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Abstract 
Under a Water Environment Research Foundation grant, the Santa Clara Valley Urban Runoff Pollution 

Prevention Program (Program) is testing 20 of 26 stormwater environmental indicators proposed by the Center 
for Watershed Protection. This memorandum presents the results of Indicator #13 Macroinvertebrate 
Assemblage as applied to Coyote Creek, which flows to South San Francisco Bay. Using Rapid Bioassessment 
Protocols, we sampled macroinvertebrates at nine stations in the spring and summer of 1999. Each 100-meter 
reach included multiple habitat types. We analyzed metrics for Species Richness and Composition, Tolerance and 
Intolerance. We compared results among groups of urban, rural and reference stations and with data collected at 
6 of the 9 stations during 1978-79. 

In 1999, the total number of taxa and the total number of Ephemeroptera, Plecoptera, and Tricoptera 
(EPT) taxa are greater at the reference stations than at the rural and urban stations. The percent of individual 
EPT insects is similar at the reference and rural stations, but higher than at the urban stations. In other words, 
the total number of taxa relates information about diversity, but not population composition. The reference 
stations have the greatest number and percent of low-tolerance taxa,  as well as percent of low-tolerance 
individuals.  The rural stations have more low tolerance taxa and individuals than the urban stations.  Comparing 
the 1999 data with data from 1978-79,  the percentage of EPT taxa is a more robust comparison because it is less 
susceptible to the difference in taxonomic detail.  This metric reveals 3 points.  
⇒ There was no temporal change in the mean percentage of EPT taxa in the rural stations. 
⇒  In 1999, the mean percentage of EPT taxa at the urban stations is nearly double the earlier study.  This 

could suggest that the water quality (or the habitat, or both) is improving in the urban reaches. 
⇒ There was a significant decrease in the percentage of EPT taxa at the transition stations. Water quality (or 

habitat or both) are declining in this area, most likely as a result of urbanization. 
We found the indicator useful for characterizing ecosystem health, to predict the existence and severity of 
degradation, to locate impacted areas, and to measure short term impacts and responses.   
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By Francesca Demgen, Wetland Biologist 
URS Greiner Woodward Clyde 
Kathleen Dorsey,  
Kinnetic Laboratories, Inc. 

Introduction 

As part of the USEPA’s Environmental 
Indicators/Measures of Success Project, funded 
under Clean Water Act Section 104(B)(3), the 
Center for Watershed Protection developed 26 
“Environmental Indicators to Assess 
Stormwater Control Programs and Practices” 
(Claytor and Brown 1996).  The indicators were 
accompanied by a suggested methodology for 
crafting an indicator based monitoring program.  
Under a grant from the Water Environment 
Research Foundation (WERF), the Santa Clara 
Valley Urban Runoff Pollution Prevention 
Program (Program) is testing 20 of the 26 
environmental indicators.  The main objectives 
of the Program’s Stormwater Environmental 
Indicators Demonstration Project (SEIDP) are 
to evaluate the usefulness, effectiveness, and 
applicability of the Stormwater Indicator 
Methodology under semi-arid conditions.  This 
involves the selection, testing, and refining of 
protocols for monitoring environmental 
indicators and the development of guidance on 
selection and use of environmental indicators in 
the western states (Cloak 1999). 

The SEIDP will apply the Center for 
Watershed Protection’s stormwater indicator 
methodology at two distinct geographic scales: 

the 310-square-mile watershed of Coyote Creek 
(which includes the City of Milpitas and the 
eastern portion of the City of San Jose) and a 
28-acre industrial catchment along Walsh 
Avenue in the City of Santa Clara (Table 1).  
This memorandum presents the results achieved 
by applying Indicator #13 Macroinvertebrate 
Assemblage to gauge the effectiveness of the 
Program’s stormwater pollution prevention 
efforts in the Coyote Creek Watershed. Other 
related indicators evaluated at some or all of  the 
macroinvertebrate sampling stations were: 
sediment characteristics and contamination, 
stream widening and downcutting, physical 
habitat, stream temperature, and fisheries. 

Project Objectives 

According to Claytor and Brown (1996), 
“Benthic macro-invertebrates are used to 
evaluate the aquatic health of waterbodies.” 
Specifically, they suggest that the macro-
invertebrate assemblage indicator may be used 
to “depict the existence and severity of 
degradation, to help screen possible sources and 
causes of degradation, to help assess the 
performance of watershed restoration measures 
(particularly in-stream habitat restoration 
projects), to help evaluate the performance of 
stormwater BMPs (both structural and non-
structural), and to provide short term responses 
to changes in aquatic systems and therefore is a 
valuable tool to measure short term impacts 
(such as effects from construction projects)”.  

