. The ability to support such broad management objectives requires 
development of tools capable of assessing and tracking condition over time and space.  
SCCWRP is exploring a number of different approaches to support efforts to protect and manage 
aquatic resources at landscape scales.  

Protective and Causal Assessment 
The science of condition assessment allows managers to determine the relative health of a 
waterbody. After condition assessment, the next step is to understand why the waterbody is in 
condition that it is and, more importantly, translate that information into actionable insights for 
the management community. Most waterbodies fall into one of two basic condition assessment 
categories: (1) Those that meet or exceed their designated condition goals, or (2) those that fail to 
meet their designated condition goals. Protective and causal assessment is the science of 
investigating the reasons for these observed conditions, whether condition is biologically intact 
(i.e., protective assessment) or biologically degraded (i.e., causal assessment).  
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Protective Assessment 
Concepts – If a waterbody is presently meeting its designated condition goals, it is important to 
understand the susceptibility of the resident biota’s response to stressors they are presently 
exposed to, as well as to different levels and types of stressors they may be exposed to in the 
future. Protective assessment is the science of assessing the threat that present-day stressors 
within a waterbody pose to potential degradation, and providing insight into how stressor 
exposure may change at a waterbody in the future. Protective assessment makes use of patterns 
in biology and stressor information, ranging from cellular/molecular to community scale. 

The first element of protective assessment is to determine how closely a waterbody that is 
meeting designated standards is to the tipping point that would shift it from intact to degraded. 
This can be done by quantifying the present-day levels of anthropogenic activity, resistance of 
the waterbody to disturbance, and resiliency of the resident biota in the face of disturbance. The 
second element is to determine what the most likely threats of degradation under future climate 
and land-use change scenarios could be to that waterbody. Information gained from these two 
elements allows managers to implement appropriate policies to prevent degradation at these 
waterbodies in the near and long-term future. 

Challenges – Protective assessment is a relatively new concept in bioassessment, so the 
challenges to be overcome in developing this new science are many-fold. The first is to develop 
a framework for identifying high-quality and other waterbodies meeting their designated 
condition goals in different environments across the state. SCCWRP is developing this 
framework and will then develop tools to accurately identify present-day stressors to these 
waterbodies. SCCWRP also is working to develop models to predict future biological 
composition and stressor exposure at high-quality waterbodies under potential land use and 
climate change scenarios. 

Causal Assessment 
Concept - If a waterbody is presently not meeting its designated condition goals, it is imperative 
to identify the reasons why the condition is less than desirable. Causal assessment is the science 
of using community and population-scale patterns in biology, combined with stressor 
information, to identify the most likely causes of the observed degraded biota. To this end, 
SCCWRP has developed a three-level causal assessment framework to work within California’s 
monitoring and assessment programs. Level 1 is a rapid, screening level assessment designed to 
evaluate a standard suite of priority stressors against a standard set of biological condition 
measures that are regularly collected as part of bioassessment monitoring. This level of causal 
assessment is intended to be conducted algorithmically on a regular basis at every site where 
bioassessment data are collected and the site is in poor condition. Level 2 is a detailed 
assessment, providing more site-specific nuance in analyses and relying on local stakeholder 
knowledge to move beyond the standardized suite of stressors and incorporate stressors known to 
be of concern at the site and biological components of value at the site. This level of causal 
assessment echoes the US EPA Causal Analysis/Diagnosis Decision Information System 
(CADDIS) approach most closely, building upon the stressors identified in the screening 
assessment at a specific site (or set of sites) prioritized by managers for follow on analyses. 
Level 3 is confirmatory assessment, where experiments and modelling exercises are used to 
demonstrate that remediation/removal of stressors identified as causative agents in previous 
levels will produce improvements in biological conditions.  
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Challenges – Challenges in developing causal assessment science are centered around creating 
greater specificity in causal diagnoses and in developing streamlined tools that can be more 
rapidly applied to numerous disturbed sites. Moreover, most disturbed systems are exposed to a 
variety of different stressors, and it is presently difficult to separate different anthropogenic 
stressors from each other and from natural variation in the environment, as well as the biota 
themselves. One potential solution is to develop relationships and build analytical tools based on 
other levels of biological organization (i.e., individuals or sub-organismal) that can be integrated 
into the existing causal assessment framework to provide greater specificity in diagnosis. 
SCCWRP is pursuing several such approaches. 

Management Applications 
Concepts – Underlying all bioassessment research is a need to design tools and collect data that 
inform management decisions. Thus, SCCWRP’s bioassessment research aims to connect the 
findings of condition, causal, and protective assessments to regulatory, restoration, and 
management programs. The solution is a single, unified integrated framework with custom-
designed management tools that integrates a comprehensive set of biological indicators and can 
be applied to any waterbody type. SCCWRP is working to incrementally build this management 
framework by focusing on three areas: First, SCCWRP is building capacity to generate 
bioassessment data. Second, SCCWRP is creating tools to support data interpretation by making 
data open, accessible, and relevant to management decisions. Third, SCCWRP is developing and 
implementing communication strategies to ensure that all sectors involved in the management of 
aquatic resources (regulators, dischargers, and other stakeholders) are able to use bioassessment 
data. 

Challenges – Integrating bioassessment products (e.g., scoring indices, causal assessment 
evaluations) into management or regulatory frameworks can be challenging, despite technical 
advances in the development of sophisticated and rigorously validated tools. Perhaps more so 
than many other types of monitoring data, bioassessment data are complex and difficult for non-
experts to interpret or use. California’s bioassessment indices require advanced statistics and GIS 
skills to calculate, which may put them out of reach of some managers. Decision makers may be 
unaware of how to interpret indices, or even how to access the data needed to calculate them. 
The abundance of available indices and tools can be a point of frustration for managers without 
guidance for choosing among alternatives, particularly as to how different assessment products 
relate to specific management, monitoring, or policy objectives. Challenges with accessing, 
working with, and contextualizing bioassessment data has impeded its adoption into monitoring 
programs. Perhaps more fundamentally, a lack of awareness about available resources among 
critical members of the management community and the public at large presents a major 
obstacle.  SCCWRP is developing tools to improve accessibility of bioassessment data, allow 
managers and other end users to more easily calculate indices, explore stress-response 
relationships, and translate technical outcomes to actionable information.  
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Research Directions 
Bioassessment pervades multiple disparate areas of SCCWRP’s research, including the 
Ecohydrology, Ecological Risk Assessment and Eutrophication research themes. It forms the 
underlying science that helps drive regional monitoring programs in both marine and freshwater 
environments and serves as the technical foundation for a wide range of policy-setting and 
permitting decisions in areas like biological objectives, sediment quality, stormwater 
management, nutrient control, and minimum flow criteria. SCCWRP is vested both in building 
bioassessment tools for every major aquatic habitat type of management concern, as well as in 
developing integrated frameworks that allow managers to effectively and efficiently synthesize 
results from multiple tools to assess and manage overall waterbody health – and to relate those 
results to beneficial-use attainment goals. 

