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Executive Summary 
The Puget Sound region has seen tremendous changes since the mid-1800s. Forested basins have been 

replaced with agricultural and urban developments, which has had far-reaching effects our rivers and 

streams. Changes in land use have often led to erosive stream-flows, excessive sedimentation, warm water 

temperatures, removal of streamside vegetation, and contaminated runoff. This Benthic Index of Biotic 

Integrity (B-IBI) Implementation Strategy outlines a series of actions, approaches, and interim results that are 

meant to reverse some of those impacts in order to restore and protect streams throughout the Puget 

Sound.   

B-IBI is a measure of stream health based on the abundance and type of stream macroinvertebrates present 

at a site. Stream macroinvertebrates ς the insects, snails, worms, etc. that live in the stream bed - vary in 

their sensitivity to environmental stressors, and therefore are excellent indicators of stream health. Highly 

degraded streams tend to support only the most tolerant types of macroinvertebrates and result in low B-IBI 

scores. Streams that support a diverse group of sensitive macroinvertebrates produce higher scores. B-IBI 

scores decline predictably along a gradient of land use intensity.  

The B-IBI Implementation Strategy focuses on improving regional freshwater quality by achieving two 

ǎǇŜŎƛŦƛŎ ǘŀǊƎŜǘǎ ƻŦ ǘƘŜ tǳƎŜǘ {ƻǳƴŘ tŀǊǘƴŜǊǎƘƛǇΩǎ Freshwater Quality Vital Sign. These stated B-IBI targets 

are: 

¶ Protect ς Maintain 100 percent of Puget Sound lowland stream drainage areas ranked as 

άexcellentέ 

¶ Restore ς Improve and restore at least 3л ǎǘǊŜŀƳǎ ǊŀƴƪŜŘ ŀǎ άfairέ ǎƻ ǘƘŀǘ ǎŎƻǊŜǎ ƛƳǇǊƻǾŜ ǘƻ άƎƻƻŘέ 

This Implementation Strategy is the work of an Interdisciplinary Team (IDT) of regional experts in science 

and policy, with extensive experience developing and leading projects for the protection and restoration of 

Puget Sound streams. The IDT worked through a step-wise process that: 1) identified stressors 

(environment) and pressures (human), 2) highlighted the causes of the stressors and pressures, 3) identified 

the barriers that impede us from addressing the stressors and pressures, and 4) identified strategies, 

approaches, and actions that address the barriers.  

The IDT determined that the primary pressure affecting streams is increasing land use intensity focusing on 

the conversion of forests to agricultural, residential, commercial, and industrial land uses. The key stressors 

arising from these land use changes are altered hydrology, degraded riparian areas, degraded instream 

habitat, and degraded water quality.  

The Strategies 

The IDT identified four broad strategies likely to improve stream condition.  These are listed below. 

Increased Local Capacity Strategy: The objective of this strategy is to improve funding, staff capacity, and 

availability of decision support tools for local stormwater management programs. 

Many jurisdictions lack the capacity, in terms of personnel and/or expertise, to implement stormwater 

management programs. This lack of capacity limits local governments from addressing the impacts of 
stormwater on a local and regional scale. This strategy calls for increased stormwater program funding and 

https://vitalsigns.pugetsoundinfo.wa.gov/VitalSign/Detail/8
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training, and it calls for more effective investment of limited resources. Funding would allow for increased 

staffing resources, training, and improved stormwater management tools and information resources. 

Watershed Planning Strategy: The objective of this strategy is to promote multi-program and cross-

jurisdictional planning on a coordinated watershed scale to maximize benefits from protection, mitigation 

and restoration.  

Stream conditions are affected by local and watershed-scale pressures. The overall watershed condition 

may limit the extent of recovery from local restoration or mitigation activities.  As such, restoration and 

protection activities have a better likelihood of success if implemented in a framework that considers the 

entire watershed. Watershed-scale planning is one key way of incorporating that framework. 

The strategy is intended to protect and restore watershed function and habitat, encouraging the 

development of political will to support the planning and implementation of restoration and protection 

activities, and promote investments in recovery including monitoring and evaluation to improve our 

understanding of how to improve B-IBI scores. 

Education and Incentives Strategy: The objective of this strategy is to encourage stormwater retrofits and 

source control activities that limit pollutants, and to encourage habitat restoration on privately owned 

properties through focused incentives supported by education. 

Past development was built without stormwater controls and there are few regulatory mechanisms that 

address stormwater runoff from these legacy developments. Major redevelopment of a property generally 

triggers new stormwater retrofit requirements but the rate of mitigation through this mechanism is slow 

and stormwater retrofits are generally not required on private properties. The rate of stormwater retrofit 

and habitat restoration work on private land will likely increase with well-designed education and incentive 

programs.  

This strategy is designed to increase stormwater retrofits and source control with focused incentives like 

technical assistance, financial assistance, and/or permitting advantages, and to increase the restoration of 

riparian, in-stream and wetland habitats by leveraging opportunities to coordinate and concentrate existing 

and planned restoration investments. 

Draft Working Lands Strategy: The objective of this strategy is to reduce the risk to forests and agricultural 

areas of being converted to urban or suburban land uses, and to reduce ongoing impacts of working lands 

on stream health. 

There is ample evidence that impacts on stream quality are commensurate with the extent of development 

in a given watershed. Therefore, there is benefit in preventing the conversion of working lands to other 

more intense land uses. The implementation of Best Management Practices (BMPs) on working lands can 

mitigate adverse impacts.  