Table 1 
Indicators to Be Tested and Refined 

Coyote Creek Watershed Walsh Avenue Catchment 
#5 Sediment Characteristics and Contamination #1 Water-Quality Constituent Monitoring 
#7 Stream Widening and Downcutting #2 Toxicity Testing 
#8 Physical Habitat Monitoring  #3 Non-point Source Loadings 
#10 Increased Flooding Frequency #4 Exceedances of Water Quality Standards 
#11 Stream Temperature Monitoring #18 Industrial/Commercial Pollution Prevention 
#12 Fish Assemblage Analyses #22 Number of BMPs Installed and Maintained 
#13 Macro-Invertebrate Assemblage #26 Industrial Site Compliance Monitoring 
#21 Illicit Discharges Identified/Corrected   
#23 Permitting and Compliance   
#24 Growth and Development   
Program Area   
#17 Public Attitude   
#19 Public Involvement and Monitoring   
#20 User Perception   
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The Rapid Bioassessment Protocols (RBP) 
Multihabitat Approach is one of the methods 
suggested by Claytor and Brown for 
implementation of the indicator and was 
employed in this study. 

Macroinvertebrates were collected from 8 
locations in Coyote Creek between 1978-79 (Pitt 
and Bozeman 1982).  This baseline dataset 
framed the current investigation because it 
provided opportunities for temporal 
comparisons, spanning the time when the 
Program was initiated.  Thus the typical pre- and 
post- storm event macroinvertebrate sampling 
was not conducted in this project.  

The SEIDP Quality Assurance Project 
Plan (QAPP) (KLI 1999) defined both broad 
and specific project objectives. The broad 
objectives were to determine: 

⇒ Can the revised Rapid Bioassessment 
Protocols (Barbour et.al. 1997) be applied 
to the Coyote Creek Watershed? 

⇒ Is this indicator a useful measure of 
stormwater program effectiveness? 

⇒ Can the protocols be refined to improve 
effectiveness; if so, how? 

The specific objective was to assess the 
effectiveness of Indicator #13 Macroinvert-
ebrate Assemblage, to conduct 2 types of 
comparisons:   

⇒ Spatial comparisons between the upstream 
reference stations and the rural and urban 
stations. 

⇒ Temporal comparisons between the 1999 
and 1978-79 data from the urban and non-
urban (rural) sampling stations. 

Background  

Study Area 
Coyote Creek is 75 miles long, and its 

watershed is approximately 350 square miles 
(Figure 1).  The creek begins in the mountains 
east of Morgan Hill and Gilroy and runs 
northwest to San Francisco Bay at Milpitas, 
(Figure 2).  The hydrology of the creek is 
complex, and is influenced by Coyote Dam, 
constructed in 1936, Anderson Dam, 
constructed in 1950, other diversion dams, in-

stream percolation ponds and historical gravel 
mining operations (circa 1940-1995).  Stream 
flow is affected by seasonal variability and dam 
releases. The rainy season in this region is 
approximately from October 15 to April 15. 
During the remainder of the year, rain is 
extremely rare.  In the reaches above the dams, 
stream flow decreases or stops during the 
summer and fall months.  Stream flow below 
the dams is totally dependent on dam releases 
and discharges to the creek from an adjacent 
canal (Figure 2). These flows vary from year to 
year. 

The creek was subdivided into urban, 
transition, rural and reference sections.   
Multiple stations were located in each section.  
The transition stations were in locations that 
appeared to have changed from predominantly 
open space or low-density residential in 1978-79 
— when the Pitt and Bozeman study was 
conducted — to more developed land uses by 
1999. The reference stations were located above 
the dams, where there is a natural hydrologic 
regime.  One of the objectives of the study was 
to determine if the metrics were useful in 
evaluating the conditions at the transition 
stations. 

Selection of reference sites was based upon 
finding locations that were minimally impaired 
and representative. We evaluated 
“representativeness” based on: 

⇒ Extensive, natural, riparian vegetation, 
representative of the region, 

⇒ Representative diversity of substrate 
materials, 

⇒ Natural channel structures of the region 
(i.e. pools, riffles, runs, backwaters, glides), 

⇒ Natural hydrograph, 

⇒ Undisturbed banks, and banks that provide 
cover, 

⇒ Natural water color and odor, and 
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⇒ Presence of representative animals, birds, 
mammals, amphibians and reptiles (Gibson 
et. al., undated). 

The two reference sites meet these criteria. 
During initial field reconnaissance, one of the 
reference sites was relocated upstream due to 
evidence of heavy grazing activity.  The location 
originally selected as a reference site was 
retained as a rural station. 

The Coyote Creek watershed encompasses 
two Level IV Ecoregions. (Bailey et al. (1994) 
refers Level IV Ecoregions as Sections.) The 
two Ecosections differ primarily in elevation 
and relief. Geomorphology, lithology, soil taxa, 
vegetation, fauna and surface water 
characteristics are very similar. Most study sites 
(U-1 through U-8, T-1 through T-3, R-1 
through R4) are within the Central California 
Coast Ecological Section (261A) and are also 
within a single subsection, the Santa Clara Valley 
Subsection (261Ae).  Four sites (R5, R6, Ref-1 
and Ref-2) are located in the Central California 
Coast Ranges Section (M262A). Two 
subsections comprise this section.  Sites R-5 and 
R-6 are located in a narrow band of the 
Fremont-Livermore Hills and Valleys 
(M262Aa).  The two reference sites lie in the 
larger portion the Central California Coast 
Ranges Section known as the Western Diablo 
Range (M262Ab).  The locations of monitoring 
sites fully cover the Ecosections (and 
subsections) that are present within the Coyote 
Creek Watershed. 

