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EXECUTIVE SUMMARY 
 
The Santa Clara Valley Water 5ƛǎǘǊƛŎǘΩǎ ό5ƛǎǘǊƛŎǘΩǎ) Ecological Monitoring and Assessment Program 

(EMAP) Framework is intended to be a multi-year effort to monitor and assess streams within the 

5ƛǎǘǊƛŎǘΩǎ ǇǊƛƳŀǊȅ ŀǊŜŀǎ ƻŦ ƛƴǘŜǊŜǎǘ ƛƴ {ŀƴǘŀ /ƭŀǊŀ /ƻǳƴǘȅΦ  This Stream Ecosystem Condition Profile is the 

first implementation of the EMAP Framework.  The assessment was conducted for the Coyote Creek 

watershed (including Upper Penitencia Creek subwatershed).  It is anticipated that other major 

watersheds will also be assessed in coming years. The EMAP Framework is fully described in the 

Ecological Monitoring and Assessment Framework Technical Plan (SCVWD 2010a).  The objectives of the 

EMAP Framework are to: 

1) Integrate state of the science methods and understanding of ecological conditions with 

District management actions;  

2) Integrate ecological monitoring activities within the District and with external efforts;  

3) Identify and prioritize gaps in existing ecological monitoring data necessary to answer 

important District management questions; 

4) Identify cost-effective approaches to address prioritized data gaps; and 

5) Ensure ongoing integrative and interpretive assessments and reporting of ecological 

data.   

 

¢ƘŜ 9a!t CǊŀƳŜǿƻǊƪ ǊŜǇǊŜǎŜƴǘǎ ŀ ǇŀǊŀŘƛƎƳ ǎƘƛŦǘ ƛƴ ǘƘŜ 5ƛǎǘǊƛŎǘΩǎ management of ecological resources 

that has been steadily evolving over the past 10 years.  Monitoring requirements, which are often 

mandated on a project by project basis, have lead to a piecemeal understanding of the stream 

ecosystem conditions.  Achieving the 5ƛǎǘǊƛŎǘΩǎ Water Resources Stewardship goal of healthy creek and 

bay ecosystems, however, requires a strategic approach to ecological data collection activities to 

evaluate whether District actions are contributing to improvements in the health of stream ecosystems.  

¢ƘŜ 5ƛǎǘǊƛŎǘΩǎ ŎǳǊǊŜƴǘ ŀǇǇǊƻŀŎƘ ǘƻ ŜǾŀƭǳŀǘƛƴƎ ŜŦŦŜŎǘƛǾŜƴŜǎǎ ƛƴ ƳŜŜǘƛƴƎ 5ƛǎǘǊƛŎǘ ǇƻƭƛŎƛŜǎ ŦƻŎǳǎŜǎ ƻƴ  

indicators such as volume of sediment removed from streams and acreages of mitigation implemented.  

While such indicators may effectively convey achievement of specific District actions, they do not 

convey their influence comprehensively vis-a-vis their effects on stream ecosystem conditions and 

functions.   

 

This Profile has been developed to inform decisions on the management of District facilities in the 

context of the watershed as a whole in order to maintain and improve stream ecosystem conditions.  

The District has relatively little ownership and control over streams relative to the vast drainage network 

in each watershed. Therefore, it is important for the District to clearly and transparently identify sources 

of risk to its core business that originate from areas within its control and from areas outside of District 

ownership. In doing so, the District can identify planning level recommendations that help inform 

decisions on District investments in cost-effective monitoring and management actions designed to 

improve stream ecosystem conditions.  The synthesized and improved knowledge of ecological 

resources gained from the EMAP Framework should make environmental permit negotiations, 

mitigation, and environmental stewardship actions more efficient and cost-effective. 
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This Profile describes the condition of stream ecosystem resources by synthesizing new and existing 

information on the health of stream ecosystems within a watershed.  ¦ǎƛƴƎ ǘƘŜ CǊŀƳŜǿƻǊƪΩǎ ŎƻƴŘƛǘƛƻƴ 

and risk assessment methods, ecological data were analyzed to provide watershed-specific guidance on 

the future design of monitoring efforts, flood control projects, water utility projects and 

maintenance/operations.  Consistent with the DistrictΩǎ DƻǾŜǊƴŀƴŎŜ tƻƭƛŎƛŜǎΣ ǎǳŎƘ ƎǳƛŘŀƴŎŜ ƛǎ ǇǊŜǎŜƴǘŜŘ 

in terms of monitoring and management actions that may be considered for adoption. For owned 

assets, the District could directly initiate actions and modifications.  For assets that the District does not 

own, it may work cooperatively with partners to protect and improve stream ecosystem resources or 

take a role of providing technical information and/or advocating for actions by others to improve stream 

ecosystem conditions.    

 

The EMAP Framework includes recommendations for how to establish Levels of Service (LOS) (numeric 

performance targets ς see p. 7) for stream ecosystems to help the District periodically assess progress 

towards meeting stewardship objectives and the appropriateness of associated strategies and 

measurable objectives.  These LOS can be established in each watershed by analyzing results of ambient 

surveys of stream ecosystem conditions.  It is anticipated that the District will establish LOS and 

narrative goals for stream ecosystem condition for each watershed as one means of evaluating 

performance in meeting its Stewardship Policy (Ann Draper, District, personal communication 2/2/11). 

 

The 1-2-3 Framework was selected as a model for developing the EMAP Framework.  The 1-2-3 

Framework is a toolkit designed to help resource managers identify and cost-effectively answer key 

questions about the performance of projects, programs, and policies intended to protect and manage 

aquatic resources.  The State Water Resources Control Board is planning to integrate it into under the 

new Wetlands and Riparian Areas Protection Policy (State Water Resources Control Board 2009), and 

EMAP Assessment Framework (1-2-3) 

Level 1 - Resource Inventories 
Level 1 data are maps illustrating the distribution and abundance of resources at the 
scale of landscapes, watersheds, regions, and the state based on interpretations of 
other maps, aerial photography, and satellite imagery.  These data are used to assess 
the distribution and abundance of aquatic resources and to track on-the-ground 
management actions and changes in resource condition.   

Level 2 - Rapid Condition Assessments 
Level 2 data measure overall stream ecosystem condition and functional 
capacity based on site-specific assessment using relatively rapid, semi-
quantitative data collection methods.  These data answer questions about 
the overall condition or health of resources relative to their expected or 
achievable levels of function and service and can include assessments of 
likely stressors that limit resource condition.  

Level 3 - Special Studies/Investigations 
Level 3 data quantify one aspect of site-specific resource conditions, stresses, processes, or functions relative to another 
based on intensive field observations and measurements.  Common examples include counts of wildlife per unit time or 
space, percent cover of vegetation, recreational use intensity, and flood frequency.  Level 3 data can be used to assess the 
performance of mitigation efforts and to otherwise meet the monitoring requirements of environmental regulatory permits.   
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their efforts are supported by Federal Agencies that implement the Clean Water Act.  The 1-2-3 

Framework is based on a 3-level system of classifying questions and data (see below).  

 

The EMAP Framework embodies the structure of the 1-2-3 Framework and directly reflects the District 

Act and Mission and Ends Policies (Figure ES-1).  The Framework is implemented through a series of 

steps, beginning with establishing a set of core management questions that support District watershed 

and asset management decision-making. The six core management questions are presented below: 

 
1) What is the extent and distribution of stream ecosystem resources?  

2) What are the conditions of stream ecosystem resources relative to their levels of services 

(i.e., how are they performing)?  

3) What are the likely sources of risk to stream ecosystem resources?  

4) What is the likelihood that sources of risk may negatively impact stream ecosystem 

conditions? 

5) What are the likely consequences of risk realization to stream ecosystem conditions? 

6) What are the monitoring and management actions that could improve or provide a better 

understanding of stream ecosystem conditions and reduce risk?   

 

 
 
Figure ES-1.  The Ecological Monitoring and Assessment Program Framework and its relationship to the District 
Act, Missions, Ends Policies, Programs, and Master Planning. 
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Summaries of answers to each core management question are presented below for the streams in the 

Coyote Creek Watershed. Each question was answered in such a way that they build on each other. A 

full discussion of each topic along with more detailed action recommendations are provided in the 

subsequent chapters of this report.  

 

1) What is the extent and distribution of stream ecosystem resources?  

To answer this question a base map (i.e., Level 1 data) was developed that depicts the extent and 

distribution of stream ecosystem resources, including riparian areas, wetlands, surface water hydrology 

(including engineered drainages), and areas of District fee title and easements.  These Level 1 data were 

summarized statistically and compared to historical (c. 1850) data, developed by Grossinger et al. 

(2006), to quantify the change in spatial extent and distribution of selected stream ecosystem resources 

over time. These analyses resulted in the following: 

· The modern day drainage network for the entire Coyote Creek watershed includes 2,830 
stream miles in eight different stream orders1. Ninety percent of the natural stream 
network is composed of first-, second- and third-order streams, most of which are in the 
upper non-urbanized portion of the watershed.   

· The Coyote Creek Valley now contains a dense network of over 900 miles of unnatural 
channels that include subsurface storm drains, engineered channels, and ditches.  This 
represents an approximate-eight-fold increase in stream miles from the historical 
hydrologic network.   

· Riparian width ranges from 0 meters to greater than 100 meters, with a greater range 

and higher levels of riparian functions corresponding to wider areas.  The modern day 

riparian areas tend to have medium to narrow widths.  About 73 percent (%) of the total 

stream miles in the Coyote Creek watershed have narrow riparian areas less than 30 

meters wide on either side.  The trend in historical changes in riparian width since about 

1800 has been to shift from medium width areas (30 ς 50m) to narrow areas (<30m). 

There has been almost a complete loss of very wide riparian areas (> 100m).  

 

2) What are the conditions of stream ecosystem resources relative to their 

Levels of Service (i.e., how are they performing)?   
This core management question was addressed through three subordinate questions, all of which were 

answered using Level 2 and Level 3 data.  Rapid Level 2 data help identify watershed patterns and 

provide the basis for developing hypotheses about why such patterns exist.  Intensive Level 3 data can 

be designed to test such hypotheses to help understand why the patterns exist and suggest what 

management or monitoring actions may support or improve stream ecosystem asset conditions. The 

following paragraphs provide brief summaries of answers to the three subordinate questions related to 

                                                           
1
 Stream order is a measure of the position of a stream in the hierarchy of tributaries in a drainage network; with lower-order 

streams occurring higher in the network, and higher-order streams occurring lower in the network. 
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California Rapid Assessment  
Method (CRAM) 

CRAM is a standardized cost-effective Level 2 method 
that is used to rapidly assess the overall condition of 
wetlands and riparian sites using visual indicators in the 
field. Overall site condition can be assessed in 1-3 hours 
by two more trained practitioners. For each site, CRAM 
assessments produce an Attribute Score for each of 
four attributes: 1) landscape context and buffer, 2) 
hydrology, 3) physical structure, and 4) biotic structure; 
and a single Index Score. An Attribute Score is 
calculated as the sum of its Metrics, converted into a 
percentage of the maximum possible score for the 
attribute. The site Index score is calculated by first 
summing attribute scores and then converting this sum 
into the maximum possible score for all attributes 
combined.  Site Index Scores range from 25 to 100 
points, with the maximum possible score (100) 
representing the best possible condition that is likely to 
be achieved for the type of wetland being assessed.  
¢ƘŜǊŜŦƻǊŜΣ ŀ ǎƛǘŜΩǎ LƴŘŜȄ ǎŎƻǊŜ ƛƴŘƛŎŀǘŜǎ Ƙƻǿ ƛǘǎ 
condition compares to the best achievable condition for 
that wetland type in the State of California.  

current conditions of stream ecosystem resources and Levels of Service that the District may choose to 

adopt.    

 

2-a) What are the conditions of stream ecosystem resources? 

The CRAM provides a hierarchy of scores.  For each area assessed, a CRAM Index score of overall stream 

ecosystem conditions is calculated (see sidebar).  As measured by CRAM, the Coyote Creek watershed 

exhibited a broader range of stream ecosystem asset 

conditions than the Upper Penitencia Creek 

subwatershed and higher condition scores (Figure ES-

2). Additionally, Figure ES-2 illustrates the 

distribution of stream miles among condition 

categories based on ambient CRAM index scores. The 

Coyote Creek watershed, as compared to the Upper 

Penitencia Creek subwatershed, had a higher 

proportion of stream miles in the high condition 

category, and fewer stream miles in the medium-high 

and medium-low categories.  Neither watershed had 

any stream miles in the lowest condition category. In 

general, the lowest condition scores were 

concentrated in the lower parts of the watersheds 

and in the transition zone between the lower and 

upper watersheds. The highest condition scores were 

concentrated in the upper watersheds with a few in 

the transition zone.  The lowest scores reflected 

channels with poor landscape and buffer condition 

due to proximity of adjacent development, poor 

hydrology condition due to associated storm drain networks and surface water management 

infrastructure, and in some cases poor biotic structure condition due to the prevalence of invasive 

species. The highest scores reflected the adjacency of undeveloped open-space lands, relatively 

unaltered hydrology, and typically good biotic structure. 

 

Interpretation of CRAM Index scores requires examination of their component attribute scores, which 

are illustrated in Figure ES-3.  Of the four CRAM Attributes, Physical Structure had the greatest impact 

on CRAM Index scores, followed by Biotic Structure for creeks in both Coyote Creek watershed and the 

Upper Penitencia subwatershed.  For the San Francisco Bay Region as a whole, low-order streams 

(uppermost tributaries in a watershed) tend to have high buffer and landscape context scores and 

relatively low physical structure scores.  
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Figure ES-2.  CRAM Index scores for ambient and targeted sites.  Score categories were determined by dividing the total possible range of CRAM Index 
scores into four equal intervals of 19 points each.  Four ambient sites in Upper Penitencia were removed from the map, but not the analyses due to land-
owner sensitivity.  Stream network data were acquired from the Bay Area Aquatic Resources Inventory (BAARI) - see www.californiawetlands.net. The 
Coyote Creek boundary is part of the CalWater 2.2.1 dataset; the Upper Penitencia Creek subwatershed boundary is from the District.  
 

 
. 