This working lands strategy is considered draft. The information the IDT received from key stakeholders and 

implementers indicated that a more comprehensive, integrated, working lands strategy effort is warranted. 

This strategy requires new regional coordination, stakeholder engagement, and conceptual development.  

https://www.scc.wa.gov/nri
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Moving Forward 

The publication of the B-IBI Implementation Strategy is a starting point. It does not identify every project 

and policy change necessary to achieve the recovery targets. It is intended to create a strategic framework 

to achieve ambitious goals. The Implementation Strategy should help guide and prioritize regional recovery 

actions, inform policy decisions, and identify ways to evaluate progress. 

This Implementation Strategy must be updated to as new information comes available. A robust research 

and monitoring program is necessary to better understand the effectiveness of various actions and 

projects, and to support planning and prioritization. The results and lessons learned from research and 

monitoring should be considered when the Implementation Strategy is updated and revised. The 

Implementation Strategy must exist within an adaptive management framework. 

Implementation of this strategy will be an ongoing challenge. It will require resources and coordination, 

political will, difficult conversations, and hard choices. We will need the Puget Sound recovery community, 

including senior leadership within federal and state agencies, tribes, and other collaborators (the entire 

Puget Sound Management Conference) to chart the course ahead, and undertake the actions and activities 

that will lead to Puget Sound recovery. This Implementation Strategy is one example of the collective effort 
that will help us reach our recovery targets.  

  

 

 

https://www.psp.wa.gov/downloads/2014_action_agenda/Final%202014%20action%20agenda%20update/AppA_Mngmnt-Conference.pdf
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1 Introduction and Overview 
The Puget Sound region has undergone tremendous change since the mid-1800s. Watersheds, once heavily 

forested, now support agriculture, commercial, industrial, and growing residential communities. These 

require new networks of roads and a patchwork of parking lots. These changes impact the health of Puget 

Sound rivers and streams.  

There are numerous efforts by state, local, and 

tribal partners to protect and restore the Puget 

Sound ecosystem, including the rivers and 

streams. The Puget Sound Partnership 

coordinates these efforts into an ecosystem-

scale recovery program that is aligned at a 

regional level. The Puget Sound Partnership 

organizes recovery around six broad goals. 

These are: 

¶ Healthy human population  

¶ Vibrant quantity of life  

¶ Thriving species and food web  

¶ Protected and restored habitat  

¶ Abundant water  

¶ Healthy water quality  

Each Puget Sound recovery goal is represented by one or more Vital Sign (Figure 1-1). Vital Signs represent 

important components of the Puget Sound ecosystem such as orca and salmon populations, marine water 

quality, land cover and development, freshwater quality, etc. Each Vital Sign is measured by one or more 

indicators that represent of components of the Vital Signs (https://www.psp.wa.gov/evaluating-vital-

signs.php). And each of the indicators has an associated target that described the desired condition of the 

systems. 

The strategies described in this document focus on the Freshwater Quality Vital Sign and the Benthic Index 

of Biotic Integrity (B-IBI) indicator.  Two targets have been identified for the B-IBI indicator: 1) restoring the 

ǎǘǊŜŀƳǎ ǘƘŀǘ ŀǊŜ ŎƭŀǎǎƛŦƛŜŘ ŀǎ άŦŀƛǊέ condition, and 2) protecting and maintaining the streams that are 

ŎƭŀǎǎƛŦƛŜŘ ŀǎ άŜȄŎŜƭƭŜƴǘΦέ The stream classifications are identified and evaluated based on B-IBI data (see 

section 2.1).  

B-IBI utilizes the abundance and types of macroinvertebrates present in a stream to characterize stream 

health. Macroinvertebrates are small, soft-bodies animals such as aquatic insects, snails, worms and mites, 

which typically live a year or more. They vary in their sensitivities to environmental stressors; some are 

quite sensitive and cannot thrive outside pristine environments, while others are tolerant of change. Thus, 

the macroinvertebrate community found in a stream reflects the overall stream condition. B-IBI scores are 

highly correlated with the extent of forests in the contributing basin. Scores decline as development 

intensity increases. Scores reflect the cumulative impacts associated with these land use changes, which 

include degraded water quality, hydrology, riparian and instream habitat, energy inputs, and biotic 

interactions (Karr 1991). B-IBI scores are used to classify stream conditions from άǾŜǊȅ ǇƻƻǊέ to άŜȄŎŜƭƭŜƴǘ.έ 

https://www.psp.wa.gov/puget-sound-partnership.php
https://www.psp.wa.gov/evaluating-vital-signs.php
https://www.psp.wa.gov/evaluating-vital-signs.php
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B-IBI scores have been used to help identify and prioritize streams for protection and restoration (King 

County 2015, 2019). 

 

 

Figure 1-1. The Puget Sound Vital Signs wheel. 
Demonstrating the relationship between overall recovery goals and specific Vital Signs. Each Vital Sign is 

represented by a suite of indicators. (Puget Sound Partnership/EPA) 

1.1 Purpose and Components of this Document 

Implementation Strategies are recovery plans that are meant to achieve specific recovery targets for a 

Puget Sound Vital Sign. In this case, the Implementation Strategy focuses on the recovery targets for stream 

health as measured by B-IBI. This Implementation Strategy describes a high-level strategic direction for the 

Puget Sound recovery community, and provides a frame to coordinate efforts of recovery partners. It 

should help the recovery community identify challenges and barriers, and act as a guide to identify actions 
that will help recover Puget Sound streams. 

