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 APPENDIX B 

LINDSAY CREEK WATERSHED ASSESSMENT 
THE LINDSAY CREEK PROJECT: WATERSHED AND COMMUNITY BASED LAND USE ASSESSMENT 
March, 2005 

I. OVERVIEW OF THE LINDSAY CREEK WATERSHED ASSESSMENT 

IA. INTRODUCTION AND OBJECTIVES 
The Lindsay Creek Watershed Assessment (LCWA) is a rapid assessment of information about watershed 
condition. Results of the LCWA can be used by watershed residents, landowners, land managers, local 
government agencies, and stakeholders concerned with the future of the Lindsay Creek watershed. The 
primary objectives for the LCWA were: 

• To provide, in a timely and cost effective manner, reliable watershed resource information to guide 
rational land use decisions;  

• To inform the development of a diversity of tools for watershed protection;  
• To provide direction for future enhancement of natural resource values; and 
• To test the feasibility of a watershed-based land use planning process (putting the watershed 

resources and values at the forefront of a land use planning process).  

The LCWA is an initial effort to answer a number of questions about the relationship between land use 
activities and watershed resource conditions such as:  

• What are the current water quality and salmonid 
habitat conditions? 

• How has past and present land use affected water 
quality and salmonid habitat? 

• How can watershed information be better used to 
guide land use planning to reduce impacts on 
watershed resources? 

• What watershed data exists that can be used to inform 
land use planning and resource enhancement and what are the data gaps that should be filled? 

This appendix document includes descriptions of the LCWA approach and results. The results are then 
integrated with and filtered through community input in the Strategy for the Lindsay Creek Watershed & 
Community, which provides recommendations for community-based actions; local land use planning, policy, 
and programs; and state and federal opportunities to protect, maintain and/or enhance watershed resources. 

IB. LINDSAY CREEK WATERSHED BACKGROUND 
The Lindsay Creek watershed is located two miles east of McKinleyville on the north coast of California. A 
tributary of Mad River, Lindsay Creek supports one of California’s few remaining wild populations of 
endangered coho and Chinook salmon. Lindsay Creek is considered to be one of the most productive 
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streams for coho in the Mad River watershed (Higgins, personal communication). Lindsay Creek has five 
major tributaries, including: Squaw Creek, Grassy Creek, Anker Creek, Mather Creek, and an unnamed 
tributary (herein referred to as Van Eck Creek) on the west side of the watershed. The Lindsay Creek 
watershed vegetation is predominantly redwood and Douglas fir forests on slopes and pastureland, wetland 
and riparian woodland vegetation on the valley floor.    

The Lindsay Creek watershed is approximately 11,150 acres (Figure B1) that include a distinctive mix of 
working timber and agricultural lands, the Fieldbrook community, sparse rural residential development, 
and natural habitats. According to community surveys and interviews, maintaining this mix is important to 
the current community members and to those who care about protecting and enhancing rural community, 
working lands, and natural resource values throughout Humboldt County. 

The Lindsay Creek watershed has been significantly altered over the past 150+ years by land use activities 
that include removal of all original old growth redwood forests; on-going timber harvest activities; 
construction of railroads and roads; residential development; and agricultural activities. The potential 
impacts of these activities include changes in the amount and timing of inputs of water, sediment, nutrients 
and large wood to stream channels. These impacts can result in increased intensity and frequency of 
floods; loss of spawning and rearing habitat for salmonids; and an overall decrease in aquatic habitat 
productivity and water quality. 

The Fieldbrook community and greater watershed area have experienced a moderate rate of rural 
residential growth and land use change in the past 25 years. The future will bring more growth, changes in 
land use and zoning, and natural disturbances such as flooding. The current update of the Humboldt 
County General Plan (GPU) provides an opportunity for zoning to be changed to allow for more intensive 
development in portions of the watershed. How Lindsay Creek’s natural resource values and the 
community’s quality of life are affected will rely in part on the quality of information available to guide 
future land use management and stewardship.  

IC. INTENDED AUDIENCE AND OUTCOMES 
The LCWA has been developed for use by concerned community members, the local Community Services 
District, local educators, county planning staff, local elected officials, developers, landowners and 
managers, watershed restorationists, and state agencies.  

The LCWA was developed as part of a larger project funded by the State Water Resources Control Board 
(SWRCB) and conducted by the Natural Resources Services (NRS) Division of Redwood Community 
Action Agency in Eureka, California. The goals of this project were to develop a model for use throughout 
rural areas of California for watershed-based land use planning. The methods, or ‘how to’, developed by 
this project are compiled in the Lindsay Creek Project Handbook (complete in March, 2005). 