Condition Assessment 
Condition assessment is focused on harnessing understanding of biological community 
composition as a tool to infer ecological health based on understanding of the relative 
sensitivities of components of the biological community to stress. SCCWRP has helped establish 
a general process for condition assessment that has been adopted statewide, and also has invested 
heavily in development of condition assessment tools (i.e., indices) for several priority habitats – 
namely, wadeable streams (Beck et al. 2019; Mazor et al. 2016; Theroux et al. 2020) and near 
coastal soft-bottom habitats. Moving forward, SCCWRP’s condition assessment research will 
focus on expanding condition assessment to additional habitats, incorporating the use of 
molecular methods into condition assessment tools, and developing approaches for better 
understanding condition over space and time. The last area will help improve understanding of 
how conditions relate across habitat types and how to ultimately evaluate watershed health. 

Expansion of Bioassessment Tools for Priority Habitats 
Accomplishments 
SCCWRP has developed a number of assessment tools for a wide range of priority habitats. 
Notably, this includes the benthic invertebrate-based California Stream Condition Index (CSCI; 
(Mazor et al. 2016)) and the Algal Stream Condition Index (ASCI; (Theroux et al. 2020)), both 
of which are key parts of monitoring and management programs, including as biological 
objectives in the San Diego region. Additionally, SCCWRP has adapted the multivariate AMBI 
(M-AMBI) for monitoring applications in coastal habitats nationwide (e.g., as part of the EPA’s 
National Coastal Condition Assessment) and management applications within California (e.g., as 
part of the state’s Sediment Quality Objectives program) (Pelletier et al. 2018; Gillett et al. 
2019). SCCWRP has also begun first steps (e.g., characterizing reference conditions) to develop 
assessment tools for deeper habitats, such as the continental slope (Gillett et al. 2021) and initial 
development of ichthyoplankton as an assessment tool for pelagic habitats (Kacev et al. 2019). 
Beyond index creation, we have also validated indices for freshwater depressional wetlands, 
habitat assessment tools (including the Index of Physical-habitat Integrity, or IPI; (Rehn et al. 
2017)), and several modules of the California Rapid Assessment Method (CRAM) for episodic 
riverine wetlands and estuaries (Collins et al. 2008; Solek and Stein 2012).  
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Ongoing Research 
SCCWRP’s current efforts focus on expanding the assessment toolkit to work in priority habitats 
by developing and validating additional indices. In addition, SCCWRP is continuing to develop 
new frameworks to support the interpretation of indices. 

Project: Identifying streams where biological conditions may be constrained by 
channel modification   
Previous work has shown that biological conditions are typically poor in certain types of 
modified streams, and that these modifications may impose long-term constraints that 
prevent improvements in biological conditions through management activities that fall 
short of wholesale restoration of natural channel forms. SCCWRP is building off this 
work to improve understanding of the impacts of different types of modificiations (e.g., 
are soft-bottom channels vs. fully armored), and identify which types of management 
(e.g., water quality improvement, flow management, management of riparian vegetation, 
in-stream maintenance regimes) are likely to affect conditions within constraints. These 
analyses will help identify limits to the potential for improving conditions while 
constraints are in place. 

Project: Assessment tools for non-perennial streams 
Non-perennial streams comprise the majority of waterways in California, yet we remain 
unable to assess their conditions in most settings with high confidence. To this end, 
SCCWRP is continuing a two-pronged effort to facilitate the inclusion of intermittent and 
ephemeral streams in monitoring and management programs. First, we are validating 
indices developed for perennial streams (such as the CSCI and ASCIs) for use in flowing 
intermittent streams. Second, we are developing new tools for assessing the condition of 
dry intermittent and ephemeral streams. Pilot indices based on terrestrial arthropods and 
bryophytes have been developed, but additional validation is needed before they can be 
used in many programs. 

Project: Assessment framework for habitat engineering organisms 
Certain aquatic organisms, such as kelp, oysters, and seagrass, are unique in that they are 
integral parts of their ecosystems, but they also create unique habitats within the 
ecosystem upon which a myriad of other organisms is dependent. SCCWRP is 
developing frameworks for one such organism (estuarine eelgrass), accounting for the 
extent of habitat these organisms create, as well as more traditional assessment tools of 
condition and ecological function of the habitat engineers. This framework produces 
more actionable and relevant information on the dual nature of habitat engineers and also 
informs habitat restoration efforts in these systems. 

Project:  Developing an assessment framework for estuaries 
SCCWRP is developing a new multi-trophic level assessment framework for estuaries 
centered around measuring indicators of ecological function (e.g., nutrient cycling, 
secondary productivity, nursery habitat) in contrast to traditional structural measures of a 
single type of organism (e.g., benthic infauna) or a single type of stressor (e.g., sediment 
contaminants). This framework includes the development of new data collection 
protocols and data interpretation approaches. SCCWRP is validating this framework at 
estuaries throughout the whole of California. 
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Priorities for Future Research 
Future research priorities are focused on validating existing indices through development of tools 
to directly measure ecosystem function and to expand condition assessment into additional 
priority habitats. 

Project: Developing tools to assess ecosystem function 
Most bioassessment indices are structural in nature (e.g., they are based on the 
composition of biological assemblages), and we use them to infer whether an ecosystem 
is functioning at a natural level. More direct assessments of ecosystem functions are 
needed for two reasons of interest to SCCWRP member agencies. First, we will be able 
to validate or establish assessment endpoints for indices at thresholds where ecosystem 
functions are affected. Second, assessments based on ecosystem function may provide 
more meaningful management goals for constrained systems that are unlikely to support 
natural levels of biodiversity. Thus, this project would help managers set biointegrity 
goals for both natural and modified systems. 

Project: Expanding tools for priority habitats 
SCCWRP will continue to develop or validate assessment tools for habitats that address 
the needs of our member agencies. For example, tools to assess the condition of 
downstream waterbodies, such as estuaries and lakes, are needed to understand the 
cumulative effects of management in a watershed. These needs are particularly important 
for assessing waterbodies downstream of modified channels, where alternative 
management goals are under consideration. In addition, SCCWRP will develop tools for 
the continental shelf, submerged aquatic vegetation, and beach-dune systems. Our 
ultimate goal is to provide a toolkit that includes assessment tools for multiple indicators 
(e.g., algae, invertebrates, and vertebrates) in all priority habitats. 