This strategy document includes the following topics: 

¶ Freshwater Vital Sign B-IBI indicator - a description of the B-IBI indicator and existing data  

(Section 2) 
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¶ Recovery Context ς a brief introduction to 1) the pressures and stressors that impact benthic 

invertebrates, and 2) the regulatory context (Section 3) 

¶ Recovery Strategies for Achieving the B-IBI Targets ς a description of the strategies developed 

under this process (Section 4) 

¶ Alignment with Regional and Local Strategies ς a description of relative strategies that have been 

developed by other ecosystem management agencies (Section 5) 

¶ Climate Change ς a brief description of considerations related to climate change (Section 6) 

¶ Research and Monitoring Priorities ς a description of the research and monitoring priorities that are 

critical for stream restoration and protection (Section 7) 

¶ Cost Estimates for the Strategies ς a survey of costs for activities that are relevant to the stream 

restoration and protection (Section 8), and 

¶ Adaptive Management of the Implementation Strategy ς a description of potential approaches and 

focus areas for the adaptive management  (Section 9) 

In addition to this Implementation Strategy narrative, there are key appendices that support the 
Implementation Strategy, including a State of Knowledge report and Base Program Analysis. 

The State of Knowledge report contains a review of the scientific literature and summarizes the best 

available science on the causes, impacts, and relationships that are important in understanding stream 

health. It includes information on the effectiveness of remediation and restoration activities, as well as the 

effectiveness of programs and policies in stream recovery and maintaining stream health.  

The Base Program Analysis provides information on the programmatic and policy context under which 

stream restoration and protection occurs in Washington. It includes a summary of relevant land use and 

water quality regulations, as well as an inventory of the policies and programs that are implemented in 

response to those regulations. It describes the regulatory and policy tools that could be leveraged. 

Together, these three documents can be used as a comprehensive orientation for those working on Puget 

Sound recovery 

1.2 Strategy Development 

This Implementation Strategy was developed through an expert elicitation process. A group of regional 

experts, known as the Interdisciplinary Team (IDT), provided input and guidance on the root causes of 

impairment, barriers to protection and restoration, and strategies and activities that address the barriers 

and lead to recovery.  

To achieve this, the IDT conducted a situation analysis, based on the methods described in the Open 

Standards for the Practice of Conservation framework and the Guidelines for Developing an Implementation 

Strategy (Puget Sound Partnership 2017). The situation analysis identified key pressures and barriers 

relating to the recovery targets, as well as opportunities to intervene. After the situation analysis, the IDT 

selected the most promising intervention points and developed them into strategies. By using this 

approach, participants evaluated causes and avoid the temptation to develop strategies that may not 

address the core issues.  
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The IDT made efforts to ensure expert guidance, best available science, and a robust understanding of the 

regulatory and social environment informed the Implementation Strategy. To do so, a ά{ǘŀǊǘŜǊ tŀŎƪŀƎŜέ 

was prepared at the beginning of the process to provide a broad overview of relevant science and policy.  

The work of the IDT was coordinated and supported by a Core Team that facilitated meetings and 

discussions, and pulled together the recommendations and outcomes into this Implementation Strategy 

document.  

A detailed description of the Implementation Strategy development process is in Appendix IVa. 

1.3 Watershed Terminology 

Various geographic terminologies are used in restoration, stormwater management, and land use planning, 

which can often create confusion among practitioners with different backgrounds. The use of terminology 

in this document is as follows: 

¶ Water Resource Inventory Areas (WRIAs) are used by agencies in the State of Washington 

to define major watersheds. There are 19 WRIAs within the Puget Sound watershed.  

¶ A watershed is the land area that channels precipitation through a stream or river to an 

outflow point. The outflow point is the confluence of that stream or river with another 

stream or river, or another water body such as a lake or estuary.  

¶ A B-IBI basin is defined as the portion of a watershed that contributes flow to a given B-IBI 

site. B-IBI basins are delineated upstream from the sampling location. If the sampling 

location (B-IBI site) is at the base of a watershed (i.e., at the outflow point), the B-IBI basin 

land area is the same as the watershed, but typically B-IBI sites are upstream of the 

watershed outflow point. Therefore B-IBI basins are often smaller in land area than the 

watersheds they are in  (King County 2015). 

¶ Sub-basins are sub-units of basins.  

¶ Catchments are the smallest unit, and can include areas of natural and constructed 

drainage systems. 

άwŜƎƛƻƴŀƭ ŦǊŜǎƘǿŀǘŜǊ ǉǳŀƭƛǘȅΣέ άǎǘǊŜŀƳ ƘŜŀƭǘƘΣέ ŀƴŘ άŦǊŜǎƘǿŀǘŜǊ ǉǳŀƭƛǘȅέ ŀǊŜ ǳǎŜŘ ƛƴǘŜǊchangeably 
throughout the text. 

1.4 References 

Karr, J.R. (1991) Biological Integrity: A Long-Neglected Aspect of Water Resource Management. Ecological 
Applications 1(1), 66-84. 

King County. 2015. Strategies for Protecting and Restoring Puget Sound B-IBI Basins. Prepared by J. O. 
Wilhelm, K. Macneale, C. Gregersen, C. Knutson, and D. Bouchard. King County Water and Land 
Resources Division, Seattle, WA. 

