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EXECUTIVE SUMMARY 
The development of a fish index of biotic integrity (FIBI) for the greater Lake Washington 
watershed was undertaken as part of the weight-of-evidence component of an ecological risk 
assessment for the Sammamish-Washington Analysis and Monitoring Program (SWAMP). This 
larger project includes a classic chemical risk assessment as well as a weight-of-evidence 
approach (WOE). The WOE attempts to use existing data to assess the quality of stream, river, 
and lake conditions in the subbasins of the greater Lake Washington watershed. This approach 
seeks to combine chemical, physical, and biological signals to determine the relative effects of 
human disturbance on the quality of aquatic systems. Development of a potential FIBI for this 
study area was undertaken as part of the biological component of the WOE in addition to the use 
of a benthic index of biotic integrity (BIBI).  

Previous to this study, a FIBI has not been developed for the greater Lake Washington watershed 
or for any waterbodies in the Puget Sound lowland ecoregion. The closest geographic regions 
where FIBIs have been developed are for the small coastal Washington streams: the Snake River 
watershed in Idaho and Washington, and the Willamette River watershed in Oregon. In the past, 
it has been thought that streams in the Puget Sound lowland ecoregion lack the diversity 
necessary for an FIBI to perform sensitively, predictably, or reproducibly. This study attempts to 
determine if an appropriate and useful FIBI can be developed for this ecoregion as a tool for 
effective future management.  

Typically, the development of an index of biotic integrity (IBI) would use data collected using a 
probabilistic or stratified random sampling method with added consideration to areas of special 
interest. However, such a sampling method could not be conducted by King County at this time 
because the ecological risk assessment intended to look at the past ten years of existing data to 
develop a tool for effective future management and because the financial and time resources 
were unavailable. Therefore, fish species distribution and abundance datasets previously 
collected for other purposes in wadable streams (small streams that can be safely waded) and 
rivers in the WRIA 8 and WRIA 9 regions were gathered from a variety of sources.  

Though the quality of the collected datasets is not known, attempts were made to reduce 
variability by eliminating datasets based on the following criteria: sampling occurred between 
1994 and 2003, samples were collected from small streams in WRIA 8, fish were collected using 
electrofishing methods, and all fish species were identified and counted. Ultimately, the FIBI 
was developed using 141 sampling events representing 112 unique sites in 30 basins in WRIA 8 
over an eight-year time period.  

Classification of sites based on geophysical characteristics was important in order to define 
homogeneous sets of fish assemblage data so that the responses of fish assemblages to human 
influence can be identified. Sampling sites were classified according stream order, gradient, and, 
for two sites, temperature.  

The ability to understand and predict biological response requires biological measurements to be 
taken across a gradient of human influence from least disturbed to most disturbed (Karr and Chu 
1999). It was important that the dataset include sites representing the spectrum of human 



Assessing the Potential for a Fish Index of Biotic Integrity in the Greater Lake Washington Watershed 

King County - ix - October 2004 

influence. Therefore, in addition to geophysical characteristics, the level of human influence was 
determined for each basin represented by the percentage of total impervious area (TIA) and road 
density. These measures of human influence are not considered to be inclusive of all the ways 
human influence the landscape and thereby the stream biota. Rather, they are adequate surrogates 
at this point in time.  

A literature search was undertaken in order to identify candidate metrics for inclusion in the 
FIBI. The majority of candidate metrics were taken from three studies conducted in the Pacific 
Northwest (Hughes et al. 1998; Hughes et al. in prep; and Mebane et al. 2003). Many of the 
metrics require knowledge of environmental attributes of fish species. Several sources were used 
by the three Northwest studies to define these attributes. The most common, and the one used in 
this study, was Zaroban et al. (1999). Zaroban et al. (1999) used their aggregate experience, 
published literature, and recommendations from regional fishery experts to classify 
environmental attributes of Pacific Northwest freshwater fish species.  

Fifty metrics were tested for biological response by regressing the metric values against the 
measure of human influence chosen for this study, TIA. Metrics that showed a strong biological 
response in accordance with the expected response or provided unique information that no other 
metrics could provide were considered for inclusion in the FIBI. Thirteen metrics were 
considered for inclusion in the FIBI. Seven of those 13 metrics make up the FIBI discussed in 
this report.  

Metrics were numerically scored and the scores at each site for the seven metrics were summed 
to determine the site FIBI score. All sites within each basin were averaged to determine the basin 
FIBI score. FIBI scores were also assigned descriptive classes of excellent, good, fair, poor, and 
very poor.  

Performance of the FIBI was assessed by regressing the FIBI scores against TIA and road 
density, testing the reproducibility of the FIBI using replicate data, and examining the change 
occurring between sites tested in 1993 and 2003. The comparison of the FIBI to TIA and road 
density was similar to those found for FIBIs, developed by other researchers in different regions, 
and compared to other measurements of human influence.  

Natural variation within basins, such as the effects of large bodies of water, negatively 
influenced the performance of the FIBI compared to TIA and road density. Sites located near 
large bodies of water had higher FIBI scores due to either fish migration from the lakes into the 
streams or possibly due to mitigation of the effects of stormwater. Removal of these sites from 
the comparison of FIBI to TIA and road density improved the strength of the correlation.  

Replicate data at twenty-two sites did not show any clear patterns in performance between the 
two sampling years. However, a strong correlation between the two sets of FIBI scores suggests 
a high level of reproducibility. FIBI scores for eighteen sites sampled ten years apart, in 1993 
and 2003, showed an almost consistent decrease suggesting degradation as would be expected 
from increasing urbanization and fishing pressure. This suggests that the FIBI developed in this 
study has predictive power.  
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Basin FIBI scores, calculated from the average of the site scores within each basin, performed 
mostly as expected based on the TIA values. Basins that did not meet the expected performance 
could be explained by inappropriate sampling methodologies, uncertainty in the TIA 
calculations, the inability of TIA to fully capture the effects of human influence or natural 
conditions on fish assemblages, or the inability of the FIBI to be sensitive to differences in fish 
assemblage integrity.  

Sources of error may result from inconsistencies in sampling methodology, measurements of 
geophysical attributes and human influence, and natural sources of variation, historical and 
current, that were not accounted for.  

The FIBI developed in this report appears to provide valuable information about the integrity of 
fish assemblages in streams of the Lake Washington watershed. It seems likely that the FIBI 
could be applied to other small streams in the Puget Sound lowlands, but more research is 
necessary to confirm that hypothesis.  

The results of this study suggest that the FIBI has the potential to be an effective tool for future 
management and it is recommended that a study be conducted to refine the FIBI metrics and 
scoring methods, as well as to test its applicability to other Puget Sound lowland streams. Such 
an undertaking would require the development of a stratified random sampling protocol and at 
least two years of data collection with attention given to natural variations in climate conditions 
and the success of spawning in previous years. Additionally, sources of error in measurements of 
TIA should be reduced and more localized measurements of TIA should also be calculated.  

At this time, the FIBI should not be used as a single source of data for policy or management 
decisions. The development of the FIBI was undertaken to create a tool to evaluate fish 
assemblage data that would be used as part of a weight-of-evidence component of the ecological 
risk assessment. The index is intended to be used in combination with other available watershed 
level data to provide a more realistic assessment of environmental conditions within the greater 
Lake Washington watershed. The FIBI will not be used to directly make policy decisions. 
Therefore, despite the uncertainties and need for further study, the FIBI should provide valuable 
information for the ecological risk assessment.  
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1.0. INTRODUCTION 
The development of a fish index of biotic integrity (FIBI) for the greater Lake Washington 
watershed was undertaken as part of the weight-of-evidence component of an ecological risk 
assessment for the Sammamish-Washington Analysis and Monitoring Program (SWAMP). This 
larger project includes a classic chemical risk assessment as well as a weight-of-evidence 
approach (WOE). The WOE attempts to use existing data to assess the quality of stream, river, 
and lake conditions in the subbasins of the greater Lake Washington watersheds. This approach 
seeks to combine chemical, physical, and biological signals to determine the relative effects of 
human disturbance on the quality of aquatic systems. Development of a potential FIBI for this 
study area was undertaken as part of the biological component of the WOE in addition to the use 
of a benthic index of biotic integrity (BIBI).  

The FIBI was considered an important component of a watershed-scale assessment of current 
ecological conditions. Fish are a sensitive and visible component of freshwater ecosystems, 
responding predictably to both abiotic and biotic factors (Simon and Lyons 1995). Therefore, an 
index of biotic integrity can be a useful indicator of stream degradation (Karr et al. 1986; Hughes 
et al. in prep).  

Fish assemblages have been used in many different geographic areas to assess the integrity of 
fish assemblages (Karr et al. 1986; Hughes et al. 1998; Hughes et al. in prep; Simon and Lyons 
1995). Previous to this study, an FIBI has not been developed for the greater Lake Washington 
watershed or for any waterbodies in the Puget Sound lowland ecoregion. The closest geographic 
regions where FIBIs have been developed are for the small coastal Washington streams, the 
Snake River watershed in Idaho and Washington, and the Willamette River watershed in Oregon. 
However, in the Pacific Northwest, particularly the Puget Sound lowlands, fish assemblages are 
relatively depauperate by nature and composed of a large proportion of highly migratory species. 
The migratory nature of these species introduces confounding factors when trying to assess 
stream condition. The abundance of migratory species in the streams is dependent upon many 
factors including: timing of sampling, spawning success, ocean conditions, and winter 
conditions. Correlating fish species assemblages to human disturbance, despite the usefulness in 
other geographic regions, still poses many challenges in this region. Therefore, this study will 
assess whether a sensitive FIBI can be developed for the greater Lake Washington watershed.  
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2.0. METHODS 

2.1 DATA COLLECTION 
In developing a multi-metric index, it is important to collect an appropriate set of data. This 
process would begin with identifying what biological system will be measured such that changes 
correlated with human disturbance are identified. In this case, the biological system chosen is 
fish. The next step would be to identify sampling locations. Typically, a probabilistic or stratified 
random sampling method with added consideration to areas of special interest, such as to ensure 
sampling locations across a range of human disturbance, would be preferred (Karr and Chu 
1999). However, two factors prohibited King County from conducting such a sampling protocol 
at this time: 

1. The intent of the ecological risk assessment was to look at the past ten years of existing 
data in order to assess current conditions, identify current potential problem areas in need 
of monitoring and research, establish a baseline, and develop tools for effective future 
management; and 

2. The financial resources and time to plan and execute such a study were not available in 
the time frame allowed. 

Therefore, the most appropriate existing data were collected from multiple studies conducted 
over the previous ten years and used in place of a pre-determined sampling protocol. 

Fish species distribution and abundance datasets for wadable streams (small streams that can be 
safely waded) and rivers in the WRIA 8 and WRIA 9 regions were gathered from a variety of 
sources. Many datasets were unpublished and only MS Excel spreadsheets or hand written field 
notes were obtained. All available and appropriate data were compiled into a MS Access 
database.  

2.1.1 Criteria for Data Inclusion 
The following criteria were developed to determine whether data should to be included in the 
development of the FIBI.  

 Sampling occurred between 1994 and 2004.  
The study period for the ecological risk assessment, of which the FIBI is one part, was 
from 1994 to 2003. Therefore, only data collected in that time frame were included in the 
FIBI. One available dataset was excluded on this basis, Serl (1999), because the data 
were collected in 1993. However, FIBI scores were calculated for this data after the FIBI 
development was complete (Section 3.2.1.3). The oldest dataset included in the 
development of the FIBI was collected in 1996; the newest datasets were collected in 
2003.  

 Data were collected from wadable streams in WRIA 8. 
Data collected in rivers were limited to constructed side channels. The river data were not 
considered numerous or robust enough to develop an FIBI for river systems in the study 
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area. The only data found in WRIA 9 were for river systems. Thus, a fish index was not 
developed for rivers in the SWAMP (WRIA 8) or Green (WRIA 9) study areas and was 
only developed for wadable streams in WRIA 8.  

 Electrofishing methods were used to collect the data. 
A variety of methods were used for fish collection among the available datasets. The 
most prevalent method was electrofishing. In some instances, electrofishing, along with 
seine and dip nets, were used to remove all fish prior to dewatering of the stream channel. 
In those instances, the data were not included in the development of the FIBI. One set of 
data were collected using smolt trapping. It was considered inappropriate to combine data 
collected using a passive method from an undefined spatial area over a long period of 
time (smolt trapping) with an active method that collects fish over a relatively short 
period of time from a defined spatial area (electrofishing).  

 All collected fish were identified and counted. 
Some potential datasets included the enumeration of only salmonid species. Such studies 
were not considered for inclusion in the development of the FIBI. The level of 
identification of fish species varied for sculpin, dace, and lamprey species. Studies that 
identified sculpin only as Cottus spp., dace as Rhinichthys spp., and lamprey as Lampetra 
spp. were not excluded. To remedy the inconsistency between studies, fish that were 
identified to the species level within the Cottus, Rhinichthys, or Lampetra genera were 
given the common name of “sculpin,” “dace,” or “lamprey,” as appropriate.  

The use of the previously described criteria does not account for inconsistencies of effort among 
the datasets. It is desirable to have consistent methods and tight confidence intervals in any 
scientific study. However, there was not enough information to assess the quality of the datasets. 
Therefore, it was assumed that all data were collected with a consistent level of effort and any 
future attempts to develop an FIBI for the greater Lake Washington watershed must use high 
quality data.  

Table 1 provides an overview of the data included in the development of the FIBI based on the 
criteria previously described. The FIBI was developed using 141 sampling events representing 
112 unique sites in 30 subbasins over an eight-year time period (Figure 1). Tables 2 and 3 
provide an overview of data that were excluded from further evaluation based on the criteria 
previously described. Appendix A demonstrates the geographic extent of the datasets.  
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Table 1. WRIA 8 wadable stream data included in the FIBI assessment 

Data Source Collection 
Season/Year 

Collection 
Method 

Number 
of Passes 

Number 
of Creeks 

Number 
of Basins 

Number 
of Sites 

Ludwa et al. 1997, King 
County 

Summer 
1996 

Electrofishing 2 27 30 70 

Kurt Fresh, NOAA 
Fisheries, unpublished1 

Summer 
1997 

Electrofishing 2 7 9 19 

Kit Paulsen, City of 
Bellevue, unpublished1 

Summer 
1997 

Electrofishing 2 1 2 6 

The Watershed Company 
2002, provided by K. 
Paulsen, City of Bellevue 

Summer 
2002 

Electrofishing 1 4 3 8 

Collected by Shapiro and 
Associates 2002, provided 
by Katherine Lynch, City of 
Seattle 

Summer, Fall 
2002 

Electrofishing 3 1 1 2 

Serl, unpublished Summer 
2003 

Electrofishing 3 6 7 18 

King County unpublished 
(a), provided by Hans 
Berge and Dan Eastman 

Summer 
2003 

Electrofishing 3 1 1 6 

Waller et al. unpublished, 
provided by Thomas 
Waller, WSDOT/WDFW 

Summer 
2003 

Electrofishing 6 1 1 1 

Collected by A. Cardwell, 
1998 senior thesis, 
provided by K. Fresh, 
NOAA 

Spring 1998 Electrofishing Unknown 1 2 5 

1Data from K. Fresh, NOAA, and K. Paulsen, City of Bellevue were collected as a repeat to the Ludwa et al. (1997) 
study. 
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Table 2. WRIA 8 wadable stream data considered but not included in the FIBI 
assessment (see Section 2.1.1 for data exclusion criteria). 

Data Source Collection 
Season/Year 

Collection 
Method 

Number 
of 

Passes 

Number 
of 

Creeks 

Number of 
Basins 

Number 
of Sites 

Serl 1999 Summer 1993 Electrofishing 3 6 7 18 

King County unpublished 
(b), provided by Rob 
Fritz 

Late summer 
1999-2001; Fall 
1999, 2001; 
Early winter 
1999 

Complete fish 
removal 

N/A 6 6 8 

King County 1997 Summer 1993-
94, 1997; Fall 
1996 

Unknown Unknown 1 1 1 

City of Seattle 
unpublished, provided by 
Katherine Lynch 

Spring 2001-03 Smolt trapping N/A 1 1 1 

Taylor and Associates 
2003a, provided by K. 
Lynch, City of Seattle 

Summer 1999 Complete fish 
removal 

4 1 1 2 

Taylor and Associates 
2003b, provided by K. 
Lynch, City of Seattle 

Summer 2000 Complete fish 
removal 

N/A 1 1 1 

 

Table 3. WRIA 8 and 9 river data considered but not included in the FIBI 
assessment. 

Data Source Collection 
Season/Year 

Collection 
Method 

WRIA Number of 
Sites 

R2 Resource 
Consultants 2000 

Spring 1999 Smolt 
trapping and 
netting 

8 2 

R2 Resource 
Consultants 2001 

Spring, 
Summer 2000 

Complete fish 
removal 

9 19 

R2 Resource 
Consultants 2002 

Summer 2000; 
Spring, 
Summer 2001 

Electrofishing 8 24 
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2.1.2 Physical Classification of Sites 
It is important that sampling sites be classified according to geophysical characteristics to define 
homogeneous sets of fish assemblage data within or across ecoregions (Karr and Chu 1999). 
This section will discuss the variety of geophysical characteristics that influence natural variation 
of fish assemblages in this ecoregion. This natural variability affects the ability to identify 
responses of fish assemblages to human influence and requires proper classifications of sampling 
sites.  

The first level of classification is the overall ecoregion from which the samples were collected. 
For this set of data, the ecoregion is the Puget Sound lowlands (Horner and May 1998). The sites 
could be further classified as the greater Lake Washington watershed, which is greatly influenced 
by its glacial history, shaping its unique characteristics, such as the presence of relatively 
uniform surficial geologic deposits of glacial till and outwash (Alberti et al. 2003).  