Integration of Molecular Methods into Condition Assessment 
Accomplishments 
SCCWRP has cemented itself as a leader in state, national, and international efforts to 
incorporate molecular methods into routine bioassessment. This growing catalog of work 
includes DNA barcode sequencing to develop DNA reference libraries, DNA metabarcode 
sequencing to evaluate biological community composition, and quantitative PCR approaches that 
are used for eDNA targeted species monitoring. Likewise, these efforts have been focused on a 
variety of habitats and biological assemblages, including ichthyoplankton assessment in coastal 
water, benthic macroinvertebrates from marine sediments, and benthic algae from stream 
systems (Theroux et al. 2020). As there has been an increasing interest in the use of molecular 
methods across a broad spectrum of studies and habitats, there has been an increased focus on 
the development of standardized sampling and analytical approaches to ensure comparability 
across datasets and through time. SCCWRP’s leadership role in the standardization of DNA-
based approaches helps ensure that these methods yield high-quality, robust data that will 
transfer into actionable science for environmental managers.  

Ongoing Research 
SCCWRP’s current research is focused on standardizing measurement methods to improve data 
quality and on the initial phases of adapting traditional indices for use with molecular data. 
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Project: Adapting traditional indices for use with molecular data 
Both internationally and in California, algal bioassessment has been one of the first 
research areas to explore a transition to DNA-based approaches for bioassessment, 
largely due to the extreme capacity limitation for generating algae morpho-taxonomic 
data. Due to this critical need, SCCWRP initiated the collection of stream algae DNA in 
2016, and has completed the first paired analysis of algae DNA- and microscopy-based 
taxonomy. This study is focused on optimizing both the sampling and analytical 
protocols, including the identification of DNA barcode primer sets that would reliably 
detect diverse algal assemblages and an evaluation of ASCI scores with different 
sequencing and bioinformatic pipelines. Likewise, a series of ongoing pilot studies are 
focused on adapting the marine mAMBI index, termed the genetic AMBI or 
gAMBI;these pilot studies will work to both fill gaps in DNA reference databases for 
marine benthic macroinvertebrates, and also determine the potential to calculate gAMBI 
scores using DNA metabarcode data.   

Project: Improving targeted species detection with eDNA 
Targeted species detection for surveillance of priority taxa, including invasive and 
endangered taxa, has seen rapid expansion and prioritization in recent years. These 
approaches use qPCR or digital PCR (dPCR) approaches and benefit from technological 
advances in the beach water quality and human pathogen monitoring research programs. 
SCCWRP has completed a series of pilot studies to help develop capacity for water 
eDNA-based monitoring for targeted species detection, in particular working with 
Regional Water Boards to develop species-specific probes for stickleback, steelhead, 
pond turtle, and California newt. A critical consideration for these eDNA-based 
monitoring programs is in how to best interpret eDNA signals given the uncertainties 
surrounding eDNA fate and transport in the environment. To that end, SCCWRP is 
working on a series of pilot studies to determine eDNA transport rates in both hard- and 
soft-bottom streams to better constrain the expected radius of detection for eDNA signals 
and determining how eDNA fate studies can be designed for the marine environment.  

Project: Developing standard sampling and analysis methods for molecular methods 
A cornerstone of the DNA-based approaches is consistent analysis of DNA data and 
interpretation of DNA signals. SCCWRP leads the California Molecular Methods 
Workgroup, a workgroup within the California Water Quality Monitoring Council 
focused on developing standardized DNA sampling, extraction, sequencing, and 
bioinformatic approaches, in addition to standardized DNA metadata templates. Through 
this project, the protocols developed by this workgroup are being incorporated into 
statewide monitoring programs to help ensure consistent collection and analysis of DNA 
data. Additionally, SCCWRP is heavily involved in ongoing research to help develop and 
optimize these protocols, including DNA filter comparisons, DNA extraction kit ring 
tests, and bioinformatic comparison studies. All of these studies will help to illustrate the 
importance of analytical pipeline choices and opportunities to minimize biases between 
different analytical pipelines.   

Priorities for Future Research 
Future research priorities will focus on better understanding how to interpret eDNA data in terms 
of its representation of resident ecological communities and to expand the application of 
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molecular methods for multi-trophic community assessment and for early detection of species of 
management concern. 

Project: Developing “next-generation” function-based indices based on novel 
communities and multiple assemblages using molecular data 
Beyond adapting existing biological indices, the advent of molecular approaches allows 
for the exploration of novel, potentially more sensitive indices that focus on previously 
untapped biological communities, including microbes and even megafauna, and well as 
the development of multi-assemblage indices. The use of microbial assemblages allows 
for great exploration of functions, such as nutrient cycling capabilities as well as 
responses to pollutants and other environmental disturbances. These novel indices that 
harness a broader biological community can also leverage “taxonomy-free” approaches, 
wherein DNA sequences are assigned trait attributes based on their distributions across 
stressor or geographical gradients; this approach allows for the identification of 
bioindicators without the constraints of a complete DNA reference library. Furthermore, 
the incorporation of gene-based analyses through metagenome sequencing or high-
throughput quantitative PCR (qPCR) would allow for the exploration and discovery of 
community metabolic activity, adding additional functional insights to traditional 
biological indices.  

Project: Developing early warning tools for HABs detection with eDNA 
Increasing frequency and severity of freshwater harmful algae bloom events (FHABs) 
have resulted in an increasing need for sensitive and early-warning monitoring tools to 
detect the occurrence of toxigenic cyanobacteria before a bloom event occurs (Howard et 
al., 2021). To this end, SCCWRP is focused on developing a suite of gene-based 
environmental RNA (eRNA) probes that can be used to identify the transcription of toxin 
gene pathways at very low concentrations. These probes will be designed for specific 
toxins (e.g. microcystin, anatoxin), and by using a dPCR approach, results will be 
possible within hours and will be able to signal management action days before 
traditional microscopy would be able to identify a bloom event.  

Project: Developing tools for interpreting spatial and temporal extent of eDNA 
signals 
Even with a suite of standardized sampling and analytical protocols, there are limits to 
our ability to interpret eDNA signals without a better understanding of when and from 
where the eDNA first entered the system. This interpretation is a key component of how 
eDNA information is used for informing environmental management decisions, and it 
also lends certainty to interpreting true positive and true negative samples. To this end, 
future research efforts will focus on foundational research surrounding eDNA fate and 
transport in marine and freshwater systems, including studies focused on organism eDNA 
shedding rates and microbial impacts on eDNA degradation. Similarly, a large focus of 
future research will be on developing better tools for determining the age of eDNA, via 
DNA fragment length comparisons and the use of eRNA:eDNA ratios, wherein both 
longer fragments and higher eRNA:eDNA ratios are indicative of more recent DNA. 
Together, these studies will help managers make more accurate inferences regarding 
organism presence and concentrations in the environment, therefore enabling more 
informed management decisions. 
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Developing Tools for Assessing Condition Across Space and Time 
Accomplishments 
A majority of wadeable streams in the state and nearshore habitats across the Southern California 
Bight have been characterized using tools developed by SCCWRP. These comprehensive 
condition assessments form a foundation many of the water quality and resource management 
decisions made locally and statewide. More recently, SCCWRP has refined tools to extrapolate 
condition indices such as the CSCI and ASCI across the entire stream network using machine 
learning methods such as random forest and to assign confidence estimates to these extrapolated 
scores using spatial statistical network (SSN) analysis. SCCWRP applied the same methods to 
demonstrate methods to predict potential changes in condition due to factors such as anticipated 
land use change and climate change-induced changes in runoff and temperature. 