It is important to note that the LCWA is not a comprehensive assessment and that it was developed with a 
number of specific limitations including:  

• Funding for the LCWA was limited to $49,000, and the scope of work was limited under contract 
with the funding agency;  

• As a model for watershed-based land use planning the LCWA was restricted to mimic types and 
sources of information typically available to land use planners. The LCWA is based on watershed 
information that was readily available and focused on activities that fall under County jurisdiction 
in California;  

• The funding timeline limited the LCWA to a one and a half year period; and 
• No new field data were collected, therefore data ‘gaps’ are common. 
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Figure B1. Roads Dem Map 
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Data collected in this effort was used to develop a series of GIS-based maps quantifying potential habitat 
quality indicators (salmonid presence, riparian vegetation, large parcels) and potential habitat risk indicators 
(road density, septic density, slope instability). The LCWA also presents all existing and available watershed 
data that NRS staff could locate and summarize in tables, descriptions and maps. Documented and 
mapped observations (Attachment B1) capture existing biological and physical survey locations, and some 
local knowledge from residents. 

LCWA management goals presented herein are used as the basis for more detailed recommendations for 
community actions; local land use policies, programs, incentives, actions; and recommendations for state 
and federal agencies presented in the Strategy for the Lindsay Creek Watershed & Community. This document is 
an appendix to that Strategy.  

This first iteration of data and information is not meant to be an ending point or the final say in what is 
truly happening within the watershed. It does provide a compilation of existing data that was not 
previously available in one location, provides a baseline from which to expand and add, identifies data 
gaps, and provides a new approach to analysis of watershed data for land use planning.  

II. METHODS AND RESULTS 

An accurate watershed assessment is necessary to establish current watershed condition, which can be used 
to guide future land use decisions and management efforts. The first step in any watershed-based land use 
planning approach involves accurately characterizing current issues, habitat conditions, trends and 
problems in a watershed.  

The LCWA contains details regarding data collection, data analysis and data integration. The LCWA 
includes analysis of three potential habitat quality indicators and three potential risk indicators for nine 
sub-watersheds within Lindsay Creek. Numeric values are assigned to each ‘quality’ and ‘risk’. The 
combination of habitat quality and habitat risk values gives a relative indication of the current conditions 
and threats within the nine sub-watersheds. The results of this analysis provide the basis for management 
recommendations presented in the Strategy for the Lindsay Creek Watershed & Community. 

Comprehensive watershed assessment involves complex data collection and analysis techniques that can 
unfortunately require substantial investment of time and resources. Local communities and land use 
planners often lack the resources and expertise to undertake these complex tasks, yet need accurate 
information on watershed and stream conditions (Center for Watershed Protection, 
www.cwp.org/tools_assessment.htm).  

A number of watershed assessments from throughout the Pacific Northwest were used to help determine 
the methodology for this project. The primary sources used in development of the methodology were: 

• The Clearwater National Forest Roads Assessment (USFS 2003);  
• North Coast Watershed Assessment Program – Mattole Watershed Assessment (DFG 2003); and 
• California Watershed Assessment Manual (CWAM) (Shilling et al. 2004).  

In addition, the team used ideas from the Oregon Watershed Assessment Manual (Watershed Professionals 
Network 1999), The Nature Conservancy: Landscape-Scale Conservation, A Practitioner’s Guide (Low 2003); A 
Quick Guide to Using Natural Resources Information (Minnesota Dept. of Natural Resources 2004) and various 
documents regarding green infrastructure. In addition, valuable technical information was used from the 
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Klamath Resource Information System (KRIS, www.krisweb.com) and the Center for Watershed 
Protection (www.cwp.org).   

The methods used in the LCWA were accomplished on a limited budget, using existing data, are relatively 
simple and straightforward, and are science-based. 

LCWA methodology involved the following key steps. 

1. Identify and invite advisors to assist in the watershed assessment process. 
2. Formulate the purpose of the assessment and for whom it is being developed.  
3. Identify which watershed resources/issues are most important; determine focus resource/s. 
4. Identify environmental and land use factors most likely affecting focus resources.  
5. Identify and gather existing information; develop a picture of the watershed. 
6. Conduct data analysis to quantify resource conditions (identify habitat quality and risk indicators). 
7. Integrate watershed data: combine information in a way that leads to conclusions about and 

graphic display of overall condition of focus resources.  
8. Review results with community and watershed experts.  
9. Refine and consider uncertainty of results, finalize assessment.  

IIA. IDENTIFY AND INVITE ADVISORS TO ASSIST IN WATERSHED ASSESSMENT PROCESS 
The complexity and interdisciplinary nature of watershed assessment makes the use of a team approach 
necessary. An assessment team should have a dedicated and experienced coordinator, plus staff, 
community experts, and scientific advisors. An excellent description of how to assemble and manage a 
team for watershed assessments is in Chapter 2 of the CWAM. The LCWA team included a coordinator, 
NRS staff, watershed consultants, and community watershed experts (Attachment B2). 

IIB. FORMULATE PURPOSE OF THE ASSESSMENT AND FOR WHOM IT IS BEING DEVELOPED 

It is important to clearly identify who really wants a watershed assessment and why they want it. The desire 
to know more about the condition of a watershed can be from a federal or state level (e.g. endangered 
species habitat or water quality); a regional level (e.g. fire management, timber management, migration 
corridors, future growth); or the community desire (e.g. to maintain a quality of life, property values, 
special places close to home, health and safety).   

W h o  I s  I n t e r e s t e d  I n  U s i n g  t h e  L C W A ?  