King County. 2019. Stressor Identification and Recommended Actions for Restoring and Protecting Select 
Puget Lowland Stream Basins. Prepared by Kate Macneale and Beth Sosik, Water and Land Resources 
Division. Seattle, WA. 

Puget Sound Partnership (2017) Guidelines for Developing an Implementations Strategy v2, Tacoma, WA. 

 

https://www.eopugetsound.org/articles/water-resource-inventory-areas-puget-sound
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2 Freshwater Quality Vital Sign Indicator: B-IBI  
The Freshwater Quality Vital Sign uses three indicators: 1) the Water Quality Index, which compiles eight 
measures of water quality, 2) freshwater impairments, as listed under Section 303(d) of the Clean Water 
Act, and 3) the B-IBI. This Implementation Strategy focuses on B-IBI.  

2.1 B-IBI Background 
The Puget Lowland B-IBI was developed in the 1990s as an integrative measure of the biological health of 
wadeable streams in the Puget Sound lowlands (Karr 1993, Karr and Chu 1997). It is based on research 
showing that the number and type of aquatic macroinvertebrates in a stream vary along a gradient of land 
use intensity. King County Water and Land Resources Division serves as the lead advisor on the B-IBI 
indicator. 

B-IBI is an index composed of ten metrics that characterize aquatic macroinvertebrate communities by 
measuring taxa richness, relative abundance, and other ecological characteristics of stream 
macroinvertebrates (Table 2-1). The metrics included in the index were selected because each varied 
systematically along a gradient of human impact, from pristine to urban (King County 2014). The benthic 
community in a forested stream is much different from the benthic community in a stream running through 
a city or town, and the metrics were selected to characterize those differences. When combined into a 
single index, the B-IBI score describes the condition of the stream and its contributing basin. Details 
describing how the index is calculated can be found on the Puget Sound Stream Benthos website.  

B-IBI is calculated by: 1) measuring the numbers and types of benthic macroinvertebrates through field 
samples, 2) calculating the scores of each of the ten metrics, and 3) adding up the scores of the individual 
metrics to determine the overall B-IBI score. Streams can then be categorized as άexcellentΣέ άŦŀƛǊΣέ άƎƻƻŘΣέ 
άǇƻƻǊΣέ ŀƴŘ άǾŜǊȅ ǇƻƻǊέ based on the B-IBI score across a 0 to 100-point scale. Higher scores indicate better 
condition, and a stream that supports a diverse assemblage of macroinvertebrate species (Table 2-2). A site 
with a B-IBI score above 80 is deemed άŜȄŎŜƭƭŜƴǘ.έ Low scores indicate a site is impaired. Impaired sites 
support only the most tolerant species.  

B-IBI is generally considered an indicator of condition and, in itself, is not necessarily diagnostic. Additional 
analysis is needed to relate B-IBI with pressures or stressors (see State of Knowledge report). 

Table 2-1. The Ten Metrics Included in the Puget Lowlands B-IBI 

Metric Description 

Taxa richness 
The number of unique taxa found in a sample. Overall taxa richness declines with 
increased urbanization.  

Ephemeroptera 
richness 

The number of unique mayfly taxa in a sample. Many mayfly taxa are intolerant of 
stressors associated with increased urbanization, and several are especially 
sensitive to fine sediment and contaminants.  

Plecoptera richness 
The number of unique stonefly taxa in a sample. Many stonefly taxa are intolerant 
of stressors associated with increased urbanization, including low dissolved oxygen 
concentrations and a lack of riparian vegetation. 

https://vitalsigns.pugetsoundinfo.wa.gov/VitalSign/Detail/8
https://pugetsoundstreambenthos.org/
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Metric Description 

Trichoptera richness 

The number of unique caddisfly taxa in a sample. Several caddisfly taxa are 
relatively tolerant of environmental stressors, but generally taxa richness declines 
with increased fine sediment, loss of complex habitat, and disruption of the stream 
food web. 

Clinger richness 

The number of taxa identified as clingers in a sample. Clingers have behavioral or 
morphological adaptations that allow them to attach and persist in stream riffles or 
other high- energy habitats. These taxa tend to disappear when exposed to an 
excess of fine sediments. 

Long-lived richness 
The number of taxa in a sample that require more than a year to complete their l ife 
cycle. The number of these taxa decline if conditions vary year to year due to 
disturbances such as flooding or drought. 

Intolerant richness 
The number of especially sensitive taxa in a sample. These taxa are the first to 
disappear from a stream when urbanization in the watershed increases. These taxa 
represent approximately 15% of common taxa in the Puget Sound Lowlands.  

Percent dominant 
The percent of a sample composed of the three most abundant taxa. As 
urbanization increases in a watershed, sensitive taxa disappear and the relative 
abundance of a few tolerant taxa often increases.  

Percent predator 
The percent of a sample composed of individuals that are obligate predators. The 
structure of the stream food web changes with increased urbanization, often 
resulting in the loss of predators. 

Tolerant percent 

The percent of a sample composed of tolerant individuals. Tolerant taxa are defined 
as taxa that are more likely to be found in sites with greater watershed 
urbanization. These taxa represent approximately 15% of common taxa in the Puget 
Sound Lowlands. 

 

* Each metric is scored from 0-10 based on the sampling results and all of the metrics are added 

together to determine an overall B-IBI score. 
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Table 2-2. Descriptions and Scores Associated with Five Categories of Biological Condition (Morley 2000) 

Biological  
Condition 

Description 
B-IBI  

(0-100) 

Excellent 
Comparable to least disturbed reference condition; overall high taxa diversity and 
mayfly, stonefly, and caddisfly richness especially high. Relative abundance of 
predators high. 