Upper Penitencia Creek  
Subwatershed 

Coyote Creek Watershed 

http://www.californiawetlands.net/
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Similar patterns were observed 

for Coyote Creek watershed and 

the Upper Penitencia Creek 

subwatershed. In general, stream 

ecosystem conditions measured 

at targeted fisheries and 

mitigation sites along the Coyote 

Creek mainstem reflected the 

range of conditions observed 

throughout the watershed.  A 

selection of Level 3 data related 

to fish and wildlife communities, 

hydrogeomorphology, vegetation 

characteristics, physical habitat, 

water quality, soil conditions, 

and toxicity were also assessed 

where they were available.  

These data exhibited a similar 

spatial pattern in which 

conditions were lowest in the 

mid-section of the Coyote Creek 

mainstem, approximately from 

upstream of Berryessa Road to 

Metcalf Pond.  Conditions upstream of Metcalf Pond were generally highest, while conditions 

downstream of Berryessa Road were generally moderate, though exceptions existed for some 

indicators. 

 

2-b) What are the Levels of Service for stream ecosystem resources?  

A Level of Service (LOS) is a benchmark of performance 

that can be applied to a system, service, asset or resource 

(see sidebar). The asset management paradigm that the 

District is adopting incorporates the concept of LOS for 

constructed assets (SCVWD 2009). LOS can be defined for 

non-constructed stream ecosystem resources at different 

spatial scales, from individual project sites to large 

watersheds.  The District has not adopted LOS for 

watersheds or subwatersheds to date, but it is anticipated that LOS for stream ecosystem condition will 

be developed in each watershed in the near future as one means of evaluating performance in meeting 

ǘƘŜ 5ƛǎǘǊƛŎǘΩǎ Water Resources Stewardship Policy.  The CRAM data collected through the probabilistic 

(ambient) sampling design present an opportunity to establish a Level 2 LOS for the entire Coyote Creek 

Watershed and the Upper Penitencia Creek subwatershed. CRAM data collected using a probabilistic 

sampling design can be used to generate a cumulative distribution function (CDF) depicting results for 

Level of Service (LOS) 

A LOS is a benchmark of performance that can be 
applied to a system, service or asset. A LOS is 
usually established for constructed assets (e.g., 
engineered channel), but can also be defined for 
non-constructed stream ecosystem resources, 
such as riparian forests and wetlands. An LOS can 
be established for different spatial scales, from 
individual project sites to large watersheds.   

 
 
 
 

Figure ES-3. CRAM Index and Attribute scores for the ambient 
survey of streams in the Coyote Creek watershed (orange bars) and 
Upper Penitencia subwatershed (blue bars). Bars are scores 
represented by the 50

th
 percentile (median) of stream miles, based 

on the corresponding cumulative distribution function. Error bars 
are the upper 95% confidence intervals at the 50

th
 percentile. 
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Ecosystem Services Index (ESI) 

An ESI is a watershed-based landscape-level 
statistic that can be used to describe the overall 
condition of stream ecosystem resources that 
have been assessed using the California Rapid 
Assessment Method (CRAM).  An ESI can serve as 
a quantitative LOS for stream ecosystem 
condition. 

 
 
 

each watershed.  From the CDF, a simple statistic can be 

generated that represents the area weighted average of 

all CRAM scores.  We refer to this simple statistic as the 

Ecological Services Index (ESI).  The ESI is used to track 

stream ecosystem condition over time.  The ESI can serve 

as the basis for establishing a quantitative LOS, and 

therefore the benchmark for performance.  When the ESI 

indicates that the LOS is not achieved or emerging issues 

or sources of risk are identified that threaten a LOS, priority management actions can be identified to 

raise the ESI by improving condition or managing associated stressors.  In this Profile, baseline data from 

Level 2 ambient CRAM surveys were translated into an ESI statistic that represents watershed-scale 

stream ecosystem condition (see sidebar).  Figure ES-4 illustrates that the ESIs for the Coyote Creek 

watershed and the Upper Penitencia Creek subwatershed are 75 and 73, respectively.    

 

Level 2 CRAM data from ambient surveys conducted in future years can be compared to a watershed 

LOS to track trends in condition. The District could also potentially adopt site-specific LOS based on Level 

2 CRAM data for mitigation and project sites in addition to, or in place of Level 3 performance targets 

that are traditionally required by permits. The latter would need to be negotiated with the permitting 

agencies and would only be suitable for certain projects for which measuring overall condition is an 

important part of performance standards.   

 

 
 

2-c) How do the existing ecological conditions compare to ecological Levels of Service (LOS)? 

Comparisons between existing ecological conditions, as measured by Level 2 CRAM surveys or Level 3 

data, and established LOS could provide the District with an understanding of how well ecological 

resources are functioning in comparison to established benchmarks. Watershed-scale ecological LOS 

have not been established yet by the District.  If the District chooses an ESI as its Level 2 LOS, then the 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure ES-4.  Ecological Services Index (ESI) statistics for the (A) Coyote Creek watershed, 95% Confidence 
interval = 72 ς 78 (n=77); and, (B) Upper Penitencia Creek subwatershed, 95% Confidence interval = 70 - 75 
(n=30). 

 

(A) (B) 
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watershed-scale ESIs for Coyote Creek and Upper Penitencia established during 2010 via CRAM, can be 

used to represent a benchmark for stream ecosystem conditions.  Once another ambient assessment 

has been completed in the future, a new ESI value can be calculated to compare to the 2010 ESI. This 

new ESI value will enable an assessment of time trends in stream ecosystem conditions that can be used 

to inform monitoring and management actions.   

 

An immediate and practical application of the ESI and associated CDF is to compare them with site-

specific CRAM scores from District mitigation sites.  These comparisons will demonstrate how mitigation 

sites are performing in the context of overall watershed condition. Additionally conducting CRAM 

surveys over time at District mitigation sites will allow the District to detect site-specific trends.   

 

3) What are the likely sources of risk to stream ecosystem conditions, 4) what is 
the likelihood that sources of risk may negatively impact stream ecosystem 
conditions, and 5) what are the likely consequences of risk realization to 
stream ecosystem conditions? 

 

Risk is the probability of a stressor negatively affecting stream ecosystem conditions and thus 

preventing the District from achieving an established LOS.  A stressor is a chemical or biological agent, 

environmental condition, an external stimulus or event that causes stress to a stream ecosystem. Risk is 

assessed (see sidebar) at each of the three EMAP Framework levels in order to leverage the different 

scale and resolution of Level 1-3 data, and maximize the cost-effectiveness inherent in the higher Levels 

of data. 

 
The pilot risk assessment conducted at Level 1 focused 

on mapping the geographic extent of areas beyond direct 

District management control relative to the locations of 

stream ecosystem resources in the DistrictΩǎ Area of 

Interest and Primary Area of Interest.  The District has 

fee title or easement for approximately three percent of 

the stream miles in the Coyote Watershed. The Level 1 

base map (Chapter 2) illustrates that District land 

ownership/easement is limited to relatively small areas of the lower part of the Coyote Creek watershed 

drainage network that are greatly influenced by natural and human-induced physical processes deriving 

from relatively large areas of the upper watershed.  The success of District management actions, 

therefore, is influenced by upstream and downstream processes and events over which the District has 

ƭƛǘǘƭŜ ƻǊ ƴƻ ŎƻƴǘǊƻƭΦ  !ǎ ŀ ǊŜǎǳƭǘΣ ǘƘŜ ǾŜǊȅ ƭƛƳƛǘŜŘ ƎŜƻƎǊŀǇƘƛŎ ŜȄǘŜƴǘ ƻŦ ǘƘŜ 5ƛǎǘǊƛŎǘΩǎ ŀǳǘƘƻǊƛǘȅ ǿƛǘƘƛƴ the 

greater stream ecosystem translates into the following considerable risk: 1) District watershed 

stewardship goals will not be met, unless they are carefully and explicitly limited to what the District can 

control and 2) the District will not be able to control the condition of the stream ecosystem resources 

owned and/or managed by the District.  Effectively managing this risk requires knowledge of the specific 

stressors that are outside District control so that the District can partner or advocate for measures that 

can mitigate the risk. 

Ecological Risk Assessment 

An ecological risk assessment is an application 
of a formal framework, analytical process, or 
model to estimate the effects of stressors on a 
stream ecosystem and to interpret the 
significance of those effects given associated 
uncertainties. Ecological risk assessments can 
be made using Level 1, 2, and 3 data. 
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The Level 2 risk assessment identified the stressors that have historically and/or are currently, impacting 

stream ecosystem resources at the watershed-scale. Stressors include those that were observed 

through the CRAM ambient surveys and previous studies. Per the EMAP Framework, stressors are 

discussed in the context of the Level 2 stream ecosystem condition conceptual model (Figure ES-5). As 

illustrated in Figure ES-5, the stream ecosystem condition model classifies stressors in terms of those 

that are naturally occurring (brown and blue boxes) and those that are related to anthropogenic 

activities (orange boxes). Ecological risk is characterized by whether stressors originate within or outside 

the DistrictΩǎ Area or Interest or control. Stressors that occur within direct District control inform 

priorities for future monitoring and management actions that may maintain and/or improve stream 

ecosystem conditions and inform funding mechanisms to invest in stream ecosystem health.  Stressors 

that are beyond direct District control may provide potential opportunities for cooperative stewardship 

and/or advocacy with external agencies, organizations, and landowners.   

 

{Ǉŀǘƛŀƭ ǇŀǘǘŜǊƴǎ ƻŦ άƘƛƎƘ-Ǌƛǎƪέ ǎƛǘŜǎ (see section 3.1.2) and associated stressors in the Coyote Creek 

watershed and Upper Penitencia Creek subwatershed were identified via Level 2 CRAM surveys.  Risk 

associated with each CRAM attribute are summarized in Table ES-1. Though it is difficult to accurately 

predict whether or not the consequences of future sources of risk to stream ecosystem asset conditions 

will be realized, it is possible to indicate their likelihood and probable ecological consequences, in terms 

of the CRAM attributes and metrics.  

 

Risk was also assessed using selected existing Level 3 data, to identify stressors at a finer scale than 

Level 1 or 2 data allow, and to help interpret risk indicated by Level 2 data.     The context for this 

exploration was the Level 3 management question identified by District staff:  άIow does physical 

habitat affect native fish populations?έ   Combining Level 2 data (CRAM scores) and multiple types of 

Level 3 data, ranging from biological, physical habitat, fundamental geomorphic structure, and water 

and sediment quality provided insight into the potential causes of low fish population metrics observed 

in the Coyote Creek watershed.  For example, native fish diversity and abundance were lowest in the 

middle Coyote Creek mainstem reaches, where physical and chemical conditions were also generally 

poor. Such insights are discussed at greater length in Chapter 3. 

 

6) What actions can be taken to improve or better understand stream 
ecosystem conditions and reduce associated risk?   
 
This core management question is addressed in two sections.  The first addresses potential monitoring 

actions, and the second addresses potential management actions.  Since the District has relatively little 

ownership and control over streams relative to the vast drainage network in each watershed, it is 

important for the District to identify sources of risk to core District business that originate from areas 

within its control and from areas outside of District ownership, and to identify planning level 

recommendations that help the District make informed decisions on investments in cost-effective 

monitoring and management actions.  Both sections addressing this management question distinguish 

between actions that are implemented through the three fundamental action strategies used in the 
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District Ends Policies: independent District actions, cooperative stewardship, and advocacy/technical 

support.  Management actions recommended for District consideration are summarized in Table ES-2. 
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Table ES-1. Level 2 watershed-scale risk assessment conclusions based on CRAM surveys and qualitative assessment of risk realization consequences. 
CRAM 

Attributes 
Level 2 Risk Summary Consequence of Risk Realization 

Buffer and 

Landscape 

Connectivity 

The extent and severity of future impacts to riparian areas ultimately depends on the relative 
strength of: 1) the protection of riparian buffers via policies and ordinances and 2) the extent 
to which existing urban growth boundaries are maintained. Relative to the legacy impacts 
from rapid urban expansion since 1950, impacts to buffers and landscape connectivity from 
future infill and redevelopment is expected to be less overall due to the limited area available 
for new development within the urban growth boundary, and current redevelopment policies 
that require greater setbacks, improved stream bank stability, and more robust planting 
designs than were implemented during original construction. 

If riparian areas continue to be further encroached upon and 
interrupted by structures and transportation corridors, it is likely 
that impacts will occur to riparian functions and key stream 
ecosystem resources such as fisheries, channel capacity for flood 
and storm flows, wildlife habitat, riparian forests, wetlands, and 
green spaces.   

Hydrology If unmitigated infill development and expansion occurs within or outside urban growth 
boundaries, runoff into the stream ecosystem will likely increase, and more streams in the 
watershed may experience impacts due to hydromodification.  The magnitude and extent of 
such impacts largely depends on the effectiveness of hydromodification controls 
implemented in compliance with the Municipal Regional Stormwater Permit (MRP).

2
 

Additionally, tƘŜ 5ƛǎǘǊƛŎǘΩǎ ƻǇŜǊŀǘƛƻƴ ŀƴŘ ƳŀƛƴǘŜƴŀƴŎŜ ƻŦ ŦƭƻƻŘ ŎƻƴǘǊƻƭ ŀƴŘ ǿŀǘŜǊ ǎǳǇǇƭȅ 
facilities could also continue to contribute to hydromodification in the Coyote Creek 
watershed without adjusting existing maintenance and operation activities to focus more on 
improving the hydrograph to support key aquatic, riparian, and upland habitats.   

If hydromodification controls included in the MRP do not 
successfully maintain the existing hydrograph or improve it, then 
urban development, associated infrastructure, and impervious 
surfaces will continue to increase runoff to storm drain networks, 
and cause a suite of related impacts, including reduced floodplain 
and in-stream ecological and hydrological functions. The extent 
to which operation and maintenance practices for flood control 
and water supply can successfully contribute to improved 
hydrology will determine the relative impacts of District 
management to stream ecosystem asset conditions. 

Physical 

Structure 

The relative success of hydromodification controls, flood control designs, and riparian policy 
and ordinance enforcement will largely determine the degree to which physical structure is 
impacted in the future (beyond ongoing adjustment due to legacy impacts).  Physical 
structure may be impacted by future channel stabilization projects, including the Mid-Coyote, 
Upper Penitencia, Lower Silver and Lake Cunningham Flood Control Projects unless designs 
and implementation successfully address both flood control and ecological objectives. 
Additionally, some degradation of stream ecosystem conditions due to livestock grazing will 
likely continue in areas where cattle have access to streams or their riparian areas. 

The consequences of continued impacts to physical structure 
would include loss of channel topographic complexity, which 
leads to degraded habitat quality for fisheries, aquatic organisms, 
and riparian wildlife.  