Ongoing Research 
Management decisions require integrated assessment of condition across space and time to 
support decisions regarding prioritization of resources. Current research is focused on developing 
methods to integrate condition assessment through an assessment framework that allows 
different habitats to be directly compared through common outputs. This approach is also being 
applied statewide to produce more synoptic assessments of condition. 

Project: Integrating watershed assessments for perennial and intermittent streams 
SCCWRP is testing and refining existing condition indices across multiple stream types 
to provide more comprehensive condition evaluation. Existing tools such as CSCI, ASCI, 
and CRAM are being augmented with new tools developed to assess ephemeral streams 
(based on evaluation of bryophyte and terrestrial arthropods). Guidance is being 
developed on when to apply the appropriate tool based on field indicators and stream 
flow duration. The assessment outcomes will ultimately be able to be combined into a 
common scoring approach to provide an multihabitat condition assessment. Pilot efforts 
in the San Gabriel watershed and the Channel Islands will allow us to explore options for 
assessment frameworks that integrate wet- and dry-phase assessments. 

Project: Evaluating multiple estuarine habitat types statewide 
Working with statewide partners, SCCWRP is developing a framework for assessing 
function across multiple habitats that comprise statewide estuaries. The approach uses a 
common set of indicators keyed to major functions and allocated to representative habitat 
types, such as eelgrass beds, mudflats, and salt marshes. This allows a common function 
score to be produced using indicators appropriate to each individual habitat type and to 
better understand how relative level of ecological function across habitat types. This 
information can then be used to prioritize restoration and management decisions. The 
approach is currently being pilot-tested at estuarine marine protected area (EMPA) sites 
across the state to ensure broad applicability.  

Project:  Evaluating long-term consistency of reference definitions 
SCCWRP is developing an analysis plan for approaches to reference monitoring in 
streams over time and in consideration of changing climatic patterns. Building on past 
work to adapt the statewide stream Reference Condition Monitoring Program (RCMP) 
for the long-term collection of biological data at reference sites, SCCWRP is working 
with the Water Boards and California Department of Fish and Wildlife to develop an 
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analysis plan to evaluate long-term changes in reference conditions that might trigger the 
need for the recalibration or refinement of bioassessment indices. This plan will not only 
govern the required technical analyses, but also provide guidance on how to assess stream 
conditions under climate change. 

Priorities for Future Research 
Condition assessment tools must be able to accommodate changing circumstances over multiple 
time scales and an ever-expanding suite of management needs. Water use patterns are evolving 
in response to increased demand and reduced supply; medium term climate cycles, such and 
ENSO and PDO, and long-term climate change are changing our understanding of baseline 
condition; and regulatory and management programs are encompassing a broader set of habitats 
from headwaters to estuaries to the marine environment. This changing landscape requires tools 
and approaches that have the ability to inform management decisions over the decades that 
implementation typically occurs. Tools must be tested for their ability to discern the effect of 
stressors from long-term trends and must be able to be integrated across multiple habitat types to 
produce consistent outputs. 

Project: Developing integrated headwaters to ocean assessment approach 
Habitats are traditionally assessed individually using tools and approaches that are 
specific for that habitat type. However, watersheds function as an integrated unit, and 
habitat condition is not independent of adjacent habitats. Additionally, stressors often 
have cumulative effects as water flows from headwaters to the ocean. New assessment 
approaches are necessary that consider the interactions between streams, estuaries, and 
the ocean, and how actions in one part of the watershed affect condition in other areas. 
This project would develop an assessment framework and preliminary tools to account 
for spatial and temporal interactions of stress and condition across habitat types in a 
watershed. 

Project: Recalibrating condition indices to accommodate climate change and 
drought 
Existing assessment tools are based on reference expectations and stress-response 
relationships developed over the past decades. In theory, these relationships should be 
stable over time. However, it is unclear if/how these relationships will be affected by 
changing baseline temperatures and rainfall patterns associated with climate change, as 
well as longer and more persistent drought. This project would develop an analysis plan 
to investigate stability of reference definition over time in multiple habitats and guide 
recalibration of indices to ensure they work under climate change and drought conditions. 

Project: Developing assessment framework for interpreting condition assessment 
outputs post-disturbance 
Disentangling the effect of “natural” episodic disturbance, such as wildfires and floods, 
from more typical anthropogenic disturbance is an ongoing management challenge. 
Condition assessment tools are sensitive to such disturbances by design. However, 
investigation of trajectories of response and recovery in condition indices would provide 
much needed insight into how to interpret condition assessments following disturbance 
and over what time frames outcomes should consider recovery trajectories. These tools 
would also help in post-restoration monitoring, which can account for expected 
successional processes, and help determine when new stable states have been reached. 
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Causal and Protective Assessment 
Causal and protective assessment is the science of understanding why a given water body is in 
the condition it presently is and how that may change in the future. This is a cross-cutting 
discipline that uses data and techniques generated by many of SCCWRP’s other research areas, 
and it simultaneously provides these other research areas with ecologically relevant context for 
their studies. As such, this research illustrates SCCWRP’s collaborative science model. 

The causal and protective assessment portion of this research plan has two elements that use the 
relationships between biology and disturbance to identify causes of degraded biology (i.e., causal 
assessment) or to predict the biggest threats to non-degraded biology (i.e., protective 
assessment). These two elements are mirror images of each other. Given their parallel nature, 
research into one element will often benefit the other. As such, the research plan reflects that 
synergy. SCCWRP has organized these concepts into three focus areas: (1) Stressor 
characterization, (2) quantifying the relationship between stress and waterbody condition, and (3) 
relating management actions to ecological response. Research on stressor characterization, 
quantification of relationships between stress and condition, and relating management actions to 
ecological response provide the mechanisms and tools necessary to achieve both goals (i.e., 
improving impacted sites and protecting intact sites).  

Stressor Characterization 
Accomplishments 
Developing methods to measure stresses on aquatic resources from human activities allows 
managers to evaluate the impacts on biological conditions and set benchmarks that protect 
aquatic life. The characterization of stress – identifying the stressors associated with human 
activities and determining how to best measure them – is a foundational step in both causal and 
protective assessment and is a primary objective in many of SCCWRP’s research areas (such as 
Eutrophication, Ecohydrology, and Emerging Contaminants). SCCWRP’s most recent 
accomplishments in this area have focused on characterizing stress related to wadeable stream 
habitat quality, leading to the development of the Index of Physical-habitat Integrity (IPI; Rehn 
et al. 2017) for streams, as well as initial efforts to describe/inventory types of channel 
modifications associated with constrained biological condition (R. Mazor et al. 2018; 
Stormwater Monitoring Coalition 2017; Taniguchi-Quan et al. 2020). Efforts to characterize 
stress associated with watershed-scale landscape alteration have culminated in the Stream 
Classification And Prioritization Explorer (SCAPE) tool, which is now being integrated into a 
variety of statewide and regional management programs (Beck et al. 2019a). 