[80 - 100] 

Good 
Slightly divergent from least disturbed condition; absence of some long-lived and 
proportion of tolerant taxa increases. 

[60 - 80] 

Fair 
Total taxa richness reduced ς particularly intolerant, long-lived, stonefly, and 
clinger taxa; relative abundance of predators declines; proportion of tolerant taxa 
continues to increase. 

[40 - 60] 

Poor 
Overall taxa diversity depressed; proportion of predators greatly reduced as is 
long-lived taxa richness; few stoneflies or intolerant taxa present; dominance by 
three most abundant taxa often very high. 

[20 - 40] 

Very Poor 
Overall taxa diversity very low and dominated by a few highly tolerant taxa; 
mayfly, stonefly, caddisfly, clinger, long-lived, and intolerant taxa largely absent; 
relative abundance of predators very low. 

[0 - 20] 

 

* B-IBI was recalibrated in 2014 to represent a range of 0-100. Prior to this the range was 0-50 (King County 2014). 

2.2 B-IBI Indicator Targets 
The Puget Sound Partnership established two targets for the B-IBI indicator. The first focuses on protecting 
high quality streams and applies to streams in άŜȄŎŜƭƭŜƴǘέ or άƎƻƻŘέ condition. The second focuses on 
restoring streams that ƘŀǾŜ ōŜŜƴ ƛƳǇŀŎǘŜŘ ŀƴŘ ŀǇǇƭƛŜǎ ǘƻ ǎǘǊŜŀƳǎ ƛƴ άŦŀƛǊέ ŎƻƴŘƛǘƛƻƴΦ The specific language 
of the B-IBI indicator targets is:  

¶ Protect: 100 percent of Puget Sound lowland stream drainage areas ranked as άŜȄŎŜƭƭŜƴǘέ, retain 
άŜȄŎŜƭƭŜƴǘέ scores for the Benthic Index of Biotic Integrity for biological condition. 

¶ Restore: Improve and restore at least 30 streams ranked άŦŀƛǊέ, so their scores become άƎƻƻŘέ. 

2.3 Relation to Other Freshwater Quality Targets 
Multiple indicators and targets have been established to improve the characterization of Puget Sound 
streams. The B-IBI targets are intended to address ǘƘŜ ǊŜƎƛƻƴΩǎ ōŜǎǘ ǊŜƳŀƛƴƛƴƎ ǎǘǊŜŀƳs as well as those with 
potential for recovery (Wulkan 2011). The B-IBI targets do not address highly degraded stream sites (e.g., 
those with άǾŜǊȅ ǇƻƻǊέ or άǇƻƻǊέ B-IBI scores). Two other Freshwater Quality Vital Sign indicators better 
capture highly degraded streams: Freshwater Impairments and Water Quality Index. 

The Freshwater Impairments indicator lists all of the rivers, streams, and lakes in the Puget Sound 
watershed as impaired based on a water quality assessment under the Clean Water Act (CWA) section 
303(d). The target is to reduce the number of impaired listings.  

The Water Quality Index utilizes a measure based on dissolved oxygen, pH, temperature, fecal coliform 
bacteria, nitrogen, phosphorus, suspended sediment, and turbidity. In general, stations with an index score 
of 80 or above meet water quality standards. The target for the Water Quality Index is that half of all 
monitored stations score greater than or equal to 80.  

http://www.psp.wa.gov/vitalsigns/in-freshwater-impairments.php
http://www.psp.wa.gov/vitalsigns/in-wqi.php
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2.4 Current B-IBI Baseline Data Collection 
B-IBI data are routinely collected and reported by nearly 20 local jurisdictions, tribes, and state and federal 
organizations in Puget Sound. In 2018, for example, B-IBI scores were calculated for 510 sites, based on 
samples collected by 19 agencies for 31 different projects. Some projects include ambient monitoring 
programs with a random sampling design, while others collect B-IBI data to monitor priority streams. 
Sampling data are routinely uploaded to the Puget Sound Stream Benthos website. 

Stream condition and B-IBI are reported in several ways. The first is a snapshot of the most recent scores 
across Puget Lowland streams. The second is with an analysis of trends in scores at sites that have been 
monitored for multiple years. A third way is tracking the change in condition at certain sites over specific 
periods. This last approach was initiated in 2006, as part of the Vital Signs reporting on άŦŀƛǊέ and 
άŜȄŎŜƭƭŜƴǘέ scores. 

Typical reports track changes of current conditions compared to a baseline. For the Vital Sign updates in 
2019, scores from baseline samples (2006-2009) were compared to current conditions (2015-2018). The 
mean score during each period is based on the data available (1-4 years). The 4-year window for each 
timeframe ensures that biomonitoring data collected by Ecology are included and that inter-annual 
variability is reduced. 

2.5 Status and Trends of Vital Signs Indicators  
A brief summary of the indicator status and trends is presented here. More detail can be found at the Puget 
Sound Partnership Vital Signs web page. 

2.5.1 Status Monitoring  

The results of the status monitoring based on data collected from 2009-2018 in shown in Figure 2-1. In the 
Puget Lowlands, B-IBI scores range from άǾŜǊȅ ǇƻƻǊέ to άŜȄŎŜƭƭŜƴǘέ and largely correspond to the urban 
gradient across the region.   