Classifications must be made on smaller scales than ecoregions. Basin and site scale 
classifications group sites so that the responses of fish assemblages to human influence can be 
detected. In order to characterize the geophysical data at the basin scale, it was necessary to 
define the boundaries of the watershed basins for each stream. King County (2004) conducted a 
watershed evaluation of the same geographic area and provided calculations of the basin level 
physical characteristics used in this assessment. Therefore, basins defined by King County 
(2004) were adopted (Figure 1) so that geophysical calculations could be adopted. 

It must be noted that, despite some of the commonalities found among streams in the greater 
Lake Washington watershed, there does appear to be an inherent difference among basins with 
respect to fish species assemblages. This is particularly noticeable when comparing northern 
basins; i.e., Swamp and North Creek to southern basins (i.e., Issaquah Creek and Cedar River). 
Northern basins tend to support more fish species, including dace species. The southern basins 
tend to support fewer fish species and never dace species. There are a variety of factors that may 
account for this difference including temperature regime, substrate, and gradient.  

In general, the temperature regime of a stream is determined by the temperature of the source 
water and the amount of heat added to the stream from solar radiation. Streams can receive 
source water from lakes, groundwater, and runoff. Rivers that drain lakes are generally warmer 
because the rivers receive water from the surface of the lake that has been absorbing solar heat 
for a period of time, which is determined by the residence time of the lake. The temperature 
regime determines which fish species will be able to populate that stream.  

Fish species tend to prefer certain substrate types. Reproductive strategy and habitat preferences 
are related to substrate. Streams with higher amounts of siltation may drive out fish species that 
prefer gravel substrate and attract fish species that prefer silt substrate. The type of substrate 
present is influenced primarily by the gradient and stream power/velocity. The higher the 
gradient, the higher the stream’s power and velocity, and the larger the particle size it can 
transport, leaving behind larger-sized substrate. As the stream gradient lessens, the velocity 
slows down. At this point, the load of suspended solids is released and smaller-sized particles 
come to dominate the substrate. The gradient of a stream indicates more than velocity and 
scouring power. High gradients are often correlated with lower productivity streams because 
higher gradients tend to occur in headwaters where fewer nutrients are available and 
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temperatures are often colder (Li et al. 1987), making it difficult to support more diverse and 
abundant fish assemblages. 

It can be assumed that higher gradient streams generally equate to lower productivity and lower 
gradient streams generally equate to higher productivity. However, exceptions to this assumption 
do exist. Some streams have colder temperatures because of groundwater influences. Some 
streams have naturally higher levels of suspended solids relative to the gradient. An exception to 
these assumptions is Rock Creek in the Cedar River basin. It is a fairly low gradient stream, 
compared to the other Cedar River creeks studied, yet the fish assemblages look like those that 
would be found in a high gradient stream. This is likely because Rock Creek has a groundwater 
source that originated from a glacial outwash creating colder summer temperatures and warmer 
winter temperatures, thereby affecting the type of fish that will inhabit the stream. 

Stream order and stream gradient were used as the primary measures of geophysical 
characteristics by which the sites were categorized and evaluated. However, because of the 
differences in fish assemblages between basins, it was thought that a basin level measure of 
stream gradient would be a more useful classification. Two measures of basin level gradient 
were calculated by King County (2004) as part of a watershed evaluation in support of Chinook 
salmon conservation planning in WRIA 8. Stream gradients greater than four percent represent a 
higher risk of altered sediment supply and channel degradation due to increased stream 
power/velocity (King County 2004). Low gradient, unconfined reaches contribute to favorable 
habitat and can partially mitigate increased peak flows and volumes. Based on those 
assumptions, King County (2004) calculated the percent of total stream reach with a gradient 
greater than four percent and the percent of total stream reach with a gradient less than two 
percent. Both measures of stream gradient could be used as surrogates for basin level stream 
gradient and, in this case, the percentage of stream reach with gradient less than two percent was 
chosen because when tested with against the fish assemblage data, it appeared to provide a 
slightly better differentiation between the types of basins and it also seemed to have a stronger 
biological relationship. 

Geophysical characteristics for each site are provided in Appendix B and include: stream order 
(derived from the Salmon and Steelhead Habitat Inventory and Assessment Program (SSHIAP) 
GIS data layer and King County’s watercourse GIS layer), stream gradient (NWIFC 2004), 
stream confinement (NWIFC 2004), the percent of stream reach in each basin with a stream 
gradient greater than four percent (King County 2004), and the percent of stream reach in each 
basin with a stream gradient less than two percent (King County 2004). These characteristics 
were gathered to determine how sites should be classified so that the FIBI is developed relative 
to the appropriate data. That is to say that data from a low order, high gradient stream should not 
be compared to data from a high order, low gradient stream. 

The SSHIAP database was used to determine the stream order of each site, except where sample 
locations did not overlap with SSHIAP defined streams. In such cases, the King County 
watercourse GIS layer was used to determine stream order (http://www.metrokc.gov/gis/sdc/ 
Content/internal/hydro/wtrcrs.htm). SSHIAP, a spatial data system that characterizes salmonid 
habitat conditions and distribution of salmonid stocks in Washington, was developed by the 
Washington Department of Fish and Wildlife (WDFW) and the Northwest Indian Fisheries 
Commission (NWIFC) to assess salmonid conservation efforts (WDFW 2004). The SSHIAP 
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data layer was chosen over King County’s data layer because it provided a slightly simpler 
network of streams. The King County layer was used to determine stream order where SSHIAP 
streams were not defined. 

2.1.3 Measurements of Human Influence 
The ability to understand and predict biological response requires measurements to be taken 
across a gradient of human influence from least disturbed to most disturbed (Karr and Chu 
1999). Therefore, it is important to determine an appropriate measure of human influence upon 
the landscape. This measure is but a surrogate for human influence and no one measure, to date, 
has been identified that can encompass all levels and types of impact to the ecosystem. 

In an effort to better understand the relationships between urban development patterns and 
ecosystem dynamics, Alberti et al. (2003) examined several surrogate measures of human 
influence. The results of this study showed that strong statistical correlations exist between urban 
landscape patterns and ecological conditions in streams (Alberti et al. 2003). Of the measures 
examined and compared to macroinvertebrate assemblages (represented by the BIBI), road 
density showed the strongest correlation to ecological condition (R2=0.67). However, other 
measures such as percent total impervious area (TIA) (R2=0.62), road intersection density 
(R2=0.61), the percentage of land use taken up by transportation (R2=0.56), and the percentage of 
land cover that is grass in urban areas (R2=0.58) were not largely different.  

For the purposes of this study, TIA was chosen as a surrogate for human impact on the 
landscape. This decision was made because TIA and road density are highly correlated with an 
R2 = 0.927; as such, they are likely related. However, they are not true independent variables, 
therefore, to choose one over the other would not make a significant difference in the 
performance of the index. Additionally, TIA was readily available from King County (2004) at 
the time the index was being developed.  

King County (2004) used 2001 land cover classification of LandsatTM imagery (Purser et al. 
2003) for TIA estimates. Road density was calculated by clipping the roads shapefile theme to 
the basin polygon shapefile. The roads theme was then intersected with the basin polygon 
shapefile to assign the roads to their respective subbasins. The total length of roadways in each 
basin was summarized and the road density was calculated as total road length divided by the 
basin area. This metric does not provide specific weights for different kinds of roads (i.e., 
residential or highway roads) (Alberti et al. 2003). Measurements of basin road density and TIA 
are shown for each sampling site in Appendix B. 

Initially, EIA was assessed as a possible measure of human influence. This makes sense from a 
hydrological standpoint because it is a direct measure of hydrologic effect of impervious 
surfaces. Therefore, it gives the type of measurement that one wants when assessing human 
influence on aquatic systems. However, calculations of EIA at this time depend on assumptions 
about the relationship between TIA and EIA for different land use types, introducing a subjective 
level of error. Ultimately, TIA provides a more consistent, if less direct, measure of potential 
hydrologic change as well as landscape fragmentation, which are desirable measures when 
examining changes in biological response. 
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2.1.4 Reference Sites 
As described previously, it is important to have a gradient of human influence represented when 
attempting to develop and calibrate an index of biotic integrity. It is customary to select baseline 
reference sites before conducting a study such as this. However, there are two potential problems 
with baseline sites in this study. 1) Sites representing undisturbed, pristine conditions with 
comparable geophysical characteristics probably do not currently exist in the greater Lake 
Washington watershed. 2) The datasets used in this study had already been collected, and for 
other purposes, so appropriate reference sites were not explicitly selected as a part of the dataset. 
Therefore, minimally disturbed sites must be used as baseline reference sites; these are sites with 
the lowest TIA. We assume they adequately represent minimally disturbed conditions.  

2.2 METRIC DEVELOPMENT 
An index of biotic integrity (IBI) integrates measurements of biological attributes, also known as 
metrics, to assess the condition of a place (Karr and Chu 1999). In an FIBI, each metric is used to 
identify an aspect of the fish assemblage that responds in a unique manner to stressors in the 
aquatic ecosystem (Zaroban et al. 1999). In general, such a response results in a shift from 
species intolerant of stressors to species tolerant of stressors. In this case, a stressor describes any 
chemical or physical deviation from the background condition. Applications of the IBI in other 
areas show that the concept is widely adaptable, but metrics must be modified, added, or deleted 
to reflect regional differences in fish distribution and assemblage structure (Zaroban et al. 1999, 
Simon 1998). That is why a review of studies conducted in relevant geographic regions and a 
metric by metric evaluation is important in the development of an FIBI in a specific region. 

2.2.1 Attribute Classifications 
Several types of environmental attributes can be used to develop an IBI. In order to identify 
potential metrics for a Pacific Northwest fish index, a literature search was conducted. The 
literature search found three studies that developed fish indices in Washington and Oregon: 
Hughes et al. (1998), Hughes et al. (in prep), and Mebane et al. (2003). USEPA (1993) did not 
develop a fish index but recommended potential metrics for wadable streams with depauperate 
fish assemblages in Region 10. Karr et al. (1986) was also reviewed because it provided the 
rationale for the development of fish indices.  

The three studies that developed fish indices in the Pacific Northwest relied on classifications of 
environmental attributes from several sources: Zaroban et al (1999), Bond (1963), Bond et al. 
(1988), Wydoski and Witney (1979), Hendricks (1997), Li et al. (1987), Becker (1983), Scott 
and Crossman (1973), and Moyle (1996). One of the sources most often cited was Zaroban et al. 
(1999). Zaroban et al. (1999) used their aggregate experience, published literature, and 
recommendations from regional fishery experts to classify environmental attributes of Pacific 
Northwest freshwater fish species. A summary of the primary environmental attributes affecting 
fish species assemblages represented in the Pacific Northwest studies are described in the 
following sections.  
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2.2.1.1 Origin 

Species origin (native or non-native/alien) can be a measure of habitat condition or change. 
Species were classified as either native, present prior to European settlement, or alien, introduced 
through human intervention (Zaroban et al. 1999). Native species are adapted to natural 
conditions, such as the particular water quality conditions (temperature regimes and dissolved 
oxygen content), and pre-development rates and magnitudes of flow and sedimentation. 
Deviations from natural conditions set the stage for non-native species to establish and alter 
natural fish assemblages. For example, highly altered habitat, such as the removal of riparian 
habitat buffers, can change the natural flow regime. It has been shown that changes in flow 
regimes decrease the abundance of native fish species and can increase the 
abundance/dominance of non-native fish species (Bunn and Arthington 2002).  

2.2.1.2 Non-chemical Pollution Tolerance 

The tolerance of fish species to non-chemical pollution can be a measure of water quality or 
habitat condition or change. Species are classified as either sensitive, intermediate, or tolerant 
relative to their overall non-chemical pollution tolerance. Pollution intolerant, i.e., sensitive, 
species tend to disappear or are greatly reduced in association with human influence (Karr et al. 
1986, Zaroban et al 1999). Sensitive species can be intolerant of one or more of the following: 
increased siltation, increased turbidity, lowered dissolved oxygen concentrations, and increased 
water temperature (Zaroban et al. 1999). Tolerant species tend to increase in abundance with 
human influence in relation to the same types of pollution previously listed. Intermediate species 
are neither tolerant nor sensitive to pollution, but are typically replaced by tolerant species 
(Zaroban et al. 1999). Intermediate species may be useful indicators in areas with extreme 
degradation, but are not likely to be as useful in moderately polluted waters. 

2.2.1.3 Trophic guilds  

The trophic guild structure of fish assemblages can be a measure of changes in food source 
quality, which is generally indicative of changes in habitat, nutrient inputs, and water quality. 
Zaroban et al. (1999) classified species into six categories: piscivore, invertivore, 
invertivore/piscivore, herbivore, omnivore, or filterer. Piscivores primarily consume other fish. 
Invertivores consume invertebrate prey, primarily insects. Invertivore/piscivores consume 
considerable portions of fish and invertebrates. Herbivores consume primarily aquatic 
vegetation. Omnivores consume at least 25% each of plant and animal material. Filterers 
consume fine particles from the water column. Changes in food resources resulting from human 
influence can cause shifts in the trophic structures of fish assemblages (Karr et al. 1986, Zaroban 
et al. 1999). As human influence increases, invertivores and piscivores will decrease due to 
decreases in food quality and availability. Omnivores are expected to increase in number because 
they will be able to make use of a wider selection of food.  

2.2.1.4 Habitat preferences 

The habitat preferences of fish assemblages can be a measure of habitat condition or change. 
Human influences that alter habitat structures, such as pools, undercut backs, and large woody 
debris (LWD), can cause changes in the habitat preference structure of fish assemblages 
(Zaroban et al. 1999, Karr et al. 1986, Hughes et al. 1998, Simon and Lyons 1995). Species were 
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classified according to their adult habitat preferences: benthic, pelagic, or hider (Zaroban et al. 
1999). Benthic species are generally found on or near the bottom of lakes or streams. Pelagic, or 
water column, species are generally found throughout various depths or near the water surface. 
Hider species are commonly found in interstitial spaces of substrates, such as gravel, cobbles, or 
boulders or hidden in dense cover including aquatic macrophytes, undercut banks, crevices, and 
overhanging vegetation. If human alterations result in the loss of areas where hider species find 
refuge, it can be expected that their numbers will decline. Benthic species may be vulnerable to 
increased siltation that causes interstitial spaces to fill up. 

2.2.1.5 Reproductive strategy 

The reproductive strategies of fish assemblages can be a measure of habitat condition or change. 
It can be inferred that changes in habitat availability for successful reproduction can cause 
changes in the reproductive strategy of fish assemblages similar to the destruction of habitat used 
for residence. Hughes et al. (1998) identified nine distinct categories of reproductive strategy: 
cavity nester, lithophil (gravel-cobble) nester, non-guarding lithophil nester, lithophil, vegetation, 
vegetation nester, psammophil (sand-fine gravel), psammophil nester, and livebearer. In this 
study, five of these categories were represented among native species and two categories among 
alien species. Change in flow regime and increased siltation can result in a decrease in available 
habitat for lithophil nesting and, therefore, species that make use of such habitat may be expected 
to decline and psammophil species increase as human influence increases. 

2.2.1.6 Temperature regime preference 

The temperature regime preference of fish assemblages can be a measure of water quality 
condition or change. Species can be classified according to their temperature regime preference. 
Zaroban et al. (1999) used the categories cold, cool, and warm. These classifications were based 
on species range, spawning season, spawning temperature, and physiological optima (Zaroban 
et al. 1999). Li et al. (1987) used the categories stenotherms (cold-water tolerant), mesotherms 
(tolerates moderate temperatures), and eurytherms (tolerates a wide range of temperatures). 
These classifications are based on a database of records collected in Oregon since 1900 (Li et al. 
1987). Stenotherms are physiologically adapted for temperatures <20˚ C (Li et al. 1987). As 
temperatures increase downstream, mesotherms and eurytherms form larger fractions of the fish 
assemblage (Li et al. 1987). As temperature regimes are altered from their natural states due to 
human influence, changes in the temperature preference structure of fish assemblages will occur 
(Zaroban et al. 1999).  

2.2.1.7 Individual health and abundance 

Karr et al. (1986) suggested that the presence of hybrid species (e.g., cuttbow, a hybrid of a 
cutthroat and rainbow trout), diseases (e.g., parasites, viruses, bacteria), or external anomalies 
(e.g., tumors, fin erosion, lesions) was useful in assessing stream productivity and individual 
fitness. Therefore, fish health could be indicative of the level of stressors or contaminants to 
which the fish are being exposed. Increases in abnormalities and illnesses would be expected as 
human influence on a system increases. Analysis of individual health was not undertaken in any 
dataset included in this study and would require more time, expertise, and money than simply 
identifying and counting species. 
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The ability of a stream to support large fish assemblages can be hindered by the effects of human 
influence. However, such a signal can be obscured by the presence of alien or tolerant species 
that can flourish in altered systems. Abundance can be measured in a number of ways including 
the total number of individuals in a sample, density, age structure, and growth and recruitment 
rates.  

2.2.2 From Attributes to Metrics 
There are three primary ways that the effects of environmental attributes can be evaluated and 
transformed into a metric – taxonomic richness, relative abundance/proportion, and 
presence/absence. The following sections provide descriptions of the three ways attributes can be 
evaluated as metrics. 

2.2.2.1 Taxa Richness 

Changes in taxonomic groups are best evaluated using taxa richness because as human influence 
increases, native taxa tend to disappear (Karr and Chu 1999). In this study, taxa richness was 
calculated as the total number of taxa that are present in a sample (Karr and Chu 1999). Common 
uses for taxonomic richness include total number of species (total taxa richness), number of 
native species (taxa richness of native species), and number of tolerant species (taxa richness of 
tolerant species). This method of measuring attributes is most useful in areas with high diversity. 
In areas with low diversity, such as the Pacific Northwest, it is difficult to accurately distinguish 
changes due to human influence that would result in a decrease in the number of species present. 