A reference site within Ecological Section 
261A would be preferred since the majority of 
sites are within this area. Many rivers or large 
streams are within this Section. However, all 
would make poor reference sites.  Streams and 
rivers within the northern portion of this 
Ecosection (e.g. the Guadalupe River 
Watershed) are similarly affected by 
urbanization.  Streams in the middle and 
southern portion are strongly impacted by 
agricultural activities. Although influenced by 
recently constructed storm drains and some 
agricultural activities, the “rural” sites within 
subsections 261Ae and M262Aa, and the two 
upstream reference sites, provided the best 
reference conditions available. 

The issue of "reference conditions" in 
California has been the topic of investigations 
by the California Department of Fish and Game 
(CDF&G) (Harrington et al., 1999) since 1994.  
CDF&G's Aquatic Bioassessment Laboratory is 
currently proposing that reference conditions be 
established for five regions of California.  The 
Coyote Creek watershed is fully contained in 
CDF&G's Central Coast Region.  The Russian 
River was selected as an appropriate reference 
watershed for this region.  A first iteration of 
reference conditions for first to third order 
streams using aquatic invertebrates in an Index 
of Biological Integrity was recently published 
(Harrington et. al., 1999) for the Central Coast 
Region based upon the Russian River data set. 

In summary, sites selected as representative 
of reference conditions for the study are the 
best available for purposes of this program.  
Nevertheless, the concept of reference 
conditions for wadeable streams in California is 
still in transition. 

Hayden (1999) presented detailed results of 
Indicator #8, Physical Habitat Inventory.  These 
data are briefly presented here because they 
describe the fishery habitat at the stations 
monitored for this indicator and must be 
understood to make valid comparisons using the 
fishery data set.  There is parkland along a 
significant portion of Coyote Creek; most of the 
study reaches to have good cover. Habitat 
typing was conducted in late summer and 11 of 
the 18 stations had a mixture of pools, flatwater 
and riffles. See Figure 3. Creek bottom slope 
gradients of 0.02% to 0.46% were measured at 
12 stations, and the remaining six stations had 
gradients greater than 0.5 % slope. See Table 2. 
Stream gradient and flow are highest just below 
Anderson Dam. 

Substrate composition by reach is 
presented in Table 3.  The amount of sand, silt 
and clay decreases upstream, as the substrate 
becomes dominated by gravel and cobble.  
Station T-1 groups with the urban stations 
based upon percent silt/clay, but with the rural 
and reference stations relative to cobble.   
Station T-3 groups with the rural and reference 
stations. 
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Figure1. Stormwater Environmental Indicator Demonstration Project study area: Coyote Creek watershed.
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Figure 2. The Coyote Creek watershed and sampling stations (U = urban, T = transition, R = rural, and Ref = reference).
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Methodology 

This section describes the field sampling 
collection methods, laboratory sorting methods 
and taxonomic identification, statistical analysis 
methods and the metrics that were evaluated.   

A. Field Sampling Methods  
Benthic macroinvertebrate samples were 

collected from nine of the 18 fishery sampling 
locations. Macroinvertebrate sampling stations 
were identified from each of the 3 original creek 
subsections: urban (U), transition (T), and rural 
(R), as well as the 2 reference stations (ref).  The 
stations sampled were:  U-5 Derbe, U-6 Senter, 
U-7 Sylvandale, T-1 Crosslees, T-3 Metcalf, R-3 
Miramonte, R-5 Cochran, Ref-1 66 Mustang, 
Ref-2 Gilroy Hot Springs. Table 4 lists the 
latitude and longitude for the downstream end 
of each reach. We used the RBP’s (1997) 
multihabitat approach to collect the 
macroinvertebrate samples. Pitt and Bozeman 
sampled multiple habitats — probably because 
gradient, substrate and velocity variations 
among the stations on Coyote Creek create a 
broad diversity of invertebrate habitats.  

Sampling was conducted in conjunction 
with the fishery work for the May sampling 
event on the following dates: May 20, 21, 25, 26, 
27, June 3.  In June it was decided to collect the 
samples independent of the fishery work, to 

improve efficiency. All nine samples were 
collected on June 17-18, 1999 for the second 
sampling event.  Collection data was recorded 
on a “Benthic Macroinvertebrate Field Data 
Sheet” for each station.  The completed sheets 
include a sketch showing the location and 
habitat type for each of the 20 sub-sampling 
locations which were composited to make a 

Table 2:  Gradient and stream flow for Coyote Creek 
sampling stations. 
    

Reach ID Date Flow 
(cfs) 

Gradient   
(% slope) 

Field 

U-5 07/06/1999 4.06 0.15 

U-6 07/06/1999 2.04* 0.38 

U-7 07/08/1999 3.70 0.82 

T-1 07/08/1999 4.55 0.32 

T-3 06/28/1999 19.95 0.91 

R-3 07/12/1999 37.38 0.46 

R-5 07/13/1999 48.49 1.16 

Ref-1 07/16/1999 0.00 0.70 

Ref-2 07/16/1999 0.083* 0.91 

*Accuracy unknown: below minimum  
velocity  detection limits 

 

Figure 3: Percent of Habitat Types by Length
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single sample from each station. The 
subsamples were distributed proportionately 
among the habitats in the 100 meter reach. A D-
frame dip net, 0.3 meters high and wide, with 
500 micrometer mesh was used for the 
sampling.  Cobbles and gravels were kicked, jabs 
were made among vegetation and roots, and in-
stream woody debris was rubbed to dislodge 
macroinvertebrates. The samples were 
composited in the field and preserved in 
formalin. 