2.5.2 Trends Monitoring Overall 

The results of the trends analysis are shown in Figure 2-4. General trends in the region are encouraging. 
Many sites are in άǾŜǊȅ ǇƻƻǊέ and άǇƻƻǊέ condition, overall scores in the region are improving. Of 125 sites 
monitored annually since 2002, scores at 29 are significantly improving (Figure 2-2). These trends are also 
reflected in sites that have been monitored for a shorter time period. The trends data indicate that, of the 
more than 400 sites analyzed, significant improvements are seen at 14% of sites, while significant declines 
are only seen at 1% of the sites (based on Mann-Kendall testing).  

2.5.3 Trends Monitoring ς Vital Signs Targets 

The trends specifically related to the Vital Signs targets are shown in Figure 2-3 and Figure 2-4. For the first 
ǘŀǊƎŜǘ όƳŀƛƴǘŀƛƴ млл҈ ƻŦ άŜȄŎŜƭƭŜƴǘέ ǎǘǊŜŀƳǎύ Ǉrogress is mixed. Of the 83 Puget Sound stream sites that 
scored άŜȄŎŜƭƭŜƴǘέ between 2006 and 2009, 17 were sampled again between 2015 and 2018. Of these, 71 
percent (12 sites) maintained their άŜȄŎŜƭƭŜƴǘέ ranking (Figure 2-3) meaning that the target was not 
technically met. However, 10 streams that were previously ranked as άƎƻƻŘέ improved to άŜȄŎŜƭƭŜƴǘέ 
indicating that the total number ƻŦ άŜȄŎŜƭƭŜƴǘέ ǎǘǊŜŀƳ ǎƛǘŜǎ increased.  

The results of the trends associated with the second target (restore ол άŦŀƛǊέ ǎǘǊŜŀƳǎ ǘƻ άƎƻƻŘέύ ŀǊŜ ǎƘƻǿƴ 
in Figure 2-4. Of the 172 stream sites that scored άŦŀƛǊέ between 2006 and 2009, 52 were sampled again 

https://pugetsoundstreambenthos.org/
https://www.pugetsoundinfo.wa.gov/ProgressMeasure/Detail/16/VitalSigns
https://www.pugetsoundinfo.wa.gov/ProgressMeasure/Detail/16/VitalSigns
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between 2015 and 2018. More than half of these sites remained άŦŀƛǊέ over this period. Of the sites that did 
change fifteen stream sites improved and eight sites declined, indicating that this target was not met. 

Overall, when considering all sites sampled in the two time periods (and not just the άŦŀƛǊέ and άŜȄŎŜƭƭŜƴǘέ 
sites), more sites improved than declined. The number of sites that scored άŦŀƛǊέ, άƎƻƻŘέ, or άŜȄŎŜƭƭŜƴǘέ 
improved over time, whereas the number of sites that scored άǾŜǊȅ ǇƻƻǊέ or άǇƻƻǊέ declined. 

Although these trends are encouraging, it is difficult to identify specific actions to explain them. In the last 
two decades, land use conversion has continued and land use intensity has increased, and yet 
macroinvertebrate communities appear to be recovering in many streams across the region. 
Macroinvertebrate communities are impacted by a variety of stressors that are associated with land use 
conversion and increased land use intensity, such as excessive fine sediment, contaminants in stormwater 
runoff, loss of riparian vegetation, and high flows. Thus, improvements in B-IBI scores are presumably due 
to reductions in these environmental stressors. More research is needed to assess how environmental 
conditions, management practices, and restoration actions may have changed over time and whether these 
changes can explain the trends in B-IBI scores.  
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Figure 2-1. Biological Condition of Stream Sites in Puget Sound Lowland Streams as Measured by B-IBI. 
Data from 2009-2018. The map reflects the data available as of January 2020 for each sampling location. 
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Figure 2-2. Trends in Biological Condition as Measured by B-IBI.  

All sites with more than 10 years of data were evaluated for significant trends per Mann Kendall test. Only sites 
with statistically significant trends are shown (p<0.05). 
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Figure 2-3. Change in the Biological Condition of Streams in Puget Sound Classified as òexcellentó based on the 
Benthic Index of Biotic Integrity. (2006 ð 2009 vs. 2015 ð 2018) 

 

 

 

Figure 2-4. Change in the Biological Condition of Streams in Puget Sound Classified as òfairó  
based on the Benthic Index of Biotic Integrity. (2006 ð 2009 vs. 2015 ð 2018) 

 



 

Freshwater Quality Implementation Strategy  Page | 13 

2.6 B-IBI Data Considerations 
The B-L.L ƛƴŘƛŎŀǘƻǊ ǘŀǊƎŜǘǎ ŦƻŎǳǎ ƻƴ άŦŀƛǊέ ŀƴŘ άŜȄŎŜƭƭŜƴǘέ ǎǘǊŜŀƳǎ ōŀǎŜŘ ƻƴ .-IBI scores, though there are 
different considerations that may result in inconsistent classifications. In addition, B-IBI scores can vary over 
time. Some sites have been sampled only once, while others have more than 10 years of measurements. As 
such, decisions related to data sufficiency and summary statistics may affect the final categorization of a 
given site. One suggested approach is summarized in Section 2.6.1. 

In addition, not all catchments have been characterized with B-IBI monitoring and the IDT suggested that 
some jurisdictions may choose to undertake protection and restoration activities in such areas. There are 
other tools that can help inform on catchment conditions and provide a suitable framework for planning. 
An introduction to some of these assessment tools is presented in Section 2.6.2. 