Ongoing Research 
SCCWRP is expanding efforts to identify waterbodies where conditions are likely constrained 
due to modification (e.g., armored embayments and stream channels, or artificially open 
lagoons), as well as developing conceptual and statistical models to assess stress associated with 
different types of human activities (such as recreation and flow modification). 

Project: Developing conceptual models for human activities that disturb streams in 
undeveloped areas 
Streams in poor condition in undeveloped areas are often a high priority for restoration 
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efforts due to the general lack of constraints typical of streams in urban areas. SCCWRP 
is developing conceptual models to identify the ways human activities in these areas (e.g., 
in-stream and riparian recreation) might affect streams and identify indicators of these 
stressors (e.g., personal care product concentrations, habitat alteration). SCCWRP’s 
initial focus is on recreational activities in the San Gabriel Mountains, but may be 
expanded to address mining, grazing, dam operations, water diversions, and cannabis 
growth in other areas. This project will result in enhanced new causal and protective 
assessment modules that can evaluate the likelihood of these activities impacting stream 
conditions. 

Project: Developing techniques to quantify multiple causes of stream alteration to 
support causal and protective assessment 
SCCWRP is developing techniques to better understand the individual and combined 
effects of mulitples stressors on instream beneficial uses. Initial efforts are focusing on 
the effects of hydrologic, geomorphic, and temperature alteration on instream biological 
communities. To date, SCCWRP has developed temperature response models and 
regional flow curves that enable the characterization of flow/temperature alteration with 
regard to historic and present-day hydrologic conditions in streams for most of Southern 
California. SCCWRP is updating these tools to make them more versatile and applicable 
in a wider range of stream-types found in the region and adapting them to forecast the 
likely impacts of other stressors and of climate change. These quantifications of altered 
flow and altered temperature will be used to represent these stressors within individual 
causal and protective assessment lines of evidence, and the techniques developed will be 
used as a pilot for future multi-stressor evaluations. 

Priorities for Future Research 
Protective assessment begins with a consistent manner of identifying “intact” systems and 
understanding how future stressors may affect that condition. Future research on stressor 
characterization will focus on developing the conceptual basis for answering both of these 
questions. 

Project: Creating a framework for identifying minimally impacted waterbodies 
SCCWRP helped develop an approach for identifying minimally impacted perennial and 
intermittent wadeable streams as part of the statewide Reference Condition Monitoring 
Program. This approach focuses on watershed-scale metrics of human activity measured 
through GIS, plus reach-scale measures of riparian disturbance. Although this approach 
works well for perennial, wadeable streams, it may not apply to other priority 
waterbodies; alternative approaches are needed. For some habitats, like ephemeral 
streams and estuaries, biological conditions are less tightly coupled with watershed-scale 
disturbance, and identifying minimally disturbed locations may require greater emphasis 
on local setting. For other habitats, like non-wadeable streams and lakes, the pervasive 
level of human activity requires a thoroughly different approach to identifying minimally 
impacted waterbodies. For all habitats, these frameworks would include environmental 
justice concerns, identifying communities where high-quality waterbodies are likely to be 
scarce, and prioritizing them for protective assessment. 

Project: Creating conceptual models of stressor impacts in estuaries 
To date, SCCWRP has focused on understanding and developing conceptual models of 
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stressor impacts on streams and near-shore ecosystems. This project will expand and 
organize SCCWRP’s efforts of stressor characterization to estuaries, and focus on 
characterizing stress relative to biological condition across multiple trophic levels. 
Working with stakeholders and technical experts, SCCWRP will develop lists of priority 
human activities/stressors for which conceptual models of biological impact can be 
developed. These models will then inform the development of causal and protective 
assessment tools for estuarine systems, as well as modifications to monitoring programs 
to fill stressor data gaps as identified. These pieces are essential to start quantifying the 
relationships between in-estuary stressors and how all parts of the ecosystem respond.  

 

Quantifying Relationships Between Stress and Waterbody 
Condition  
Accomplishments 
SCCWRP science has been used to characterize the response of resident biota to a multitude of 
common disturbances (e.g., eutrophication, habitat alteration) in multiple waterbody types. This 
information has then been used by the management community to develop of thresholds relevant 
to beneficial use protection (Mazor et al. 2018). Understanding these patterns has facilitated 
development of a three-tiered (Screening-Detailed-Confirmatory) causal assessment framework 
for use in California’s monitoring networks. SCCWRP also has developed automated tools for 
the identification of ecologically similar comparator sites in stream ecosystems (Gillett et al., 
2019), setting the stage for Rapid Screening Causal Assessment (RSCA) to be deployed across 
the state. 

Ongoing Research  
SCCWRP continues to pioneer the characterization of both traditional (e.g., legacy contaminants, 
nutrients, habitat) and emerging (e.g., novel pesticides, ocean acidification) stressors to 
California’s waters, from ephemeral streams to the deeps of the continental slope.  As these 
characterizations are quantified, SCCWRP can then build stressor modules for causal and 
protective assessment frameworks. 

Projects: Developing multi-stressor response models of stream biota 
SCCWRP is working to understand the response of stream benthic macroinvertebrates 
(CSCI) and benthic algae (ASCI) to stressors such as changing ion concentrations (e.g., 
chloride, sulfate, sodium), eutrophication (nitrogen, phosphate, chlorophyl-a), and altered 
stream flow (ΔH). These patterns of response can then be used by the management 
community to help maintain aquatic life beneficial uses. They are also being used to 
develop/refine causal assessment analyses centered around these stressors and building 
predictive models of resistance and resiliency for protective assessment. 

Project: Developing stressor response models of estuarine biota to eutrophication 
Eutrophication is not only a threat to freshwater biota, but also those that live in coastal 
waters. As such, SCCWRP has been working to develop models of macroinvertebrate 
response (BRI, M-AMBI) to sediment organic matter and macroalgal biomass, as well as 
identify infaunal-based metrics indicative of eutrophication. These relationships can be 
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used by the management community to develop management strategies for curbing 
eutrophication in estuaries, bays, and lagoons.  

Projects: Enhancing and refining Rapid Screening Causal Assessment tools 
The development of rapid, screening-level causal assessment tools as part of our three-
level framework has allowed for an increase in the number and scope of causal 
assessment case studies done in the region. Across multiple different watersheds, 
SCCWRP has been able to demonstrate the application of RSCA tools in streams and to 
broaden the scope of stressors that can be evaluated, including sediment contaminants 
and altered flow. 