B. Laboratory Sorting Methods 
Approximately 72 hours after formalin 

preservation in the field, macroinvertebrate 
samples were transferred to 70% ethanol at 
Kinnetic Laboratories, Inc. in Santa Cruz, 
California.  Subsampling and sorting of the 
collected material generally followed the 
procedures outlined in the Draft Rapid 
Bioassessment Protocols for Use in Streams and 
Rivers (Barbour et al. 1997) and the Quality 
Assurance Project Plan for Stormwater 
Environmental Indicators Pilot Demonstration 
Projects (KLI 1999). 

Initially, large woody debris, large leaves, or 
gravel were removed from samples with 
considerable amounts of these materials 
(approximately half the samples).  This was 
done with the intention of making the material 
more uniform in size for the subsampling 
process. Material from these samples was spread 
out in a tray and each large leaf, twig, etc. was 
dip-rinsed in a large beaker and inspected to 
insure no organisms remained attached.  The 
rinse water was sieved through a 0.5 mm sieve 
and the debris in the sieve and tray was returned 
to the sample jar.  The tray and sieve were 
visually inspected for organisms and then rinsed 
thoroughly between samples. 

With the objective of obtaining four 
replicate 100-organism subsamples (plus or 
minus 20%) from each original sample, the 
material in the jar was gently mixed before 
opening, sieved, and spread as evenly as possible 
across a tray into which a grid composed of 
thirty-six 6.0 cm by 6.0 cm squares was placed.  
Material was usually spread over 18, 24, or 36 
grids, depending on the volume of debris.  
Material from four random grids was removed 
and placed in new, smaller jar and properly 

labeled inside and out.  These subsamples were 
themselves subsampled due the presence of 
high numbers of organisms.  However, 
spreading the much smaller volume of material 
in these subsamples appeared obviously 
destructive to the sample (and organisms) and 
so small clumps of the sample (again, well 
mixed and drained) were placed within grids in 
the tray (ranging from 10 to 36 grids), taking 
care to make them as similar in size and 
composition of material as possible.  Material 
from a single random grid was then removed 
and placed in ethanol in a 10 cm by 1.5 cm petri 
dish with markings dividing it into fourths.  
With the aid of low-power microscopes (at least 
10-power) a dish was sorted by random 
quarters, in the instance that the dish contained 
more than 120 organisms.  In this way a third 
level of subsampling was easily accomplished, 
with a maximum number of four "grids" to sort.  
If the dish contained less than 80 organisms 
then another random grid was placed in a new 
petri dish and sorted by quarter again until 100 
plus or minus 20 organisms were removed.  
Thus, all original samples were subsampled (or 
split) up to three times.  Annelids, molluscs, 
arthropods, and miscellaneous taxa were placed 
in separate vials and proper labels were placed 
inside each vial indicating the station, sample 
date, subsample "level", and sorter.  The 
remaining sorted debris was then placed in a 
third and final jar for QA/QC. 

Table 4 Macroinvertebrate Sampling Stations 
Station 
ID 

Station 
Name 

Total 
length (ft) 

GPS 
Longitude 

GPS 
Latitude 

U-5 Derbe 340 121.855300 37.322900 
U-6 Senter 321 121.838400 37.306870 
U-7 Sylvandale 329 121.818700 37.290650 
T-1 Crosslees 328 121.795400 37.265250 
T-3 Metcalf 351 121.751600 37.227590 
R-3 Miramonte 359 121.687400 37.179310 
R-5 Cochran 330 121.640900 37.165020 
Ref-1 66 Mustang 341 121.472500 37.099000 
Ref-2 Gilroy Hot 

Springs 
332 121.468800 37.084640 
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Laboratory QA/QC procedures involved 
resorting 30% of the volume of each sample 
sorted to check sorting efficiency and accuracy.  
Individuals other than those who conducted the 
original sorting conducted the resorting of 
samples.  If the number of organisms found in 
the detrital remains exceeded ten percent of the 
total organisms found during the original sort, 
the sample was considered a QA/QC failure 
and was completely resorted.  If the 100% 
resort still failed at the 90% efficiency level then 
a new sorting sheet was started and the process 
was repeated until 90% efficiency was achieved.  
Records of the subsampling, sorting, and 
resorting processes for each sample were 
maintained. 

The four 100-organism replicates from 
each station were identified to the lowest 
practical taxonomic level and the data entered 
into a spreadsheet.  The major taxonomic keys 
that were used are listed in the appendix. 