2.2.2.2 Relative Abundance/Proportion 

Attributes can also be measured as the relative abundance, or proportion, of species or as the 
proportion of individuals in a sample of a particular attribute classification. These measures are 
expressed as a percentage of the total number of species or the percentage of the total number of 
individuals. In the greater Lake Washington watershed, where fish species diversity is naturally 
low, proportion of species is less useful. Therefore, for this study, proportion of individuals was 
used to measure attributes in the population. Because the total number of individuals in a sample 
was much larger than the number of species, proportion of total individuals was a useful 
measure. To show relative changes in the structure of the fish assemblage with changes in human 
influence. Additionally, proportion of individuals allows for comparison between samples taken 
from different reach lengths, which were not consistent even within a particular study. Using 
proportion of individuals, data did not have to be normalized to the length of reach sampled. 

2.2.2.3 Presence/Absence 

Some attributes may be best evaluated by measuring their presence/absence. One such metric 
was proposed for sculpin (Cottus spp.). This is because sculpins are very difficult to capture with 
electrofishing. In such a case, proportion of individuals may not be as sensitive to human 
influence. However, if sculpin are present, it could be assumed they would be present, albeit in 
small numbers, in the sample and a measurement of presence/absence may be useful. 
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2.2.3 Testing for Biological Response 
Biological systems are expected to change in response to stressors, both biotic and abiotic, 
natural and anthropogenic. Therefore, when evaluating a potential metric for inclusion in a multi-
metric index, it must reliably demonstrate changes in the fish assemblage in response to human 
influence. Expected responses are determined from reviews of published literature and 
knowledge of biological principles, such as trophic relationships and competition.  

Fish assemblages change in response to a variety of environmental changes brought on by human 
influence. For example, adverse changes in the patterns of hydrologic conditions will tend to 
create conditions that do not to favor native species and, therefore, an increase in alien species is 
expected to occur. This expectation results in a metric: proportion of alien individuals. The best 
way to tell if a metric exhibits the expected response is to graph the data using regression 
analysis against a measure of human influence. If the regression shows a distinct pattern in the 
direction of the predicted response, which is, in this example, an increase in percent of alien 
individuals with increasing human influence, then the metric is a good candidate for inclusion in 
the multi-metric index.  

To evaluate metrics for the appropriate biological response, potential metrics were calculated for 
each site, categorized according to stream order, and regressed against TIA as a measure of 
human influence. Section 3.1.2.2 provides the results of this evaluation. 

2.3 METRIC SCORING 
Metrics are assigned numerical scores in order to evaluate how far the condition of the particular 
biological attribute measured by the metric deviates from what might be expected at a minimally 
disturbed site in a similar geographical region and on a stream of comparable size (Karr et al. 
1986). High scores indicate that the metric does not deviate much or at all from the expected 
condition. Low scores indicate that the metric deviates greatly from the expected condition. Sites 
are grouped by stream order and, in some cases, also by basin gradient, to ensure that they are of 
comparable size and that scoring is relative to the expected minimally-disturbed condition for 
that stream order. 

There is more than one metric scoring system that could be used. Karr et al. (1986) used a 
scoring system of 1, 3, 5. Hughes et al. (1998) used a continuous scoring system ranging from 0 
to 10. Mebane et al. (2003) used a continuous scoring system ranging from 0 to 1. As part of this 
study, several different scoring systems were tried and 0, 1, 2, 3, 4, 5, was chosen because it 
appeared to produce the strongest correlation to TIA. Ultimately, it should not make much 
difference which scoring system is used (J. Karr, pers. comm.). 

In order to assign a metric score for each site, the maximum observed value for the set of sites 
within each geophysical classification, determined by either stream order or stream order and 
gradient, was considered to represent either the minimally disturbed condition or the most 
disturbed condition for that classification. Metrics that were negatively correlated with human 
influence used the maximum score to represent minimally-disturbed conditions. Conversely, 
metrics that were positively correlated with human influence used the minimum score to 
represent the minimally-disturbed conditions.  
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The two exceptions to this method were for sites in first and fourth order streams, which 
represent seven and eight percent of the data, respectively. The full range of TIA values was not 
represented among sites in first and fourth order streams. Because sites representative of 
minimally-disturbed conditions were not represented in first and fourth order streams, 
adjustments were made to ensure that those stream orders were accurately scored according to 
the expected condition. Therefore, if the maximum metric value for first order streams was lower 
than the maximum metric value for second order streams, the second order stream metric value 
was used for first order streams. In the same way, if the maximum metric value for fourth order 
streams was lower than for third order streams, the maximum metric value for the third order 
stream sites was used. 

Minimally-disturbed sites were not necessarily considered to be those with the lowest TIA 
because several confounding factors exist, such as stream order, stream gradient, and overall 
habitat quality. Rather, sites were scored based upon their deviation from the highest or lowest 
observed values of that metric. The maximum metric value observed for each stream order was 
divided by five to determine the range of values that will be assigned a particular score for each 
site (Table 4). Six categories of scores, ranging from zero to five, were used unless otherwise 
noted.  

Table 4. Schema for scoring metrics. 

Percentage of 
maximum metric 
value 

Score for 
negatively 
correlated metrics 

Score for 
positively 
correlated metrics 

0 0 5 

1 – 20% 1 4 

20 – 40% 2 3 

40 – 60% 3 2 

60 – 80% 4 1 

80 – 100% 5 0 

Metrics negatively correlated with human influence assign the lowest score (0) to a metric value 
of zero and the highest score (5) to metric values that are equal to 80% of the maximum value or 
more. For example, sites with no invertivore individuals receive a score of zero and sites falling 
within 20% of the highest proportion of invertivore individuals would receive a score of five. 
Metrics positively correlated with human influence assign the lowest score (0) to values that are 
80% of the highest score or more and the highest score (5) to sites with a value of zero. For 
example, a site with zero individuals of tolerant species would receive a score of five and the 
sites falling within 20% of the highest proportion of tolerant individuals would receive scores of 
zero.  
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2.4 INDEX CALCULATION 
Metrics that showed a clear and appropriate biological response to human influence were scored 
and then added together to calculate the final index. If two or more metrics measured the same 
biological function or attribute without adding any new information to the index, one or more 
were removed. Different combinations of metrics were added together until a set was found that 
had the tightest regression against TIA and where the range of index values for minimally-
disturbed sites did not overlap with the range of index values for highly disturbed sites.   

The index was calculated for each site as well as averaged within each basin designation to 
determine a basin index score. 

2.5 DESCRIPTIVE CLASSES 
Descriptive classes of excellent, good, fair, poor, and very poor were assigned to both site scores 
and basin scores. A methodology for determining the range of values used to define each 
descriptive class was not found during the literature search. Therefore, the range of values used 
to define each class was based on those described in Karr et al. (1986).  
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3.0. RESULTS 

3.1 METRIC EVALUATION 

3.1.1 Potential Metrics 
A list of potential metrics was derived from the most relevant sources in the literature search 
(Table 5). All of the possible metrics from the studies are not listed because some metrics could 
not be tested based on the limitations of the dataset. Additionally, other metrics, not listed in 
Table 5, were evaluated through the course of developing the index. These metrics were often 
based on the metrics in Table 5 but used different methods of measurement, i.e., if the original 
metric was percent of individuals, total number of species was also tested. Additionally, new 
ideas for metrics occurred over the course of developing the index based on hypotheses of 
biological response to human influence. Other metrics tested, but not listed in Table 5 include: 
Proportion Cutthroat Trout and Trout <80 mm Individuals, Proportion Coho Individuals, 
Presence/Absence of Sculpin Individuals, Trophic Guild Diversity (using the Shannon-Wiener 
diversity index), Proportion of Individuals of the Most Abundant Species, Proportion of 
Individuals of the Two Most Abundant Species, Coho to Cutthroat Ratio, and Density (number 
of individuals per meter of stream reach sampled). 

Table 5. Metrics used in previous studies of Pacific Northwest waterways. 

Midwest with some 
Northwest 

adaptations 

Pacific Northwest 
depauperate, 

wadable streams 
Willamette Valley, 

Oregon 
Pacific Northwest 

Rivers 

Coldwater streams 
of Western Oregon 

and Washington 

Karr et al. 1986 USEPA 1993 
Hughes et al. 

1998 
Mebane et al. 

2003 
Hughes et al. in 

prep 

Total No. of Fish 
Species 

No. of Native 
Species 

No. of Native 
Families 

No. of Native 
Coldwater Species 

% Alien Species 

No. of Intolerant/ 
Sensitive Species 

No. of Native 
Families 

No. of Native 
Species 

% Native Coldwater 
Individuals 

% Coolwater 
Individuals 

Proportion of 
Omnivore 
Individuals 

No. of Sensitive 
Species 

No. of Native 
Benthic Species 

% Coldwater 
Individuals 

% Anadromous 
Individuals 

Proportion of 
Insectivore 
Individuals 

No. of 
Species/Stocks Of 
Special Concern 

No. of Native Water 
Column Species 

No. of Alien Species % Coldwater 
Species 

Proportion of 
Piscivore Individuals 

% Exotic/Alien No. of Hider Species % Alien Individuals No. of Tolerant 
Individuals 

% Omnivores No. of Sensitive 
Species 

% Sensitive Native 
Individuals 

No. of Native 
Coldwater Species 

No. of Individuals In 
Sample (modified to 
be density, number 
of fish per meter 
stream length, to 
account for 

% Invertivores No. of Native Non-
Guarding Lithophil 
Nester Species 

% Tolerant 
Individuals 

No. of Native 
Coldwater 
Individuals 
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Midwest with some 
Northwest 

adaptations 

Pacific Northwest 
depauperate, 

wadable streams 
Willamette Valley, 

Oregon 
Pacific Northwest 

Rivers 

Coldwater streams 
of Western Oregon 

and Washington 

Karr et al. 1986 USEPA 1993 
Hughes et al. 

1998 
Mebane et al. 

2003 
Hughes et al. in 

prep 
differences reach 
length sampled) % Top Carnivores % Tolerant 

Individuals 
% Sculpin 
Individuals 

 

  % Alien Individuals   

  % Filter-Feeding 
Individuals 

  

  % Native Top 
Carnivore 
Individuals 

  

  % Omnivores   

  Total No. of 
Individuals 

  

3.1.2 Biological Response 
Biological response was tested by calculating metric values, categorizing each sample site by 
stream order, and regressing the potential metrics for each stream order against TIA. Examples 
of regressions are shown in Section 3.1.2.2. There were only ten sample sites in first order 
streams. This is considered a very small sample set, yet often, this stream order showed the 
clearest biological response. There were only eleven sample sites in fourth order streams, and 
they did not cover a sufficient range of human influence. Due to the limited number and range of 
human influence represented by first and fourth order streams, final decisions on whether a 
metric was appropriate for the final index were made using the second and third order streams.  

Some metrics were also further categorized by stream gradient within each stream order before 
being regressed against TIA. This further categorization eliminated the first and fourth order 
streams from any evaluation because the size of each stream order and stream gradient 
combination was too small. This level of categorization was used only for metrics that appeared 
to show a weak biological response to determine if differences in stream gradient were diluting 
the apparent response. In such cases, categorization of sites by stream order and stream gradient 
did not improve the response to human influence. 

3.1.2.1 From Attributes to Metrics 

The most useful method for evaluating environmental attributes as metrics was relative 
abundance/proportion. Taxonomic richness appeared to work well initially when metrics were 
regressed against stream order only. In such a regression, the maximum value for each stream 
order would be considered the maximum possible number of species that could be supported in a 
minimally disturbed site (Karr and Chu 1999). As the stream order increased, the number of 
species that could be supported would increase. A line could be drawn along the top of the graph, 
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known as the maximum species richness line. The values that fall below the line are from 
degraded sites. In theory, each stream order could be regressed against a measure of human 
influence, TIA in this case, and the taxonomic richness would be negatively correlated with 
human influence. This was never the case in this dataset. However, proportion of individuals 
occasionally gave such a response. Therefore, the final metrics chosen used the proportion of 
total individuals, according to environmental attribute, to assess the response of fish assemblages 
to human influence. 

3.1.2.2 Performance of Metrics by Attribute Classifications 

Lists of attribute classifications were published by both Hughes et al. (1998) and Zaroban et al. 
(1999). These two sources were not always in agreement. Classifications that differed were: 
habitat, foraging, and tolerance. Therefore, both sets of attribute classifications were tested. For 
example, the proportion of invertivores were tested according to classifications proposed by 
Zaroban et al. (1999) and then according to the classifications proposed by Hughes et al. (1998). 
Classifications used by Zaroban et al. (1999) appeared to show better relationships to TIA than 
those used by Hughes et al. (1998). The attribute classifications (modified from Zaroban et al. 
1999 and Hughes et al. 1998) for fish species encountered in the greater Lake Washington 
watershed dataset and used to test metrics are shown in Appendix C. Datasets collected for this 
study were inconsistent in their level of identification of sculpin, dace, and lamprey. Therefore, 
the attribute classifications were modified by grouping these species by genus and assigning the 
attribute classifications used for the majority of the species in that genus. 

The following paragraphs will discuss how each class of attributes performed during the 
individual metric evaluations for sites in second and third order streams. 

Taxa Richness 

In the greater Lake Washington watershed, the total taxa richness at any site did not exceed 
seven, and taxa richness of native species did not exceed six. The total number of fish species 
(total taxa richness) reached the maximum species richness value of seven at only a few sites. 
Because of the limited number of total species and, therefore, native species, these attributes 
could not be evaluated using the taxa richness metric. Additionally, because not all studies 
identified sculpin, dace, and lamprey to the species level, a measure of taxa richness would not 
have been truly representative of the conditions at all sites. 

The regression of taxa richness against TIA for second and third order streams are shown in 
Tables 2 and 3, respectively. 
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Figure 2. Taxa richness in second order streams
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   Figure 3.  Taxa richness in third order streams
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Origin 

The relative abundance/proportion of native individuals was not a useful measure. The relative 
abundance/proportion of alien individuals did not show a strong correlation to human influence 
(Figures 4 and 5). However, the presence of alien individuals, whether measured as the 
proportion of native or alien individuals, provides valuable information about the biological 
response to stressors. The proportion of alien individuals is easier to conceptualize than the 
proportion of native individuals, therefore, it was considered for the final index. Figures 4–7 
show the regressions of the proportion of native individuals and alien individuals against TIA for 
second and third order streams, respectively. 

Figure 4. Proportion of native individuals in second order streams
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Figure 5.  Proportion of native individuals in third order streams
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Figure 6. Proportion of alien individuals in second order streams
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Figure 7.  Proportion of alien individuals in third order streams
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Non-chemical Pollution Tolerance 

Sensitive species are intolerant to one or more of the following non-chemical forms of pollution: 
increased siltation, increased turbidity, lowered dissolved oxygen concentrations, and increased 
water temperature (Zaroban et al. 1999). According to the attribute classifications of Zaroban 
et al. (1999), sensitive species in the data set were comprised entirely of salmonids (coho salmon 
and cutthroat trout). The relative abundance or proportion of sensitive species was not a reliable 
metric because it had a positive correlation with human influence, opposite of the expectation 
(Figures 8 and 9). This response could be due to the positive correlation of cutthroat trout to 
human influence (see the next section on Trophic Guilds). 

Figure 8. Proportion of sensitive individuals in second order streams
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 Figure 9.  Proportion of sensitive individuals in third order streams
TIA (%)
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Tolerant species included both native species, such as largescale sucker and threespine 
stickleback, and alien species, such as black crappie, bluegill, largemouth bass, pumpkinseed, 
and warmouth. The proportion of tolerant species had a slightly positive correlation with human 
influence as expected (Figures 10 and 11). The relative abundance of tolerant species was 
considered for use in the final index because it provides valuable information about the 
biological response to stressors. 
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Figure 10. Proportion of tolerant individuals in second order streams
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  Figure 11.  Proportion of tolerant individuals in third order streams
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Another potential metric was the proportion of intermediate tolerant species. This metric 
appeared to be negatively correlated with human influence (Figures 12 and 13), which is 
expected under extreme disturbance. This metric, however, was dominated by two benthic 
species, sculpins and dace, and was, therefore, considered redundant with the proportion of 
benthic individuals and not considered for inclusion in the final index. 

Figure 12. Proportion of intermediate tolerant individuals 
                 in second order streams
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Figure 13.  Proportion of intermediate tolerant individuals 
                 in third order streams

TIA (%)
0 10 20 30 40 50 60

Pr
op

or
tio

n 
of

 In
di

vi
du

al
s 

(%
)

0

20

40

60

80

100
r ² = 0.0608

 

Trophic Guilds  

Piscivore species, such as largemouth bass, smallmouth bass, and warmouth, occurred rarely in 
the dataset, therefore, biological responses were not readily observed. However, the proportion 
of invertivore/piscivore (I/P) individuals showed a positive correlation with human influence 
(Figures 14 and 15). This was an unexpected response because both invertivores and piscivores 
are expected to have a negative correlation with human influence.  
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Figure 14. Proportion of invertivore/piscivore individuals 
                 in second order streams
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Figure 15.  Proportion of invertivore/piscivore individuals 
                  in third order streams
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Upon further inspection, it was noted that cutthroat trout and trout <80 mm made up a large 
portion of the I/P species where trout <80 mm were identified as such [Ludwa et al. (1997); 
Fresh (unpublished); City of Bellevue (unpublished); TWC (2002)]. Both the proportion/relative 
abundance of cutthroat trout and trout <80 mm were tested individually (Figure 16 and 17). 
Separately, these two metrics did not show a strong response to human disturbance in third order 
streams. However, the proportion of cutthroat trout plus trout <80 mm was tested and showed a 
much more distinct positive correlation (Figure 18). It is possible that the trout <80 mm are 
young-of-the-year cutthroat trout (K. Fresh, pers. comm.).  