2.6.1 Selecting άFŀƛǊέ and άEȄŎŜƭƭŜƴǘέ Stream Sites: King County Example 

The identification of the άŦŀƛǊέ and άŜȄŎŜƭƭŜƴǘέ sites can vary based on data screening. Since the intent is to 
protect or restore streams on a watershed scale, the size of the watershed is an important criterion ς very 
large basins may be beyond the scale of management interventions.  

Here, we provide an example method that King County used for its site selection for restoration and 
protection using B-IBI scores (King County, 2015 a, b). Data were reviewed from all sites available at the 
time (n=1053) and a series of filters were applied to identify άŦŀƛǊέ and άŜȄŎŜƭƭŜƴǘέ sites.  

For άŦŀƛǊέ sites, the selection criteria included: 

¶ the site had been sampled at least three times, and at least once since 2007;  

¶ the site had a median score of άŦŀƛǊέ;  

¶ the site was in the Puget Lowland ecoregion;  

¶ the basin upstream of the site was moderate in size (200-3000 acres);  

¶ the basin was hydrologically important and not already significantly degraded (as determined by 
the Puget Sound Watershed Characterization model (Stanley 2019)).  

This resulted in a list of 54 άŦŀƛǊέ stream basins that were recommended for potential restoration. King 
County repeated this site selection and prioritization process for a recent project that involved narrowing 
the άŦŀƛǊέ list further (King County 2019). 

For άŜȄŎŜƭƭŜƴǘέ sites:  

¶ The site had to have scored άŜȄŎŜƭƭŜƴǘέ at least once;  

¶ A site was excluded if its median score was άŦŀƛǊέ, or if it had scored άǇƻƻǊέ or άǾŜǊȅ ǇƻƻǊέ even 

once. 

This resulted in a list of just over 100 basins that were recommended for protection. In the recent King 
County project (2019), additional criteria were used to prioritize άŜȄŎŜƭƭŜƴǘέ sites.  

It is important to note that other jurisdictions may have different stream conditions or data availability, and 
therefore, may elect to modify the site selection procedure.  

Overall, the process of selecting the candidate restoration sites should ensure that sites: 1) have minimal 
inherent variability in response to natural factors; 2) have reliable B-IBI data quality and recent sampling 
history; 3) are at a scale where change could be tracked effectively and measured against local and 
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watershed-scale conditions; and 4) are considered hydrologically important without already being 
degraded (King County 2015).  

2.6.2 Additional Stream Selection Guidance - Assessment Tools 

The use of B-IBI data to guide restoration and protection actions and to evaluate status and trends of 
stream health is limited to the sites where data have been collected. There are other tools and information 
resources to consider in the planning process for restoration and protection.  

For example, the relationship between B-IBI scores and measures of development in a watershed, such as 
percent impervious surfaces, number of road crossings, etc., has been clearly demonstrated (see Section 
3.1 on Pressures and references therein). While there are exceptions, this suggests that basins with a high 
level of development typically have lower B-IBI scores, and may not be the best locations for protection 
activities.  

Protection activities might be focused mainly in basins with low levels of development and low measures of 
impervious surfaces, as these are areas with the best potential for excellent biological condition (and high 
B-IBI score). One tool for evaluating stream condition at a broad, region-wide, WRIA, or sub basin scale is 
the Puget Sound Watershed Characterization Project. This project provides, among other things, a 
description of the level of overall degradation to water flow processes, based on land use characteristics 
(see Section 3.2). Protection activities could be located in areas with a low level of degradation, while 
restoration activities could be located in basin with a moderate/high level of degradation. 

Appendix IIh also provides a simple, stepwise approach to assess the restoration potential of streams to 
improve B-IBI scores by using calculations of percent of urban development to categorize and compare sites 
to understand the biological potential of streams, which may or may not be present given limiting factors 
upstream due to land use. The Puget Sound Watershed Characterization indices and steps outlined in 
Appendix IIh provide an opportunity for multi-scale assessments of restoration potential, which accounts 
for both broad (e.g. WRIA or sub-basin) water flow processes and finer-scale (catchment to stream reach) 
conditions which affect stream condition and hence.  

Additional site selection considerations may also include: 

¶ The availability of data on potential stressors in the watershed (e.g., water quality monitoring data, 
gage and history of flow data, 303d listing status or TMDL). 

¶ Opportunities for funding or synergistic activities (e.g., alignment with salmon recovery priorities 
and funding, stormwater management planning, TMDL). 

¶ The accessibility of the monitoring site and areas upstream. 

¶ The land ownership within the basin (i.e., the site is on public property or there are willing and 
interested landowners). 

¶ The presence of an active and engaged watershed or citizen science group. 

¶ The potential overlaps with critical habitat for salmonid. 

¶ The potential for the basin to provide quality refugia or stepping stone for nearby basins.  

  

https://fortress.wa.gov/ecy/coastalatlas/wc/landingpage.html
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3 Current Recovery Context 
This section introduces a brief summary of the elements important to stream protection and restoration.  It 
is provided as background and includes a description of pressures and stressors, programs, and barriers. A 

more detailed presentation is in the B-IBI State of Knowledge report (Appendix IIb) and the Base Program 
Analysis (Appendix IIc).  