C. Data Analysis Methods 
Metrics selected from the RBPs for analysis 

of the 1999 data were:  
Richness Measures 

⇒ Total Number of Taxa 

⇒ Total Number of Ephemeroptera, 
Plecoptera, Tricoptera (EPT) Taxa 

Composition Measures 

⇒ Percent of EPT Individuals 

⇒ Ratio of EPT to Chironomid and 
Oligochaete (CO) Individuals 

Tolerance / Intolerance Measures 

⇒ Number of Low Tolerance Taxa 

⇒ Percent of Low Tolerance Taxa 

⇒ Percent of Low Tolerance Individuals 

⇒ Number of High Tolerance Taxa 

⇒ Percent of High Tolerance Taxa 

⇒ Percent of High Tolerance Individuals 

The tolerance/intolerance metrics 
evaluated here are based on a rating system 
developed by the California Department of Fish 
and Game (Ode 1999), similar to the 
Hillsenhoff index.  The California Department 
of Fish and Game system rates macro-
invertebrate taxa on a scale of 0 to 10. The 
metrics calculated for tolerance values used the 
following assignments: least tolerant organisms 
had ratings of 0, 1, 2, and 3 and the most 
tolerant organisms were those rated 8, 9, and 10.  
The rating scale is based on professional 
judgment, does not imply tolerance or 
intolerance to any particular pollutant, and it is 
not mathematically relational. 

Comparisons using 5 metrics were possible 
for analyses of the 1999 and the 1978-79 Pitt 
and Bozeman data.  These comparisons were 
more limited because of the manner in which 
the data were reported from the 1978-79 study.  
The following 5 metrics were analyzed: 

⇒ Total Number of Taxa 

Table 3 Substrate Composition at Benthic Macroinvertebrate Sampling Stations 
 

Sta. % silt/ 
clay 

% sand %gravel %sm. 
cobble 

% lg. 
cobble 

% boulder % bedrock % exposed 
substrate 

% embed-
edness 

U-5 33 45 20 1 0 0 0 2 17 

U-6 42 35 15 4 0 4 0 1 23 

U-7 31 22 32 10 3 1 0 1 36 

T-1 33 4 1 33 26 3 0 2 37 

T-3 2 10 40 28 3 13 0 0 26 

R-3 0 4 9 30 40 17 0 2 32 

R-5 6 2 15 39 38 0 0 1 10 

Ref-1 0 4 37 29 22 4 4 22 21 

Ref-2 0 14 17 19 26 24 0 9 31 
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⇒ Total Number of EPT Taxa  

⇒ Percentage of EPT Taxa  

⇒ Percentage of EPT Organisms 

⇒ Ratio of EPT to CO Individuals  

Analysis of Variance 
The main question addressed in this study 

is:  Are the average differences among groups of 
stations in the specified metrics statistically 
significant?  If, for example, the average number 
of benthic macroinvertebrates is found to be 
significantly higher in the reference stations than 
the urban stations, this may be considered to be 
the result of environmental degradation of 
Coyote Creek perhaps caused by discharges into 
the Creek from urban activities.  In analyzing 
the significance of the differences among the 
station groups both spatial and seasonal 
variability in the sample data need to be 
analyzed and the data variability among the 
station groups compared to the variability 
unexplained by either station groups or seasons.  
The statistical method that is used to answer 
these questions is called Analysis of Variance 
(ANOVA).  This method tests the hypotheses 
that the means of the monthly samples are the 
same and that the means of the station groups 
are the same.  The main steps involved in 
implementing this method are described below. 

First, the metric being analyzed is 
computed for each combination of station and 
time period.  Next, the ANOVA comparing the 

seasonal means and the station group means is 
carried out.  The difference between the 
observed value and the predicted value is taken 
as the residual.  The Shapiro-Wilks normality 
test and Levene's test for homogeneity of 
variance are then calculated for the residuals 
from the ANOVA model.  These tests check 
two of the assumptions of this model. (The 
assumption that they are independent is inferred 
from the design of the sampling plan.)  If 
neither test is rejected at the 5% level, then 
inferences from the ANOVA results are 
appropriate.  Otherwise, the ANOVA is 
repeated using logarithmically transformed 
values.  If either the normality or homogeneity 
of variance tests again fails at the 5% level, then 
the analysis is repeated once more using the 
ranks of the values.  The ranks are computed 
from the combined samples with ties set to the 
same average value.  This third model is known 
as non-parametric ANOVA.  It is comparable 
to the Kruskal-Wallis non-parametric test if the 
model had analyzed one factor. 

The ANOVA model considers sampling 
season and station groups as two main factors, 
and also includes an interaction term between 
the two main factors.  The significance of the 
interaction is first assessed.  If the critical value 
associated with the test statistic of the 
interaction term is greater than 5%, the 
interaction between the two main factors is 
considered to be insignificant.  In this case, the 
effect of each factor can be analyzed separately.  
If the interaction is significant, one has to 

Figure 4. Total Number of Macroinvertebrate Taxa, Coyote Creek, May & june 
1999, Plotted with Percent Clay/Silt
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analyze each combination of station group and 
sampling season. 

When the interaction is not significant, the 
significance of each main factor is analyzed 
separately.  The hypothesis that the seasonal 
values are from the same population is accepted 
if the critical value associated with the test 
statistic is greater than 5%.  Otherwise, they are 
deemed to be two or more separate populations.  
When this occurs it is appropriate to examine 
the comparison of each pair of seasons.  When 
the hypothesis that they are equal has a 
probability of less than 1% then they are 
considered to be separate populations.  The 
same steps are followed when analyzing the 
hypothesis tests for the station groups. An 
unbalanced one-way ANOVA model is used in 
this study since the number of observations is 
not the same in each combination of seasonal 
time period and station group. 