Figure 16.  Proportion of trout <80 mm individuals 
                  in third order streams
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Figure 17.  Proportion of cutthroat trout individuals 
                  in third order streams
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Figure 18.  Proportion of cutthroat trout and trout <80 mm 
                  individuals in third order streams

TIA (%)
0 10 20 30 40 50 60

P
ro

po
rti

on
 o

f I
nd

iv
id

ua
ls

 (%
)

0

20

40

60

80

100

r ² = 0.2367

 



Assessing the Potential for a Fish Index of Biotic Integrity in the Greater Lake Washington Watershed 

King County - 24 - October 2004 

After this observation was noted, an additional metric was tested, the proportion of coho 
individuals; a negative correlation with human influence was observed (Figures 19 and 20). 

Figure 19. Proportion of coho salmon individuals 
                 in second order streams

TIA (%)
0 10 20 30 40 50 60

Pr
op

or
tio

n 
of

 In
di

vi
du

al
s 

(%
)

0

20

40

60

80

100 r ² = 0.2459

 
Figure 20.  Proportion of coho salmon individuals 
                  in third order streams
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These responses are in agreement with previous observations that showed coho dominance in 
watersheds with little human influence (TIA<5%) and cutthroat trout dominance in more 
urbanized systems (Horner et al. 2002; Horner and May 1998). The exact reason for this 
observation is not known, but decreases in the stability (changes in gravel size and amount) of 
spawning substrate, loss of cover where juveniles rear, loss of pools (a preferred habitat), 
decreasing water quality – especially acutely or chronically toxic anthropogenic compounds, and 
the over harvesting of wild coho salmon may be contributing. The explanation seems 
complicated, but the biological response is evident. Therefore, metrics for the proportion of 
cutthroat trout individuals and coho salmon individuals were considered for inclusion in the final 
index. 

Additionally, the coho salmon to cutthroat trout ratio was also tested as a metric with this data 
set. Both stream orders showed a negative correlation with human influence (Figures 21 and 22). 
According to Karr and Chu (1999), each factor in the ratio responds independently and non-
systematically to stressors such that it is difficult to draw firm conclusions about the relationship 
of the ratio to human influence. Therefore, despite the strong response of the coho salmon to 
cutthroat trout ratio, this metric was not considered for inclusion in the final index. 

Figure 21. Ratio of coho salmon to cutthroat trout 
                 individuals in second order streams
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Figure 22.  Ratio of coho salmon to cutthroat trout 
                  individuals in third order streams
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The proportion of invertivore individuals also showed a negative correlation with human 
influence (Figures 23 and 24). This is an expected response to human influence. Therefore, this 
metric was considered for the final index.  

Figure 23. Proportion of invertivore individuals 
                 in second order streams
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Figure 24.  Proportion of invertivore individuals 
                  in third order streams
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The proportion of omnivores showed a slight positive correlation with human influence, which 
was the expected direction (Figures 25 and 26). This metric did not show a strong relationship, 
but it provides valuable information about the biological response to stressors, therefore, it was 
considered for inclusion in the final index. 

Figure 25. Proportion of omnivore individuals 
                 in second order streams
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Figure 26.  Proportion of omnivore individuals 
                  in third order streams
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The proportion of filterers was also tested and showed a possible response (Figures 27 and 28), 
but it was unclear if the response was due to the presence of outliers in third order streams. Since 
filter feeders, primarily lamprey species in this geographic region, are difficult to capture and are 
often not counted, this metric was not considered for the final index. 
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Figure 27. Proportion of filter feeder individuals 
                 in second order streams
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Figure 28.  Proportion of filter feeder individuals 
                  in third order streams
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A trophic guild diversity metric was also tested. This metric was based on the Shannon-Wiener 
Diversity index and tested the level of diversity among trophic guilds. This metric showed a 
weak negative correlation to human disturbance (Figures 29 and 30). However, the relationship 
was not strong enough to be considered for the final index. 

Figure 29. Trophic guild diversity of individuals
                 in second order streams
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Figure 30.  Trophic guild diversity of individuals 
                  in third order streams
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Habitat preferences 

The metrics testing the response of pelagic species to human influence did not show any distinct 
relationship (Figures 31 and 32). This may be due to the fact that most pelagic species are a 
combination of alien and salmonid species. Salmonids generally make up a large portion of fish 
assemblages in this region. 
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Figure 31. Proportion of pelagic/water column 
                 individuals in second order streams
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Figure 32.  Proportion of pelagic/water column  
                  individuals in third order streams
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Hider species showed a weak and potentially positive correlation with human influence. 
However, it was not as strong as other observed relationships and contradicts the expected 
negative correlation due to loss of hider habitat as a result of human influences (Figures 33 and 
34). The observed response was likely the result of the presence of rainbow trout, threespine 
stickleback or lamprey. These species were less commonly encountered overall. However, most 
instances where they occurred in large enough numbers to show a positive correlation with 
human influence, these species were collected as part of a study with a greater number of 
electrofishing passes, potentially causing the data to be biased.  

Figure 33. Proportion of hider individuals
                 in second order streams
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Figure 34.  Proportion of hider individuals
                  in third order streams
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Sculpin and dace species prefer benthic habitat. The benthic species metric appeared to be 
negatively correlated with human influence (Figures 35 and 36). This is an expected response, 
therefore, this metric was considered for use in the final index. Sculpin species have been 
observed to negatively respond to stressors from human influence. Therefore, the proportion of 
sculpin individuals and sculpin presence/absence was tested. The proportion of sculpin 
individuals also appeared to have a negative correlation with human influence and was also 
considered for use in the final index (Figures 37 and 38). The proportion of dace individuals had 
a weak positive correlation with human influence that was somewhat unclear in third order 
streams (Figures 39 and 40). The proportion of dace individuals was not considered for use in the 
final index.  
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Figure 35. Proportion of benthic individuals
                 in second order streams
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Figure 36.  Proportion of benthic individuals 
                  in third order streams
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Figure 37. Proportion of sculpin individuals
                 in second order streams
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Figure 38.  Proportion of sculpin individuals
                  in third order streams
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Figure 39. Proportion of dace individuals
                 in second order streams
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Figure 40.  Proportion of dace individuals
                  in third order streams
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Reproductive Strategy 

The response of reproductive strategy to human influence was tested. However, none of the 
reproductive strategies produced a usable metric (Figures 41 – 52). In general, most of the 
reproductive strategies measure the same assemblage characteristics as other attributes. For 
example, the response of non-guarding lithophil nesters is similar to the response of sensitive 
species because most non-guarding lithophil nesters are salmonids. The response of cavity 
nesters is similar to the response of benthic species because sculpin are the only cavity nesters 
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and make up the majority of benthic species. No metrics of reproductive strategies were 
considered for inclusion in the final index. 

Figure 41. Proportion of lithophil nester individuals
                 in second order streams
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Figure 42.  Proportion of lithophil nester individuals 
                  in third order streams
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Figure 43. Proportion of psammophil nester (alien) 
                 individuals in second order streams
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Figure 44.  Proportion of psammoophil nester (alien)  
                  individuals in third order streams
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Figure 45. Proportion of cavity nester (native) 
                 individuals in second order streams
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Figure 46.  Proportion of cavity nester (native)  
                  individuals in third order streams
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Figure 47. Proportion of lithophil (native) 
                 individuals in second order streams
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Figure 48.  Proportion of lithophil (native)  
                  individuals in third order streams
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Figure 49. Proportion of non-guarding lithophil nester  
                 (native) individuals in second order streams
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Figure 50.  Proportion of non-guarding lithophil nester  
                  (native) individuals in third order streams
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Figure 51. Proportion of vegetation nester (native) 
                 individuals in second order streams
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Figure 52.  Proportion of vegetation nester (native) 
                  individuals in third order streams
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Temperature regime preference 

Hughes et al. (in prep) and Mebane et al. (2003) used temperature guild metrics as part of their 
indices. Proportion of coldwater, coolwater, and warm water individuals and species were tested 
in this study.  

The cold water metric seemed to have a slightly positive correlation with human influence, but 
this was a weak correlation and opposite of the expected response (Figures 53 and 54).  
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Figure 53. Proportion of cold water individuals
                 in second order streams
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Figure 54.  Proportion of cold water individuals
                  in third order streams
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The cool water metric showed a slightly negative correlation with human influence, but it was 
not strong in both stream orders (Figures 55 and 56).  

Figure 55. Proportion of cool water individuals
                 in second order streams
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Figure 56.  Proportion of cool water individuals
                  in third order streams
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The warm water metric showed a slightly positive correlation with human influence at the 
smaller stream orders but the overall trend weakened in third order streams (Figures 57 and 58). 

Figure 57. Proportion of warm water individuals
                 in second order streams
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Figure 58.  Proportion of warm water individuals
                  in third order streams
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Li et al. (1987) also included classifications of temperature regime preference. These attributes 
were also tested, but no strong relationships were observed. The proportion of cold water, cool 
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water, and warm water individuals were considered for the final metrics, but no metrics using 
temperature regime from Li et al. (1987) were selected for consideration in the final index. 

Individual health and abundance 

No data were available to test for individual fish health. Abundance was tested as density by 
dividing the total number of fish by the length of the reach (Figures 59 and 60). However, this 
metric was not useful due to differences in the number of passes made with the electrofishing 
equipment in the different data sets. Some studies had the potential to collect more fish because 
of their more intensive level of sampling.  

Figure 59. Density (number of individuals per meter
                 stream reach) in second order streams
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Figure 60.  Density (number of individuals per meter
                  of stream reach) in third order streams
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Another way to test for abundance as a metric is to examine the proportion of total individuals 
that are comprised of the one, two, or three most abundant species (percent dominant species). 
This metric idea came from the benthic index of biotic integrity that uses the sum of the three 
most abundant species as an indicator (Karr and Chu 1999). When a large majority of the total 
population is dominated by a few species, it is assumed that human influence has applied 
stressors to the population and certain species have failed to cope with those stressors, thereby 
leaving the population. Meanwhile, better adapted, more tolerant species have thrived under the 
stressors and have come to dominate the population. 

Because of the low diversity of fish species present in the study region, it was determined that it 
was only necessary to examine two dominance metrics: the single most abundant species and the 
two most abundant species (Figures 61 and 62). Both metrics showed a positive correlation to 
TIA. In order to score this metric, it was thought that the streams should be categorized not only 
by stream order, but also by gradient as high gradients are expected to support fewer total species 
than lower gradient systems. Temperature and stream size will also affect the number of fish 
species that can be naturally supported by the stream, however, the assumption is that these two 
factors will be sufficiently accounted for by stream order and stream gradient. 
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Figure 61. Proportion of individuals of the most abundant 
                 species in second order streams
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Figure 62. Proportion of individuals of the two most abundant 
                 species in second order streams
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3.1.3 Scoring Metrics 
All metrics were scored as described in Section 2.3 and Table 2 with three exceptions. The 
following metrics were classified using basin gradient in addition to stream order before metric 
scores were assigned: the proportion of benthic species, the proportion of the single most 
abundant species, and the proportion of the two most abundant species. The deviation occurred 
because gradient was considered an important factor in determining the proportion of benthic 
species and the total number of species that could be supported by the stream. Therefore, a 
measure of stream gradient had to be used to group sites, in addition to stream order, before the 
range of possible values representing the range of human influence were determined.  

Due to the sensitivity of benthic species to increased siltation, it can be expected that benthic 
species will occur in different proportions in high gradient streams than lower gradient streams. 
Higher gradient streams have increased water column silt content and channel degradation (King 
County 2004), which is less ideal habitat for species native to this region or for benthic species. 
Streams with lower gradients tend to form pool:riffle habitats (King County 2004), which tend to 
favor many species native to this region, e.g., salmonids, but are more vulnerable to increased 
siltation resulting from human influence.  

To distinguish between low gradient and high gradient basins, the percent of stream reach with a 
gradient less than two percent was used in addition to stream order to group the sites for scoring 
purposes. To reduce the number of combinations of stream gradient and stream order and 
thereby maximize the sample size for each combination, sites were classified as either low or 
high gradient: 

 Low gradient – more than 60% of the stream reach with a gradient less than two percent 

 High gradient – less than 60% of the stream reach with a gradient less than two percent. 

Sixty percent of the stream reach was used as the cutoff because basins empirically considered to 
be low gradient (Swamp Creek, North Creek) had more than 60% of the stream reach with 
gradients less than two percent. Those that are empirically known to be higher gradient (Issaquah 
Creek, parts of the Cedar River) had more than 60% of the stream reach with gradients less than 
2%. Additionally, there were four sites located in stream reaches, according to SSHIAP, with a 
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gradient between 8% and 20%, the highest observed stream gradient in this study. These four 
sites occurred in basins where less than 60 percent of the total stream reach had a gradient less 
than 2%. 

The three metrics were also tested using the percent of stream reach with a gradient greater than 
four percent, but such a classification did not improve the final index regression as much as the 
percent of stream reach with a gradient less than two percent. 

The scoring of the two abundance metrics was not consistent with the methods described earlier 
in two other ways. The metric scores of 0 to 5 were not applied to the maximum score and then 
to each twentieth percentile of the maximum score as occurred for the other metrics (Table 2). 
Instead, the absolute range of metric values was determined and was then divided into six 
groups, to be scored 0 to 5, for low gradient streams and five groups, to be scored 1 to 5, for high 
gradient streams. High gradient streams were not assigned a metric score of 0 because they were 
assumed to support fewer total fish species. Therefore, it would not be uncommon for those 
streams to be dominated by one or two species, regardless of human influence, and therefore 
would not deserve a score of zero. 

Two sites were scored differently for the two abundance metrics. Rock Creek in the Cedar River 
watershed and Cold Creek in the Cottage Lake watershed were both scored as if they were in 
high gradient basins even though they were considered low gradient basins. This deviation 
occurred because both Rock Creek and Cold Creek are influenced by exceptionally cold ground 
water flows due to deposits of glacial outwash. Therefore, it is expected that these two streams 
will be able to support fish assemblages more similar to high gradient streams than to low 
gradient streams. 

To choose which of the two abundance metrics would be included in the final index, the FIBI 
score was calculated using both metrics individually; the metric that resulted in a stronger 
regression of the FIBI against TIA was used. Therefore, the proportion of the two most abundant 
species metric was chosen for the final index. It is believed that this metric was more sensitive 
because it had a smaller range of values compared to the proportion of the single most abundant 
species, resulting in a smaller range of metric values for each scoring criteria.  

3.1.4 Final Metrics 
After individually testing over 50 metrics (Table 5 and Section 3.1.1), thirteen metrics were 
identified for inclusion in the final index. The thirteen metrics were the proportion of tolerant 
individuals, invertivore individuals, omnivore individuals, benthic individuals, alien individuals, 
cold individuals, cool individuals, warm individuals, sculpin individuals, coho salmon 
individuals, cutthroat trout individuals, the two most abundant species, and the single most 
abundant species. These metrics were selected based on the regression analysis against TIA as 
described in the previous sections. Different combinations of the thirteen metrics were summed 
and the overall index score was regressed against TIA. Metrics were eliminated from the original 
set of thirteen based on whether they increased or decreased the correlation with TIA. The final 
index included seven individual metrics (Table 6).  
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Table 6. Metrics selected for inclusion in the FIBI and their expected 
biological response to human influence. 

Metrics: 
Proportion of 

Expected Correlation of Biological 
Response to Human Influence 

Tolerant Individuals Positive 

Invertivore Individuals Negative 

Omnivore Individuals Positive 

Benthic Individuals Negative 

Coho Salmon Individuals Negative 

Sum of Cutthroat Trout and Trout 
<80 mm Individuals 

Positive 

The Two Most Abundant Species Positive 

 

Scores for the seven final metrics were compared to the final index score using regression 
analysis (Table 7). All metrics were positively correlated to the final index. Two metrics, 
proportion of tolerant individuals and proportion of omnivore individuals, were poorly correlated 
to the final index; this is not unexpected because species with these attributes were infrequently 
encountered.  

Table 7. Regression coefficients for individual metrics compared to the final 
index score. 

Metrics: 
Proportion of 

R2 

Tolerant Individuals 0.0298 

Invertivore Individuals 0.8004 

Omnivore Individuals 0.026 

Benthic Individuals 0.4525 

Coho Salmon Individuals 0.2763 

Cutthroat Trout and Trout <80mm 
Individuals 

0.6634 

The Two Most Abundant Species 0.335 
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3.1.5 Descriptive Classes 
Ranges of scores used in Karr et al. (1986) were based on a different scale, with 50 total possible 
points, and were not continuous. Therefore, the descriptive classes used in this study were 
adjusted from the values in Karr et al. (1986) to account for this study’s maximum index score of 
35 and to eliminate the gaps between classes (Table 8). 

Table 8. FIBI score ranges and attributes of descriptive classes  

FIBI Score 
(sum of 7 
metrics) 

Descriptive 
Class 

Attributes  

32.1 – 35 Excellent Comparable to the best situations without human disturbance; 
all regionally expected species for the habitat and stream size; 
balanced trophic structure. 

26.8 – 32 Good Species richness somewhat below expectation; Coho salmon 
abundance beginning to decline.  

21.6 – 26.7 Fair Species richness declining; Coho salmon abundance degraded, 
invertivore and benthic species beginning to decline, cutthroat 
trout abundance beginning to increase, tolerant species begin to 
appear. 

14.6 – 21.5 Poor Species richness degraded; Coho salmon abundance severely 
degraded, Cutthroat trout and tolerant species beginning to 
dominate, moderate loss of invertivore species, moderate loss of 
benthic species 

0 – 14.5 Very Poor Species richness severely degraded, Loss of benthic and 
invertivore species, loss of Coho salmon, increase in cutthroat 
trout abundance. 

 

3.2 FIBI SCORES 
FIBI scores were calculated for each site and then the sites in each basin were averaged to 
calculate a basin FIBI score. 