Priorities for Future Research 
Future research priorities will support the continued development of tools to support SCCWRP’s 
three-tiered causal and protective assessment framework, and to expand the framework’s 
application to new waterbody types. In addition, SCCWRP will work to enhance tools to more 
explicitly account for the contribution of episodic disturbances to overall waterbody condition. 

Project: Developing confirmatory (Level 3) causal assessment case studies 
Confirmatory causal assessment is the step in SCCWRP’s causal assessment framework 
where there is an opportunity to demonstrate if remediation or removal of a specific 
stressor identified in previous rapid or detailed causal assessments will indeed improve 
the observed biological condition. These assessments will entail some combination of 
small-scale field manipulations, mesocosm experiments, and modelling exercises to 
illustrate the potential effects of stressor reduction/removal on community structure. This 
process will inherently be very site-specific with regard to stressor, biology, and 
management action. However, SCCWRP can standardize the process by creating 
guidance on planning and experimental design. To do this, SCCWRP will identify a 
series of partners across the region with sites that have had likely stressors identified as a 
causative agent (i.e., a successful causal assessment) and with interest in improving the 
biological condition of the site. For example, manipulating flows in regulated streams or 
flumes will help determine if hydrologic management can improve conditions in 
modified stream channels.  

Project: Develop Rapid Screening Causal Assessment tools for new waterbody types 
and biological endpoints 
To date, all of SCCWRP’s rapid causal assessment tools have focused on benthic 
macroinvertebrates in wadeable streams. However, bioassessment in streams is now 
focused on both the macroinvertebrates and epiphytic algae. Because these two different 
types of organisms respond differently to certain stressors, SCCWRP will work to build 
analytical tools that will incorporate the algal response to stress for rapid causal 
assessment. Furthermore, because bioassessment occurs in other waterbodies besides 
streams, SCCWRP will develop rapid causal assessment tools for estuaries and coastal 
waters of California.  

Project: Expanding stressor-response models to account for episodic disturbances 
The watersheds of coastal in inland water bodies are dynamic ecosystems, where the 
waterbodies are typically exposed to multiple chronic disturbances (runoff, erosion, sea 
level rise), as well as periodic acute disturbances (fires, storms associated with El Niño 
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conditions, etc.) that interact with the typical stressor load. The frequency and severity of 
many of the acute disturbances are expected to increase with changing climate. Most of 
the stressor-response models that are used in causal and protective assessment assume 
that stressors have consistent impacts under all conditions. Consequently, they do not 
explicitly address the temporal dynamics that exacerbate or mitigate stressor impacts. To 
better account for these factors, SCCWRP will return to existing stressor-response 
models and identify times of acute disturbances in the underlying data. SCCWRP can 
then build more complex, interactive stressor models to more accurately predict or 
characterize the biotic response to episodic disturbance and better apportion effects of 
these disturbances relative to the chronic stressors that are the more typical focus.  

 

Relating Management Actions to Ecological Response 
Accomplishments 
SCCWRP’s past research has focused on developing tools to evaluate stream condition 
vulnerability at the state and watershed scales, and on building capacity to assess the efficacy of 
stream restorationn(Beck et al. 2020; Beck et al. 2019b; Mazor et al. 2018). Working with a team 
of statewide partners, SCCWRP applied the EPA Healthy Watershed Initiative approach to rank 
streams statewide in terms of vulnerability to climate change and land use change. This 
landscape approach was coupled with watershed and site-based approached to develop a 
framework for assessing programmatic effectiveness of stream and wetland compensatory 
mitigation for state programs nationally. This framework has been demonstrated in California to 
assess success of stream restoration and to develop restoration trajectories that managers can use 
to inform adaptive management actions. 

Ongoing Research  
Current research efforts focus on developing approaches to evaluate the relationship between 
management interventions and biological response, and on building GIS tools to help prioritize 
management actions to promote development of healthy watersheds. 

Project: Assessing the effect of improved wastewater treatment and on benthic 
communities of the continental shelf 
In partnership with the four large POTWs in the southern California region, SCCWRP 
has been able to analyze patterns in macrobenthic community change at coastal ocean 
locations known to be influenced by sanitation district outfalls since the early 1970s. 
Through annual historical records of POTW monitoring data, SCCWRP has been able to 
illustrate the effectiveness that improvements in wastewater treatment technology and 
changes in environmental policy have had on the condition of the continental shelf 
macrobenthos. SCCWRP is doing further analysis to place these results within the 
context of changing oceanographic forces observed over the last five decades to more 
clearly identify the impacts of management actions on the region’s waters. 

Project: Developing landscape tools to prioritize watershed management actions 
Past work by SCCWRP and others has resulted in GIS-based tools to prioritize 
watersheds in terms of condition and need for management intervention.  This project 
provides a process for prioritizing protection and management actions within a watershed 
to promote overall watershed health. Combining SCCWRP’s previously developed 
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Stream Quality Index with watershed stressor data available through USEPA’s StreamCat 
data set, SCCWRP is developing a web-based model that helps managers prioritize 
individual stream reaches for specific restoration or management actions, such as buffer 
enhancement or runoff management.  The tool is being piloted at several watersheds 
around the state in coordination with the State’s Healthy Watersheds Partnership. 

Project: Evaluating efficacy of the estuarine marine protected area program 
SCCWRP is developing a series of protocols for assessing ecological function of 
estuaries and coastal lagoons in support of the estuarine marine protected area (EMPA) 
program. These protocols will be used to provide a preliminary evaluation of the EMPA 
program by evaluating condition of designated EMPA sites relative to non-EMPA sites 
and regional estuarine condition/health. Ultimately, the protocols could be applied in 
various other statewide programs to inform estuary restoration and management 
decisions. 

Priorities for Future Research 
Future research needs will focus on improving understanding of the efficacy of protective 
assessment, which focuses on proactive management actions to protect existing resource function 
or health. The initial research priority is to develop a framework for this type of analysis, 
followed by projects aimed at applying this framework to inform management actions. 

Project: Developing a framework for protective assessment 
This project will develop an agreed-upon framework for conducting protective 
assessments to inform management actions. Protective assessment requires the ability to 
predict the likely effect of future stress associated with both short-term factors (e.g. land 
use change and changing water use practices) and long-term factors (e.g. climate change) 
on aquatic resource function and to prioritize locations and actions based on 
vulnerability. Such decisions require a framework that describes processes for identifying 
key stressors, predicting future changes, establishing thresholds of vulnerability, and 
ultimately prioritizing actions.   