Results and Discussion 

There were no significant differences 
between the May and June data for any of the 
metrics tested.  Harrington et al. (1999) did not 
observe strong seasonal variations in data 
collected in fall and spring, but recommended 
that macroinvertebrate sampling in Russian 
River tributaries be conducted in the spring. 

Results of the metrics analyzed using the 1999 
data are discussed below.   

Richness Measures 

⇒ Total Number of Taxa: The average total 
number of taxa at the reference stations is 
moderately greater than at the rural stations 
(p=0.0231) and the urban stations 
(p=0.0147).  Figure 4 displays the total 
number of taxa from each sampling 
station, plotted with the percent clay/silt.  
The most downstream stations have the 
most silt and clay, but the middle stations, 
T-3, R-3, and R-5, have minimal silt and 
clay and a similar number of taxa to U-6 
and U-7. 

⇒ Total Number of EPT Taxa:  The average 
total number of EPT taxa at the reference 
stations is significantly greater than the 
rural stations (p=0.0077) and greater than 

the urban stations (p=0.0001).  Figure 5 
displays the trend of increasing percentage 
of EPT taxa and decreasing percentage of 
oligochaete and chironomid taxa from 
downstream to upstream.  These results are 
similar to data collected in 1977 from 
riffles at 11 stations on Coyote Creek by 
Carter and Fend (2000) who found larger 
percentages of oligochaete and chironomid 
taxa downstream and increasing 
percentages of EPT taxa upstream. 

Composition Measures 

⇒ Percent of EPT Individuals: The average 
total number of EPT individuals is similar 
at the reference and rural stations.  The 
reference and rural stations have a 
moderately higher number of EPT 
individuals than the urban stations 
(p=0.0241 for reference to urban and 
p=0.0208 for rural to urban). 

⇒ Ratio of EPT to CO Individuals: There are 
no significant differences among the 
station groupings for this metric.  This 
metric could be deleted from any future 
analysis of Coyote Creek 
macroinvertebrate data. 

Tolerance / Intolerance Measures 

The low and high tolerance metrics were 
analyzed 3 ways: number of  taxa, the percent of  
taxa and the percent of the total number of 
macroinvertebrates that have been assigned 
either low or high tolerance values.   

⇒ Number of Low Tolerance Taxa:  The 
reference stations have significantly more 
(p=0.003) low tolerance taxa, average of 12 
than the rural stations, average 3, which in 
tern have more low tolerance taxa than the 
urban stations (p=0.0001), average 0. 

⇒ Percent of Low Tolerance Taxa: The 
reference stations have significantly greater 



12 

percentage of (p=0.006) low tolerance taxa,  
than the rural stations,  which in turn have 
a greater percentage low tolerance taxa 
than the urban stations (p=0.0001). Figure 
6. 

⇒ Percent of Low Tolerance Individuals:  
The reference stations have a higher 
percentage of low tolerance organisms than 
the rural stations (p=0.0103) which in turn 
have a higher percentage of low tolerance 
organisms than the urban stations 
(p=0.0001). 

Number of High Tolerance Taxa: The number 
of high tolerance taxa in the urban station 
groupings (average of 8 taxa) is moderately 
higher than at both the rural stations, average of 
4 taxa, (p=0.0217) and the reference stations, 
average of 4 taxa, (p=0.0249). Figure 7. 

⇒ Percent of High Tolerance Taxa:  An 
average of 10% of the taxa at the reference 
stations are classified as high tolerance 
taxa, whereas the rural stations average 
17% and the urban stations average 36% 
high tolerance taxa.  These are significant 
differences at 1% level.  

⇒ Percent of High Tolerance Individuals:  
The urban stations have a significantly 
greater (p=0.001) percentage of high 
tolerance organisms than the reference 
stations and moderately more than the 
rural stations (p=0.0461). 

Identifying low tolerance taxa is a more 

discriminating measure than high tolerance taxa.  
The high tolerance taxa appear everywhere, 
albeit in varying numbers. 

Dissolved oxygen concentrations were 
measured from June to September using data 
loggers at 2 of the macroinvertebrate sampling 
stations, T-3 and R-5. The substrate at these 
stations had small percentages of sand, silt, and 
clay (T-3=12% and R-5=8%).  The 
concentration of dissolved oxygen at station T-3 
stayed above 6 milligrams per liter for the 
duration of the monitoring and at station R-5 it 
remained above 8 milligrams per liter, even in 
the early morning hours. Station R-5 is located 
below the Anderson Dam, near where releases 
of reservoir water were made. These dissolved 
oxygen concentrations are adequate to support 
benthic macroinvertebrates.    

Results of the analysis of the metrics 
comparing the 1999 data with the Pitt and 
Bozeman data are discussed below.  It is 
difficult to attribute temporal changes observed 
in the data to changes in Coyote Creek because 
of a number of confounding factors, including: 
the level of detail in taxonomic identification, 
sampling methods, and in their report Pitt and 
Bozeman pooled the data from multiple 
sampling events. 