Biotic 

Structure 

Potential impacts to biotic structure are associated with urbanization, livestock grazing and 
recreation. Many of these stressors are beyond District control. The magnitude and extent of 
these impacts depends on 1) the distribution of development that is not subject to regulation 
under the MRP or other state and federal policies affecting development; 2) the relative 
effectiveness of hydromodification controls that are implemented (including Low Impact 
Development provisions in the MRP, and in flood control and mitigation project designs); 3) 
the extent to which adequate riparian protection policies and ordinances are established and 
enforced; 4) whether the municipal urban growth boundaries expand; and 5) whether Best 
Management Practices for livestock  uses are incentivized and implemented.  

The consequences of continued degradation of biotic structure 
would include degradation and loss of aquatic and riparian 
habitat, which would impact the distribution, diversity, and 
abundance of native fisheries, aquatic organisms, and riparian 
wildlife.  Key stream ecosystem resources that would be 
impacted include short or long-term surface water storage, 
energy dissipation, nutrient cycling, pollutant filtration and 
removal, retention of particulates, export of organic carbon, and 
maintenance of plant and animal communities.  

                                                           
2 Effective December 1, 2011. 
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Table ES-2.  Monitoring and management actions recommended for District consideration to better understand stream 
ecosystem conditions and reduce associated risk.  Monitoring recommendations are identified as either generally 
applying to all watersheds (General) or Coyote-watershed specific (Coyote-specific).  All management recommendations 
are Coyote-specific. 

Monitoring and Management Actions Recommended for District Consideration 
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Monitoring Actions 
Include all areas of potential urban development in District Primary Areas of Interest for each watershed to 
define the geographic scope of ambient condition monitoring efforts. (General) 

X   

Conduct ambient
3
 and targeted CRAM surveys

4
 ŦƻǊ ŜŀŎƘ ǿŀǘŜǊǎƘŜŘ ƛƴ ǘƘŜ 5ƛǎǘǊƛŎǘΩǎ tǊƛƳŀǊȅ !ǊŜŀ ƻŦ LƴǘŜǊŜǎǘ ƛƴ 

coordination with other District programs and projects.  (General) 
X   

9ȄǇƭƻǊŜ ƻǇǘƛƻƴǎ ǘƻ ŀǳƎƳŜƴǘ ŀƳōƛŜƴǘ [ŜǾŜƭ н ǎǳǊǾŜȅǎ ŘŜǎƛƎƴŜŘ ŦƻǊ ǘƘŜ 5ƛǎǘǊƛŎǘΩǎ tǊƛƳŀǊȅ !ǊŜŀ ƻŦ LƴǘŜǊŜǎǘ with 
nested surveys at a finer geographic resolution to improve the ability of the Framework to inform site-specific 
recommendations.  (General)   

X   

Explore the project-based application of CRAM as a cost-effective method to assess project sites before and 
after implementation. (General) 

X   

Consider options for using CRAM as a tool to help evaluate the need for more intensive and costly Level 3 data. 
(General) 

X   

Further examine relationships between native fish diversity and abundance, physical habitat, and selected water 
quality parameters to more robustly test the extent to which the spatial patterns in native fish diversity are 
driven by physical habitat versus water quality. (General)  

X   

Address a high ǇǊƛƻǊƛǘȅ ǉǳŜǎǘƛƻƴ ƛŘŜƴǘƛŦƛŜŘ ǘƘǊƻǳƎƘ ǘƘŜ 9a!C /ƻƴŎŜǇǘ tƛƭƻǘΥ  άŘƻ ŎǳǊǊŜƴǘ ǿŀǘŜǊ ǎǳǇǇƭȅ 
operations (specifically imported water and associated groundwater operations) in Upper Penitencia Creek 
positively or negatively impact targeted species, steelhead and Pacific lamprey, and habitat conditions that are 
ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ ƴŜŎŜǎǎŀǊȅ ŀƴŘκƻǊ ŎǊƛǘƛŎŀƭ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜƳΚέ ōȅ ǎŀƳǇƭƛƴƎ ǘƘŜ ¦ǇǇŜǊ tŜƴƛǘŜƴŎƛŀ /ǊŜŜƪ ŦƛǎƘŜǊȅ ǘƻ 
estimate the size and structure of the steelhead population, identify the areas of habitat they use, their seasonal 
movement, and the size of the run/cohorts. (Coyote-specific)  

X   

Consider long-term Level 3 data needs to support District programs and projects. (General) X   
Explore opportunities to coordinate with partners to augment ambient [ŜǾŜƭ н ǎǳǊǾŜȅǎ ŘŜǎƛƎƴŜŘ ŦƻǊ ǘƘŜ 5ƛǎǘǊƛŎǘΩǎ 
Primary Area of Interest to include the remainder of the watershed areas. (General) 

 X  

Participate in regional monitoring networks that are designed to 1) detect trends in regional risk and 2) evaluate 
regulatory policies. (General )  

 X  

Participate in and/or track efforts to conduct CRAM surveys in the Halls Valley area that could not be included in 
the EMAF 2010 survey. (Coyote-specific) 

 X  

Management Actions 
Adopt Stewardship Levels of Service for watersheds and subwatersheds where appropriate.   X   
Alter management of impoundments (e.g., recharge facilities) to support multi-objectives including support of 
stream ecosystem conditions.  For instance, as feasible, incorporate actions that encourage flushing of aggraded 
sediment through the Coyote Creek mainstem by implementing alternative management of recharge facilities.  
Such measures would improve habitat for anadromous fish and increase CRAM attribute scores. 

X   

Design
5
 the Mid-Coyote Flood Control Project to meet flood control objectives and objectives to enhance stream 

ecosystem conditions by increasing gradient and floodplain connectivity.  
X   

Design
3
 the Upper Penitencia Creek Flood Control Project to meet flood control objectives and objectives to 

enhance stream ecosystem conditions, particularly physical structure, by reducing bank slopes to establish new 
floodplains and allow for channel lateral migration as feasible. 

X   

Consider in the design for the Lower silver Creek Flood Control Project opportunities to address the issue of high 
turbidity, coordinate with AMP continuous creek surveys to identify areas contributing fine sediment, and 

X   

                                                           
3 Ambient surveys can provide a baseline ecological LOS to: 1) evaluate trends in watershed health (stream ecosystem conditions); 2) evaluate mitigation 
site condition (pre-and post-implementation) relative to watershed health, and 3) prioritize mitigation site acquisition and/or mitigation implementation. 
4 Both ambient and targeted CRAM surveys can serve as cost-effective screening tools to help evaluate the need for more intensive and costly Level 3 data. 
5 Consult the SCVURPPP (2003a) report for reach-specific planning level recommendations and Grossinger et al. (2006) historical ecology palette to assist 
with the project design. 



 

Final EMAF TR2:  Executive Summary Page 14 
 

Monitoring and Management Actions Recommended for District Consideration 
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conduct CRAM surveys to establish pre-and post project conditions. 

Design the Lake Cunningham flood control project to restore some of the riparian and wetland resources as part 
of the detention basin plan.  Consult Grossinger et al. (2006) to assist with the restoration design. 

X   

Continue to participate in the Santa Clara Valley Habitat Conservation Plan that provides a mechanism for the 
District to partner with others in watershed stewardship and as a forum for advocating for stream stewardship. 

 X X 

Through collaborations, review and prioritize reach-scale management actions recommended by previous Level 
3 watershed studies such as Biotic Resources Group (2001), SCVURPPP (2003a) and Stillwater Sciences (2006), 
and consider strategies to implement high priority actions. 

 X  

Remain engaged in forums where land use policies are discussed to advocate for: 1) retention of current urban 
growth boundaries; 2) implementation of riparian and wetland protection policies; 3) urban development plans 
and land management actions that provide opportunities to enhance wetland and riparian areas and achieve 
flood control and water supply objectives; and 4) development and implementation of measures by private 
landowners who are actively grazing and mowing in the upper watershed to implement ranchland best 
management practices. 

  X 

Share information from CRAM surveys about observed stressors and sites that could be improved or protected 
with agencies working in those areas. 

  X 
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Chapter 1.0  Introduction 
 
¢Ƙƛǎ ŎƘŀǇǘŜǊ ƛƴǘǊƻŘǳŎŜǎ ǘƘŜ 5ƛǎǘǊƛŎǘΩǎ 9ŎƻƭƻƎƛŎŀƭ aƻƴƛǘƻǊƛƴƎ ŀƴŘ !ǎǎŜǎǎƳŜƴǘ tǊƻƎǊŀƳ CǊŀƳŜǿƻǊƪ ŀƴŘ 
provides an overview of its pilot implementation in the Coyote Creek watershed. 

1.1  Overview and Purpose of Framework 
 
¢ƘŜ {ŀƴǘŀ /ƭŀǊŀ ±ŀƭƭŜȅ ²ŀǘŜǊ 5ƛǎǘǊƛŎǘΩǎ ό5ƛǎǘǊƛŎǘύ 9ŎƻƭƻƎƛŎŀƭ aƻƴƛǘƻǊƛƴƎ ŀƴŘ !ǎǎŜǎǎƳŜƴǘ tǊƻƎǊŀƳ ό9a!t) 

Framework is a multi-year effort to monitor and assess streams within the DistrictΩǎ ǇǊƛƳŀǊȅ areas of 

interest in Santa Clara County.  The overall goal of the EMAP Framework is to provide cost-effective, 

scientifically based and integrated information on stream ecosystem conditions to answer key questions 

about the performance of projects, programs, and policies intended to protect and manage water 

resources.  It represents a paradigm shift in the DistrictΩǎ management of ecological resources that has 

been steadily evolving over the past 10 years.  Monitoring requirements, which are often mandated on a 

project-by-project basis, have lead to a piecemeal understanding of stream ecosystem conditions.  

Achieving the goal of healthy creek and bay ecosystems, however, requires a strategic approach to 

ecological data collection activities in order to evaluate whether stewardship actions are contributing to 

ƛƳǇǊƻǾŜƳŜƴǘǎ ƛƴ ǘƘŜ ƘŜŀƭǘƘ ƻŦ ǎǘǊŜŀƳ ŜŎƻǎȅǎǘŜƳǎΦ  ¢ƘŜ 5ƛǎǘǊƛŎǘΩǎ ŎǳǊǊŜƴǘ ŀǇǇǊƻŀŎƘ ǘƻ ŜǾŀƭǳŀǘƛƴƎ 

effectiveness in meeting District policies focuses on individual indicators such as volume of sediment 

removed from streams.  While such indicators may effectively convey achievement of specific District 

actions, they do not convey their influence comprehensively vis-a-vis their effects on stream ecosystem 

conditions and functions.   

 

The EMAP Framework includes recommendations for how to establish Levels of Service (numeric 

performance targets) for stream ecosystems to help the District periodically assess progress towards 

meeting stewardship objectives and the appropriateness of associated strategies and measurable 

objectives.  These Levels of Service (LOS) can be established in each watershed by analyzing results of 

ambient surveys of stream ecosystem conditions.  It is anticipated that the District will establish LOS for 

stream ecosystem condition for each watershed as one means of evaluating performance in meeting its 

Stewardship Policy (Ann Draper, SCVWD, personal communication 2/2/11). 

 

Periodic assessments can be done to determine if the LOS is being achieved, to identify sources of risk to 

the LOS and to identify actions needed to maintain or improve the conditions.   The results of these 

assessments are summarized into a simple statistic referred to as the Ecological Services Index (ESI) of 

stream ecosystem condition.  The ESI is a tool that may be used to track stream ecosystem conditions 

over time relative to established LOS.  An analogy is to think of the ESI as a dial that reflects condition 

over time.  ¢ƘŜ 9{L Ƴŀȅ ǎǘŀȅ ǘƘŜ ǎŀƳŜ όƛƴŘƛŎŀǘƛƴƎ ǘƘŀǘ ƻǾŜǊŀƭƭ ŎƻƴŘƛǘƛƻƴ ƘŀǎƴΩǘ changed), increase 

(indicating that overall condition has improved), or decrease (indicating that overall condition has 

decreased) as a result of different management actions or natural events.  When the ESI indicates that a 

LOS is not achieved or emerging issues or sources of risk are identified that threaten a LOS, then priority 

management actions can be identified to raise the ESI by improving conditions and/or managing 
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associated stressors.  This tool will enable the District to establish expectations about what conditions 

can be reasonably achieved and to identify associated investment costs.  For example, it may make 

more sense to target improvements in an un-engineered reach with degraded stream ecosystem 

conditions than to invest capital to improve the condition of a storm drain that has little potential for 

providing ecological functions.  Such actions and their Incremental costs can be determined and 

translated into District project plans and annual budgets.    

 

The results of assessments are summarized in Stream Ecosystem Condition Profiles (Profile) that 

synthesizing information on the health of stream ecosystems within a watershed.  Using the 

CǊŀƳŜǿƻǊƪΩǎ ŎƻƴŘƛǘƛƻƴ ŀƴŘ Ǌƛǎƪ ŀǎǎŜǎǎƳŜƴǘ ƳŜǘƘƻŘǎΣ ŜŎƻƭƻƎƛŎŀƭ Řŀǘŀ ŀǊŜ ŀƴŀƭȅȊŜŘ ǘƻ provide watershed 

specific guidance on the future design of monitoring efforts, flood control projects, water utility projects 

and maintenance/operations.  Stressors that potentially threaten stream ecosystem resources and pose 

risks to them are first discussed in terms of whether they are within or beyond District control.   The 

District has relatively little ownership and control over streams relative to the vast drainage network in 

each watershed.  Therefore, it is important for the District to clearly and transparently identify sources 

of risk to its core business that originate from areas within its control and from areas outside of District 

ownership.  In doing so, the District can identify recommendations that help make informed decisions 

on District investments in cost-effective monitoring and management actions designed to improve 

stream ecosystem conditions.  The District has three basic strategies it can take to influence such 

improvements.  For assets that it owns, the District can directly initiate actions and modifications.  For 

assets that the District does not own, it may work cooperatively with partners to achieve a desired LOS.  

Finally, the District may take a role of providing technical information or being an advocate for actions 

by others.  Monitoring and management actions are identified and recommendations made to improve 

stream ecosystem conditions and classified and presented according to the three strategies discussed 

above.  Results may also be used to reassess past monitoring requirements, set priorities for cost-

effective monitoring, and inform negotiations with regulatory agencies.  