Interest in Lindsay Creek watershed information and assessment comes from many different levels.  
• In 1997, NOAA Fisheries listed Coho salmon in the region under the Federal Endangered Species 

Act – Chinook in 1999, and steelhead in 2000. Coho were listed as threatened by California 
Department of Fish and Game in 2004, under the state’s Endangered Species Act.  

• The State Department of Fish and Game has invested significant funds into riparian habitat 
restoration, barrier removal, habitat surveys, and fish monitoring in Lindsay Creek watershed since 
the early 1950's. The DFG Coho Recovery Strategy prioritizes watershed assessment and 
community education in the lower Mad River area, including Lindsay Creek. 
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IIE. GATHER EXISTING INFORMATION; DEVELOP A PICTURE OF THE WATERSHED 
The process diagram effort enabled a rapid assessment of what types of information were of greatest value, 
what data were available, and what were the most critical data gaps. The initial work developing these diagrams 
facilitated efficient data collection efforts for the LCWA.  

The results of a WA rely partly on the quality of the data used. The team took time in this step of the process to 
find the best available information, scrutinize source data, and determine the level of confidence in the 
information. The focused scope of data collection allowed a scrutiny to be applied to which data were used.  

Important pieces of information collected include base maps with roads, political boundaries, land use, and 
parcels; aerial photographs (historic and current, spatially-rectified as available); topography (digital elevation 
models, as available); geology; water features; vegetation patterns; distribution of species of concern. The 
availability of this information is sporadic, the quality of the information varies greatly. In addition, data from 
different sources and time periods is often not comparable. Some of this data can be manipulated to make it 
more useful, other data sets were set aside. 

Some of the best sources of reliable watershed information were long-time residents, local watershed experts, 
and local agency personnel who have worked in the watershed. Statewide GIS databases were also a source that 
provided numerous data layers. The Humboldt County Community Development Department GIS team has 
developed detailed coverage of all County watersheds. They provided the Lindsay Creek Project team with land 
use, parcels, and road data layers.  

D a t a  a n d  I n f o r m a t i o n  C o l l e c t e d  f o r  t h e  L C W A  
Attachment 1B describes the type and source of information collected for the LCWA. The main sources of 
fisheries habitat data were DFG (habitat inventory and fish survey data sheets and reports) and Green 
Diamond fisheries biologists, watershed residents, and the Institute for River Ecosystems.  

IIF. CONDUCT DATA ANALYSIS TO QUANTIFY CONDITIONS THROUGHOUT THE WATERSHED 
(IDENTIFY RISK AND HABITAT QUALITY INDICATORS) 
Once the data were collected, it was apparent what data gaps existed and what level of analysis could be 
conducted. The process diagrams in Figures B2-B5, illustrate factors for which data were robust enough to 
be used in analysis; where data were found but were sporadic or of poor quality and were not used; and 
where no data were found. For example, GIS data layers exist for roads and streams, making it possible to 
determine road densities, road proximity to streams, and road stream crossings. While the roads data layer 
is not complete – it only includes main roads and haul roads, and does not include private driveways, skid 
trails and smaller private lanes – it covers the entire watershed and is accurate for those roads it includes. 
Data for herbicide and pesticide applications were very sparse, both spatially and temporally.   

Organizing the many interrelated variables into a framework was challenging. The approach used in the 
Clearwater National Forest (CNF) Roads Assessment was useful. In the CNF Roads Assessment, each road 
segment was characterized numerically in terms of each of many variables and these were then totaled for a 
result of high or low environmental value and high or low road use value for a particular road segment.  
It is important to determine geographic units for the WA process. Dividing a watershed into sub-
watershed areas allows for detailed assessment of each area and a way to compare the relative conditions in 
different parts of the watershed. A detailed description of how to divide a watershed into smaller units for 
assessment can be found in the NCWAP Mattole Watershed Assessment (DFG 2004). For the LCWA, the 
Lindsay Creek watershed is divided into nine sub-watershed areas including each main tributary stream 
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(Grassy, Squaw, Anker, Upper Mainstem, Mather, Van Eck). Additionally, the main stem of Lindsay Creek 
was divided into three sections (Essex, Lower and Middle Main Stem). The delineation of sub-watersheds 
was done by using computer mapping techniques, which when compared with actual topographic sub-
watershed boundaries, resulted in some inaccuracies. However, because the LCWA analysis did not include 
hydrologic analysis, this was not considered to be a significant problem as long as the sub-watershed 
boundaries are clearly defined and remain consistent throughout the assessment. 

Based on the outcome of the data collection efforts, factors affecting three potential indicators of habitat 
quality (salmonid species presence, riparian vegetation, large parcels) and three potential indicators of 
habitat risk (road related sediment, septic pollution, slope stability) were selected for detailed analysis. A 
description of the analysis and results for each indicator is described below.   

In brief, a numeric value was assigned for each potential habitat risk and habitat quality indicator in the 
nine sub-watersheds within Lindsay Creek. The values were 3= High Quality or High Risk; 2= Medium 
Quality or Risk; and 1= Low Quality or Low Risk. Determination of thresholds for each indicator value is 
presented in the following section.  