3.1 Pressures and Stressors on Freshwater Streams 

The conversion of natural landscapes usually affects the way they function. When we clear tree canopy, we 
increase the amount of water that reaches the ground. When we disturb the natural soils, we reduce the 
ability of the ground to absorb and slowly release rainfall back into streams. Streets and buildings create 
impervious surfaces, which increase the rate and volume of stormwater runoff, and increase the delivery of 

pollutants into streams. During strategy development, a specific pressures/stressors framework was used 
to describe the changes to the landscape (i.e., pressures) with the functional and process changes (i.e., 
stressors) with the resulting impacts. This framework was used in the development of this Implementation 
Strategy by first identifying the pressures and stressors that may affect the condition of Puget Sound 
streams, and then developing strategies to prevent them or mitigate their impacts. 

Pressures are human actions that lead to degradation of one or more of the elements we are trying to 
preserve (i.e., the conservation target). Stressors are the human-caused factor that causes a change on the 
ecosystem. They are the results of the pressures. For example, development might be the pressure that 
leads to altered hydrology (a stressor).  

There are other frameworks which describe the interrelated factors, or functions, that impact (and define) 
stream condition (Karr 1991, Harman et al. 2012). While these generally align with the pressure/stressor 

framework presented here, the organization and language are sometimes different. Alternative framework 
are summarized briefly below (Section 3.1.2).  

3.1.1 Pressures 

The primary pressure affecting stream condition in the Puget Sound basin is land conversion/development, 

and the increased intensity of land uses. Both the scale and patterns of development influence the way the 
resultant stressors affect stream condition. Categories of development pressures include: 

¶ Conversion of rural lands for residential, commercial, and industrial uses: Land conversion includes 
conversion of: working lands to mixed rural lands Ą low density residential Ą high density residential 

Ą commercial/industrial. Land use conversion is associated with increased impervious surfaces, 
affecting water flow and contaminant transport (May et al. 1997, Morley and Karr 2002, Roy et al. 
2003, Allan 2004, Booth et al. 2004, Kennen et al. 2010, Fore et al. 2013). 

¶ Conversion of lands for transportation: Transportation infrastructure is highly impervious, 
resulting in altered flows, generally containing high levels of contaminants (Fore et al. 2013). 

¶ Conversion of lands for natural resources production: Timber harvest can degrade stream 
conditions by altering runoff, increasing fine sediments, changing inputs and transport of large 
woody debris, altering canopy cover and stream temperatures. Farming is associated with 
alterations to stream channel, sediment loading, and chemical and nutrient runoff (Noel et al. 1986, 

Carlson et al. 1990, Fore et al. 1996, Allan et al. 1997, Hutchens et al. 2004, Karr and Yoder 2004, 
Herlihy et al. 2005, Hernandez et al. 2005, Nislow and Lowe 2006, Banks et al. 2007). 
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While each type of development pressure can result in a different suite of stressors, in general, the more 
developed a given watershed, the higher the impacts on benthic communities. There is a demonstrated 

relationship between B-IBI scores and a number of measures of land use intensity such as transportation 
infrastructure, population density, and percent imperviousness (May et al. 1997, Morley and Karr 2002, Roy 
et al. 2003, Booth et al. 2004, Kennen et al. 2010, Fore et al. 2013). Increased agriculture in a basin is also 
associated with increased pressure on stream condition.  

3.1.2 Stressors 

Stressors can be broadly categorized based on impacts to hydrology, water quality, and habitat (e.g., physical 

habitat structure). Karr (1991) utilized an analogous framework that describes the ecological impacts of 
human alterations: changes in food/energy sources, changes in water quality, changes in habitat structure, 
changes in flow regime, and changes in biotic interactions. These align with the framework used in this 
process, as described below.  

 

¶ Altered hydrology: Includes higher peak flows, 
increased flashiness, and lower base flows. 
(Morley and Karr 2002, Booth et al. 2004, 

Cassin et al. 2005, Konrad et al. 2008, 
DeGasperi et al. 2009, Kennen et al. 2010). Karr 
(1991) described this as altered flow regimes.  

¶ Degraded water quality: Includes changes in 
natural conditions (pH, nitrogen, phosphorus, 

suspended sediments, etc.) and the inputs of 
specific toxicants such as metals, hydrocarbons, 
and pesticides, either in dissolved phase or 
sediments (May et al. 1997, Clements 2004, 

Pollard and Yuan 2006, Wang et al. 2007, 
Evans-White et al. 2009, Kail and Hering 2009, 
Lawrence et al. 2010, Vander Laan et al. 2013, 
Weston and Lydy 2014, Chiu et al. 2016, Eden 

2016). Karr (1991) also included this category in 
his framework.  

¶ Degraded habitat: Includes changes to the 
stream channel (e.g., straightening, 
disconnecting wetlands and floodplains, etc.); 

the removal or change of riparian habitat which 
provides shade, wood, nutrients, and food to the stream communities; or changes to in-stream 
habitat such as reduced complexity and sedimentation. (Hawkins et al. 1982, Wallace et al. 1995, 
Hilderbrand et al. 1997, May et al. 1997, Roy et al. 2003, Hutchens et al. 2004, Herlihy et al. 2005, 

Hernandez et al. 2005, Shandas and Alberti 2009, Parkyn and Smith 2011, Tonkin et al. 2014). Karr 
(1991) also included habitat structure. This current framework also includes some specific impacts 
of altered habitat such as changes in food/energy inputs that may result from altered riparian 
habitats. 

Finally, it is important to note that stressors commonly co-occur and can be interrelated; e.g., the condition 
of in-stream habitat can be changed by altering the hydrologic patterns of runoff entering streams. It 










































































































































