 

This Profile describes the condition of stream ecosystem resources in the Coyote Watershed, and 

provides detailed attention to the Coyote Creek mainstem and the Upper Penitencia subwatershed.  The 

Coyote Creek watershed was chosen as the focal area for this pilot implementation of the Framework in 

order to leverage the opportunity to use regional grant-funded data development for this watershed 

(www.wrmp.org/prop50).  In addition, the Upper Penitencia Creek subwatershed was chosen, because 

ǘƘŜ 5ƛǎǘǊƛŎǘΩǎ !ǎǎŜǘ aŀƴŀƎŜƳŜƴǘ tǊƻƎǊŀƳ ό!atύ ǿŀǎ ŀ ŎǊƛǘƛŎŀƭ ŘǊƛǾŜǊ of the EMAP Project, and the AMP 

assessment work in the Upper Penitencia Creek Watershed provided an opportunity for EMAF to 

understand the AMP approach and create a Framework to support their ecological data needs and 

assessment of ecological risk.  Both the Coyote Creek watershed and the Upper Penitencia Creek 

subwatershed are home to Multiple District programs such as the Three Creeks Habitat Conservation 

Plan, the Stream Maintenance Program, multiple flood control projects, as well as partner programs 

such as the Valley Habitat Conservation Plan.   Collectively these efforts and associated data provided an 

opportunity to demonstrate how associated management issues could be addressed in the Framework. 

 

http://www.wrmp.org/prop50
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This Profile for the Coyote Creek Watershed is the fƛǊǎǘ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ 5ƛǎǘǊƛŎǘΩǎ 9a!t 

Framework.   Because the EMAP Framework represents a cutting-edge approach in water resources 

management, this Profile was designed as a pilot effort to demonstrate how the Framework can be 

applied at the District and to identify needed improvements in the technical approach and reporting 

format.   It is anticipated that other major watersheds will also be assessed in coming years.  Because 

this is the first time that the District has undertaken an integrated monitoring and assessment approach 

of this magnitude and purpose, this pilot emphasized addressing major data gaps associated with 

stream ecosystem conditions   The Framework will continue to evolve through adaptive 

implementation.  

 

The remainder of this Profile is organized as follows: 

 

 Introductory Chapter:  from this point forward, this chapter presents key concepts of the EMAP 

Framework and its relationship to existing regulatory policy and to the District.  It then describes 

how the Framework was implemented, including discussion of the management questions and 

the associated scope of monitoring conducted to address them, as well as an overview of the 

data collection methods used. 

 

 Chapter Two:  focuses on describing the results of implementing ǘƘŜ CǊŀƳŜǿƻǊƪΩs Condition 

Assessment.  It first describes the extent and distribution of stream ecosystem resources in the 

Coyote Creek watershed, and then discusses the conditions of stream ecosystem resources 

relative to their Levels of Service.  Lastly, this chapter discusses results of an analysis that 

explored how physical habitat measured in the assessment affects native fish populations. 

 

 Chapter Three:  identifies the likely sources of risk to stream ecosystem resources and discusses 

the likelihood that sources of risk (i.e., stressors) may negatively influence stream ecosystem 

resources.   

 

 Chapter Four:  discusses the likely consequences of risk realization and presents recommended 

actions that may be considered to address risk and maintain and/or improve stream ecosystem 

conditions.  

 

 References and Glossary of Terms:  citations of reference documents used throughout the 

report and common terms are presented at the end of the main body of the report. 

 

 Appendix A:  presents the technical details of the Profile, including 1) methods for sampling 

design, site access, fieldwork, data quality assurance and management, data analysis, and map 

products; and 2) conceptual models. 
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1.2  Ecological Monitoring and Assessment Program Framework 

 
The District selected the 1-2-3 Framework (Sutula et al. 2008) as a model for developing the EMAP 

Framework (SCVWD 2010a).  The 1-2-3 Framework is a toolkit designed to help resource managers 

identify and cost-effectively answer their key questions about the performance of projects, programs, 

and policies intended to protect and manage aquatic resources.  Cost-effectiveness is achieved by 

maximizing the use of less-expensive, coarser scale Level 1 and 2 data to answer management 

questions, and strategically guide the collection of more expensive and intensive Level 3 data collection.  

More detailed descriptions of each Level follow below.    

 

Level 1.   Landscape Resource Maps and Inventories. 

Most Level 1 data are maps of the distribution and abundance of resources at the scale of landscapes, 

watersheds, regions, and the state.  Level 1 data are used to assess the distribution and abundance of 

aquatic resources, guide on-the-ground management actions and track gross changes in resource 

condition.  Level 1 data also include estimates of change in the distribution and abundance of resources 

based on comprehensive map updates (i.e., all the resources are re-mapped) or re-mapping a sample of 

the resources. Comprehensive Level 1 maps define the full extent of the resources and can serve as 

sample frames for surveying their condition using Level 2 and Level 3 tools. SFEI is developing several 

Level 1 base map layers (hydrology, wetlands, and riparian areas) for the San Francisco Bay Area the 

base maps throughout the Bay Area, referred to as the Bay Area Aquatic Resource Inventory (BAARI).  

The BAARI data are part of a statewide effort endorsed by the California Water Quality Monitoring 

Council (2010) to implement the California Aquatic Resource Inventory (CARI) as the standard Level 1 

dataset for supporting water quality protection and management.  

 

Level 2.   Rapid Assessment of Overall Stream Ecosystem Condition. 

Level 2 data measure overall stream ecosystem condition and functional capacity based on site-specific 

assessment using relatively rapid, semi-quantitative data collection methods.  Level 2 data answer 

questions about the overall condition or health of resources relative to their expected or achievable 

kinds and levels of function and service, and can include assessments of likely stressors that limit 

resource condition.  The California Water Quality Monitoring Council (2010) is encouraging the use of 

the California Rapid Assessment Method (CRAM) (Collins et al. 2008) as the primary Level 2 tool for 

assessing wetlands, wadeable streams, and associated riparian areas in California.  CRAM can be used to 

assess the overall condition and performance of projects as well as ambient or background condition.   

Level 2 surveys of ambient condition can also serve to prioritize Level 3 data collection.  

 

Level 3.  Intensive Investigations of Targeted Resources. 

Level 3 data quantify targeted aspects of site-specific resource functions, processes, and stresses based 

on intensive field observations and measurements. Common examples include counts of wildlife per 

unit time or space, percent cover of vegetation, recreational use intensity, and flood frequency.  One 

use of Level 3 data by the District is to assess mitigation efforts and meet the monitoring requirements 

of environmental regulatory permits.  Level 3 data are also necessary to validate and strengthen the 
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interpretation of Level 2 data and to diagnose the causes of aquatic resource condition as assessed using 

Levels 1 and 2 tools.   

 

1.2.1  Framework Relationship to Wetland Protection Policy 

The 1-2-3 Framework was developed by a consortium of federal and state agencies to increase the 

capacity of California to assess the status and trends of wetlands, streams, and riparian areas, and to 

assess the performance of related state policies, programs, and projects.  Implementation of the 1-2-3 

Framework has been recommended by the California Water Quality Monitoring Council (2010) and is 

the identified approach to evaluate the condition of streams across the state in the draft California 

Wetland and Riparian Area Protection Policy (WRAPP), which is currently under development by the 

State Water Resources Control Board (SWRCB).   It is also being considered for incorporation into the 

Stream and Wetland Systems Protection Policy currently under development by the San Francisco Bay 

and North Coast Regional Water Quality Control Boards. 

 

1.2.2  Framework Relationship to the District 

The EMAP Framework (Framework) (Figure 1-1) embodies the structure of the 1-2-3 Framework and 

directly reflects District Directives, including the District Act, Mission and Ends Policies, and Strategic 

Plans (SCVWD 2010a).  ¢ƘŜ 5ƛǎǘǊƛŎǘΩǎ ²ŀǘŜǊ wŜǎƻǳǊŎŜǎ {ǘŜǿŀǊŘǎƘƛǇ ǇƻƭƛŎȅ ǎǘŀǘŜǎ ǘƘŀǘ άThere is water 

resources stewardship to protect and enhance watersheds and natural resources and to improve the 

quality of life in Santa Clara County.έ  Lƴ ǎǳǇǇƻǊǘ ƻŦ ǘƘŀǘ ǇƻƭƛŎȅΣ ǘƘŜ 5ƛǎǘǊƛŎǘΩǎ .ƻŀǊŘ ƻŦ 5ƛǊŜŎǘƻǊǎ Ƙŀǎ 

adopted the goal of healthy creek and bay ecosystems by 1) balancing water supply, natural flood 

protection and water resources stewardship functions; 2) improving watersheds, streams and natural 

resources, and 3) promoting awareness of creek and bay ecosystem functions.   

 

The objectives of the EMAP Framework are to: 

(1) Integrate state of the science scientific methods and understanding of ecological conditions with 

District management actions;  

(2) Integrate ecological monitoring activities within the District and with external efforts;  

(3) Identify and prioritize gaps in existing ecological monitoring data necessary to answer important 

District management questions; 

(4) Identify cost-effective approaches to address prioritized data gaps; 

(5) Ensure ongoing integrative and interpretive assessments and reporting of ecological data.   
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Figure 1-1.  The Ecological Monitoring and Assessment Program Framework and its relationship to the District 
Act, Missions, Ends Policies, Programs, and Master Planning. 

 
The Framework and the process of implementing it are described in detail in the Ecological Monitoring 

and Assessment Framework Technical Plan (SCVWD 2010a).  In short, ecological data collection is driven 

by clearly articulated management questions that are translated into monitoring questions.  Key steps in 

the Framework include:   

 

 developing conceptual models and selecting indicators to characterize stream ecosystem 

components and relationships, identify important components and processes and related 

scientific assumptions;  

 evaluating existing data in the context of these conceptual models to identify data gaps that 

need to be filled by ecological data collection;  

 developing and implementing a data collection plan using accepted standard data collection and 

data management methods and adopted ISO data quality assurance procedures; 
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 analyzing and interpreting ecological data to evaluate the condition of stream ecosystem 

resources and associated sources of risk, and develop a prioritized list of planning-level 

management and monitoring actions; and 

 reporting results and recommended actions in a comprehensive and standard format that 

clearly communicates information to District staff to provide an adaptive management feedback 

loop, and to the public to convey progress towards meeting stewardship goals and objectives.  

 

The planning-level management and monitoring recommendations identified in Stream Ecosystem 

Profiles are prioritized actions for maintaining and improving stream ecosystem condition to achieve 

performance targets.  ¢ƘŜȅ ǎŜǊǾŜ ŀǎ ǎǘǊŀǘŜƎƛŜǎ ŀƴŘ ƛƳǇƭŜƳŜƴǘƛƴƎ ƳŜŀǎǳǊŜǎ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ .ƻŀǊŘΩǎ 9ƴŘǎ 

Policies to protect creek and bay ecosystems.  They also inform Asset Management, Water Utility  and 

Flood Protection efforts to balance environmental interests and promote the integration of 

environmental stewardship.  The financial implications of implementing the recommended measures 

will need to be further evaluated and vetted with the public and incorporated into long-term funding 

strategies.  Because there is currently no initiative to accomplish this, consideration may be given to 

establishing a watershed stewardship effort, such as the former Watershed Stewardship Plans, for this 

purpose.  Implementing prioritized actions can then be aligned with the annual budget process and 

incorporated into work plans.  

 

1.3  Framework Implementation in the Coyote Creek and Upper 

Penitencia Creek Watersheds 

 

This Profile presents the pilot demonstration of the Framework.  The scope of the pilot was designed to 

implement all aspects of the Framework, while emphasizing selected elements.  Emphasis was given to 

filling key data gaps associated with Level 1 and 2 data and addressing fisheries concerns at Level 3, 

because fisheries are a key resource of interest.  The approach synthesized in this pilot Profile provides 

the foundation for future profiles to build upon as the EMAP Framework is implemented in other 

watersheds.   

 

The District established a series of six core management questions to drive Level 1 and 2 ecological data 

ŎƻƭƭŜŎǘƛƻƴ ǘƘǊƻǳƎƘ ǘƘŜ CǊŀƳŜǿƻǊƪΦ    ¢ƘŜ ǘŜǊƳ άŎƻǊŜέ ƛǎ ǳǎŜŘ ōŜŎŀǳǎŜ ǘƘŜȅ ŀǊŜ ŦǳƴŘŀƳŜƴǘal questions 

that will be addressed in every watershed.  These questions can be answered using cost-effective Level 2 

data derived from probabilistic surveys6 of stream ecosystem resources.  Level 3 management questions 

investigated through the Framework typically relate to understanding specific functions, aspects of 

condition, data collection methods, or may be exploratory in nature.    This pilot demonstration of the 

Framework addresses one such question listed below. 

 

                                                           
6
 Probabilistic surveys are designed to sample a subset of watershed sites at random.  These measurements can be 

used to describe conditions for the entire watershed. 



 

Final EMAF TR2:  Chapter 1 Page  22 

The core management questions presented below form the organizational structure of Chapter 2, each 

serving as a subheading under which data have been interpreted to answer the respective questions. 

 

Core Management Questions and Prioritized Level 3 Management Question: 

 

1) What is the extent and distribution of stream ecosystem resources?  

 

2) What are the conditions of stream ecosystem resources relative to their levels of service (i.e., how 

are they performing)?   

a. What are the conditions of stream ecosystem resources? 

b. What are the Levels of Service for stream ecosystem resources? 

c. How do the existing ecological conditions compare to ecological Levels of Service (LOS)? 

 

Prioritized Level 3 Management Question:  How does physical habitat affect native fish 

populations? 

 

3) What are the likely sources of risk to stream ecosystem resources?   

 

4) What is the likelihood that sources of risk may negatively impact stream ecosystem conditions? 

 

5) What are the likely consequences of risk realization to stream ecosystem conditions? 

 

6) What are the monitoring and management actions that could improve or provide a better 

understanding of stream ecosystem conditions and reduce risk?   

a. What monitoring actions can be taken to better understand stream ecosystem 

conditions?   

b. What management actions could be taken to potentially improve existing stream 

ecosystem conditions? 

 

The ecological data collected through this pilot focused on identifying the extent and distribution of 

stream ecosystem resources (Level 1) and assessing the overall condition of such resources (Level 2 

data), which represented significant data gaps.  It also focused on a high priority Level 3 management 

question about the relationship between the Level 2 assessment of stream condition based on the 

CRAM and selected Level 3 data (i.e., native fish species diversity).  Coordination with the Wetland 

Regional Monitoring Program (WRMP) Bay Area Aquatic Resources Inventory resulted in the Coyote 

Creek Watershed being the first Bay Area watershed to be completely mapped for Level 1 base map 

data (www.wrmp.org/prop50). 