The analysis of each habitat quality and risk indicator included background research, summary of existing 
data specific to Lindsay Creek, integration of GIS data layers, development of value thresholds, and review 
by technical experts. The lack of consistent, high quality data for specific sites necessitated a number of 
assumptions to be made by the NRS team, these are also described. In most cases, two maps are included 
for each indicator: one map displays data details, the second map displays the overall habitat quality or risk 
value determined for each sub-watershed based on the data details (except where both types of 
information can be clearly displayed on one map). 

The indicators were not weighted, as each one was considered to be of equal importance. For example, 
road densities, density/proximity to streams, and road/stream crossing density in each sub-watershed were 
calculated. Density thresholds were selected for ‘high’, ‘medium’, and ‘low’ risk and a value assigned (3, 2, 1 
respectively). These three road risk values were added together to obtain a final value for potential road 
related sediment risk in each sub-watershed.  

The next steps (7, 8 and 9) are summarized after presentation of LCWA habitat quality and risk indicators.  

Below, generalized management goals are presented for the ‘high’, ‘medium’ and ‘low’ values of each 
indicator. LCWA results are the basis of suggested management goals that address filling data gaps and/or 
opportunities to minimize habitat risk/s while maintaining and enhancing habitat value/s. The following 
management goals form the basis of the Strategy for the Lindsay Creek Watershed & Community 
– which provides more detailed action, program, and policy recommendations for select 
management goals.  

I IF1.  HABITAT QUALITY INDICATOR - PRESENCE OF SALMONIDS 
Lindsay Creek is some of the best coho habitat found in the Mad River watershed, and also supports 
native populations of Chinook, and steelhead and cutthroat trout. Observed presence of salmonid species 
indicates that some functional habitat exists for those species. 

BACKGROUND 
The best method for identifying salmonid life stage requirements, determining if these requirements are 
being met, and determining what is needed to maintain or restore salmonid populations is to use site-
specific data. However, site-specific information is often incomplete for one or more of the life stages of 
salmonids. Thus, when site-specific data are not available, it is customary to extrapolate using information 
from other areas (Ligon et al. 1999). 
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It is well documented in the Pacific Northwest that because salmonid species have very specific habitat 
requirements, the presence of salmon is an indicator of the health of an aquatic ecosystem. Salmonid 
species require a specific range of water quality conditions (temperature, turbidity, dissolved oxygen, 
nitrates, chemical pollutants), adequate water flows, abundant food, and accessibility to diverse in-stream 
habitat that meets specific requirements for each life stage (spawning, rearing, migrating) of each species.  

Anadromous salmonids native to Lindsay Creek have been listed as threatened by the National Marine 
Fisheries Service under the Endangered Species Act (coho, Oncorhynchus kisutch, listed threatened, May 
1997; Chinook, Oncorhynchus tshawytscha, listed threatened, September 1999; and steelhead, Oncorhynchus 
mykiss, listed threatened, June 2000; as noted on the National Oceanic and Atmospheric Administration 
(NOAA) website http://www.nwr.noaa.gov/1salmon/salmesa/). Coho were listed as threatened by the 
California State Department of Fish and Game in February 2004. 

I n p u t  a n d  D a t a  S o u r c e s  
• Brian Michaels and Matt House, Green Diamond Resource Company 
• Sharon Kramer and Steve Kramer, Stillwater Sciences, watershed residents 
• John Schwabe, California Department of Fish & Game 
• Dana McCanne, Institute for River Ecosystems (IRE) 
• Tim Broadman, National Marine Fisheries Service (NMFS) and watershed resident 
• Jim Timmons, long-time watershed resident 
• Curtis Ihle, Coastal Streams Restoration Group, watershed resident 

SUMMARY OF EXISTING INFORMATION – SALMONIDS 
1. Existing data on distribution of salmonids in the watershed include DFG surveys (sporadic from early 

1950s to 2000) and IRE surveys (2002 to present), community observations, and Fred M. van Eck 
Forest Foundation and Green Diamond fisheries biologists’ data (Figure B6). Data on cutthroat trout 
is minimal. Population estimates, population trends and historic numbers are not available for Lindsay 
Creek. 

2. Lindsay Creek has been identified by various agencies and fisheries experts as an important refugia 
stream for native anadromous salmonid populations within the lower Mad River (DFG, Green 
Diamond Resource Company).  

3. Typical measures of salmonid habitat quality – such as pool frequency, gravel embeddedness, shelter 
ratings – have been collected sporadically and do not cover the entire watershed. The last habitat 
survey of Lindsay Creek’s main stem was conducted by Simpson Timber Company in 1995 and was 
used to check salmonid habitat quality assumptions. Results of this survey showed a high degree of 
gravel embeddedness (impact to spawning gravels), infilling of pool habitat, and lack of large wood 
(provides rearing habitat). 

4. There are a number of small streams that flow into the main tributaries and main stem of Lindsay Creek 
that have not been surveyed for fish presence and the project team could find no data for these streams. 