Project: Developing an interpretive framework for assessing sea-level rise (SLR) in 
coastal and estuarine systems 
Under future climate scenarios, accelerating SLR, persistent wave action, and disrupted 
sediment supplies will threaten many coastal wetlands. This work will focus on 
evaluating the resiliency of coastal habitats relative to their vulnerability to SLR in 
combination with other stressors. SCCWRP plans to further develop a framework for 
assessing estuarine ecosystems to (1) characterize and identify stressors in estuaries, (2) 
categorize wetlands into classes of vulnerability, and (3) improve understanding of marsh 
resilience to SLR. This work will also focus on existing and proposed restoration projects 
to help assess restoration effectiveness as it pertains to wetland function and relates to 
coastal resiliency.  

Project: Assessing and prioritizing restoration and green infrastructure on stream, 
wetland and estuary condition 
There is much ongoing research on the performance of individual restoration or green 
infrastructure (GI) projects. However, few of these efforts attempt to relate performance 
of individual projects on overall aquatic resource condition and receiving water beneficial 
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uses. This project will explore relationships between performance and condition to 
enhance the consideration of “success” and to develop new approaches for making these 
critical connections that could include both remedial actions and protective measures. 
Ultimately, the products of this effort could be used to help adapt and expand tools such 
as the USEPA’s Recovery Potential Screening (RPS) tools to include consideration of 
spatial relationships between sites within a watershed and to account for resiliency of 
future actions in Southern California. 

Management Applications/Supporting 
Implementation 
Management applications are the bridge between research products and synthesized conclusions 
to inform decision making. The focus of this section of the research plan is on improving 
capacity to generate bioassessment data in a consistent, high quality manner, on developing tools 
to better allow managers to interact with those data to inform their management decisions, and 
on developing mechanisms to effectively communicate complex ecological concepts to a 
audiences unfamiliar with bioassessment that want to use this information. All of these elements 
are designed to reduce ambiguity in SCCWRP science, especially tailoring messages to multiple 
levels of managers with varying levels of technical expertise.  

Supporting Capacity to Generate Bioassessment Data 
Accomplishments 
Many of the state’s largest monitoring programs are based on concepts, protocols, and training 
and support materials developed by SCCWRP (e.g., Ode et al. 2016). The SMC and Bight 
regional monitoring programs, as well as several local/watershed programs, are facilitated or 
managed by SCCWRP in support of regional bioassessment ((e.g., Mazor 2021)). Not only was 
the statewide algal bioassessment program developed by SCCWRP, but SCCWRP also has 
developed many of the protocols and Standard Operating Procedure (SOP) documents that 
support bioassessment statewide, including the integrated stream monitoring SOP currently used 
by the State’s Surface Water Ambient Monitoring Program.  

Ongoing Research 
SCCWRP is developing tools to support the generation of bioassessment data and evaluation of 
condition in estuaries and dry (ephemeral) streams, as well as to identify reference sites across 
water body types. These tools support both established and emerging bioassessment research 
elements. 

Project: Developing standard operating procedures (SOPs) for estuaries and for 
submerged aquatic vegetation (SAV) 
As part of SCCWRP’s work to develop a statewide framework for estuary assessment, 
SCCWRP is developing a series of SOPs for collecting biological and physical data. The 
SOPs include point-in-time and continuous measures (i.e., data loggers) and associated 
data templates. One of the key SOPs is for field and lab protocols to assess the health of 
eelgrass communities in southern California. The protocols support analysis ecological 
function of eelgrass beds via structural proxies and can be adapted for use with other 
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types of SAV.  All SOPs  are being tested and refined for eventual inclusion in the 
California Ocean Protection Council’s statewide estuarine MPA assessment program. 

Project: Developing applications for reference screening tools 
Building off SCCWRP’s earlier work establishing a method for identifying reference 
streams based on measures of human activity at the watershed and reach scales, 
SCCWRP has turned to putting this approach into practice. First, SCCWRP is developing 
protocols to support the standard production of geospatial data required to identify 
reference sites. Second, SCCWRP is developing open-source packages to standardize and 
facilitate screening of that data, in combination with field data collected during 
bioassessments. Finally, SCCWRP is updating monitoring databases to track the status of 
sites that have been screened for reference status. Ultimately, these tools will allow 
managers to rapidly identify reference sites and incorporate them into monitoring 
programs or special studies where reference information needs to be collected.   

Project: Developing Standard Taxonomic Efforts (STEs) for bryophytes and 
terrestrial arthropods 
SCCWRP has developed first-generation bioassessment tools for ephemeral and 
intermittent streams based on bryophytes (mosses) and terrestrial arthropods.   Standard 
Taxonomic Effort levels are being developed to support statewide adoption of these new 
tools by indicating the appropriate level of taxonomic effort necessary to support 
emerging bioassessment tools and indices.     

Priorities for Future Research 
SCCWRP’s bioassessment research plan calls for expansion to new habitats and new indicators.   
The research plan also places more emphasis on evaluation of the effectiveness of management 
actions. Incorporation of these new tools into management application will require development 
of new SOPs and data management tools that allow managers to readily collect and analyze 
bioassessment data in a user-friendly, consistent, high-quality manner.  

Project: Developing SOPs for new bioassessment indicators 
Expansion of bioassessment tools to priority habitats (e.g., estuaries, ephemeral streams, 
lakes) will require development and testing of new SOPs. SCCWRP plans to continue 
development of SOPs to supporting emerging programs. The SOPs will include the 
associated quality controls measures and data templates to ensure ready implementation 
by agency programs. 

Project: Enhancing regional monitoring program to include evaluation of the 
effectiveness of management interventions 
SCCWRP’s bioassessment research includes development of tools and approaches for 
assessing the effect of BMPs, green infrastructure and other restoration actions on 
condition of streams and estuaries. The ability to ultimately answer questions of 
management effectiveness, however, will require integration of these tools and 
approaches into coordinated monitoring strategies that include sampling frames and study 
designs, ways to contextualize data, and thresholds for evaluation of adaptive 
management actions. SCCWRP will develop these plans, work to integrate them into 
existing regional monitoring programs, and ensure that they account for non-stationarity 
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issues associated with short and long-term climate trends and the effect of episodic events 
such as floods and fire.  

Data Interpretation 
Accomplishments 
SCCWRP has developed implementation guidance and data tools that facilitate use of 
bioassessment data to support management decisions. Implementation guidance for tools like the 
CSCI and landscape models provide practical answers to guide decisions about use and to avoid 
misuse of bioassessment data (Beck and Mazor 2020; Theroux et al. 2020), and facilitate 
discovery and access to data, which is a key first step to allowing managers to dynamically 
interact with the data. Tools such as the SCAPE dashboard (https://sccwrp.shinyapps.io/scape/) 
and user guides for spatial statistical network (SSN) models support application of sophisticated 
data management tools by managers (Mazor et al. 2020), allowing them to take full advantage of 
the data sets they have collectively invested in. 

Ongoing Research 
SCCWRP research is focused on continued development of dashboards, guidance documents, 
and tools that increase the ability of managers to use bioassessment data to answer questions in 
real-time as they arise. 