 

 1.3.1  Geographic Scope of Monitoring 

The pilot data collection plan (SCVWD 2010b) was designed to measure the overall (ambient) condition 

of stream ecosystem resources for the Coyote Creek Watershed in its entirety, as well as an 
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intensification of sampling within the Upper Penitencia Creek Watershed.  This geographic scope of 

monitoring was established based ƻƴ ǘƘŜ 5ƛǎǘǊƛŎǘΩǎ !ǊŜŀ ƻŦ LƴǘŜǊŜǎǘΣ ǿƘƛŎƘ ƛǎ ŘŜŦƛƴŜŘ ŀǎ the area within 

the Santa Clara County exterior boundaries as defined through Measuring ambient condition of stream 

ecosystems within entire watersheds serves multiple purposes that are presented in Chapter 2.   

 

¢ƘǊƻǳƎƘ ǘƘƛǎ ǇƛƭƻǘΣ ŀ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ǘƘŜ 5ƛǎǘǊƛŎǘΩǎ tǊƛƳŀǊȅ Area of Interest was developed (see below) to 

focus assessments on those parts of the County that are considered to be most important for the 

District to monitor, after establishing a baseline watershed measure of stream ecosystem ambient 

condition.   This initial monitoring and assessment effort established the overall watershed baseline, 

which is critical for interpreting future data from the Primary Area of Interest and for tracking change 

over time.  The Primary Area of Interest is a useful geographic scale for which stream ecosystem 

monitoring can be designed in the future, as will be further explained in the Framework Implementation 

Plan (SCVWD 2011). 

 

 The Primary Area of Interest is defined for watersheds by identifying the areas that pertain to each of 

the following criteria:   

 

1. District fee title; 
 

2. All facilities that are managed/maintained by the District to provide flood protection and water 
supply and downstream areas that are influenced by such facilities; 

 

3. District easements, cooperative agreements, and other legal agreements where the District 
conducts work. 

 

4. Areas of potential risk to District assets7 that are identified by ambient stream ecosystem 
surveys and other sources, including: 

A. Local, regional or global threats such as upstream source inputs, invasive species, or 
climate change, respectively. 

B. Existing or planned regulations (e.g., survey areas for existing or potentially listed 
species). 

 

5. Areas identified through Stewardship Planning. 
 

1.3.2  Data Collection Method Overview 

This section briefly describes the monitoring designs and data collection methods associated with 

information assessed to develop this Profile.  Technical details for all such methods are described in 

Appendix A. 

 

Ambient stream ecosystem conditions (SCVWD 2010b) were measured using standard probabilistic 

monitoring designs and data collection methods (Stevens and Olsen 2004, Collins et al. 2008).  The 

probabilistic monitoring design method is called the Generalized Random Tesselation Stratified design 

(GRTS) and was developed by USEPA (Stevens and Olsen, 2004).  The ambient probabilistic surveys are 

                                                           
7
 The intent is to identify sources of risk that potentially threaten the condition and performance of District assets 

and operations. 
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designed to sample a subset of watershed sites at random.  Such measurements provide a statistically 

sound basis for using a sample of watershed sites to describe conditions for the entire watershed.  A 

total of 77 sites were probabilistically selected for the ambient assessment of the entire Coyote Creek 

watershed.  Thirty of these sites occurred within the Upper Penitencia Creek subwatershed, enabling the 

results to describe overall stream ecosystem conditions for both the entire Coyote Creek watershed and 

the Upper Penitencia Creek subwatershed.  

 

Probabilistic designs can be a cost-effective approach to answering broad questions of watershed 

health, however, such designs are of limited use in answering questions related to targeted sites that 

are not included in the probabilistic design.  Non-probabilistic targeted monitoring designs select sample 

locations non-randomly, and measure conditions at these sites.  Unlike probabilistic monitoring designs, 

their results may not be extrapolated to measure overall watershed conditions.  Targeted assessments 

were performed at a total of 23 sites on the Coyote Creek mainstem.  Twenty-two of these sites 

corresponded with locations where baseline fisheries monitoring was conducted as part of the Mid-

Coyote Creek Flood Protection Program (SCVWD 2008).  This targeted monitoring design was 

implemented to 1) help validate CRAM with respect to fisheries health (not to replace fish data 

collection but to explore the possibility of using CRAM as an inexpensive screening tool for evaluating 

fisheries health and designing subsequent fisheries sampling), and 2) to use the validation regressions 

between CRAM and fisheries data to test the efficacy of a conceptual model of fish habitat. Similar 

validation studies have been conducted for benthic macroinvertebrates and riparian birds (Stein et al. 

2009), but not for fish.  In these previous CRAM validations, the strongest correlations were between 

CRAM scores and benthic macroinvertebrate IBI scores.  One mitigation site on the Coyote Creek 

mainstem was also sampled to establish a baseline measure for a District mitigation site. 

 

The results of the EMAP Framework validation study were also integrated with selected data 

summarized as part of the level 3 Condition Assessment (see 

Chapter 2) to demonstrate on a limited basis how the 

Framework integrates the three levels of information.  Since 

many different types of Level 3 data exist, a subset was 

selected to be included in this Profile.   The number and type 

of level 3 data that are included in future Condition 

Assessments should be tailored to each watershed.  The Level 

3 data included in this Profile have been collected through 

multiple agency efforts using various Level 3 data collection 

tools.  The associated Level 3 data collection methods are 

referenced by their source documents in Chapter 2.   

 

CRAM (Collins et al. 2008) was used to collect Level 2 data and 

measure stream ecosystem conditions.  CRAM is a 

standardized cost-effective method that is used to rapidly 

 
Figure 1-2:  Spatial hierarchy of factors 
that control wetland and stream 
conditions, as ultimately controlled by 
climate, geology, and human 
activities. 
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assess the overall condition of wetlands8 and riparian sites using visual indicators in the field. Overall site 

condition can be assessed in 1-3 hours by two more trained practitioners.  CRAM assessments produce a 

single Index score for each site that ranges from 25 to 100 points.  Field practitioners score 14 Metrics 

by selecting from four alternative descriptions of condition that are associated with fixed numerical 

value.  Each of the 14 metrics is organized into one of four Attributes:  Landscape Context and Buffer, 

Hydrology, Physical Structure, and Biotic Structure.  The CRAM Index score is based on the component 

scores for the Attributes and their Metrics.  An Attribute score is calculated as the sum of its Metrics, 

converted into a percentage of the maximum possible score for the Attribute.  The site Index score is 

calculated by first summing the Attribute scores and then converting this sum into the maximum 

possible score for all Attributes combined.  The maximum possible score represents the best possible 

ŎƻƴŘƛǘƛƻƴ ǘƘŀǘ ƛǎ ƭƛƪŜƭȅ ǘƻ ōŜ ŀŎƘƛŜǾŜŘ ŦƻǊ ǘƘŜ ǘȅǇŜ ƻŦ ǿŜǘƭŀƴŘ ōŜƛƴƎ ŀǎǎŜǎǎŜŘΦ  ¢ƘŜǊŜŦƻǊŜΣ ŀ ǎƛǘŜΩǎ LƴŘŜȄ 

score indicates how its condition compares to the best achievable condition for that wetland type in the 

State of California.   

 

CRAM is based on a conceptual model that internal and external interactions among hydrologic, biologic 

(biotic) and physical (abiotic) processes determine the condition of wetlands.  CRAM reflects a series of 

assumptions about how these processes interact through space and over time (Figure 1-2).   First, CRAM 

assumes that the condition of a wetland is mainly determined by the quantities and qualities of water 

and sediment (both mineral and organic) that are either processed on-site or that are exchanged 

between the site and its immediate surroundings.  Second, the supplies of water and sediment are 

ultimately controlled by climate, geology, and land use.  Third, geology and climate govern natural 

disturbance, whereas land use accounts for disturbances from human activities.  Fourth, biota 

(especially vegetation) tend to mediate the effects of climate, geology, and land use on the quantity and 

quality of water and sediment and support other life.  For example, vegetation stabilizes stream banks 

and hillsides, traps sediment, filter pollutants, provide shade that lowers temperatures, reduce winds, 

etc.  Fifth, stress usually originates outside a wetland in the surrounding landscape or the encompassing 

watershed.  Sixth, buffers around the wetland can intercept and otherwise mediate stress. There are 

additional assumptions relating wetland form and structure to wetland function. In general, CRAM 

assumes that, for any particular kind of wetland in any region, larger and more complex wetlands 

subject to less stress tend to provide higher levels of more kinds of functions. 

 

                                                           
8 CRAM identifies six types of wetlands, however, only the riverine wetlands were assessed for this Profile.  A riverine wetland 

consists of the riverine channel and its active floodplain, plus any portions of the adjacent riparian areas that are likely to be 
strongly linked to the channel or floodplain through bank stabilization and allochthonous inputs (Collins et al. 2008).   
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Chapter 2.0:  Assessment of Stream Ecosystem 
Conditions 
 

This chapter describes the results of the condition assessment for the Coyote Creek Watershed.  It 

addresses the following core management questions and a management question prioritized for this 

study: 

 

1) What is the extent and distribution of stream ecosystem resources?  
2) What are the conditions of these stream ecosystem resources relative to their levels of 

service? 
 

The first question focuses on describing the distribution and abundance of riparian and wetland 

resources throughout the pilot demonstration area and is therefore addressed using Level 1 data.  The 

second question focuses on overall condition of the resources and therefore is addressed using Level 2 

data.  The prioritized management question, άHƻǿ ŘƻŜǎ ǇƘȅǎƛŎŀƭ Ƙŀōƛǘŀǘ ŀŦŦŜŎǘ ƴŀǘƛǾŜ ŦƛǎƘ ǇƻǇǳƭŀǘƛƻƴǎΚέΣ 

focuses on a specific aspect of stream ecosystem condition, native fish diversity that is addressed using 

Level 2 and 3 data. 

 

2.1  Extent and Distribution of Stream Ecosystem Resources 
 
 The Coyote Creek watershed base map (Figure 2-1) depicts the distribution and abundance of selected 

stream ecosystem resources, including riparian areas, wetlands, channels (including storm drains and 

other engineered drainages), and areas of District fee title and easements.  The base map is shown here 

in a small format, but accompanies this report in electronic format and also will be available for 

exploration online at various scales on the California Wetlands Portal (see details at 

http://www.sfei.org/BAARI).  The data shown on the base map are derived from various sources (see 

Appendix A for discussion of map production), including the BAARI and the District and provide a 

spatially explicit means for tracking and visualizing changes in the extent and condition of stream 

ecosystem assets. The BAARI data are also part of a state-wide effort of Level 1 inventories that support 

an interactive, web-based tool for uploading and downloading Level 2 and level 3 data based on when 

and where they were collected.   The Coyote Creek watershed covers approximately9 353 square miles 

within its 147.3 mile perimeter and drains a portion of the west-facing slope of the Diablo or Hamilton 

Range.   The sections below characterize the drainage network, wetlands, and riparian areas in the 

Coyote Creek watershed.  Historical comparisons are made where data are available in the Coyote Creek 

Valley (Grossinger et al. 2006). 

                                                           
9
 The CalWater data set was used to delineate the Coyote Creek watershed in order to coordinate with the 

Wetlands Regional Monitoring Program which funded the Coyote Creek watershed ambient stream ecosystem 
condition survey.  The District watershed data set estimates the watershed to be approximately 320 square miles 
(SCVURPPP 2003a). 
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Figure 2-1. The extent and distribution of aquatic resources (streams, wetlands, riparian areas, and impoundments), District fee title easement properties, ŀƴŘ ǘƘŜ 5ƛǎǘǊƛŎǘΩǎ tǊƛƳŀǊȅ !ǊŜŀ ƻŦ LƴǘŜǊŜǎǘ ƛƴ 
Coyote Creek watershed and the Upper Penitencia Creek subwatersheds. A leased property is shown as the upper half of the hourglass-shaped polygon in the Upper Penitencia Creek subwatershed), The 
streams, wetlands, and riparian areas were acquired from the Bay Area Aquatic Resources Inventory (BAARI) and can be found at www.californiawetlands.net. The Coyote Creek watershed boundary is part 
of the CalWater 2.2.1 dataset. All other data were acquired from the Santa Clara Valley Water District. The Island Ponds are located outside the Coyote Creek Watershed, but are a component of the 
5ƛǎǘǊƛŎǘΩǎ tǊƛƳŀǊȅ !ǊŜŀ ƻŦ LƴǘŜǊŜǎǘΦ /ƻǊǊŜǎǇƻƴŘƛƴƎ ƛƴǎŜǘǎ ǎƘƻǿ ŀ ǎǳōǎŜǘ ƻŦ ǘƘŜ ƳŀǇ ŀǘ ƭŀǊƎŜǊ ǎŎŀƭŜǎ ǘƻ ǾƛŜǿ ƘƛƎƘŜǊ ƭŜǾŜƭ ƻŦ Řetail. 

 

 

 
 
 
 
 

http://www.californiawetlands.net/
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Figure 2-2.  Stream network comparison of historical (c. 1850) and 
modern (c. 2005) in the Coyote Creek Watershed Valley floor where the 
greatest changes have occurred. Map depicts the valley extent (yellow 
area) within the larger watershed. Blue lines are the historical stream 
network. The valley extent and historical stream network were created 
as part of the Coyote Creek Watershed Historical Ecology Study.  The 
Coyote Creek watershed boundary is part of the CalWater 2.2.1 dataset. 
 

 

Table 2-1.  Stream miles by stream 
order in the Coyote Creek Watershed 
and District easement and fee title 
properties. 

Stream 
Order 

Channel Length (miles) 

Coyote 
Creek 

Watershed 

District 
Property 

1 1,613 10 

2 588 8 

3 301 9 

4 134 13 

5 99 22 

6 38 0 

7 23 0 

8 35 13 

Total 2,830 76 

Channel length (natural and ditches but 
not storm drains) derived from the BAARI.  