5. The entire main stem of Lindsay Creek has stream gradient from 0 to 4%, and this low gradient is 
favored by salmon for both spawning and rearing habitat. Stream gradient is mapped in Figure B18, 
‘Slope Stability’. 

6. Lindsay Creek watershed residents are a good source of anecdotal data regarding fish presence and 
distribution and historic fish numbers. One long time resident noted that in the early 1950’s there were 
so many spawning fish in Lindsay Creek main stem that his cattle would not cross the stream. 
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7. Public input from LC residents identified the presence of salmonids as an important value to be protected.  

A s s u m p t i o n s  
A. Presence of salmonids indicates that quality habitat exists. This does not mean that the habitat quality 

is pristine or could not be enhanced. 
B. Historic presence of salmonids indicates that the stream reach has potential habitat available. 
C. Streams with lower than 20% gradient are considered to be potential salmonid habitat. Typically stream 

gradients of 0 to 3% are considered to be optimal for coho and Chinook (Reeves et al. 1989); steelhead 
will use streams with gradients up to 10% (DFG 1994). Cutthroat trout are more flexible in their 
habitat requirements, and resident populations (that do not migrate to the ocean) are often found 
above what are typically considered to be passage barriers (Johnson et al. 1999). To ensure that all 
potential habitat was identified we used 20% as the cutoff for fish habitat. This precaution will account 
for inaccuracies in stream gradient layer; areas that were historically accessible but are now above 
reaches with greater than 20% gradient; and pockets of potential resident cutthroat trout habitat.  

D. Local/resident fisheries biologists are good judges of stream habitat quality. 
E. Stream reaches above gradients greater than 20% have low or no habitat quality for salmonids. 

MANAGEMENT GOALS FOR SALMONID PRESENCE (Figure B6) 
H i g h  Q u a l i t y  H a b i t a t  = 3 :  Two or more of the following salmonids species – coho, Chinook, 
steelhead, or cutthroat trout – are known to currently exist. 

Fish 1 - Prioritize habitat surveys and assessment along high quality reaches to determine site-specific 
conditions and potential limiting factors. 

Fish 2 - Protect high quality salmonid habitat reaches from degradation. 
Fish 3 - Protect and restore floodplain processes that benefit salmonids 
Fish 4 - Protect and restore instream large woody debris (LWD) and the long-term supply of LWD.  
Fish 5 - Protect and restore water quality and quantity necessary for sustaining salmonids at all life 

stages. 
Fish 6 - Work with local resource agencies to provide incentives for landowners who choose to protect 

and/or restore private lands for fisheries habitat values. 

M e d i u m  Q u a l i t y  H a b i t a t  =  2 :  One of the salmonid species are known to exist, or salmonids have 
been observed historically, but there are no recent sightings (past 20 years), or if the section of stream has 
less than 20% gradient and is considered to be potential habitat by recognized fisheries biologists. 

Fish 1 - 6 management goals apply. An additional management goal includes:  
Fish 7 - Determine if passage barriers exist downstream. 

L o w  Q u a l i t y  H a b i t a t  =  1 :  No salmonid species have been observed, and/or the stream reach 
gradient is greater than 20% and considered not to be potential habitat by fisheries biologists.  

Fish 8 - Ensure that management along these reaches does not impact downstream habitat. 
Fish 9 - Protect these areas from vegetation removal within the riparian corridor (see Riparian Goals). 
Fish 10 - Avoid hydrologic changes from increased impervious surfaces and road construction (see 

Roads Goals).  
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FIGURE 6. Salmonid Data and Habitat Values 
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HABITAT QUALITY INDICATOR - RIPARIAN HABITAT 

Riparian conditions affect salmonid habitat quality and water quality. Riparian conditions that mimic old 
growth stands are of high value for salmonid habitat and water quality.  

BACKGROUND 
Riparian vegetation in Lindsay Creek watershed has changed completely from its original condition before 
the first logging began. Some of the largest trees in the world were harvested in Fieldbrook. An indication 
of the size of the old growth trees found in the watershed are evident in the remaining old growth stumps 
scattered throughout the second and third growth forests of today. The type of stream habitat provided by 
these trees can be seen by walking along streams such as Prairie Creek in Redwood National Park.  

Riparian vegetation filters pollutants, acts as a barrier for sediments, provides shade and regulates 
temperature, provides structure through roots along stream banks, provides large wood to stream channel, 
and provides leaf litter for primary food source, supporting clean water and diverse fish habitats. For in-
depth background on benefits of functional riparian habitat, see www.krisweb.com/stream/riparian.htm. 

Multiple sources document the appropriate riparian vegetation corridor width, structure, and size. These 
sources also correlate the health of the riparian corridor to water quality and fish habitat values. According 
to the Report of the Scientific Review Panel on California Forest Practice Rules (Ligon et al. 1999), a stand condition 
that would maintain properly-functioning conditions for protecting salmon habitat include: multi-aged 
conifers; 5 to 7 trees per acre greater than 40” DBH (diameter at breast height); 50 to 60% of basal area 
made up of trees 15 to 40” DBH; associated hardwood trees growing along the stream; riparian zone of 
variable width; and 10 to 20 tons of downed wood per acre (ibid.).  