⇒ Total Number of Taxa: The average total 
number of taxa in 1999, 29 taxa per station 
grouping, is more than double the average 
number of taxa in the 1977-78 Pitt and 
Bozeman data, an average of 12 taxa per 

Figure 5. Percent of EPT, Chironomid, Oligochaete and Other Taxa, Coyote 
Creek, 1999
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station grouping. 

⇒ Total Number of EPT Taxa:  The mean 
number of EPT taxa per station was 3 in 
the Pitt and Bozeman study and 5 in the 
1999 study.  Comparing data from the 
pairs of stations shows a moderately 
significant difference (p=0.0290). 

⇒ Percentage of EPT Taxa: The mean 
percentage of EPT taxa in the rural 
stations is similar 15.6% in Pitt and 
Bozeman data and 15.3% in the 1999 data. 
The 1999 urban percentage of EPT taxa is 
nearly double the earlier study; 6.8% vs. 
3.5% (p=0.0554).  There is a significant 
decrease in the percentage of EPT taxa at 
the transition stations over time.  EPT taxa 
comprised 20.5% of the earlier study and 
13.5% of the taxa in the 1999 study.  This 
is a significant difference, p=0.0131.  

⇒ Percentage of EPT Organisms: The 
analysis of variance on the ranks of the 
percentage of organisms in the EPT insect 
orders indicates that there is no significant 
difference between the data sets. 

⇒ Ratio of EPT to CO Individuals:  The 
analysis of variance on the ranks of the 
ratio of EPT organisms to the sum of EPT 
and CO organisms does not indicate a 
significant difference between the data sets. 

Conclusions 

Evaluation of Program Effectiveness 

How might sampling macroinvertebrate 
communities be used to evaluate the 
effectiveness of a stormwater pollution 
prevention program?  First one would need to 
identify all of the factors which are impacting 
the water body, in this case Coyote Creek.  The 
3 primary variables in the Coyote watershed are 
the regulation of flow by the dams, habitat, and 
water quality. There are no discharges of treated 
sanitary effluent into Coyote Creek, thus the 
causes of degradation of water quality are 
attributable to urbanization in the broadest 
sense, including impacts to habitat, and its 
concomitant non-point source flows.  Sampling 
the macroinvertebrate community above the 
dams allows one to begin to evaluate what 
Coyote Creek would be like in the absence of 
the dams.  This stretch of the creek is also 
upstream of urbanization and the impacts of 
urban related non-point source flows, although 
there are areas with obvious nutrient enrichment 

Figure 6. Average Number of Low Tolerance MacroinvertebrateTaxa
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resulting from cattle grazing. 
The temporal comparison with the 1978-

79 Pitt and Bozeman study is being used to infer 
program effectiveness: 

⇒ The average total number of taxa per 
station has more than doubled since the 
1978-79, however, this could result from a 
more detailed level of taxonomic 
identification in the 1999 work. 

⇒ The percentage of EPT taxa is a more 
robust comparison because it is less 
susceptible to the difference in taxonomic 
detail.  This metric reveals 3 points.  

⇒ There was no change in the mean 
percentage of EPT taxa in the rural 
stations. 

⇒  In 1999, the mean percentage of EPT taxa 
at the urban stations is nearly double the 
earlier study.  This could suggest that the 
water quality (or the habitat, or both) are 
improving in the urban reaches of Coyote 
Creek. 

⇒ There was a significant decrease in the 
percentage of EPT taxa at the transition 
stations.  The good news is the metric is 
useful, the bad news is that it is telling us 
that that the water quality (or habitat or 

both) are declining in this area most likely 
as a result of urbanization. 

Usefulness of Indicator 

We found the indicator useful for 
characterizing ecosystem health, to predict the 
existence and severity of degradation, to locate 
impacted areas, and to measure short term 
impacts and responses. Invertebrates were 
sampled at 9 stations, half as many stations as 
the fish, and clear differences among the urban, 
rural and reference stations were visible. 

Table 5  Summary of Macroinvertebrate Assemblage 
and Habitat Factors  
Station Average 

Number 
Taxa 

Ave. No. 
Low Tol. 

Taxa 

% Silt/ 
Clay 

% Slope 

U-5 14 0 33 0.15 

U-6 20 0 42 0.38 

U-7 29 0 31 0.82 

T-1 30 1 33 0.32 

T-3 20 2 2 0.91 

R-3 28 3 0 0.46 

R-5 22 3 6 1.16 

Ref-1 36 9 0 0.7 

Ref-2 44 15 0 0.91 

 

Figure 7.  Average Number of High Tolerance Macroinvertebrate Taxa
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The metric shows that the total number of 
taxa and the total number of EPT taxa are 
greater at the reference stations than at the rural 
and urban stations. The percent of individual 
EPT insects is similar at the reference and rural 
stations, but higher than at the urban stations.  
In other words, the total number of taxa relates 
information about diversity, but not population 
composition.  The reference stations have the 
greatest number and percent of low tolerance 
taxa, as well as percent of low tolerance 
individuals.  The rural stations have more low 
tolerance taxa and individuals than the urban 
stations. Evaluating low tolerance taxa appears 
to be a more discriminating measure than high 
tolerance taxa. The high-tolerance taxa appear 
everywhere (albeit in varying numbers) but low-
tolerance taxa only exist where the water quality 
is suitable. Since the tolerance metric is directly 
related to water quality it should be included in 
any future macroinvertebrate assemblage 
analysis. 