 
 

2.1.1  Drainage Network 

The Coyote Creek upper watershed (upstream of the urbanized 

valley area characterized by ditches, storm drains, and 

reservoirs) is largely undeveloped and represents about three 

quarters of the entire watershed.   Henry Coe State Park 

comprises a significant portion of the upper watershed.  The 

steep and hilly topographic relief, distance to urban centers, and 

to a certain extent land use planning, have helped stave off 

development in this region of the watershed.  These factors are 

ǘƘŜ ǇǊƛƳŀǊȅ ǊŜŀǎƻƴǎ ǘƘŀǘ ǘƘŜ ǳǇǇŜǊ ǿŀǘŜǊǎƘŜŘΨǎ hydrology is still 

relatively natural, with minimal human alteration.  Constructed 

stock watering ponds within several natural channels and swales 

are exceptions.  The Coyote Creek watershed has a total of 2,830 

miles in eight different stream orders (Table 2-1).  The District 

has fee title or easement on only three percent of the total 

stream miles in the Coyote Watershed.  Almost ninety percent of 

the natural stream network is in the lower three stream orders, 

most of which are in the upper 

watershed.   

 

Historically, the Coyote Creek 

Valley had 114 miles of stream 

network comprised of the 

Coyote Creek main stem and 

numerous distributaries10 that 

drained the hillsides (Figure 2-

2). The alluvial fans and 

permeable valley soils allowed 

storm water runoff and 

floodwaters in the valley to 

recharge the local underground 

aquifers (Grossinger, et al, 

2006).   Many of the historical 

tributaries did not have well-

defined channels connecting to 

the mainstem. Instead, they 

distributed their flows and 

sediment loads across broad 

                                                           
10

 A stream that branches off and flows away from a main stream channel and never rejoins it.  The opposite of a distributary is 

a tributary (a stream that flows into a main stem river and does not flow directly into a sea, ocean, or lake). 
 

http://en.wikipedia.org/wiki/Stream
http://en.wikipedia.org/wiki/Tributary
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Table 2-2.  Coyote Creek watershed non-
riverine wetland acreage by type. 

Non-riverine 
Wetland Type Natural Unnatural 

Depressional 42 1,164 

Lacustrine  0 1,891 

Slope  57 7 

 
 

alluvial fans. These distributaries were probably connected to the mainstem during major floods.  

 

Today, all of the major tributaries connect to the mainstem of Coyote Creek through engineered 

channels and subsurface storm drains (Figures 2-1 and 2-2).  The Coyote Creek Valley, including the 

alluvial fans, is highly urbanized. As in many other watersheds, the majority of the hydrological 

modification has occurred here, rather than on the steeper hillsides along the ridgelines.  The Coyote 

Creek Valley now contains a dense network of over 900 miles of unnatural channels including subsurface 

storm drains, engineered channels, and simple ditches (Figure 2-2).  There are about the same amount 

of natural channels now as existed historically, but there has been an almost ten-fold increase in total 

drainage network miles including storm drain pipes, constructed channels, and ditches. The largest 

factor in this increase is the subsurface storm drain network designed to convey runoff from the hillsides 

through the valley to the Bay; a much smaller contributor is artificial surface channels, including 

engineered channels and roadside ditches (Figure 2-2).  Such changes to the drainage network have 

resulted in a reduction of groundwater recharge; hydrologic changes, notably increased runoff peak 

flows; total annual flows; timing and duration of high flows; and a loss of associated floodplains, riparian 

woodlands, wetlands, and natural buffers.   

2.1.2  Non-Riverine Wetlands 

The Coyote Creek watershed has approximately 100 acres 

of natural wetlands and 3,062 acres of unnatural wetlands 

(Table 2-2). Sixty percent of the wetlands in this 

watershed fall into the unnatural lacustrine type, e.g., 

bodies of water (typically reservoirs or other 

impoundments) greater than 20 acres with an average 

depth greater than 6 feet (Table 2-2) There are almost 

1,200 acres of depressional wetlands (contained with 

topographic lows that lack surface drainage), 

approximately 40 of which are natural or occur without 

human modification of the landscape. The amount of 

vegetated wetland is not explicit in this table, but can be seen as very small polygons adjacent to open 

water and parts of the stream network in Figure 2-1 (1:80,000 inset).  Sixty four acres of slope wetlands 

(i.e., seeps, springs, and other wetlands depending on groundwater), the majority of which are natural, 

still occur in the Coyote Creek contemporary landscape.  It was not feasible for this study to conduct a 

detailed comparison between the existing and historical abundance of each kind of wetland.  A simple 

visual comparison of the historical and modern maps of aquatic resources indicates that there was 

historically much more acreage of natural slope wetlands and depressional wetlands  than exists now.  A 

more quantitative comparison could be made in the future based on the completed Level 1 maps of past 

and present landscapes.  

2.1.3  Riverine Wetlands and Riparian Areas 

The Coyote Creek watershed contains 2,830 stream miles of riverine wetlands (Table 2-1).  Riverine 

wetlands consist of the riverine channel and its active floodplain, plus any portions of the adjacent 

Data for this table was generated from the BAARI 
dataset. Definitions of wetland types are based on 
the BAARI mapping standards and methodology 
(http://www.wrmp.org/docs/SFEI%20MAPPING%2
0STANDARDS_01062011_v3.pdf). 
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riparian areas that are likely to be strongly linked to the channel or floodplain through bank stabilization 

and allochthonous inputs.   

 

Riparian areas attend all of the riverine wetlands and streams as part of the transition zone between 

them and the adjoining uplands (Figure 2-1 second inset box).  The riparian areas vary in width, which 

affects their functions. The wider areas tend to provide higher levels of more kinds of functions (Table 2-

3), which can include wildlife support, runoff filtration, allochthonous input of leaf litter and large woody 

debris (providing food and cover), temperature control from shading, flood hazard reduction, 

groundwater recharge and bank stabilization.   

 

Table 2-3.  Riparian area by width class in the Coyote Creek watershed and corresponding levels of typical 
riparian functions based (Collins et al. 2006). Miles of riparian are calculated as the average of right and left 
streamside riparian widths. 
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0 - 10 334 1,488 30% Very Low 
Very 
Low 

Very  
Low 

Very 
 Low 

None
1
  Low Low 

10 - 30 484 19,292 43% Medium 
Very 
High 

High:  SC 
Low:  LC 

High:  SC 
Low:  LC 

Low Medium 
Low to 

Medium 

30- 50 272 27,874 24% 
Medium 
to High 

Very 
High 

Medium 
to High 

Medium 
to High 

Medium 
to High 

Medium 
to High 

Very 
High 

50 - 100 29 5,285 2.6% 
Very 
High 

Very 
High 

Very High Very High High
2
 Very High 

Very 
High 

>100 4 3,003 0.4% 
Very 
High 

Very 
High 

Very High Very High Very High Very High Very 
High 

1
 May provide refugia but not usually viable habitat for wildlife such as amphibians, aquatic reptiles, migratory passerine birds, 

etc. 
2 May not provide viable habitat for some large species of wildlife that are highly mobile and especially sensitive to people, 
including mountain lions, bears, and some raptors. 
SC:  small channels;  LC:  large channels 

 

Seventy-three percent of the total stream miles have a narrow riparian width less than 30 meters on 

either side (Figure 2-3).  Thirty percent of those stream miles have riparian areas less than 10 meters 

wide.  These are streams, ditches and engineered channels in urban settings that are not steep and that 

have little or no streamside trees.  Forty-three percent of those stream miles have riparian areas 

between 10 and 30 meters wide.  Of the remaining twenty-seven percent of stream miles, twenty four 

percent are in the medium with class (30-50 meters) and only three percent of stream miles have 

riparian areas that are wide (50 - 100 meters) or very wide (> 100 meters). The stream miles having wide 

and very wide riparian areas are located in the upper portion of the watershed that supports very tall 

trees, including ponderosa pine. 

 

Historically, riparian areas in the Coyote Creek watershed were quite heterogeneous, including densely 

vegetated forest, more open savanna/woodland, riparian scrub, and large, un-vegetated gravel bars 

(Grossinger et al. 2006). Dominant riparian vegetation varied predictably with the size of the channel, its 
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Figure 2-3. Comparison of historical and modern stream length by riparian width class in the Coyote Creek 
Valley calculated using the Bay Area Aquatic Resource Inventory (BAARI) riparian model and the Coyote Creek 
Historical Ecology Study (Grossinger et al. 2006). 

morphology, and degree of dry season flow.  Perennial creeks like those in the lower portion of the 

watershed and the middle and upper reaches of the mainstem were lined with cottonwoods and 

willows.   Small intermittent creeks had fewer trees (largely oaks), while large braided intermittent 

reaches of the main stem supported sycamore alluvial woodland, riparian scrub, and un-vegetated 

gravel bars.  In the historical landscape, more than seventy percent of the total creek length in the valley 

had a riparian width of 30-50 meters on each side, and about fifteen percent had riparian areas of more 

than 100 meters11 on each side.   Historically there was little functional riparian area less than 30 meters 

wide.   

 

The existing landscape is very different from the historical landscape.  The historical landscape had much 

greater capacity to retain rainfall in wetlands and near-surface aquifers, and it drained much more 

slowly. The valley was characterized by mosaics of aquatic and wetland habitats associated with 

perennial and seasonal streams, their flood plains and terraces, alluvial fans, and emergent 

groundwater. These historical maps show how habitat mosaics naturally varied within the watershed in 

relation to climate and geology, especially rainfall, topography, and soils. The historical maps can 

therefore be used to help prioritize and design restoration and mitigation projects, and to align land 

management practices with natural processes.    

 

Since the time of European settlement, the Coyote Creek Valley has lost most of its wide riparian areas 

(Figure 2-3).  In the current landscape of the full watershed (Figure 2-4), seventy-three percent of both 

natural and unnatural channels have adjoining riparian areas less than 30 meters wide. Only short 

stretches of streams in the valley (Figure 2-3) have riparian areas wider than 50 meters, and there are no 
                                                           
11 All 28 stream miles in this bin are from the Coyote Creek main stem and include both the forested riparian areas 

and components of the active channel created by its temporal meander.   
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Figure 2-4.  Modern stream length by riparian width class calculated for the entire Coyote Creek 
watershed using the Bay Area Aquatic Resource Inventory (BAARI) riparian model.  Width classes 10-30 
and 30-50 are labeled to illustrate the 4 and 2 kilometers of unnatural streams, respectively (because a 
bar representing these values cannot be seen at this scale).  
 

 

remaining riparian areas wider than 100 meters in the Coyote Creek Valley.   The decreases in riparian 

width are mainly due to encroachment of urban development in the lower portion of the watershed and 

grazing in the upper watershed.  Not surprisingly, almost all of the ditches and other unnatural channels 

have very narrow riparian areas. 

 

2.2 Stream Ecosystem Condition Assessment 

 

¢Ƙƛǎ ǎŜŎǘƛƻƴ ŀƴǎǿŜǊǎ ǘƘŜ ŎƻǊŜ ƳŀƴŀƎŜƳŜƴǘ ǉǳŜǎǘƛƻƴΥ άǿƘŀǘ ŀǊŜ ǘƘŜ ŎƻƴŘƛǘƛƻƴǎ ƻŦ ǎǘǊŜŀƳ ŜŎƻǎȅǎǘŜƳ 

resourceǎ ǊŜƭŀǘƛǾŜ ǘƻ ǘƘŜƛǊ ƭŜǾŜƭǎ ƻŦ ǎŜǊǾƛŎŜΚέ ǘƘŜ ŀƴǎǿŜǊ ƛǎ ǎŜǇŀǊŀǘŜŘ ƛƴǘƻ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǘƘǊŜŜ 

components, each of which is separately addressed: 

 

 What are the conditions of stream ecosystem resources? 

 What are the Levels of Service for stream ecosystem resources? 

 How do the existing ecological conditions compare to ecological Levels of Service (LOS)? 

 2.2.1  What are the conditions of stream ecosystem resources? 

This section describes the existing condition of stream ecosystem resources based on Level 2 and Level 3 

data. As discussed above, Level 1 data describe the distribution and extent of stream ecosystem 

resources.  Level 2 data are used to assess the overall condition or health of such resources and to 

develop hypotheses regarding the causes of their observed conditions.  Intensive Level 3 data can be 
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Figure 2-5.  Cumulative distribution function (CDF) of CRAM 
Index scores relative to percent of stream miles in Coyote Creek 
watershed. 
 

Figure 2-6.  Cumulative distribution function (CDF) of CRAM 
Index scores relative to percent of stream miles in the Upper 
Penitencia Creek subwatershed. 

 

used to test such hypotheses and to help identify management or monitoring actions to improve the 

condition of stream ecosystem resources. 

 

2.2.1.1  Level 2 Data  

The Level 2 data are summarized by 

cumulative distribution functions 

(CDFs) that estimate the proportion of 

stream miles with CRAM scores less 

than or equal to a given score.  For 

example, Figures 2-5 and 2-6 show that 

in both watersheds, about 10% of 

stream miles had CRAM scores of 60 or 

lower.  The better the condition of 

streams in a watershed, the more the 

CDF will shift to the right.  

 

Probabilistic Survey Data 

The Coyote Creek watershed12  

exhibited a broader range of stream 

ecosystem conditions than the Upper 

Penitencia Creek subwatershed and 

higher condition scores for each 

percentile of stream miles in the 

respective watersheds.  This is clearly 

illustrated in the CDFs that were 

calculated from the ambient CRAM 

survey data (Figures 2-5 and 2-6) and in 

the summary statistics presented in 

Table 2-4.  Figures 2-7 and 2-8 illustrate 

the spatial distribution of the stream 

ecosystem condition scores across the 

watersheds.   

 

The Level 2 sample was designed to represent stream ecosystem conditions throughout the entire 

watershed.  However, a large part of the central portion of the upper Coyote Creek watershed could not 

be sampled due to access issues (Appendix A), and therefore is not represented in this assessment.   

Access issues are common in large-scale surveys that involve private lands.  To some extent, the bias of a 

survey due to access issues can be qualitatively estimated using the Level 1 data.  Based upon visual 

                                                           
12

 The Coyote Creek CDF represents stream ecosystem conditions cumulatively for both the Coyote Creek 
watershed and the Upper Penitencia Creek subwatershed whereas the Upper Penitencia Creek CDF represents 
only stream ecosystem conditions in that subwatershed. 
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Table 2-4.  Summary statistics for the Coyote Creek (CC) watershed (N = 77) 
and the Upper Penitencia Creek (UPC) subwatershed (N = 30) cumulative 
distribution functions. 