The closer a riparian corridor is to the late seral, or historic ‘old growth’, condition the better it will 
function for fish habitat. Late-seral forest conditions occupied a large portion of the Pacific Northwest 
landscape prior to Euro-American settlement, and salmonid stocks were healthy and diverse at that time. 
Therefore, in developing diagnostics that help distinguish between key important and degraded habitats, 
we assume that salmonids are adapted to stream conditions found in late-seral forests. This is supported by 
change in large woody debris abundance alters fish habitat characteristics such as pool spacing, pool area, 
and pool depth (Montgomery et al. 1995, Beechie and Sibley 1997, Abbe and Montgomery 1996) and this 
alteration of characteristics causes changes in salmonid carrying capacity of a stream (Hicks et al. 1991, 
from the Skagit Watershed Council Habitat Protection and Restoration Strategy, 1998).  

Riparian corridor assessments and protections often do not include the potentially wider floodplain area.  
However, the connection between the stream channel and its floodplain is critical to salmonids.  
“Floodplains provide winter refuge habitat for juvenile anadromous salmonids during high flows. 
Backwaters, old scour channels, and vegetated floodplain surface greatly reduce water velocities during 
even the highest floods (Ligon et al, 1999). The width of the floodplain varies with size of the stream, 
slope and geology.  The floodplain for the main stem of Lindsay Creek covers much of the valley floor, 
and should be accurately mapped. Current FEMA Floodplain maps are inaccurate (Kramer, personal 
communication). These attributes of LC streams were not analyzed in the LCWA, but should be 
considered in future watershed-based land use planning efforts.  
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Figure B7. Amount of high, medium and low quality riparian ‘buffer zone’ in each sub-watershed.  

I n p u t  a n d  D a t a  S o u r c e s  
• Humboldt State University – Klamath Bioregional Assessment Project (1997), College of Natural Resources 

and Sciences provided to RCAA by Dr. Larry Fox 
• Greg Templeton, Green Diamond Resource Company 
• Sharon and Steve Kramer, Stillwater Sciences 
• John Schwabe, DFG 

SUMMARY OF EXISTING INFORMATION – RIPARIAN HABITAT 
1. Human disturbance in LC has changed the quality of riparian corridor – via removal of trees from 

logging, road construction and maintenance, home construction (including driveways), garden expansion, 
grazing activities, and (former) railroad corridor construction and maintenance. Current conditions 
typically reflect trees less than 24” DBH and canopy closure less than 40% (Figures B7 and B8).  

2. Site-specific data for riparian quality is sporadic for LC; aerial photo interpretation was not conducted 
due to budgetary constraints. The habitat survey for main stem Lindsay conducted by Simpson Timber 
in 1995 found mean canopy density of 79%.  

3. Riparian tree size, canopy cover, and composition data were derived from the Southern Oregon-Northern 
California (ORCA) Wildlife Habitat Map (Database Version 1.0a, September 1997); the Klamath Bioregional 
Assessment Project, College of Natural Resources and Sciences, Humboldt State University (1997) where 

classification was derived from 1994 Landsat 5 imagery. These data sources provided efficient and 
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accurate tools for assessment of riparian condition. Evaluations of the accuracy of this tool are 
available from Dr. Larry Fox, HSU.  

4. There are more than 150 vegetation classifications in the ORCA Habitat Map Database. NRS staff 
combined these into three categories based on tree size, canopy closure, and conifer/hardwood 
composition. 

5. There are positive attributes of having diversity in riparian canopy, including areas with gaps in cover 
that allow increased amount of light into the stream zone, resulting in increased productivity of aquatic 
invertebrates (Ligon et al, 1999).  

6. Width of the riparian corridor relates to its function as a sediment and surface flow pollution filter, for 
large wood supply, and temperature moderation. The width used to assess riparian corridor condition 
was 300 feet from either side of the stream (600 feet in total width). Pixels are 30 meters square and 
can be seen in the data layer, which gives a good indication of conditions closer to the stream.  

7. Large storm events in the 1950s and 1960s, coupled with logging practices of that era, resulted in a 
large amount of debris being deposited in north coast streams. DFG surveys in 1972 documented long 
sections of the main stem Lindsay Creek blocked by log jams (volume estimated 136,606 cubic feet) 
(DFG 1972). Between the mid-1960s and the early 1980s DFG and the California Conservation Corps 
actively removed woody debris from Lindsay Creek. At the time it was thought that removal was 
necessary to provide fish passage and allow sediments that had built up behind the jams to flush out 
(Stillwater 1997). As fisheries biologists learned more about channel morphology, fish habitat 
requirements and importance of large wood, this practice was stopped.  

A s s u m p t i o n s  

A. Habitat Type Classification System used to map existing riparian vegetation from 1994 Landsat 
Imagery accurately depicts riparian conditions in Lindsay Creek. 