Project: Developing SQI and RSCA dashboards  
Building off of early prototypes, SCCWRP is developing two dashboards to facilitate the 
easy interpretation of bioassessment data. First, the Stream Quality Index (SQI) was 
developed by the SMC to quickly synthesize measures of physical and chemical stress 
and relate them to biological responses. The SQI provides a first-cut analysis to 
determine where sites should be prioritized for protection or stress reduction. SCCWRP 
developed a static dashboard built on a limited SQI data set 
(https://sccwrp.shinyapps.io/sqi_shiny/) and has transitioned to working to create a 
dynamic dashboard that will provide nearly instant access to data as soon as the data are 
submitted. Second, in a related effort, SCCWRP is developing a dashboard for the rapid 
screening causal assessment (RSCA) tools for the San Gabriel River Regional 
Monitoring Program. This dashboard will implement rapid causal assessment analyses 
(described above) and put them in a user-friendly and accessible format, helping realize 
SCCWRP’s long-term goal of making causal assessment a routine part of monitoring 
practice. 

Project: Developing statewide guidance on the usability of benthic 
macroinvertebrate data for interpreting CSCI scores 
Based on pilot work for southern California, SCCWRP is preparing guidance to help data 
users interpret CSCI scores from bioassessment samples. When unusual circumstances 
affect sampling or sample analysis, it takes judgment to know whether the resulting CSCI 
scores can be interpreted as normal. Improved guidance will help practitioners who lack a 
strong background in bioassessment or stream ecology to make sound decisions about 
interpreting a CSCI score. More importantly, this guidance will provide an open and 
transparent starting-point for discussions among regulators and regulated parties about 
using bioassessment data. 

https://sccwrp.shinyapps.io/scape/
https://sccwrp.shinyapps.io/sqi_shiny/
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Project: Developing a wetland type conversion framework 
Working with an interagency workgroup, SCCWRP has developed an approach for 
evaluating the tradeoffs and appropriateness of intentionally converting one aquatic 
resource type to another via mitigation or restoration. The framework is being pilot tested 
as part of the San Francisco Bay Regional Wetland Restoration Program’s efforts to 
restore wetlands more resilient to sea level rise. 

Priorities for Future Research 
Future research will expand SCCWRP’s ongoing efforts to include implementation guidance for 
other bioassessment indicators (e.g., algae) and to expand development of dashboards and data 
portals to improve access to bioassessment data. Data portals and tools will be expanded to help 
build capacity for assimilating large data sets from multiple programs to better address regional 
condition and trends assessments. 

Project: Developing guidance on the usability of algal and other indicators for 
interpreting index scores 
As new assessment tools are being considered for use regulatory decisions (e.g., algae), 
guidance on evaluating aspects of sampling conditions or taxonomic sufficiency will be 
needed. These guidelines may build off guidance SCCWRP is developing for the CSCI 
and stream benthic invertebrates, but will need modification for other indicators. 
Expanding the guidance to apply to algal samples is a priority because assessments based 
on algae are likely to be used in regulatory decisions concerning the management of 
eutrophication and biostimulatory conditions. 

Project: Creating a portal for estuarine monitoring  
SCCWRP will develop a portal for estuarine monitoring data (such as those generated in 
estuarine marine protected areas). The portal will be modeled after similar portals 
developed for SCCWRP’s other regional monitoring programs, providing resources for 
data collection (such as SOPs), data submission, and raw data access.  Ultimately, 
SCCWRP hopes to integrate portals developed for distinct water body types to provide 
access to information across multiple monitoring and assessment programs and facilitate 
more wholistic, mountains-to-estuaries integration of the data. 

Project: Developing tools for assimilating and analyzing large data sets 
Bioassessment monitoring is a collaborative process that includes many partners at the 
state, national, and international levels. Leveraging data across programs allows 
managers to better answer complex questions related to trends, stressor-response 
relationships, and management response trajectories. SCCWRP will develop innovative, 
user-friendly tools, such as web queries, automated data alignment, and error flagging, 
that allow managers to easily compile and rectify data from multiple programs to help 
address their management questions. 

 

Communication and Feedback 
Accomplishments 
SCCWRP has helped develop and implement a variety of training and outreach programs to 
facilitate use of bioassessment data. Training support has included the development of materials 

https://www.sccwrp.org/about/research-areas/data-portal/
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for use by state or local programs, e.g., bioassessment, CRAM, streamflow duration 
(https://betasdamaw-sccwrp.hub.arcgis.com), as well as conducting focused training and 
outreach to member agencies and other partners. SCCWRP also routinely evaluates 
implementation successes, challenges, and needs with end-users of bioassessment data to better 
understand their needs and focus future research to meet those needs.  

Ongoing Research 
Project: Developing a statewide bioassessment training program 
SCCWRP is involved in developing a new training program based on the former 
“College of Bioassesment” (COB), a hallmark training program that had been the central 
training program for State Water Board researchers and staff for the past two decades. 
The COB was a success largely due to the commitment and passion of a single individual 
(James Harrington), whose retirement has put an end to this crucial outreach program. 
Now, SCCWRP is working with Water Board staff to develop a new training program 
with more long-term sustainability and institutional integration. In the latest update to the 
program, SCCWRP and Water Board staff are designing two parallel program tracks, one 
for managers and one for practitioners. Each of these tracks will highlight key SCCWRP 
products, including the CSCI, ASCI, and the molecular methods protocols. 

Priorities for Future Research 
Future research will focus on strategically identifying and expanding SCCWRP’s priority end-
user community in conjunction with the expanding group of regulatory and management entities 
affected by SCCWRP research. This outreach effort will include a process for identifying 
barriers to adoption of assessment tools and development of training and outreach programs to 
address those barriers. 

Project: Understanding barriers to tool adoption 
A key component of the success of both existing and future bioassessment tools is an 
understanding of the existing barriers to implementation of these tools. These barriers 
may include knowledge gaps of the expected user community, or simple awareness of the 
existence of the tools, or infrastructure gaps that prohibit the adoption of the tools. 
SCCWRP will be initiating a discussion around implementation impediments, including 
via a national marine eDNA workshop, by surveying federal and state agency 
representatives to identify the main barrier to tool adoption. The results of this workshop 
will be used to develop research and training programs to overcome these hurdles.  

Project: Broadening engagement in new critical sectors 
To ensure an efficient transfer of knowledge across projects and ecosystems, SCCWRP is 
developing an internal strategy document that will guide SCCWRP researchers on how 
best to identify users and their communication needs for bioassessment products. This 
approach will require two stages: The first is focused on identifying the expected user 
community of a product or tool, and the second is focused on identifying the kinds of 
support these communities will require to better understand and deploy the tool. As an 
example, these communication tools might include workshops, training materials, fact 
sheets, videos, or engagement seminars that facilitate a two-way dialog to help users 
express needs and to provide directions and resources to meet these needs.  

 

https://betasdamaw-sccwrp.hub.arcgis.com/
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