3.2.1 Site FIBI scores  
Site FIBI scores ranged from 9 to 30 out of a possible score of 35. Scores for each metric and the 
final index are listed in Appendix D for each site. Site FIBI scores were assigned descriptive 
classes (Table 9) and are graphically represented in Figures 63 – 69.  
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Figure 63

Site FIBI scores in the Thornton Creek, McAleer Creek, 
and Lyon Creek Basins
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Figure 64

Site FIBI scores in the Swamp Creek, North Creek, 
and Little Bear Creek Basins
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Figure 65

Site FIBI scores in the Bear Creek, Cottage Lake Creek, 
and Evans Creek Basins
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Site FIBI scores in the Juanita Creek, Forbes Creek, 
Kelsey Creek, Coal Creek, and May Creek Basins
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Site FIBI scores in the Issaquah Creek Basins
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Site FIBI scores in the Lower Cedar River Basins
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Table 9. Number of sites and the range of TIA values in each descriptive class  

Descriptive Class Number of Sites Average TIA Value (%) Range of TIA Values (%)

Excellent 0 N/A N/A 

Good 22 8.6 1.35 – 39.15 

Fair 49 20.3 0.45 – 56.25 

Poor 39 34.2 4.5 – 56.25 

Very Poor 31 40.1 15.75 – 56.25 

 

3.2.1.1 Biological response to human influence 

The final index, when regressed against TIA, had an R2 = 0.4671 (Figure 69). The final index, 
when regressed against road density, had an R2 = 0.448 (Figure 70).  

Figure 69. Site FIBI scores regressed against basin TIA 
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Figure 70. Site FIBI scores regressed against basin road density 
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3.2.1.2 Replicate data 

If the datasets used in this study had been intended for the development of an FIBI, the collection 
of replicate data would have been an important component of the sampling design. Replicate 
data is important to effectively evaluate whether the index results are reproducible. There are, 
however, two sets of data in this dataset that were sampled two years in a row at the same 
locations. All sample locations were not collected during each of the two years and some data are 
missing, so the replicate dataset is small. However, evaluation of these data may offer some 
insight into the reproducibility of the FIBI.  

Replicate data came from Ludwa et al. (1997), Fresh (unpublished), and Paulsen (unpublished). 
Data from Ludwa et al. (1997) were collected in 1996 and data from Fresh (unpublished) and 
Paulsen (unpublished) were collected in 1997. Twenty-two of the 1996 sites were revisited in the 
1997 sampling event (Table 10). The replicate data were collected as part of the same study, 
therefore sampling methodology is assumed to be the same. However, some personnel were 
different between the two years of sample collection which may have resulted in different levels 
of sampling effort.  

FIBI scores for replicate sites are displayed in Figures 63-68 as the average of the duplicate 
scores. Of the twenty-two sites, two sites had exactly the same FIBI score, fifteen scored within 
the same descriptive class and six were different by one descriptive class. Of the twenty sites that 
had different descriptive classes, the FIBI scores increased between 1996 and 1997 at thirteen 
sites and decreased at seven sites. A regression analysis of replicate data yields an R2 = 0.6386. 
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Table 10. FIBI scores and descriptive classes for the twenty-two replicate sites 
sampled in 1996 and 1997. 

Basin Site FIBI - 1996 Class - 1996 FIBI - 1997 Class - 1997 

Issaquah Creek East ICE3 25 Fair 29 Good 

Issaquah Creek North ICN1 26 Fair 27 Good 

Issaquah Fifteenmile Creek IFC1 29 Good 27 Good 

Issaquah McDonald Creek IMC1 28 Good 28 Good 

Kelsey Creek Lower KCL1 18 Poor 20 Poor 

Kelsey Creek Upper KCU1 12 Very Poor 12 Very Poor 

Kelsey Creek Upper KCU2 12 Very Poor 13 Very Poor 

Kelsey Creek Upper KCU4 9 Very Poor 13 Very Poor 

Kelsey Creek Upper KCU5 17 Poor 16 Poor 

Kelsey Creek Upper KCU7 19 Poor 16 Poor 

Lyon Creek LYC1 15 Poor 22 Fair 

Lyon Creek LYC2 17 Poor 15 Poor 

Lyon Creek LYC3 14 Very Poor 13 Very Poor 

North Creek Lower NCL1 17 Poor 24 Fair 

North Creek Lower NCL2 20 Poor 21 Poor 

North Creek Upper NCU1 19 Poor 21 Poor 

Swamp Creek Lower SCL3 22 Fair 29 Good 

Swamp Creek Lower SCL4 23 Fair 20 Poor 

Swamp Creek Lower SCL5 23 Fair 23 Fair 

Swamp Creek Lower SCL6 22 Fair 26 Good 

Swamp Creek Upper SCU1 26 Fair 22 Fair 

Swamp Creek Upper SCU2 21 Poor 16 Poor 
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3.2.1.3 Long-term sensitivity 

Serl (1999) collected fish assemblage data at 18 sites in 1993 as part of his master’s thesis and 
followed up the sampling again in 2003. The data collected in 1993 was eliminated from the 
development of the FIBI because it was outside of the acceptable date range for this study. 
However, the 1993 data were evaluated using the FIBI developed as part of this study to see if 
the FIBI could show differences in the fish assemblages over a ten year period (Table 11). In all 
but two sites, the FIBI scores decreased over the ten years.  

Table 11. A comparison of FIBI scores at 18 sites sampled in 1993 and 2003. 

Basin FIBI Site 1993 FIBI Score 2003 FIBI Score 

Lower Juanita Creek JAC4 24 20 

Middle Juanita Creek JAC5 18 14 

Upper Juanita Creek JAC6 18 13 

Lower Kelsey Creek KCU12 24 16 

Middle Kelsey Creek KCU13 11 10 

Upper Kelsey Creek KCU14 20 10 

Lower Little Bear Creek LBC4 20 22 

Middle Little Bear Creek LBC5 20 19 

Upper Little Bear Creek LBC6 22 24 

Lower May Creek MYC1 26 24 

Middle May Creek MYC8 28 24 

Upper May Creek MYC11 26 18 

Lower Swamp Creek SCL1 26 19 

Middle Swamp Creek SCL2 26 20 

Upper Swamp Creek SCU3 26 20 

Lower Thornton Creek THC1 24 23 

Middle Thornton Creek THC2 15 11 

Upper Thornton Creek THC7 12 11 

 

3.2.2 Basin FIBI Scores 
Site FIBI scores were averaged for each basin (Figure 72; Tables 12 and 13). FIBI basin scores 
were divided into descriptive classes of excellent (32.1-35), good (26.8-32), fair (21.6-26.7), 
poor (14.6-21.5), and very poor (0-14.5).  
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Table 12. The number of basins in each descriptive class. 

Descriptive Class Number of Basins Average TIA Value (%) Range of TIA Values (%)

Excellent 0 N/A N/A 

Good 7 7.6 1.35 – 34.65 

Fair 11 13.3 0.45 – 39.15 

Poor 7 31.7 15.75 – 46.8 

Very Poor 5 45.4 37.27 – 56.25 

 

Table 13. Basin FIBI scores were calculated from the average site FIBI and 
qualitative descriptions of biotic integrity were assigned. 

Basin FIBI (Average 
of Sites) 

Number of 
Sites in Basin 

Quality of Biotic 
Integrity 

Bear Cottage Lake Creek 24 2 Fair 

Bear Creek Lower 24.5 10 Fair 

Bear Creek Upper 25.3 6 Fair 

Bear Evans Creek 24.7 3 Fair 

Cedar North Rural 28.3 3 Good 

Cedar Peterson Creek 27 2 Good 

Cedar Rock Creek 26.5 2 Fair 

Cedar South Urban 29 1 Good 

Cedar Walsh Creek 25 1 Fair 

Coal Creek 20.8 5 Poor 

Forbes Creek 11.5 2 Very Poor 

Issaquah Creek East Fork  25.75 4 Fair 

Issaquah Creek Middle 27 1 Good 

Issaquah Creek North Fork  26.5 2 Fair 

Issaquah Creek Upper 28.3 4 Good 

Issaquah Fifteenmile Creek 28 2 Good 

Issaquah McDonald Creek 28 2 Good 
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Basin FIBI (Average 
of Sites) 

Number of 
Sites in Basin 

Quality of Biotic 
Integrity 

Issaquah Tibbetts Creek 24.5 2 Fair 

Juanita Creek 15.4 6 Poor 

Kelsey Lower 13.7 4 Very Poor 

Kelsey Upper 13.2 20 Very Poor 

Little Bear Creek 22 6 Fair 

Lyon Creek 16 6 Poor 

May Creek 18.4 11 Poor 

McAleer Creek 12 3 Very Poor 

North Lower 21.2 5 Poor 

North Upper 19.7 3 Poor 

Swamp Lower 22 10 Fair 

Swamp Upper 21 5 Poor 

Thornton Creek 13 8 Very Poor 
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Figure 71

FIBI descriptive classes for basins in the 
Lake Washington/Cedar/Sammamish (WRIA 8) Watershed
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4.0. DISCUSSION 

4.1 SITE FIBI SCORES 
Site FIBI scores matched most expectations based on measures of human influence and 
knowledge of the general conditions in certain basins. It was not surprising that sites in the 
Thornton Creek, McAleer Creek, Lyon Creek, Swamp Creek, North Creek, Juanita Creek, 
Forbes Creek, Kelsey Creek, Coal Creek, and May Creek basins were ranked among the lowest 
quality basins. These basins are highly urbanized. Additionally, those sites in the Cedar River 
and Issaquah Creek basins were ranked among the highest quality basins, which was not 
surprising as these basins have some of the lowest levels of urbanization.  

A few exceptions did occur in the Cedar River basins. Sites in the Cedar North Rural (Madsen 
Creek) and Cedar South Urban (Taylor Creek) basin scored better than expected based on the 
TIA for those basins. This anomaly may be due to the fact that these basins may naturally 
support a smaller population of fish due to the higher gradients and smaller basin sizes and may 
not be suitable habitat for tolerant, alien, and omnivore species that would drive their scores 
downward. Additionally, Walsh Lake basin scored lower than expected, as it had the lowest TIA 
of all sampled basins (0.45%). This site is also called the Walsh Lake Diversion Ditch and is 
notably lacking naturally placed large woody debris (LWD), an important component of fish 
habitat (King County 2002). This site was sampled during 1996 as part of Ludwa et al. (1997); 
LWD was added to the stream by King County in 1995 (King County 2002), however, this may 
not have provided sufficient time for the fish to respond to improved habitat, if the LWD stayed 
in the stream after normal flooding events. Additional sampling sites in this basin may also 
reveal higher quality fish assemblages; one sampling event is not sufficient to draw strong 
conclusions about the quality of the entire basin. 

4.1.1 Biological response to human influence 
Assessing the success of the FIBI at the site level requires looking at several factors. The first 
step is to compare the site scores to measures of human influence. TIA had an R2 = 0.4671 and 
road density had an R2 = 0.448. The difference between these two measures of human influence 
is insignificant, and demonstrates that both measures would work relatively well for testing the 
FIBI. The relationship between FIBI scores to TIA and road density were good, but not as strong 
as one would like it to be.  

None of the three studies that examined fish assemblage integrity based in the Pacific Northwest 
compared their indices of biotic integrity (IBI) scores to TIA. However, four studies compared 
IBI scores to other measures of disturbance. Hughes et al. (1998) regressed their index of fish 
assemblage integrity scores for streams in the Willamette Valley, Oregon, against a measure of 
habitat quality resulting in an R = 0.65 (R2 = 0.4225). Lyons et al. (1995) regressed their IBI 
scores based on fish assemblages for streams and rivers in west-central Mexico against a 
measure of environmental quality resulting in an R = 0.71 (R2 = 0.5041). Harris and Silveira 
(1999) regressed their IBI scores for low-diversity fish communities in Australian rivers against 
the River Disturbance Index (RDI) resulting in an R2 = 0.10. Wang et al. (1997) regressed their 
IBI scores based on fish assemblages in Wisconsin streams against the percentage of forest land 
cover resulting in an R = 0.69 (R2 = 0.4761). Wang et al. (1997) also compared their IBI scores 
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to the percentage of urban land cover, however, they did not perform a regression analysis. The 
results of our regression analysis fall within the range of these other studies 

To give further perspective to the correlation, especially in the same study area, BIBI scores 
collected by King County in 2002 and 2003 were compared to the same TIA values. BIBI scores 
from 2002 had an R2 = 0.4708 and BIBI scores from 2003 had an R2 = 0.5351 when regressed 
against TIA. BIBI scores from 2002 were negatively influenced by a BIBI score of 32 in the 
Thornton Creek watershed. This score is considered unusually high for this watershed based on 
past data and the high level of human influence on the Thornton Creek basin (J. Karr, pers. 
comm.). When the Thornton Creek site is removed from the regression, the 2002 BIBI regression 
against TIA had an R2 = 0.568.   

The FIBI developed in this report did not correlate as strongly with TIA as the BIBI scores from 
2002 and 2003, but does show a potential capacity for being predictive and discerning. There are 
a variety of possible reasons for the weaker performance of FIBI relative to TIA. First of all, it is 
doubtful that any measure of human influence can completely account for all impacts of humans 
on the natural environment, both constructive and destructive. The following section will address 
possible reasons for variations in the performance of the FIBI relative to measures of human 
influence. 

Additionally, the TIA likely changed during the sampling period, which may have introduced 
variability. Comparing the fish data from a smaller period of time, spanning one or two years, to 
a TIA value representative of the sampling period, may help eliminate variance in the data due to 
unrepresentative measurements of human influence.  

4.1.2 Natural sources of biological variation 
It can be seen from Figure 1 and in Figures 63-68 that several basins included sites near 
relatively large water bodies where FIBI scores were higher than the rest of the basin. Lake 
Washington was the primary body of water that appeared to have a positive influence on FIBI 
scores, but this trend also occurred near Scriber and Ballinger Lakes in Lower Swamp Creek 
(SCL3) and McAleer Creek (MCC2) basins, respectively. Basins with distinguishably higher 
than expected scores at sites near Lake Washington were Thornton Creek (THC1), Lower Kelsey 
Creek (KCL1), Juanita Creek (JAC4), McAleer Creek (MCC1) and May Creek (MYC10).  

Unlike benthic invertebrates, fish are transient animals moving within connected water systems. 
Lake Washington is possibly acting as a source of fish species to its tributaries and the higher 
FIBI scores may be the result of fish moving up the streams from the lake. The sites nearest Lake 
Washington that have higher scores strongly affect the correlation of the FIBI to TIA. Removing 
the scores of the sites adjacent to lakes from the regression produces a correlation between FIBI 
and TIA with an R2 = 0.5347 and a correlation between FIBI and road density with an R2 = 
0.5133, an increase of 15% from 0.4671 and 0.448, respectively. These regressions are not quite 
as strong as the relationship between BIBI and TIA, but suggest that these natural sources of 
variation do confound the ability of the TIA and road density to act as complete surrogates of 
human influence.  
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Smaller lakes, such as Ballinger and Scriber Lakes, may also be acting as buffers to the natural 
manifestations of human influence. These smaller lakes may be mediating the impacts to stream 
hydrology from human influence. Flashy storm discharge, rapid increases in discharge following 
storm events, is positively correlated with human influence (Booth et al. in press) and these small 
lakes may act as buffers for this flashiness. Additionally, the lakes may also serve as retention 
ponds for chemical pollution and excess siltation. Mediation by lake systems is one example of 
natural conditions that affect the ability of TIA to act as a surrogate for the relative health of fish 
assemblages. 

Assessing the reliability of the FIBI is further complicated by the fact that samples were 
collected over a range of years. Many factors can affect fish assemblages from year to year 
including ocean conditions, spawning success, and floods or droughts during previous years 
(G. Lucchetti, pers. comm.). An analysis of the conditions in previous years was not undertaken 
as part of this project. The previous considerations suggest that natural sources of variation must 
be taken into consideration in evaluating the usefulness of an FIBI in the greater Lake 
Washington watershed for assessing the impacts of human influence on the integrity of fish 
populations. 

4.1.3 Replicate data 
As previously discussed in Section 3.2.1.2, replicate data were used to test the reproducibility of 
the FIBI (Table 5). Approximately half of the sites scored within the same descriptive class 
between the two years. There was no consistent pattern in whether the 1997 sites scored better or 
worse than the 1996 sites. This might suggest that the natural variance in the basins and sites 
differed between the two years. Two sites, SCL6 and SCU2, were moved in 1997 due to flood 
effects during the previous year. At SCL6, the score increased in 1997 and at SCU2, the score 
decreased in 1997. It is difficult to draw many conclusions from the performance of the replicate 
data because of the year to year variation briefly discussed previously, however the regression 
analysis suggests a high level of reproducibility.  

4.1.4 Long-term sensitivity 
It is difficult to determine whether natural sources of variation are responsible for the differences 
in the 1993 and 2003 FIBI scores (Table 10). However, development has occurred and TIA has 
likely increased in all of the basins over the ten-year period. Therefore, the data appear to suggest 
that fish assemblage integrity has declined over the last ten years and that the FIBI is predictive, 
making it a useful tool for conducting such an analysis and having the power to discriminate 
among changing conditions. 

It is also interesting to note that sites THC1 and JAC4, noted previously for their higher than 
expected FIBI scores than sites in the rest of the basin, showed the same trend in 1993. 
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4.2 BASIN FIBI SCORES 

4.2.1 Score calculation 
Basin scores were calculated by averaging all of the site FIBI scores in each basin. This may not 
have always produced the most representative number for the basin overall for reasons similar to 
those discussed in Section 4.1.2. If the site nearest Lake Washington has a higher score than the 
other sites in the basin, is it appropriate to include it in the average if it is five or more points 
higher than the other sites within the basin? Such a difference can inflate the score of a basin. In 
this study, all sites were included. However, in future studies, this question should be evaluated 
further.  

The basin scores were also based on the average of scores from multiple years over an eight-year 
period. Ultimately this may skew the basin scores, but the nature of the ecological risk 
assessment, of which this report is one part, was to examine ten years of data and to evaluate the 
quality of the waterbodies based on that time frame. Therefore, in the context of the larger 
project, it is not unreasonable to average together all of the site scores regardless of the year in 
which they were sampled. However, when attempting to evaluate the usefulness of an FIBI for 
the greater Lake Washington watershed, it may be more important to look at year to year 
differences, however, the available data set is not robust enough to undertake such an analysis. 