B. The assessment was conducted a number of times using several different levels of canopy closure. A 
relatively low value for canopy closure - 40% - was selected as one of the parameters to determine high 
quality riparian habitat. Canopy closure between 65 to 80% is typically considered optimum for 
salmonid habitat (Ligon et al. 1999). Canopy closure is significant mainly for regulating temperatures. 
Temperature studies in Lindsay Creek indicate favorable temperatures for salmonids (Simpson Timber 
Company 1994-2003). Therefore, we determined that more open canopy with predominantly large 
conifers (>24” DBH) would still provide quality habitat. The calculated area of ‘high quality’ riparian 
buffer did not change significantly with a reduction in the canopy closure threshold from 80% to 40%.  

C. Changes in riparian habitat from 1994 to 2004 have occurred, based on visual spot checks of more 
recent satellite imagery. In some areas trees have been removed and the habitat quality has degraded, in 
other areas, such as the lower main stem and Essex sub-watersheds, riparian revegetation efforts have 
been continued and there has been additional growth. However, we assumed that changes have not 
been significant and there has been only minimal growth in riparian trees since 1994. 

MANAGEMENT GOALS FOR RIPARIAN HABITAT (Figure B8) 

H i g h  Q u a l i t y  H a b i t a t  = 3 :  Riparian zones that include trees with DBH) >24”, canopy closure >40%, 
predominately conifers with some hardwoods.  

Riparian 1 - Protect high value riparian forests from disturbance, including tree removal, road 
construction, stream crossings, construction and invasive exotics. 
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INSERT  

FIGURE 8. Riparian Data and Values 
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Riparian 2 - Increase riparian corridor/streamside management area widths necessary to protect 
existing high quality habitat.   

Riparian 3 - Use protections prescribed for riparian buffers in California Forest Practice Rules on all 
high quality riparian habitat regardless of land use designation or ownership.  

M e d i u m  Q u a l i t y  H a b i t a t  =  2 :  Riparian zones that include trees with DBH of 11 - 24"; canopy closure of 
20 - 40%; mixed conifers and hardwoods. 

Riparian 4 - Use current streamside management area protections (100-foot widths) per Humboldt 
County Local Coastal Plan.   

Riparian 5 - Conduct site-specific riparian assessments to determine potential to restore areas of 
medium quality riparian habitat.  

Riparian 6 - Retain and plant native trees and vegetation, especially conifers.  
Riparian 7 - Develop management practice recommendations that will lead to establishment of late 

seral stage characteristics.  
Riparian 8 - Protect from further disturbance by human management such as road construction, 

grazing, vegetation removal, timber harvest, home construction. 

L o w  Q u a l i t y  H a b i t a t  =  1 :  Riparian zones that include trees with DBH 11" or less; canopy closure 
<20% (including shrubs, grass, bare soils, gravel); hardwood dominated. 

Riparian 9 - Restore riparian values to extent possible. 
Riparian 10 - Maintain streamside management area width of 100 feet to allow for future 

reestablishment of riparian corridor. 

I IF3. HABITAT QUALITY INDICATOR – LARGE PARCELS  
Large, intact parcels of land can support viable populations of wildlife by providing food, shelter, 
migration corridors, and freedom from human disturbance. Large parcels, used for this assessment, were 
120 acres or greater.  Intensive land use activities on large parcels will lead to habitat fragmentation, 
however there is a much greater potential for maintaining habitat values and/or enhancing them in the 
future on larger parcels. 

BACKGROUND 
Habitat loss and fragmentation (process by which habitats are increasingly subdivided into smaller units) 
are significant threats to species diversity, ecological integrity, and water quality (Biodiversity Partnership 
2003).  Depending on the natural resources values of concern, large parcels required to protect or maintain 
those values can vary from square feet to many square miles in size. In addition, large parcels of 
undisturbed land contribute to clean water by absorbing and filtering rainfall; regulating runoff of 
stormwaters; and providing for aquifer recharge. Large natural areas are valued as ‘viewsheds’ by those 
who live nearby as undeveloped areas, areas for viewing wildlife, and potential areas for passive recreation. 
Large parcels that overlay areas with high quality fish habitat are especially valuable, such as those in the 
Lower Main Stem and Essex sub-watersheds. The majority of large parcels in LC watershed are actively 
managed for timber harvest. Timber harvest activities do fragment habitat but unlike urbanization, rarely 
leads to outright habitat loss.  

Fragmentation of the landscape impacts watershed health by: 
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• Increasing the proximity of human activity to wildlife habitat, disturbing wildlife movement, 
feeding, and breeding activities;  

• Increasing the potential for negative human/wildlife interactions;  
• Changing the quality of wildlife habitat available, negatively affecting species reliant on large 

undeveloped land areas;  
• Increasing barriers to all wildlife movement including fish passage; 
• Introducing increased levels of exotic and or invasive plants and animals; 
• Introducing disease from domestic animals to wildlife;  
• Increasing hunting and fishing pressure (illegal poaching); and 
• Encouraging the many direct impacts of development such as impervious surfaces from roofs and 

roads, pollution from urban runoff and septic systems, construction and road-related 
sedimentation, traffic, water withdrawal, vegetation removal, and increases in noise and light.  