Water-
shed 

Percent Stream Miles  
by Condition Categories 

Range Median Mode 
Low 

Medium-
Low 

Medium-
High 

High 

CC 0 14 60 26 44 - 92 77 79 

UPC 0 21 69 10 54 - 85 74 77, 79 

 

comparison of the Level 1 

data and aerial imagery the 

streams in the inaccessible 

portion of the Coyote Creek 

watershed do not appear to 

be systematically different 

than the surveyed streams 

of like order.  However, 

whether or not the lack of 

access to part of the watershed introduced bias into the survey cannot be determined without fully 

assessing the sites that were not accessed.    

 

CRAM Index scores have a precision of 10 points13, meaning that differences in CRAM Index scores of 10 

points or less are within the error of the method and should not be considered to represent differences 

in overall condition (CWMW 2009).  The average upper confidence limit for CRAM Index scores was 7 

points in the Coyote Creek watershed (Figure 2-5), and 5 points in the Upper Penitencia Creek 

subwatershed (Figure 2-6), which was generally narrower than for the entire Coyote Creek watershed.  

These levels of certainty for both watersheds are well within the error bounds of the CRAM method, and 

therefore lend confidence to inferences made from these data pertaining to stream ecosystem 

conditions across all the stream miles in these watersheds.   

 
CRAM Index scores have been classified in two ways in this Profile:   1) based on four equal interval 

classes of about 19 CRAM points that represent the full range of possible CRAM scores (e.g., 25-100) 

(Figure 2-7);  and 2) based on quartiles of the observed range of CRAM Index scores as displayed in the 

CDFs (e.g., 44 ς 92) (Figure 2-8).    The equal-interval classification method is useful because it provides a 

standard scale that enables local watershed CRAM Index scores to be compared to other CRAM surveys 

conducted statewide.  The watershed-specific quartile classification method is useful because it provides 

a perspective of condition categories relative to a specific watershed, e.g., the quartiles each represent 

the conditions for 25% of stream miles in a given watershed.  This information may be more useful for 

targeting management actions than the standard scale results.  Higher Index scores represented by 

either classification method represent better overall stream ecosystem conditions.  

 

Figure 2-7 shows the distribution of CRAM Index scores for the Coyote Creek watershed among the four 

equal interval classes (<44, 44-62, 63-81, >81).  Notably, no sites scored in the lowest condition 

category.  Based on the limited pool of CRAM data available statewide at this point in time, it is 

relatively rare for sites to score so low.  Nonetheless, this comparison of the Coyote Creek watershed 

CRAM Index scores to the possible range of CRAM Index scores indicates that stream ecosystem 

conditions in the Coyote Creek watershed are within the upper three condition categories (e.g., upper 

75% of the possible range).  As more CRAM data become available statewide, it will be possible to 

conduct more comparisons between watersheds and to the statewide CDF.   

                                                           
13

 Based on the results of inter-team calibration exercises (Collins et al. 2008).   



 

Final EMAF TR2:  Chapter 2 Page  35 
 

 
Figure 2-7.  CRAM Index scores for ambient and targeted sites.  Score categories were determined by dividing the total possible range of CRAM Index 
scores into four equal intervals of 19 points each.  Four ambient sites in Upper Penitencia have been removed from the map, but not the analyses, due 
to land-owner sensitivity.   Stream network data were acquired from the Bay Area Aquatic Resources Inventory (BAARI) and can be found at 
www.californiawetlands.net. The Coyote Creek boundary is part of the CalWater 2.2.1 dataset; the Upper Penitencia Creek subwatershed boundary is 
from the District. 

 

http://www.californiawetlands.net/
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Figure 2-8.  CRAM Index scores by quartiles for both ambient and targeted sites. Four ambient sites in the Upper Penitencia Creek subwatershed 
have been removed from the map, but not the analyses, due to land-owner sensitivity. Quartiles of the CRAM Index scores were determined from a 
cumulative distribution function of ambient sites in the Coyote Creek watershed. Stream network data were acquired from the Bay Area Aquatic 
Resources Inventory (BAARI) and can be found at www.californiawetlands.net. The Coyote Creek boundary is part of the CalWater 2.2.1 dataset, 
and the Upper Penitencia Creek subwatershed boundary is from the District.  
 

 

http://www.californiawetlands.net/
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Figure 2-9. CRAM Index and Attribute scores for the ambient 
survey of riverine wetlands in the Coyote Creek watershed 
(orange bars) and Upper Penitencia subwatershed (blue bars). 
Bars are scores represented by the 50

th
 percentile (median) of 

stream miles, based on the corresponding cumulative 
distribution function. Error bars are the upper 95% confidence 
intervals at the 50

th
 percentile. 

 

Figure 2-8 shows the distribution of CRAM Index scores based on the observed ranges in the Coyote 

Creek watershed CDF (44-69, 70-77, 78-82, 83-92), and therefore illustrates the variability in overall 

stream ecosystem conditions observed in this watershed.  In general, the lowest condition scores were 

concentrated in the urbanized transition zone between the lower and the upper portions of each 

watersheds.  The highest condition scores were concentrated in the upper portions of the watersheds.  

 

The highest scores pertain to sites mostly located in natural open-space lands or lands managed to have 

relatively unaltered hydrology and few dominant invasive species.  The lowest CRAM Index scores 

pertain to sites with poor landscape and buffer condition due to their close proximity to intensive land 

uses resulting in unnatural hydrology (mainly resulting from storm drain input and other runoff from 

impervious surfaces) and the prevalence of invasive plant species.   

 

Scores for some of the upper watershed sites were lowered by their relatively simple physical structure.  

This is a common characteristic for very small seasonal streams, such as first-order channels in arid 

areas.  CRAM tends to be biased against such streams because it emphasizes the greater overall value of 

complex systems. To minimize this bias, the surveys of the Coyote Creek watershed and the Upper 

Penitencia Creek subwatershed excluded first-order channels.  Some scores were lowered by their 

simplified biotic structure, which in some cases was correlated to simple physical structure, and in other 

cases was due to recent wildfire.  

 

The variety of Index scores associated 

with the transitional zones between 

urban land uses and open space 

probably reflects the dynamic nature of 

natural stream processes and 

concomitant diversity of management 

practices in these areas. These zones of 

land use transition tend to correspond to 

transitions in important stream 

characteristics. For example, these are 

the zones of transition between the 

steeper headward portions of the 

watersheds and their valleys, and they 

therefore correspond to changes in 

channel slope, which translate into 

changes in channel form and behavior. 

Early impoundments and diversions for 

agriculture are often located in these 

zones. Rates of incision, aggradation (the 

build-up of sediment on the channel 

bed), and bank erosion can be highly 
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Figure 2-10. Stream ecosystem asset condition of targeted sites in 
the Coyote Creek watershed, as assessed using CRAM, in relation 
to the cumulative distribution function (CDF) of CRAM Index scores 
for the watershed. Black circles represent the index scores from 22 
District fisheries monitoring sites and the blue circle represents the 
score from a mitigation site located on Reach 2 of Coyote Creek. 
Nine fisheries sites received the same CRAM Index score, thus 
reducing the number of black circles relative to the actual number 
of projects assessed. 
 

variable in these zones, which translates into a broad range of stream management practices.   

 

CRAM Index scores are best understood by examining their component Attribute scores. Very high 

scores have high component scores, and very low scores have low component scores, but many 

combinations of different Attribute scores can yield the same mid-range Index score. Explanations of 

mid-range scores therefore require examination of their component Attribute scores. Likewise, 

Attribute scores are best understood by examining their component Metric scores.  

 

Figure 2-9 illustrates that Attribute scores tended to be lower in the Upper Penitencia Creek 

subwatershed than in the Coyote Creek watershed by a relatively consistent amount.  Figure 2-9 also 

illustrates that sites tended to score moderately high for all Attributes except Physical Structure; the 

median score for Physical Structure was approximately 50 for both watersheds, and was greater than 70 

for the other Attributes. The Physical Structure Attribute had the greatest impact on lowering the overall 

Index scores. The score for the Biotic Structure Attribute was the next lowest, having a median score of 

about 70 for both watersheds. It therefore also had a relatively large influence on lowering the Index 

scores. CRAM assessments are becoming common in the Bay Region and elsewhere. This will increase 

the opportunity to compare patterns in CRAM scores between watersheds. The limited pool of CRAM 

data for stream ecosystems in the San Francisco Bay Area suggests that the pattern of relatively high 

scores for Buffer and Landscape Context and relatively low scores for Physical Structure, as observed for 

the Coyote Creek watershed, may be common in this region. 

 
Targeted Data 
The targeted sites (fisheries study 

sites and mitigation project site) 

along the Coyote Creek mainstem 

exhibited the same range in CRAM 

Index scores as the entire 

watershed indicating that even on 

the Valley floor a wide range of 

conditions exist. The majority of the 

targeted sites CRAM Index scores 

fell within the range of 65 ς 79 

(Figure 2-10). Three sites scored 

lower, between 58 and 60, and 3 

sites scored higher, between 81 and 

87.  The mitigation site had a score 

of 68, which is higher than what 

would be expected for 

approximately 25% of the total 

stream miles in the watershed.  It is 

important to note that the scores 

for targeted sites cannot be 
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substituted for ambient scores because the targeted sites do not represent an unbiased sample of the 

ambient condition 

 

2.2.1.2  Level 3 Data: 

The following discussion presents the results of assessing the Level 3 fisheries data with the targeted 

Level 2 CRAM data. This targeted monitoring design was implemented to 1) help explore correlations 

between CRAM and fisheries health (not to replace fish data collection but to explore the possibility of 

using CRAM as an inexpensive screening tool for evaluating fisheries health and designing subsequent 

fisheries sampling), and 2) to demonstrate the use of a conceptual model to link Level 2 and Level 3 

data. Additional Level 3 data that were selected (see Section 1.2.2) to describe existing conditions in the 

Coyote Creek watershed are also discussed in the context of interpreting the condition of the existing 

fishery.   

 

Assessment of Targeted Fish and CRAM data 

Statistical analysis of District fisheries data and CRAM Metric data from the targeted design (Appendix A) 

found a significant relationship between native fish diversity and two CRAM Metrics:  Topographic 

Complexity14 and Hydrologic Connectivity15.  These results somewhat agreed with the Physical 

Habitat/Fisheries Health (PHFH) conceptual model of the expected relationships between Level 2 CRAM 

Metrics and the selected Level 3 Metrics (Appendix A). The basic tenet of the model is that many CRAM 

Metrics reflect stream physical habitat, and that the physical condition of the habitat affects fish 

populations.   Each aspect of physical habitat that affects native fish populations was hypothesized to 

have a particular relationship to CRAM Metric scores.  

 

The significant positive correlation between high topographic complexity and high native fish diversity 

was expected, based on the PHFH.  The significant negative correlation between hydrologic connectivity 

(e.g., degree of channel entrenchment) and native fish diversity, however, was the opposite of what was 

expected. The PHFH predicted that high hydrologic connectivity (e.g., low degree of channel 

entrenchment) would support high native fish diversity.  This is because channels that are not 

entrenched tend to have larger amounts of woody debris, active floodplains, more robust riparian 

vegetation, and other characteristics that represent good fish habitat.  Entrenched channels typically 

offer less quality and quantity of habitat for fish because they have steeply sloped banks and lack broad 

floodplains.  Less entrenched channels are also better able to accommodate rising flood waters without 

major changes in channel structure or form.  

 

This unpredicted negative correlation between hydrological connectivity and native fish diversity could 

indicate one or more of the following three things.  First, the PHFH model may need adjustment, 

                                                           
14

 Refers to the micro- and macro-topographic relief within a wetland due to physical, abiotic features, and 
elevation gradients (Collins et al. 2008). 
15

 Refers to the ability of water to flow into or out of a wetland or to accommodate rising flood waters without 
persistent changes in water level that can result in stress to wetland plants and animals.  For riverine wetlands it is 
assessed based on the degree of channel entrenchment (Collins et al. 2008). 
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particularly with respect to the meaning of entrenchment relative to fish habitat.  For example, perhaps 

entrenchment brings the channel floor into the ground-water zone and provides better habitat 

conditions for fish.  Second, this result may indicate the need for additional data.  The targeted study 

was designed to evaluate whether there were correlations between CRAM Metrics and Native Fish 

Diversity metrics where fish data had been collected previously for the Mid-Coyote Creek Flood Control 

Project. However, the sample size was relatively small, spanned several years (notably consecutive dry 

water-years) and focused on one segment of the Coyote Creek mainstem. The Level 3 dataset therefore 

under-represents other segments of the Coyote Creek and Upper Penitencia Creek mainstems.  

Potential follow-up to this study is discussed in Chapter 4.  Third, CRAM may not be able to track all 

aspects of fisheries health in this highly altered system, including influences of upstream reservoirs, 

water quality, and non-native species introductions.   

 

It is important to remember that CRAM is not meant to substitute for intensive Level 3 data, such as 

measurements of fish populations; it is intended to provide data on overall stream ecosystem condition, 

and not any one particular function such as fish support.  In the case of the Coyote Creek watershed, the 

history of land-use change, water management, and non-native fish introductions have created a 

complex physical, chemical and biological system.  Some of the factors that control fisheries health 

probably cannot be detected by CRAM Metrics.  The results of this investigation, therefore, were 

encouraging in that a correlation was found between two CRAM metrics and native fish diversity.  As 

discussed above, these correlations may give some insight into the conceptual model relating CRAM to 

fisheries health.  As well, a larger, more randomly collected Level 3 data set covering a greater variety of 

streams would be more likely to elucidate more numerous or stronger relationships between CRAM 

Metrics and native fish diversity. 

 

Summary of selected existing Level 3 data for the Coyote Creek and Upper Penitencia Creek  

mainstems 

The Coyote Creek and Upper Penitencia Creek urbanized mainstems are relatively rich in Level 3 data 

due to the number of intensive local studies that have been conducted on them.  Selected studies16 have 

been reviewed and summarized in Table 2-5, and are discussed below.  The reaches referenced in Table 

2-5 are based on patterns exhibited in the native fish diversity Metric and the relative abundance of 

native and non-native fish from the Mid-Coyote Creek Flood Control Project.   These data exhibit a 

spatial pattern along the Coyote Creek mainstem, with native diversity moderate and native abundance 

high in the lower reaches, native diversity low and native abundance low in the middle reaches, and 

native diversity moderate to high and native abundance high to very high in the upper reaches.  The 

middle reaches stand out as having relatively few native species and fewer native than non-native 

individuals (particularly at sites in downtown San Jose).  The Upper Penitencia Creek mainstem is treated 

as one reach since it was only sampled in two places by the Mid-Coyote Flood Control Project baseline 

                                                           
16

 Due to the large number of Level 3 studies that have been conducted in these watersheds, the scope of this 
effort was defined to include a subset.  The District Mitigation Monitoring Activities Database may be used to 
identify additional Level 3 data and associated metadata. 
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fisheries survey.  Native fish diversity was high at both sites and native relative abundances were also 

high, particularly at the lower site (site A).  