4.2.2 Descriptive classes 
Development of the descriptive classes for basin FIBI scores was a difficult process and an 
accepted method was not identified during the literature search. The use of descriptive class 
score ranges based on the divisions used by Karr et al. (1986) seems reasonable because this 
method resulted in an even distribution of basins described as good, fair, and poor. 

Some basins were given descriptive classes that did not agree with the assumed classification 
based on TIA. Basins categorized as fair that should have been in the good category according to 
their TIA values were: Cedar Walsh Creek (0.45% TIA), Bear Creek Upper (4.5% TIA), 
Issaquah Creek East (6.3% TIA), and Cedar Rock Creek (4.95% TIA). These basins had FIBI 
scores of 25, 25.3, 25.75, and 26.5, near the upper range of the fair category (21.6 – 26.7). Basins 
categorized as good that should have been in the fair category according to TIA were: Issaquah 
Creek North (22.05% TIA) and Cedar South Urban (34.65% TIA). The basin FIBI scores were 
near the low end of the range of values defined for the good category (26.8 – 32.1) at 26.5 and 
29, respectively. These results indicate that there may be other factors at work that affect the 
integrity of fish assemblages besides human development. Possible factors for this apparent 
discrepancy include: inappropriate sampling methodologies, uncertainty in the TIA calculations 
(See Section 2.1.3), the inability of the FIBI to be sensitive to differences in fish assemblage 
integrity, and natural conditions that favor fish assemblage integrity that are not accounted for in 
TIA calculations. 
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4.3 POSSIBLE SOURCES OF ERROR 

4.3.1 Sampling methods 
The development of an FIBI relies heavily on the ability to detect biological responses to human 
influence when in fact a response occurs. The signature of that response could be muddled by 
many factors including errors that arise during sampling, identification, and data entry. The use 
of consistent methods and personnel during sampling at all sites would have likely reduced these 
error sources. The data were collected as a result of multiple studies conducted for different 
purposes and with different personnel; it is possible that the FIBI is an idiosyncratic fit to this 
particular dataset and that future datasets will not exhibit the same biological responses. This can 
not be determined for certain without undertaking a study designed specifically to develop an 
index of biotic integrity for fish. 

Specific examples of errors from differences in sample methods include differences in: 

 Size (length, width, flow) of stream reach sampled, 

 Number of electrofishing passes and other sampling inconsistencies, and 

 Level and accuracy of species identification. 

In order to maximize the number of sampling events and associated data included in the 
development of the FIBI presented here, many of these differences were overlooked. The effects 
of length of stream reach sampled and the number of electrofishing passes were mitigated by not 
using metrics of species richness. Species richness may be affected by the amount of stream 
sampled and the number of passes. However, metrics that measure relative abundance, or the 
proportion of individuals, look at the relative presence of certain species relative to the total 
population. The level of species identification was mitigated by using the highest level of 
identification. For example, some studies identified sculpins as “sculpins” and some studies 
identified sculpins to the species level, e.g., shorthead sculpin or prickly sculpin. This was 
mitigated by using classifications and enumerations of sculpins only - another reason for not 
using taxa richness metrics. 

4.3.2 Measurement Error of Attributes 
In addition to sampling errors, the calculation of geophysical attributes and measures of human 
influence, primarily TIA and the use of the basin TIA, could also introduce errors. The use of a 
basin level TIA score does not account for the effect of human influence immediately adjacent to 
sampling areas. This affects not only the determination of which metrics will be incorporated 
into the final index but also the performance of the FIBI relative to TIA as the measure of human 
influence. To account for small scale variation in TIA, it may be useful to calculate the TIA in a 
200 meter buffer around each sampling site that extends one kilometer upstream, for example. 
Such a buffer was examined by Morley and Karr (2002) and found to be important, in addition to 
subbasin scale measurements of human influence. Such a measurement of human influence was 
not possible in this study because the original GIS layer used to calculate TIA was not available. 



Assessing the Potential for a Fish Index of Biotic Integrity in the Greater Lake Washington Watershed 

King County - 55 - October 2004 

4.3.3 Natural sources of biological variation 
The greater Lake Washington watershed owes its uniqueness primarily to its geologic history. 
The glacial history of the Puget Sound lowlands is responsible for the characteristics that 
ultimately determine the number and types of fish species present. The greater Lake Washington 
watershed is further affected by several factors unique to this system: two relatively large lakes 
and significant urbanization. However, within this watershed, fish populations are not necessarily 
uniform. Differences in elevation, stream gradient, stream order, substrate, and temperature add 
natural variation to fish assemblages. Therefore, this report does not intend to suggest that the 
index can be used for any other geographic area in the Pacific Northwest or Puget Sound 
lowlands outside of the greater Lake Washington watershed. Further studies will have to be 
undertake to determine if the index is useful for other areas and watersheds within the Puget 
Sound lowlands.  

Additionally, FIBIs may need to be developed for more specific geophysical characteristics of 
streams as determined by the stream order, gradient, elevation, or temperature. Development of 
multiple FIBIs for this region would require the development of a specific sampling plan to test 
the differences in fish assemblages between the different geophysical characteristics. This study 
failed to capture the full extent of the geophysical characteristics present within the watershed. 
For example, the number of first order and fourth order streams were limited, containing eleven 
sites and ten sites, respectively, and the full range of TIA values were not represented among 
those sites. TIA ranged from 13.5% to 56.25% for sites in first order streams and from 15.75% to 
27.9% for sites in fourth order streams. These discrepancies made it difficult to fully assess the 
expected conditions for first and fourth order streams. 

The season in which fish assemblages are sampled presents another challenge to the 
development of an FIBI using data from multiple studies. The species present in the streams are 
different in the spring compared to late summer/early fall. Typically young-of-the-year coho 
salmon have not hatched or are too small to be observed in the spring, while chinook salmon 
may be present in the spring but not in late summer. Only one study was conducted in the spring 
and was limited to streams in the greater Bear Creek watershed. The FIBI scores for these sites 
did not differ greatly from the scores derived from sites sampled in late summer/early fall. In 
fact, the inclusion of those sites in the final index improved the regression of site FIBI scores to 
TIA. 

4.4 FUTURE RECOMMENDATIONS 
The FIBI developed in this study has shown sufficient merit to warrant future research. Despite 
challenges with combining different data sources over an eight-year period, the index appeared 
to show a strong relationship to TIA, a measurement of human influence. It seems likely that the 
FIBI could be applied to other small streams in the Puget Sound lowland ecoregion, however, 
this hypothesis must be confirmed with further study. The metrics chosen for this watershed need 
to be confirmed or refined. The results of this study suggest that the FIBI has the potential to be a 
useful tool for monitoring the impact of human influence on fish assemblages in the greater Lake 
Washington watershed.  

Many of the sources of error presented in the previous sections could be reduced if a follow-up 
study were conducted using a two-tiered, stratified random sampling design collected over at 
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least two years. Tier 1 would consist of a randomly selected subset of sites of a pre-determined 
class, i.e., small streams, because an expression of stream health can not be determined without a 
statistically defined random selection of sites. Tier 2 would consist of a set of sites chosen to 
diagnostically test causes of degradation. Diagnostic locations must be chosen before sampling 
occurs. For example, sampling could be performed above and below a known source of 
degradation, i.e., effluent, wastewater outfall, or logging. Diagnostic sampling allows 
investigators to sort out the likely causes of biological responses degradation.  

In addition to the random and diagnostic sampling of fish assemblages, it would be useful to 
measure other geophysical, chemical and biological characteristics of the sampling sites such as 
land use, water quality, habitat, gradient, and temperature regime. Attention should also be paid 
to climate influences over the course of the sampling period and to the success of spawning in 
pervious years. These measurements can help appropriately categorize sites and can be coupled 
with the fish assemblage data to identify sources of biological degradation. The development of 
an FIBI can be performed without this data, but it will provide valuable information. An example 
of such an evaluation can be found in Hughes et al. (1998). Attempts should be made to reduce 
sources of error in measurements of TIA as well as calculations for more localized TIA should 
also be tested.  

At this time, the FIBI should not be used as a single source of data for policy or management 
decisions. The development of the FIBI was undertaken to create a tool to evaluate fish 
assemblage data that would be used as part of a weight-of-evidence component of the ecological 
risk assessment. The index is intended to be used in combination with other available watershed 
level data to provide a more realistic assessment of environmental conditions within the greater 
Lake Washington watershed. The FIBI will not be used to directly make policy decisions. 
Therefore, despite the uncertainties and need for further study, the FIBI should provide valuable 
information for the ecological risk assessment. 

 

 

 
 
 
 

 



Assessing the Potential for a Fish Index of Biotic Integrity in the Greater Lake Washington Watershed 

King County - 57 - October 2004 

5.0. REFERENCES 
Alberti, M., D. Booth, K. Hill, J. Marzluff, C. Avolio, R. Coburn, S. Coe, R. Donelly, D. 

Spirandelli. 2003. The Impacts of Urban Patterns on Ecosystem Dynamics. University of 
Washington. 119 pp. http://www.urbaneco.washington.edu/. 

Becker, G.C. 1983. Fishes of Wisconsin. University of Wisconsin Press, Madison, Wis. 

Bond, C.E. 1963. Distribution and ecology of freshwater sculpins, genus Cottus, in Oregon. 
Doctoral dissertation. University of Michigan, Ann Arbor. 

Bond, C.E., E. Rexstad, and R.M. Hughes. 1988. Habitat use of twenty-five common species of 
Oregon freshwater fishes. Northwest Sci. 62: 223-232. 

Booth, D.B., J.R. Karr, S. Schauman, C.P. Konrad, S.A. Morley, M.G. Larson, and S.J. Burges. 
In press. Reviving urban streams: land use, hydrology, biology, and human behavior. 
Journal of the American Water Resources Association. 

Bunn, S.E. and A.H. Arthington. 2002. Basic principles and ecological consequences of altered 
flow regimes for aquatic biodiversity. Environmental Management 30(4):492-507. 

Cardwell, A. 1998. Piscivorous fish feeding habits and predation on sockeye salmon fry in Bear 
Creek, Washington. Senior Thesis, University of Washington. Provided by Kurt Fresh, 
NOAA. 

City of Seattle. Unpublished data. “Thornton Creek Smolt Trapping 2001; Longfellow Smolt 
Trapping 2001; Thornton Creek Smolt Trapping 2002; Longfellow Smolt Trapping 2002; 
Thornton Creek Smolt Trapping 2003; Longfellow Smolt Trapping 2003”. Provided by 
Katherine Lynch, City of Seattle. 

Fresh, K. Unpublished data, NOAA Fisheries, NWFSC, Seattle, WA  

Harris, J.H. and R. Silverira. 1999. Large-scale assessments of river health using an Index of 
Biotic Integrity with low-diversity fish communities. Freshwater Biology 41:235-252. 

Hendricks, P. 1997. Status, distribution, and biology of sculpins (Cottidae) in Montana: a review. 
Montana Natural Heritage Program, Helena. 

Horner, R.R., C.W. May, E.H. Livingston, D. Blaha, M. Scoggins, J. Tims, and J. Maxted. 2002. 
Structural and non-structural BMPs for protecting streams. Seventh Biennial Stormwater 
Research and Watershed Management Conference. May 22-23, 2002. 19 pp. 

Horner, R.R., and C.W. May. 1998. Watershed urbanization and the decline of salmon in Puget 
Sound streams. In: Salmon in the City May 20-21, 1998, Mount Vernon, Washington, 
Abstract. pp. 19-40. 



Assessing the Potential for a Fish Index of Biotic Integrity in the Greater Lake Washington Watershed 

King County - 58 - October 2004 

Hughes, R.M., P.R. Kaufmann, A.T. Herlihy, T.M. Kincaid, L. Reynolds, and D.P. Larsen. 1998 
A process for developing and evaluating indices of fish assemblage integrity. Can. J. 
Fish. Aquat. Sci. 55:1618-1631. 

Hughes, R.M., S. Howlin, and P.R. Kaufmann. In prep. A biointegrity index for coldwater 
streams of Western Oregon and Washington.  

Karr, J.R., K.D. Fausch, P.L. Angermeier, P.R. Yant, and I.J. Schlosser. 1986. Assessing 
biological integrity in running waters: a method and its rationale. Illinois Natural History 
Survey Special Publication 5. 27 pp. 

Karr, J.R. and E.W. Chu. 1999. Restoring life in running waters: better biological monitoring. 
Island Press, Washington D.C. 174 pp. 

King County. Unpublished data (a). “Wildlife Collection Report January 1 – December 31, 1999; 
Wildlife Collection Report: January 1 – December 31, 2000; Wildlife Collection Report: 
January 1 – December 31, 2001.” King County Roads Services Div. Roads Maintenance 
Sec. Environmental Unit. Provided by Rob Fritz, King County, Department of 
Transportation, Roads Services Division. 

King County. Unpublished data (b). May Creek electrofishing data. Provided by Hans Berge and 
Dan Eastman, King County, Department of Natural Resources, Water and Land 
Resources Division. 

King County. 2004. WRIA 8 Chinook Salmon Conservation Plan: June 30, 2004 Work Product. 
Submitted to the WRIA 8 Steering Committee and Puget Sound Shared Strategy by the 
WRIA 8 Service Provider Team. 

King County. 2002. 2001 Salmon Spawning Surveys in Selected Tributaries of the Cedar River, 
Washington. August 2001. Prepared by Bill Priest and Hans Berge, King County 
Department of Natural Resources, Water and Land Resource Division.  

Li, H.W., C.B. Schreck, C.E. Bonds, and E. Rexstad. 1987. Factors influencing changes in fish 
assemblages of Pacific streams. pp103-202. In: Mathews, W.J. and D.C. Heins. (eds). 
Community and evolutionary ecology in North American stream fishes. University of 
Oklahoma Press, Norman, Oklahoma. 

Ludwa, K., G. Lucchetti, K.L. Fresh, and K. Walter. 1997. Assessing stream-dwelling fishes in 
basins of the Lake Washington watershed, Summer 1996. King County Dept. Nat. Res. 
Tech. Rep. 25 pp. 

Lyons, J., S. Navarro-Perez, P.A. Cochran, E. Santana, and G. Guzman-Arroyo. 1995. Index of 
biotic integrity based on fish assemblages for the conservation of streams and rivers in 
west-central Mexico. Conservation Biology 9(3):569-584. 

Mebane, C.A., T.R. Maret, and R.M. Hughes. 2003. An index of biological integrity (IBI) for 
Pacific Northwest Rivers. Transactions of the American Fisheries Society 132:239-261. 



Assessing the Potential for a Fish Index of Biotic Integrity in the Greater Lake Washington Watershed 

King County - 59 - October 2004 

Morley, S.A., and J.R. Karr. 2002. Assessing and Restoring the Health of Urban Streams in the 
Puget Sound Basin. Conservation Biology 16(6):1498-1509. 

Moyle, P.B. 1976. Inland fishes of California. University of California Press, Berkeley, Calif. 

Northwest Indian Fisheries Commission (NWIFC). 2004. “SSHIAP: Salmon and Steelhead 
Habitat Inventory and Assessment Program.” <http://www.nwifc.wa.gov/sshiap2/ 
index.asp> 

Paulsen, K. Unpublished data, City of Bellevue, Washington. 

Purser, M.D., R. Simmonds, S. Brunzell, and D.D. Wilcox. 2003. Classificaiotn and Analysis of 
August 2001 Land Cover: Snohomish County, WA. Snohomish County Public Works 
Surface Water Management Division. Everett, WA. 
<http://www.co.snohomish.wa.us/publicwk/swm/publications/2003-
02LandCoverAsOfAug2001/2FullReport.pdf> 

R2 Resource Consultants. 2000. Lower Cedar River Side Channel Fry Production from 1999 
Spawners, Data Report, Final. Prepared for U.S. Army Corps of Engineers, Seattle 
District. 

R2 Resource Consultants. 2001. Juvenile Salmonid Use of Lateral Stream Habitats, Middle 
Green River, Washington, 2000 Data Report, Final. Prepared for U.S. Army Corps of 
Engineers, Seattle District. 

R2 Resource Consultants. 2002. Juvenile Salmonid Use of Created Stream Habitats, Sammamish 
River, Washington. Prepared for U.S. Army Corps of Engineers, Seattle District.  

Serl, J.D. 1999. The response of stream fish communities of the Lake Washington watershed to 
various magnitudes of urbanization. Masters Thesis, University of Washington. 82 pp. 

Serl, J.D. Unpublished data. Lake Washington cutthroat population study. Data collected July 
2003. Washington Department of Fish and Wildlife. 

Scott, W.B., and E.J. Crossman. 1973. Freshwater fishes of Canada. Bull. Fish. Res. Board Can. 
No. 184. 

Shapiro and Associates. 2002. Thornton Creek Electrofish Survey. Prepared for Gavin Patterson, 
City of Seattle. Prepared by Calvin Kelly Douglas, Shapiro and Associates, Inc. 
December 3, 2002. 3 pp. 

Simon, T.P. and J. Lyons. 1995. Application of the index of biotic integrity to evaluate water 
resource integrity in freshwater ecosystems. Pp. 245-262. In: W.S. Davis and T.P. Simon 
(eds). Biological Assessment and Criteria Tools for Water Resource Planning and 
Decision Making. Lewis Publishers, Boca Raton, Florida. 



Assessing the Potential for a Fish Index of Biotic Integrity in the Greater Lake Washington Watershed 

King County - 60 - October 2004 

Taylor Associates. 2003a. Memorandum to Richard Smith, Pat, Murphy, and Bob Wright from 
Jim Shannon. “Taylor Creek Fish Removal.” January 8, 2003. Provided by Katherine 
Lynch, City of Seattle. 1 p. 

Taylor Associates. 2003b. Memorandum to Katherine Lynch, City of Seattle, from Jim Shannon. 
“Thornton Creek Fish Removal 2000.” January 10, 2003. Provided by Katherine Lynch, 
City of Seattle. 1 p. 