Table 5 is a summary of the average 
number of taxa and low tolerance taxa from the 
May and June sampling events as well as two 
representative measures of habitat conditions at 
the sampling stations: percent silt and clay and 
percent slope.  The habitat conditions can 
account for some of the macroinvertebrate 
variability, but not all.  For example at stations 
U-7 and T-3 the gradient is as high as at the 
reference stations, but the average number of 
low tolerance taxa is much lower.  This suggests 
that other factors, such as water quality may be 
influencing the macroinvertebrate community. 

The indicator will be most useful for 
measuring stormwater program effectiveness 
when evaluated in combination with other 
indicators and as a consistently generated, long-
term data set is developed for Coyote Creek.   
Also as the California Department of Fish and 
Game refines their Index of Biological Integrity 
(IBI) for first-to-third-order tributaries to the 
Russian River (Harrington et. al. 1999) the data 
from Coyote Creek may be able to be evaluated 
using this IBI. 

Refinement of Indicator 

All of the following refinements relate to 
sampling protocols. 

Water depths and unconsolidated 
substrates limit sampling effectiveness. The 
general direction of macroinvertebrate sampling 
in California is to sample only riffle habitats.  
The only inherent problem with this strategy is 
that if there are no riffle habitats in a particular 
reach of a creek, then the opportunity to use 
macroinvertebrates as an indicator is lost.   
Perhaps in these cases, i.e. locations where the 
water velocity is low and the substrate is 
predominantly silt and clay, the composition of 
the macroinvertebrate community  is obviously 
limited and sampling is not required to confirm 
the obvious. 

The number of organisms counted and 
identified from a composite sample varies 
among researchers.  The SEIDP 1999 study 
identified 400 (+ 20%) organisms from each 
sample.  Harrington et.al. (1999) used 300 
organism samples and Carter and Fend (2000) 
used 500 organisms.  The California 
Department of Fish and Game is establishing 
protocols, if 300 organisms is the sample size 
selected for analysis, it will decrease sorting time 
and thus costs.   

The number of kicks/jabs/rubs also varies 
among studies.  The SEIDP 1999 study 
followed the RBP protocols and collected 20 
subsamples to create the composite.  Carter and 
Fend collected five subsamples and Harrington 
et. al. collected three subsamples.  Jerry Terhune 
(personal communication) collects ten 
subsamples.  Clearly the number of subsamples 
collected to represent a monitoring station can 
be reduced from 20.  Local protocols, such as 
the California Department of Fish and Game’s 
three subsamples, can be used to guide the 
number of subsamples.  

Two sampling protocol items that should 
be clarified are:  how deep to sample in gravels 
and how long to rub rocks. 

In order to have comparable data sets it is 
critical that the taxonomy be carried to a similar 
level in subsequent studies. Also, regional 
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consistency in sampling protocols will improve 
the ability to compare data sets. 
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Appendix B 

Major Taxonomic Keys 

General Insects: 
Merritt, R. W. and K. W. Cummins (eds.) 

1996. An Introduction to the Aquatic Insects of 
North America.  Kendall/Hunt Publishing Co.  
Dubuque, Iowa. 862 pp. 

Plecoptera: 
Stewart, K.W. and B.P. Stark. 1988.  

Nymphs of North American Stonefly Genera 
(Plecoptera). Thomas Say Foundation Series, 
Entomological Society of America. College 
Park, Maryland.  460 pp. 

Tricoptera: 
Wiggens, G.B. 1996. Larvae of the North 

American Caddisfly Genera (Trichoptera).  
University of Toronto Press, Toronto.  457 pp. 

Chironomids: 
Wiederholm, T. (ed). 1983. Chironomidae 

of the Holarctic Region.  Keys and Diagnoses.  
Part 1. Larvae. Entomologica Scandinavica 
Supplement 19:1-457. 

General Inverts: 
Pennak, R.W. 1989. Freshwater 

Invertebrates of the United States (Protozoa to 
Mollusca). John Wiley and Sons, Inc. New 
York.  628 pp. 

J.H. Thorp and A. P Covich (eds.) 1991. 
Ecology and Classification of North American 
Freshwater Invertebrates. Academic Press, Inc. 
San Diego, Ca.  911 pp. 

Lights Manual: Intertidal Invertebrates of 
the Central California Coast. 3rd Edition  1975  
Edited by R.I. Smith and J.T. Carlton.  U.C. 
Press, Berkeley. CA. 717 pages. 

Mites: 
Cook, D.R. 1974. Water Mite Genera and 

Subgenera. Memoirs of the Entomological 
Institute. No. 21.  Ann Arbor, Michigan.  860 
pp. 

Snails: 
Burch, J.B. 1982. Freshwater Snails 

(Mollusca: Gastropoda) of North America. 
United States Environmental Protection Agency 
Publication 600/3-82-026. 