 

A fundamental influence on these reaches has been the historical subsidence of the valley floor due to 

groundwater extraction.   The Coyote Creek Valley has been under developmental pressure since the 

early 1800s, beginning with agriculture and leading to intensive urbanization (Grossinger et al. 2006).   

Both development phases increased water supply demand, which drew down the groundwater aquifer 

and caused the valley floor to subside between 1939 and 1969.  Land subsidence ranged from 

approximately 3.5 feet at the downstream-most fisheries/CRAM site to a maximum of 8 ft in the 

downtown San Jose area, and ended around Story Road.  On Upper Penitencia Creek, the maximum 

subsidence of 3.6 feet occurred at the confluence with Coyote Creek and mostly ended around the I-680 

crossing, just downstream of Upper Penitencia Creek site A.  

 

Several other factors represented in Table 2-5 correspond spatially with the relatively low native fish 

species diversity and relative abundances observed in the middle reaches.  For example, physical habitat 

metrics exhibit similar patterns as the native fish diversity metric, e.g., of lower conditions in the reaches 

most impacted by subsidence.  The Topographic Complexity Metric (micro- and macro-topographic 

relief) scored low to moderate, particularly for micro-topographic complexity.  The Hydrologic 

Connectivity Metric (entrenchment also scored very low to low in the middle reaches.  Table 2-5 also 

illustrates that fisheries physical habitat data (SCVWD 2006, SCVURPPP 2001, 2003a) indicate that 

habitat in these reaches is simplified, mainly consisting of highly embedded mid-channel pools with 

limited instream cover.  Benthic macroinvertebrate physical habitat corroborate this spatial pattern, 

with conditions measured as marginal to fair (SCVURPPP 2008).   The targeted CRAM Index scores, 

which reflect instream and riparian physical habitat, also exhibited a similar spatial pattern of lower 

conditions in the middle reaches.  As well, available water quality metrics including dissolved oxygen, 

sediment chemistry, sediment toxicity, and temperature (SCVURPPP 2008 and Hopkins et al. 2002) 

indicate relatively poor water quality the middle reaches (Table 2-5).   

 

2.2.2  What are the Levels of Service for stream ecosystem resources? 

Levels of Service (LOS) are benchmarks of performance that can be applied to systems, services, and 

assets.  The asset management paradigm that the District is adopting incorporates the concept of LOS.  

A LOS is usually established for individual constructed assets (SCVWD 2009).  A LOS can also be defined 

for non-constructed stream ecosystem resources at different spatial scales, from individual project sites 

to large watersheds.  The District could adopt watershed-scale LOS for each major watershed in its Area 

of Interest, and for subwatersheds within its Primary Area of Interest.  The District could also potentially 

adopt site-based LOS based on Level 2 CRAM data for mitigation and project sites in addition to, or in 

place of Level 3 performance targets that are traditionally implemented through permits.  The latter 

would require the permitting agency approval and would only be suitable for certain projects for which 

measuring overall condition is an important part of performance standards. 
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Table 2-5.  Selected existing Level 3 data for the Coyote Creek (CC) and Upper Penitencia Creek (UPC) mainstems summarized by District Mitigation 
Monitoring Activities Database Ecological Attribute categories across coarse-scale stream reaches defined based on spatial patterns observed in the native 
fish diversity metric.  Data analyzed by other sources are presented using their categorical descriptions.  Categorical descriptions for source data analyzed 
ŦƻǊ ǘƘƛǎ tǊƻŦƛƭŜ ό{/±²5 нллт ŀƴŘ ά/ǳǊǊŜƴǘ {ǘǳŘȅέύ ŀǊŜ ƭƛǎǘŜŘ ŀǎ ŦƻƻǘƴƻǘŜǎ ǘƻ ǘƘƛǎ ǘŀōƭŜΦ 

   Lower Reaches Middle Reaches Upper Reaches       

Metric 
CC Fish sites 1a ς 7 

(N = 8) 

CC Fish sites 8  
through 3CS1  

(N = 10) 

CC Fish sites 3CS2 
through UCD 

(N = 4) 

UPC sites  
A and B 
(N = 2) Data Source Notes 

MMAD 
Ecological 
Attribute  

Road 
Crossings/ 
Landmarks 

Montague to 
Berryessa Rd 

U/S Berryessa Rd to 
Metcalf Pond 

Metcalf Road to 
Anderson Dam 

Coyote Creek 
to Dorel Drive  NA   

Fish and 
Wildlife 
Communities 

Native Fish 
Diversity

1 

Range:   Low to 
Moderate 

Average: Moderate 

Range:   Low 
 
Average:  Low 

Range:   Low to High 
 
Average:  Moderate 

Range: Moderate 
to High 

Average:  High 

SCVWD 2007 - 
2009  

SCVURPPP 2001 
found similar 
pattern with % 
native fish 
significantly 
increasing at 
3CS1.   

Fish Relative 
Abundance

2 

Native:  Moderate 
 
Nonnative:  Low 

Native:  Low,  esp. 
sites 9 - 12: 

Nonnative:  Moderate 

Native:  Moderate 
 
Nonnative:  Low (none) 

Native:  V High 
 
Nonnative: Low 

SCVWD 2007 - 
2009  

Relative 
abundance for all 
species lowest at 
13 through 3CS2. 

BMI (B-IBI) 
Poor  Poor Poor No Data 

SCVURPPP 
2008 4 stations

3
 

Hydro-
geomorphology 

Land 
Subsidence (ft) 

                     

Grossinger et 
al. 2006, 
Jordan et al. 
2009   

Topographic 
Complexity

4 Moderate to High Low to Moderate 
Mostly Moderate;  
Low at 3CS1,  
High at UCC - C & D 

Low at B 
Moderate at A 

Current Study   

 Hydrologic 
Connectivity

4 
Mixed: mostly high;  
Low at site 2 

Mixed:  very low to 
high 

High Low Current Study   

Vegetation 
Characteristics 
& Physical 
Habitat 

Targeted CRAM 
Quartile Scores 

Low to Medium Low Low to High Low Current Study   
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   Lower Reaches Middle Reaches Upper Reaches       

Metric 
CC Fish sites 1a ς 7 

(N = 8) 

CC Fish sites 8  
through 3CS1  

(N = 10) 

CC Fish sites 3CS2 
through UCD 

(N = 4) 

UPC sites  
A and B 
(N = 2) Data Source Notes 

MMAD 
Ecological 
Attribute  

Road 
Crossings/ 
Landmarks 

Montague to 
Berryessa Rd 

U/S Berryessa Rd to 
Metcalf Pond 

Metcalf Road to 
Anderson Dam 

Coyote Creek 
to Dorel Drive  NA   

Physical 
Habitat 

Coldwater Fish 
Habitat Units 

55 - 90% Pool (mostly 
mid-channel pool) 

95 - 100% Pool (mostly 
mid-channel pool) ND No Data SCVWD 2006   

 SEIDP CW fish 
Habitat Units 50% Pool 40% - 100% Pool 15 - 78% Pool   

SCVURPPP 
2001   

 BMI Physical 
Habitat Quality Marginal Marginal to Fair Good No Data 

SCVURPPP 
2008 4 stations

3
 

Water Quality 

Temperature 
High (21-22C) at Flea 
Market (just u/s site 
7) 

V High (23C) at Silver 
Creek Rd. 

no sample no sample 
SCVURPPP 
2010 

9 stations
5
 

Dissolved 
Oxygen 

Moderate (7 - 9 
mg/L) 

Very low (3 mg/L) to 
Moderate (4 - 8 mg/L) 

no sample no sample 
SCVURPPP 
2010 

Similar low to 
moderate values 
in the middle 
reaches reported 
by SCVURPPP 
(2003a) and 
Hopkins et al. 
(2002). 

Soil Condition 
Sediment 
Chemistry Good Fair Marginal No Data 

SCVURPPP 
2008 4 stations

3
 

Toxicity 
Sediment 
Toxicity (% 
survival) Marginal Poor to Optimal Optimal No Data 

SCVURPPP 
2008 4 stations

3
  

1 
Average number of native fish species sampled from 2007 ς 2009:  Low = 1-3 species; Moderate = 4-5 species; High = 6-7 species.  These categories are relative to number of 

species observed from these samples and are not intended to reflect regional relative abundances. 
2
 Average number of individuals sampled from 2007 ς 2009:  Low = 0 ς 20; Moderate = 20 ς 40; High = 40 ς 60; Very High = 60 ς 80.  These categories are relative to abundances 

observed from these samples and are not intended to reflect regional relative abundances. 
3
 From I-880 to Fisher Creek confluence. 

4
 CRAM metric scores presented here as:  Low = 3; Moderate = 6, High = 9; Very High = 12 

5
 From Montague to Fisher Creek confluence. 
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Figure 2-11.  Ecosystem Services Index (ESI) for 
the Coyote Creek watershed.  ESI 95% Confidence 
interval = 72 ς 78 (n=77). 

 
 

 
 
Figure 2-12.  Ecological Services Index (ESI).  for the 
Upper Penitencia Creek subwatershed.  ESI 95% 
Confidence interval = 70 - 75 (n=30). 

 
 

Site-specific LOS based on Level 3 data already exist for many District mitigation areas as performance 

targets that have been established through regulatory permits or other legal requirements (see Table 2-

6 that follows the Reference section).  LOS based on Level 3 data must be assessed using Level 3 tools in 

order to demonstrate compliance; however, Level 2 CRAM data could also be used to monitor the LOS 

for these same and/or other mitigation project sites.  In the future, permitting agencies may allow CRAM 

assessments to be part of a mitigation project monitoring strategy that also involves Level 3 monitoring.   

CRAM is most effectively used as a mitigation monitoring tool when sites are assessed pre-construction 

in order to establish a baseline condition that can be compared to with post-construction monitoring. 

 

LOS for watersheds and subwatersheds have not been adopted to date.  The CRAM data collected 

through the probabilistic sampling design present an opportunity to establish Level 2 LOS for the entire 

Coyote Creek Watershed and the Upper Penitencia Creek subwatershed.  CRAM data collected using a 

probabilistic sampling design was used to generate a cumulative distribution function (CDF) to present 

the results.  From the CDF, a simple statistic called the Ecological Services Index (ESI) was derived that 

represents the area weighted average of all CRAM scores in the CDF.   As illustrated in Figures 2-11 and 

2-12, the ESI represents the areas above the CDFs, and is calculated as the percent of stream miles 

multiplied by the stream ecosystem condition (CRAM Index scores).  The first ESI that is derived for a 

watershed represents a baseline conditions and can be adopted as the LOS.  The ESIs for the Coyote 

Creek watershed and the Upper Penitencia Creek subwatershed are 75 and 73, respectively, and have 

similar 95% confidence intervals (72 -78 and 70 ς 75, respectively) (Figures 2-11 and 2-12).   

 

The ESI is a tool that may be used to track stream ecosystem condition over time.  The 2010 ambient 

surveys established the ESIs listed above.  When ambient surveys are conducted in the future, the ESIs 

can be recalculated and compared to the 2010 baseline to understand how condition may have changed 

over time.  The ESI may stay the same (indicating that overall ŎƻƴŘƛǘƛƻƴ ƘŀǎƴΩǘ ŎƘŀƴƎŜŘύΣ ƛƴŎǊŜŀǎŜ 

(indicating that overall condition has improved), or decrease (indicating that overall condition has 

worsened) as a result of different management actions or natural events.  When the ESI indicates that a 

LOS is not achieved or emerging issues or sources of risk are identified that threaten a LOS, priority 
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Figure 2-14.  Percent of stream miles in the 
Upper Penitencia Creek subwatershed by  
stream ecosystem condition category 
(High 82 ς 100, Medium-High 63 ς 81, Medium- 
Low 44 ς 62, and Low (<44). 

 
Figure 2-13.  Percent of stream miles in the 
Coyote Creek watershed by stream ecosystem  
condition category (High 82 ς 100, Medium  
High 63 ς 81, Medium-Low 44 ς 62, and  
Low (<44). 
 

 

management actions can be identified to raise the ESI by improving conditions and/or managing 

associated stressors.  This tool will enable the District to establish expectations about what conditions 

can be reasonably achieved and to identify associated investment costs to maintain or improve 

conditions.  For example, it may make more sense to target improvements in an un-engineered reach 

with degraded stream ecosystem conditions than to invest capital to improve the condition of a storm 

drain that has little potential for providing substantial ecological functions.  Such actions and their 

incremental costs can be determined and translated into District project plans and annual budgets.    

 

The Ecosystem Services Index (ESI) has received draft endorsement from the CRAM steering committee 

as a watershed-based or landscape level summary statistic for overall condition of aquatic resources 

assessed using CRAM.  The methods by which an ESI statistic is calculated from an ambient survey CDF 

are described in Appendix A. Other potential approaches to deriving LOS for stream ecosystem 

resources are also presented in Appendix A.  It is important to keep in mind that the development of 

ecological LOS is an emerging interest for the District based on its need to assess and monitor the 

performance of its stewardship program.  No standard approach exists at this time.  LOS development 

may need to be iterative in order to respond to changes in related science and management needs.   

 

Several companion figures are useful to explain what the ESI represents in terms of stream ecosystem 

conditions.   One such figure (2-7) presented in section 2.2.1.1 is the map of all the ambient CRAM 

scores by stream ecosystem condition category. Figures 2-13 and 2-14 presented here illustrate the 

percentage of stream miles characterized by the four stream ecosystem condition categories in both the 

Coyote Creek watershed and the Upper Penitencia Creek subwatershed.  Notably, no sites in either 

watershed fell within the Low condition category.  In comparison to the Upper Penitencia Creek 

subwatershed, the Coyote Creek watershed had a higher proportion of stream miles within the High 

condition category and lower proportions of stream miles in the Medium-High and Medium-Low 

condition categories. 

2.2.3  How do the existing stream ecosystem conditions compare to ecological 

Levels of Service? 

 






















































































