The Watershed Company (TWC). 2002. Fish Use in Kelsey, Valley, Coal and Richards Creeks, 
August 2002. Prepared for City of Bellevue. November 2002. 6 pp. 

U. S. Environmental Protection Agency (USEPA). 1993. EPA Region 10 in-stream biological 
monitoring handbook (for wadable streams in the Pacific Northwest). G.A. Hayslip (ed.) 
U.S. Environmental Protection Agency – Region 10, Environmental Services Division.  

Waller, T., B. Bigler, and G. Davis. Unpublished. I-90 Sunset I/C Project on East Fork Issaquah 
Creek Fish Exclusion: June – July 2003. Fish & wildlife report form. Washington State 
Department of Transportation (WSDOT)/Washington Department of Fish and Wildlife 
(WDFW). 

Wang, L., J. Lyons, P. Kanehl, and R. Gatti. 1997. Influences of watershed land use on habitat 
quality and biotic integrity in Wisconsin streams. Fisheries 22(6):6-12. 

Washington State Department of Fish and Wildlife (WDFW). 2004. “Washington Department of 
Fish and Wildlife, SSHIAP Salmon and Steelhead Habitat Inventory Program.” 
<http://wdfw.wa.gov/hab/sshiap/index.htm> 

Wydoski, R.S., and R.R. Whitney. 1979. Inland fishes of Washington. University of Washington 
Press, Seattle, Washington. 

Zaroban, D.W., M.P. Mulvey, T.R. Maret, R.M. Hughes, and G.D. Merritt. 1999. Classification 
of species attributes for Pacific Northwest freshwater fishes. Northwest Science 73(2):81-
93. 



 

 

 

 
Appendix A 

Geographic extent and sampling 
intensity of each study considered 

in the development of the FIBI 



Appendix A.  Geographic extent and sampling intensity of each study considered in the development of the FIBI

Basin Lu
dw

a 
et

 a
l 1

99
7

K
ur

t F
re

sh
 u

np
ub

lis
he

d 
da

ta
*

K
it 

Pa
ul

se
n,

 C
ity

 o
f B

el
le

vu
e,

 
un

pu
bl

is
he

d 
da

ta
*

C
ar

dw
el

l, 
se

ni
or

 th
es

is
 1

99
8

C
ol

le
ct

ed
 b

y 
Th

e 
W

at
er

sh
ed

 
C

om
pa

ny
 2

00
2 

pr
ov

id
ed

 b
y 

K
it 

Pa
ul

se
n,

 C
ity

 o
f B

el
le

vu
e

C
ol

le
ct

ed
 b

y 
Sh

ap
iro

 a
nd

 
A

ss
oc

ia
te

s 
20

02
 p

ro
vi

de
d 

by
 

K
at

he
rin

e 
Ly

nc
h,

 C
ity

 o
f S

ea
ttl

e

Se
rl 

un
pu

bl
is

he
d 

da
ta

K
in

g 
C

ou
nt

y 
un

pu
bl

is
he

d 
da

ta
 

Th
om

as
 W

al
le

r, 
W

D
FW

/W
SD

O
T 

un
pu

bl
is

he
d 

da
ta

Se
rl 

19
99

R
ob

 F
rit

z,
 K

in
g 

C
ou

nt
y 

un
pu

bl
is

he
d 

da
ta

K
in

g 
C

ou
nt

y 
19

97

C
ity

 o
f S

ea
ttl

e,
 u

np
ub

lis
he

d 
da

ta
, 

pr
ov

id
ed

 b
y 

K
at

he
rin

e 
Ly

nc
h

C
ol

le
ct

ed
 b

y 
Ji

m
 S

ha
nn

on
 2

00
3a

,b
, 

pr
ov

id
ed

 b
y 

K
at

he
rin

e 
Ly

nc
h,

 C
ity

 
of

 S
ea

ttl
e

R
2 

R
es

ou
rc

e 
C

on
su

lta
nt

s 
20

02

R
2 

R
es

ou
rc

e 
C

on
su

lta
nt

s 
20

01

R
2 

R
es

ou
rc

e 
C

on
su

lta
nt

s 
20

00

To
ta

l n
um

be
r o

f s
ite

s 
pe

r b
as

in

Bear Creek Cottage 2 4 6
Bear Creek Evans 3 1 4
Bear Creek Lower 3 7 10
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Cedar North Rural 3 3
Cedar Peterson Creek 2 1 3
Cedar Rock Creek 2 2
Cedar South Urban 1 2 3
Cedar Walsh 1 1
Coal Creek 3 2 5
Fifteenmile 1 1 2
Forbes Creek 2 2
Issaquah Creek East 1 2 1 4
Issaquah Creek Middle 1 1
Issaquah Creek North 1 1 2
Issaquah Creek Upper 4 4
Juanita Creek 3 3 3 9
Kelsey Lower 2 1 1 4
Kelsey Upper 7 5 5 3 3 23
Lake Sammamish - East 1 1
Lake Sammamish - West 2 2
Lake Washington - West 1 1
Little Bear Creek 3 3 3 9
Lyon Creek 3 3 6
May Creek 2 3 6 3 14
McAleer Creek 3 1 4
McDonald 1 1 2
North Lower 2 3 5
North Upper 1 2 3
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Swamp Lower 4 4 2 2 12
Swamp Upper 2 2 1 1 6
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Appendix B: Geophysical characteristics and measures of human influence for each sampling site included in the FIBI 

Gradient
Location Name Basin Name Site Name (Percent) Confinement* TIA*** (Percent) Road Density
(Taken from original source) (King County 2004) (FIBI) (SSHIAP) (SSHIAP) (SSHIAP) (King County 2004) (km/km2)
Big Bear Creek, BB4 Bear Creek Cottage BCC1 2 <1 U 98 25 9.9 5.4
Big Bear Creek, BB9 Bear Creek Cottage BCC2 3 1-2 U 98 25 9.9 5.4
Big Bear Creek, BB1 Bear Creek Evans BCE1 2 2-4 M 56 44 13.5 4.9
Big Bear Creek, BB2 Bear Creek Evans BCE2 1 8-20 C 56 44 13.5 4.9
Big Bear Creek, BB3 Bear Creek Evans BCE3 3 <1 U 56 44 13.5 4.9
Big Bear Creek, BB10 Bear Creek Lower BCL1 1 <1 U 67 33 18.9 5.3
Big Bear Creek, BB5 Bear Creek Lower BCL2 4 <1 U 67 33 18.9 5.3
Big Bear Creek, BB6 Bear Creek Lower BCL3 4 <1 U 67 33 18.9 5.3
ME005/RE004,006,007: Classic Nursery Bear Creek Lower BCL4 3 <1 U 67 33 18.9 5.3
ME/RE003: Powerline Trail to Farrel McWhirter Park Bear Creek Lower BCL5 4 <1 U 67 33 18.9 5.3
RE011: NE Union Hill Road Bear Creek Lower BCL6 4 <1 U 67 33 18.9 5.3
Big Bear Creek, BB7 Bear Creek Upper BCU1 3 <1 U 46 51 4.5 4.0
Big Bear Creek, BB8 Bear Creek Upper BCU2 3 <1 U 46 51 4.5 4.0
ME002/RE001: Bear Creek Gauging Station Bear Creek Upper BCU3 3 <1 U 46 51 4.5 4.0
ME006/RE008: NE 140th Crossing Bear Creek Upper BCU4 3 <1 U 46 51 4.5 4.0
Taylor Creek, CD3 Cedar North Rural CNR1 3 <1 U 49 46 4.1 3.4
Taylor Creek, CD4 Cedar North Rural CNR2 2 <1 U 49 46 4.1 3.4
Taylor Creek, CD5 Cedar North Rural CNR3 2 2-4 C 49 46 4.1 3.4
Coal Creek, CC1 Coal Creek COC1 2 <1 U 14 71 21.6 6.1
Coal Creek, CC2 Coal Creek COC2 2 1-2 U 14 71 21.6 6.1
Coal Creek, CC3 Coal Creek COC3 2 1-2 C 14 71 21.6 6.1
Coal Creek TWC1 Coal Creek COC4 2 8-20 C 14 71 21.6 6.1
Coal Creek TWC2 Coal Creek COC5 2 8-20 C 14 71 21.6 6.1
Peterson Creek, CD1 Cedar Peterson Creek CPC1 2 2-4 C 68 25 5.0 2.6
Peterson Creek, CD2 Cedar Peterson Creek CPC2 2 <1 U 68 25 5.0 2.6
Rock Creek, CD6 Cedar Rock Creek CRC1 2 2-4 U 76 9 5.0 2.0
Rock Creek, CD7 Cedar Rock Creek CRC2 2 <1 U 76 9 5.0 2.0
Madsen Creek, CD8 Cedar South Urban CSU1 2 <1 U 36 55 34.7 7.7
Cedar River, CD9 Cedar Walsh CWC1 2 4-8 C 23 65 0.5 1.8
Forbes Creek, FO1 Forbes Creek FOC1 1 <1 U 86 14 37.4 10.6
Forbes Creek, FO2 Forbes Creek FOC2 1 <1 U 86 14 37.4 10.6
I-90 East Fork Issaquah Ck at Sunset Interchg Issaquah Creek East ICE1 3 2-4 C 17 80 6.3 2.3
Issaquah Creek, IS12 Issaquah Creek East ICE2 3 2-4 C 17 80 6.3 2.3
Issaquah Creek, IS4 Issaquah Creek East ICE3 3 2-4 C 17 80 6.3 2.3
Issaquah Creek, IS7 Issaquah Creek Middle ICM1 3 <1 U 49 47 2.3 3.3
Issaquah Creek, IS3 Issaquah Creek North ICN1 3 <1 U 62 22 22.1 5.1
Issaquah Creek, IS10 Issaquah Creek Upper ICU1 3 2-4 U 7 81 1.4 1.6
Issaquah Creek, IS11 Issaquah Creek Upper ICU2 2 <1 C 7 81 1.4 1.6
Issaquah Creek, IS8 Issaquah Creek Upper ICU3 3 2-4 U 7 81 1.4 1.6
Issaquah Creek, IS9 Issaquah Creek Upper ICU4 2 1-2 C 7 81 1.4 1.6
Issaquah Creek, IS6 Issaquah Fifteenmile Creek IFC1 3 2-4 U 2 98 1.4 1.6
Issaquah Creek, IS5 Issaquah McDonald Creek IMC1 3 1-2 C 34 60 4.5 2.8
Tibbets Creek, IT1 Issaquah Tibbetts Creek ITC1 3 <1 U 25 74 11.3 3.0
Tibbetts Cr., IT2 Issaquah Tibbetts Creek ITC2 3 1-2 U 25 74 11.3 3.0
Juanita Creek, JA1 Juanita Creek JAC1 2 <1 U 60 40 46.8 10.9
Juanita Creek, JA2 Juanita Creek JAC2 2 1-2 U 60 40 46.8 10.9
Juanita Creek, JA3 Juanita Creek JAC3 1 2-4 C 60 40 46.8 10.9
Lower Juanita Creek Juanita Creek JAC4 3 <1 U 60 40 46.8 10.9
Middle Juanita Creek Juanita Creek JAC5 2 <1 U 60 40 46.8 10.9
Upper Juanita Creek Juanita Creek JAC6 1 1-2 U 60 40 46.8 10.9
Kelsey Creek, KE8 Kelsey Lower KCL1 3 <1 U 80 20 47.3 10.3
Kelsey Creek, KE9 Kelsey Lower KCL2 2 <1 U 80 20 47.3 10.3
Richards Creek TWC1 Kelsey Lower KCL3 2 <1 U 80 20 47.3 10.3
Kelsey Creek, KE1 Kelsey Upper KCU1 2 <1 U 74 26 37.3 7.6
Kelsey Creek, KE2 Kelsey Upper KCU2 2 2-4 C 74 26 37.3 7.6
Kelsey Creek, KE3 Kelsey Upper KCU3 3 1-2 M 74 26 37.3 7.6
Kelsey Creek, KE4 Kelsey Upper KCU4 2 <1 U 74 26 37.3 7.6
Kelsey Creek, KE5 Kelsey Upper KCU5 2 2-4 C 74 26 37.3 7.6
Kelsey Creek, KE6 Kelsey Upper KCU6 3 1-2 M 74 26 37.3 7.6
Kelsey Creek, KE7 Kelsey Upper KCU7 3 1-2 U 74 26 37.3 7.6

Total Gradient >4%** 
(Percent) (King 
County 2004)

Total Gradient <2%** 
(Percent) (King 
County 2004)

Stream Order
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Gradient
Location Name Basin Name Site Name (Percent) Confinement* TIA*** (Percent) Road Density
(Taken from original source) (King County 2004) (FIBI) (SSHIAP) (SSHIAP) (SSHIAP) (King County 2004) (km/km2)

Total Gradient >4%** 
(Percent) (King 
County 2004)

Total Gradient <2%** 
(Percent) (King 
County 2004)

Stream Order

Kelsey Creek TWC1 Kelsey Upper KCU8 2 <1 U 74 26 37.3 7.6
Kelsey Creek TWC2 Kelsey Upper KCU9 3 1-2 U 74 26 37.3 7.6
Kelsey Creek TWC3 Kelsey Upper KCU10 3 1-2 U 74 26 37.3 7.6
Kelsey Creek TWC4 Kelsey Upper KCU11 3 1-2 M 74 26 37.3 7.6
Lower Kelsey Creek Kelsey Upper KCU12 3 1-2 U 74 26 37.3 7.6
Middle Kelsey Creek Kelsey Upper KCU13 3 1-2 M 74 26 37.3 7.6
Upper Kelsey Creek Kelsey Upper KCU14 2 2-4 C 74 26 37.3 7.6
Valley Creek TWC Kelsey Upper KCU15 2 <1 U 74 26 37.3 7.6
Little Bear Creek, LB1 Little Bear Creek LBC1 3 <1 U 56 41 15.8 5.9
Little Bear Creek, LB2 Little Bear Creek LBC2 3 <1 U 56 41 15.8 5.9
Little Bear Creek, LB3 Little Bear Creek LBC3 3 <1 U 56 41 15.8 5.9
Lower Little Bear Creek Little Bear Creek LBC4 3 <1 U 56 41 15.8 5.9
Middle Little Bear Creek Little Bear Creek LBC5 3 <1 C 56 41 15.8 5.9
Upper Little Bear Creek Little Bear Creek LBC6 3 <1 U 56 41 15.8 5.9
Lyon Creek, LY1 Lyon Creek LYC1 2 1-2 U 22 46 36.9 10.0
Lyon Creek, LY2 Lyon Creek LYC2 2 1-2 C 22 46 36.9 10.0
Lyon Creek, LY3 Lyon Creek LYC3 2 1-2 U 22 46 36.9 10.0
McAleer Creek, MC1 McAleer Creek MCC1 2 <1 U 61 5 49.1 10.8
McAleer Creek, MC2 McAleer Creek MCC2 2 1-2 C 61 5 49.1 10.8
McAleer Creek, MC3 McAleer Creek MCC3 2 1-2 C 61 5 49.1 10.8
Lower May Creek May Creek MYC1 4 1-2 M 49 49 15.8 5.1
May Ck - C1 May Creek MYC2 3 2-4 C 49 49 15.8 5.1
May Ck - C2 May Creek MYC3 3 2-4 C 49 49 15.8 5.1
May Ck - C3 May Creek MYC4 3 <1 C 49 49 15.8 5.1
May Ck - T1 May Creek MYC5 3 2-4 C 49 49 15.8 5.1
May Ck - T2 May Creek MYC6 3 2-4 C 49 49 15.8 5.1
May Ck - T3 May Creek MYC7 3 <1 C 49 49 15.8 5.1
Middle May Creek May Creek MYC8 3 2-4 C 49 49 15.8 5.1
May Creek, MY1 May Creek MYC9 3 2-4 C 49 49 15.8 5.1
May Creek, MY2 May Creek MYC10 3 <1 U 49 49 15.8 5.1
Upper May Creek May Creek MYC11 3 <1 U 49 49 15.8 5.1
North Creek, NO1 North Lower NCL1 4 <1 M 71 25 27.9 7.2
North Creek, NO2 North Lower NCL2 4 <1 U 71 25 27.9 7.2
North Creek, NO4 North Lower NCL3 3 2-4 C 71 25 27.9 7.2
North Creek, NO3 North Upper NCU1 2 1-2 U 83 25 37.4 8.2
North Creek, NO5 North Upper NCU2 1 1-2 M 83 25 37.4 8.2
Lower Swamp Creek Swamp Lower SCL1 3 1-2 U 65 11 39.2 8.3
Middle Swamp Creek Swamp Lower SCL2 3 1-2 C 65 11 39.2 8.3
Scriber Lake Creek, SS1 Swamp Lower SCL3 2 1-2 C 65 11 39.2 8.3
Swamp Creek, SW1 Swamp Lower SCL4 3 <1 U 65 11 39.2 8.3
Swamp Creek, SW2 Swamp Lower SCL5 3 1-2 U 65 11 39.2 8.3
Swamp Creek, SW3 Swamp Lower SCL6 3 1-2 U 65 11 39.2 8.3
Swamp Creek, SW4 Swamp Upper SCU1 2 2-4 C 86 11 35.6 7.6
Swamp Creek, SW5 Swamp Upper SCU2 2 <1 U 86 11 35.6 7.6
Upper Swamp Creek Swamp Upper SCU3 2 2-4 C 86 11 35.6 7.6
Lower Thornton Creek Thornton Creek THC1 3 <1 U 33 49 56.3 12.5
Middle Thornton Creek Thornton Creek THC2 2 1-2 U 33 49 56.3 12.5
Thornton Creek, TH1 Thornton Creek THC3 1 1-2 C 33 49 56.3 12.5
Thornton Creek, TH2 Thornton Creek THC4 2 8-20 C 33 49 56.3 12.5
Thornton Creek, TH3 Thornton Creek THC5 3 <1 U 33 49 56.3 12.5
Thornton Creek - Jackson Park Golf Course Thornton Creek THC6 1 1-2 C 33 49 56.3 12.5
Upper Thornton Creek Thornton Creek THC7 1 1-2 C 33 49 56.3 12.5
* U = unconfined, M = moderately confined, C = confined
** Percent of stream reach with a gradient greater than 4%
*** Percent of stream reach with a gradient less than 2%
**** Total Impervious Area
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Appendix C. Attribute classifications of fish species found in wadable streams of the greater Lake Washington watershed 
(modified from Zaroban et al. 1999 and Hughes et al. 1998). 

     Hughes et al. 1998 Zaroban et al. 1999 

Common Name Family Genus species 
Family 
Origin1

Species 
Origin1 Foraging2 Habitat3 Tolerance4 Reproduction5 Temperature Habitat3 Forage6

Overall 
tolerance4

Largescale Sucker Catostomidae Catostomus macrocheilus N N O B I L cool B O T 

Black Crappie Centrarchidae Pomoxis nigromaculatus A A T T T PN warm W I/P T 

Bluegill Centrarchidae Lepomis macrochirus A A I W T PN warm W I/P T 

Largemouth Bass Centrarchidae Micropterus salmoides A A T W T PN warm W P T 

Pumpkinseed Centrarchidae Lepomis megalotis A A I BH T PN cool W I/P T 

Smallmouth Bass Centrarchidae Micropterus dolomieu A A T W I LN cool W P I 

Sculpin species7 Cottidae Cottus sp. N N I BH I CN cool B I I 

Dace species8 Cyprinidae Rhinichthys sp. N N I BH I L cool B I I 

Peamouth Cyprinidae Mylocheilus caurinus N N I W I L cool W I I 

Threespine Stickleback Gasterosteidae Gaterosteus aculeatus N N I W/H I VN cool H I T 

Lamprey species9 Petromyzontidae Lampetra spp N N F/S BH S NLN cool H FF I 

Chinook Salmon Salmonidae Oncorhynchus tshawytscha N N T W S NLN cold W I S 

Coho Salmon Salmonidae Oncorhynchus kisutch N N T W S NLN cold W I S 

Cutthroat Trout Salmonidae Oncorhynchus clarki N N T WH S NLN cold W I/P S 

Steelhead/Rainbow Trout Salmonidae Oncorhynchus mykiss N N T WH S NLN cold H I/P S 

1 N=native, A=alien;  
2 O=omnivore, F/S=filterer/specialist, S/S=scraper/specialist, I=invertivore, T=top carnivore;  
3 B=benthic, W=water column, H=hider;  
4 I=intolerant, S=sensitive, T=tolerant;  
5 NLN=nonguarding lithophil (gravel-cobble) nester, LN=lithophil nester, L=lithophil, V=vegetation, P=psammophil (sand-fine gravel), CN=cavity nester, VN=vegetation nester, PN=psammophil nester;  
6 I=invertivore, O=omnivore, I/P=invert/piscivore, P=piscivore, FF=filter feeder (characterizes most of freshwater life) 
7 Sculpin species include coastrange sculpin (C. aleuticus) , mottled sculpin (C. bairdi), prickly sculpin (C. asper), shorthead sculpin (C. confusus), and torrent sculpin (C. rhotheus). 
8 Dace species include longnose dace (R. cataractae), and speckled dace (R. osculus) 
9 Lamprey species include pacific lamprey (L. tridentata), river lamprey (L. ayresi), and western brook lamprey (L. Richardson)
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Appendix D. Metric and FIBI Scores for Each Site

TIA Basin FIBI Site Original Source Sampling Year Tolerants Invertivores Benthic Omnivores Abundance Coho Cutthroat FIBI
Bear Creek Cottage BCC1 Ludwa et al. 1996 1 5 1 5 4 5 4 25
Bear Creek Cottage BCC2 Ludwa et al. 1996 4 4 1 5 1 5 3 23
Bear Creek Evans BCE1 Ludwa et al. 1996 3 4 0 5 3 5 4 24
Bear Creek Evans BCE2 Ludwa et al. 1996 2 4 0 5 4 4 3 22
Bear Creek Evans BCE3 Ludwa et al. 1996 4 5 2 5 4 4 4 28
Bear Creek Lower BCL1 Ludwa et al. 1996 5 5 5 5 3 1 4 28
Bear Creek Lower BCL2 Ludwa et al. 1996 5 5 5 5 0 0 5 25
Bear Creek Lower BCL3 Ludwa et al. 1996 2 4 1 5 3 4 3 22
Bear Creek Lower BCL4 Cardwell 1998 5 1 5 5 0 1 5 22
Bear Creek Lower BCL4 Cardwell 1998 5 1 5 5 1 1 5 23
Bear Creek Lower BCL4 Cardwell 1998 5 2 4 5 2 2 4 24
Bear Creek Lower BCL4 Cardwell 1998 5 3 3 5 1 4 5 26
Bear Creek Lower BCL5 Cardwell 1998 5 2 5 5 1 1 5 24
Bear Creek Lower BCL5 Cardwell 1998 5 3 2 5 5 2 4 26
Bear Creek Lower BCL6 Cardwell 1998 5 3 5 5 2 0 5 25
Bear Creek Upper BCU1 Ludwa et al. 1996 4 4 1 5 4 4 3 25
Bear Creek Upper BCU2 Ludwa et al. 1996 4 5 5 5 3 1 5 28
Bear Creek Upper BCU3 Cardwell 1998 5 0 5 5 1 0 5 21
Bear Creek Upper BCU3 Cardwell 1998 4 3 3 5 3 4 4 26
Bear Creek Upper BCU4 Cardwell 1998 5 1 5 5 3 1 4 24
Bear Creek Upper BCU4 Cardwell 1998 5 4 1 5 4 5 4 28
Cedar North Rural CNR1 Ludwa et al. 1996 5 5 2 5 3 5 4 29
Cedar North Rural CNR2 Ludwa et al. 1996 5 5 3 5 4 3 3 28
Cedar North Rural CNR3 Ludwa et al. 1996 5 5 3 5 4 3 3 28
Cedar Peterson Creek CPC1 Ludwa et al. 1996 5 5 4 5 3 4 3 29
Cedar Peterson Creek CPC2 Ludwa et al. 1996 5 4 3 5 3 3 2 25
Cedar Rock Creek CRC1 Ludwa et al. 1996 5 4 3 5 4 3 3 27
Cedar Rock Creek CRC2 Ludwa et al. 1996 5 4 3 5 4 3 2 26
Cedar South Urban CSU1 Ludwa et al. 1996 5 5 5 5 3 2 4 29
Cedar Walsh Creek CWC1 Ludwa et al. 1996 5 4 2 5 4 3 2 25
Coal Creek COC1 Ludwa et al. 1996 5 3 3 5 3 1 2 22
Coal Creek COC2 Ludwa et al. 1996 5 0 0 5 2 0 0 12
Coal Creek COC3 Ludwa et al. 1996 5 3 4 5 2 0 2 21
Coal Creek COC4 TWC 2002 5 2 3 5 5 3 3 26
Coal Creek COC5 TWC 2002 5 2 3 5 5 1 2 23
Forbes Creek FOC1 Ludwa et al. 1996 5 1 0 5 1 1 0 13
Forbes Creek FOC2 Ludwa et al. 1996 5 0 0 5 0 0 0 10
Issaquah Creek East ICE1 WDFW/WSDOT 2003 5 5 4 5 3 1 4 27
Issaquah Creek East ICE2 Fresh 1997 5 3 1 5 3 3 2 22
Issaquah Creek East ICE3 Ludwa et al. 1996 5 4 4 5 3 1 3 25
Issaquah Creek East ICE3 Fresh 1997 5 5 1 5 4 5 4 29
Issaquah Creek Middle ICM1 Ludwa et al. 1996 5 5 3 5 2 3 4 27
Issaquah Creek North ICN1 Ludwa et al. 1996 5 5 5 5 1 1 4 26
Issaquah Creek North ICN1 Fresh 1997 5 5 4 5 1 3 4 27
Issaquah Creek Upper ICU1 Ludwa et al. 1996 5 4 3 5 4 2 3 26

Page 1 of 4



Appendix D. Metric and FIBI Scores for Each Site

TIA Basin FIBI Site Original Source Sampling Year Tolerants Invertivores Benthic Omnivores Abundance Coho Cutthroat FIBI
Issaquah Creek Upper ICU2 Ludwa et al. 1996 5 5 4 5 4 2 4 29
Issaquah Creek Upper ICU3 Ludwa et al. 1996 5 5 4 5 3 3 4 29
Issaquah Creek Upper ICU4 Ludwa et al. 1996 5 5 5 5 3 2 4 29
Issaquah Fifteenmile Creek IFC1 Fresh 1997 5 5 4 5 1 2 5 27
Issaquah Fifteenmile Creek IFC1 Ludwa et al. 1996 5 5 4 5 3 3 4 29
Issaquah McDonald Creek IMC1 Ludwa et al. 1996 5 5 4 5 3 2 4 28
Issaquah McDonald Creek IMC1 Fresh 1997 5 5 4 5 2 3 4 28
Issaquah Tibbetts Creek ITC1 Ludwa et al. 1996 5 5 5 5 1 0 4 25
Issaquah Tibbetts Creek ITC2 Ludwa et al. 1996 5 3 2 5 5 2 2 24
Juanita Creek JAC1 Ludwa et al. 1996 5 2 4 5 1 0 1 18
Juanita Creek JAC2 Ludwa et al. 1996 5 2 0 5 1 2 1 16
Juanita Creek JAC3 Ludwa et al. 1996 5 2 0 5 0 3 1 16
Juanita Creek JAC4 Serl 2003 5 3 3 5 1 1 2 20
Juanita Creek JAC5 Serl 2003 5 1 2 5 0 1 0 14
Juanita Creek JAC6 Serl 2003 5 1 0 5 0 2 0 13
Kelsey Creek Lower KCL1 Ludwa et al. 1996 4 2 2 5 3 1 1 18
Kelsey Creek Lower KCL1 Fresh 1997 5 2 2 5 3 1 2 20
Kelsey Creek Lower KCL2 Ludwa et al. 1996 5 0 0 5 0 0 0 10
Kelsey Creek Lower KCL3 TWC 2002 0 2 0 5 4 0 2 13
Kelsey Creek Upper KCU1 Ludwa et al. 1996 4 1 0 5 1 1 0 12
Kelsey Creek Upper KCU1 Fresh 1997 5 1 0 5 0 1 0 12
Kelsey Creek Upper KCU10 TWC 2002 5 1 1 5 0 0 0 12
Kelsey Creek Upper KCU11 TWC 2002 4 1 1 5 1 1 0 13
Kelsey Creek Upper KCU12 Serl 2003 5 2 2 5 1 0 1 16
Kelsey Creek Upper KCU13 Serl 2003 5 0 0 5 0 0 0 10
Kelsey Creek Upper KCU14 Serl 2003 5 0 0 5 0 0 0 10
Kelsey Creek Upper KCU15 TWC 2002 5 0 0 5 0 0 1 11
Kelsey Creek Upper KCU2 Ludwa et al. 1996 5 1 0 5 0 1 0 12
Kelsey Creek Upper KCU2 Fresh 1997 5 1 0 5 1 1 0 13
Kelsey Creek Upper KCU3 Ludwa et al. 1996 4 3 3 3 2 1 2 18
Kelsey Creek Upper KCU4 Ludwa et al. 1996 0 1 4 0 1 1 2 9
Kelsey Creek Upper KCU4 Fresh 1997 4 1 1 4 1 2 0 13
Kelsey Creek Upper KCU5 Fresh 1997 4 2 0 5 1 3 1 16
Kelsey Creek Upper KCU5 Ludwa et al. 1996 4 2 0 5 1 3 2 17
Kelsey Creek Upper KCU6 Ludwa et al. 1996 5 0 0 5 0 0 0 10
Kelsey Creek Upper KCU7 Fresh 1997 3 2 2 0 4 3 2 16
Kelsey Creek Upper KCU7 Ludwa et al. 1996 4 3 3 0 4 2 3 19
Kelsey Creek Upper KCU8 TWC 2002 3 1 1 5 1 0 0 11
Kelsey Creek Upper KCU9 TWC 2002 4 1 0 5 2 0 1 13
Little Bear Creek LBC1 Ludwa et al. 1996 5 3 2 5 4 2 2 23
Little Bear Creek LBC2 Ludwa et al. 1996 5 3 1 5 3 4 2 23
Little Bear Creek LBC3 Ludwa et al. 1996 5 3 0 5 1 5 2 21
Little Bear Creek LBC4 Serl 2003 5 4 4 5 1 0 3 22
Little Bear Creek LBC5 Serl 2003 5 2 1 5 3 2 1 19
Little Bear Creek LBC6 Serl 2003 5 4 4 5 2 1 3 24
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Appendix D. Metric and FIBI Scores for Each Site

TIA Basin FIBI Site Original Source Sampling Year Tolerants Invertivores Benthic Omnivores Abundance Coho Cutthroat FIBI
Lyon Creek LYC1 Ludwa et al. 1996 5 1 1 5 2 1 0 15
Lyon Creek LYC1 Fresh 1997 5 3 1 5 3 3 2 22
Lyon Creek LYC2 Fresh 1997 5 1 0 5 3 1 0 15
Lyon Creek LYC2 Ludwa et al. 1996 5 2 0 5 1 3 1 17
Lyon Creek LYC3 Fresh 1997 5 1 0 5 1 1 0 13
Lyon Creek LYC3 Ludwa et al. 1996 5 1 0 5 2 1 0 14
May Creek MYC1 Serl 2003 5 4 4 5 2 1 3 24
May Creek MYC10 Ludwa et al. 1996 5 4 3 5 4 2 3 26
May Creek MYC11 Serl 2003 0 2 1 5 5 1 4 18
May Creek MYC2 King County 2003 5 2 2 5 3 1 1 19
May Creek MYC3 King County 2003 5 1 1 5 2 1 0 15
May Creek MYC4 King County 2003 5 1 0 5 1 1 0 13
May Creek MYC5 King County 2003 5 2 1 5 3 1 1 18
May Creek MYC6 King County 2003 5 1 1 5 2 1 0 15
May Creek MYC7 King County 2003 5 1 0 5 1 1 0 13
May Creek MYC8 Serl 2003 5 3 2 5 4 2 2 23
May Creek MYC9 Ludwa et al. 1996 4 4 2 5 4 4 3 26
McAleer Creek MCC1 Ludwa et al. 1996 5 2 4 5 1 1 1 19
McAleer Creek MCC2 Ludwa et al. 1996 5 4 0 5 0 5 3 22
McAleer Creek MCC3 Ludwa et al. 1996 5 1 0 5 0 1 0 12
North Creek Lower NCL1 Ludwa et al. 1996 5 2 0 5 1 3 1 17
North Creek Lower NCL1 Fresh 1997 3 4 1 5 2 5 4 24
North Creek Lower NCL2 Ludwa et al. 1996 5 3 1 5 0 4 2 20
North Creek Lower NCL2 Fresh 1997 4 3 1 5 3 3 2 21
North Creek Lower NCL3 Fresh 1997 4 4 1 5 3 4 3 24
North Creek Upper NCU1 Ludwa et al. 1996 5 3 0 5 1 3 2 19
North Creek Upper NCU1 Fresh 1997 5 2 2 5 3 2 2 21
North Creek Upper NCU2 Fresh 1997 5 3 0 5 0 4 2 19
Swamp Creek Lower SCL1 Serl 2003 5 3 4 5 0 0 2 19
Swamp Creek Lower SCL2 Serl 2003 5 3 3 5 1 1 2 20
Swamp Creek Lower SCL3 Ludwa et al. 1996 4 3 3 5 3 2 2 22
Swamp Creek Lower SCL3 Fresh 1997 5 4 5 5 5 2 3 29
Swamp Creek Lower SCL4 Fresh 1997 4 3 3 5 2 1 2 20
Swamp Creek Lower SCL4 Ludwa et al. 1996 4 4 4 5 2 1 3 23
Swamp Creek Lower SCL5 Fresh 1997 4 3 2 5 5 2 2 23
Swamp Creek Lower SCL5 Ludwa et al. 1996 5 3 2 5 4 2 2 23
Swamp Creek Lower SCL6 Ludwa et al. 1996 5 3 2 5 3 2 2 22
Swamp Creek Lower SCL6 Fresh 1997 5 4 4 5 5 0 3 26
Swamp Creek Upper SCU1 Fresh 1997 5 3 3 5 2 2 2 22
Swamp Creek Upper SCU1 Ludwa et al. 1996 4 4 3 5 4 3 3 26
Swamp Creek Upper SCU2 Fresh 1997 1 2 1 5 4 1 2 16
Swamp Creek Upper SCU2 Ludwa et al. 1996 5 3 1 5 1 4 2 21
Swamp Creek Upper SCU3 Serl 2003 5 2 5 5 1 1 1 20
Thornton Creek THC1 Serl 2003 5 4 4 5 1 0 3 22
Thornton Creek THC2 Serl 2003 5 0 0 5 1 0 0 11
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Appendix D. Metric and FIBI Scores for Each Site

TIA Basin FIBI Site Original Source Sampling Year Tolerants Invertivores Benthic Omnivores Abundance Coho Cutthroat FIBI
Thornton Creek THC3 Ludwa et al. 1996 4 0 0 5 1 0 0 10
Thornton Creek THC4 Ludwa et al. 1996 5 1 0 5 2 1 0 14
Thornton Creek THC5 Ludwa et al. 1996 4 1 1 5 3 1 0 15
Thornton Creek THC6 Shapiro & Assoc. 2002 2 0 0 5 1 0 5 13
Thornton Creek THC6 Shapiro & Assoc. 2002 4 1 0 5 2 1 4 17
Thornton Creek THC7 Serl 2003 5 0 0 5 1 0 0 11
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