Land use planning/zoning that allows for large parcels to be sub-divided into numerous smaller ones 
provides landowners with flexibility, added financial value, and could add to future housing inventory. 
However, subdivision of large parcels, without careful planning, may encourage poor development 
patterns that promote habitat fragmentation, degradation and/or loss.  

Local planning for maintaining the values provided by large parcels in Lindsay Creek should also take into 
consideration broader regional issues – in fact, habitat fragmentation is typically considered and assessed 
on a regional ecological scale. The forested lands in Lindsay Creek watershed connect to the intact old 
growth redwood forests in Redwood National Park via industrial forestlands. Lindsay Creek watershed is 
part of the Northern California Coastal Forest Ecoregion, which is globally unique and of critical 
conservation status (Ricketts et al. 1999). LC watershed is a tributary to the Mad River watershed and 
estuary (a State Critical Coastal Area). LC coho salmon are included in the Southern Oregon/Northern 
California Evolutionary Significant Unit (An Evolutionarily Significant Unit or "ESU" is a distinctive group 
of Pacific salmon, steelhead, or sea-run cutthroat trout) which stretches between Cape Blanco, Oregon, 
and Punta Gorda, California.  

I N P U T  A N D  D A T A  S O U R C E S   
• A Quick Guide to Using Natural Resource Information (Minnesota Department of Natural Resources 2004) 
• Terrestrial Ecoregions of North America: A Conservation Assessment (Ricketts et al. 1999) 
• The Biodiversity Partnership Website (http:/www.biodiversitypartners.org)  

SUMMARY OF EXISTING INFORMATION – LARGE PARCELS 
1. More than 50% of the Lindsay Creek watershed includes parcels greater than 120 acres in size (Figures 

B9 and B10).  
2. The Fred M. van Eck Forest Foundation includes large parcels that are permanently protected under a 

conservation easement that precludes sub-division, and dictates sustainable forest practices.  
3. The highest percentage of land in large parcels in LC is located in Squaw, Mather, and Van Eck sub-

watersheds. The upper reaches of these creeks do not provide habitat for coho and Chinook salmon or 
for steelhead trout. Large parcels here are less significant for salmonid habitat than those that overlap 
stream reaches supporting all four species. However, large parcels in these areas can provide a number 
of other values such as potential for reducing sediment input and habitat for other species. 
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Figure B9. Percentage of each Lindsay Creek sub-watershed in large parcels (>120 acres).  

4. Industrial timberlands dominate the upper slopes of the watershed. These lands are in large parcels, but 
are fragmented to a degree by roads, timber harvests, burning, spraying, and other related activities.  

5. Under current land use, the amount of land that could be subdivided is relatively small, however there 
are key large parcels in the watershed that could be converted to smaller parcels, and/or residential use.  

6. Large areas of open space in the valley floodplain area allow for important natural processes to 
continue such as natural channel/floodplain connectivity and natural channel process. 

7. Large areas of open space, even when degraded, provide opportunities for restoration of habitat. 

A s s u m p t i o n s  

A. Parcels of 120 acres or greater are considered to be large parcels. 

B. Although large timber and agriculture production parcels (zoned timber production (TPZ), or 
agricultural exclusive (AE)) are disturbed by management practices, they do provide a some of the 
same wildlife and water quality values as large, undisturbed natural areas. 

C. Large parcels are more conducive to water quality and wildlife (fish) habitat than small parcels. 

D. Large parcels located within the floodplain allow greater opportunity for natural stream dynamics 
and floodplain/channel interactions. Fragmentation of floodplain areas typically results in people 
trying to change stream dynamics by armoring banks, building dikes and berms, digging drainage 
ditches, adding impervious surfaces, removing wood and vegetation, and dumping debris. 
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E. The higher the number of parcels in an area, the greater the likelihood of development-related 
habitat fragmentation or loss. 

F. The more fragmented the habitat, the greater the impacts are to water quality and wildlife (fish) 
habitat. Larger parcels offer more opportunity to conduct restoration activities. 

G. Poor land management whether on large or small parcels will increase the effects of fragmentation 
(e.g. high rates of timber harvest over large areas can and do impact water quality and fish habitat). 

H. Large parcels can provide an indication of habitat quality when specific data is not available for 
land use activities and alterations such as small scale water diversions; changes in run-off and flow 
dynamics; changes in vegetation cover and impervious surface over time; density and diversity of 
both native and exotic plant and animal species; specific water quality measurements; and changes 
in other biological, physical, and chemical parameters.  

MANAGEMENT GOALS FOR LARGE PARCELS (Figure B11) 

H i g h  H a b i t a t  Q u a l i t y  = 3 :  60% or more of the sub-watershed consists of large parcels of 120 acres or greater. 
Parcel 1 - Protect large parcels from fragmentation. Focus protection on large parcels that contain 

sensitive habitat such as salmon streams, intact floodplains, wetlands, unstable geology, 
and/or high quality riparian habitat 

Parcel 2 - Maintain working timber and agricultural lands. 

Medium Habitat Quality = 2: 30- 60% of the sub-watershed consists of large parcels. 
Parcel 1- 2 management goals apply. An additional management goal includes:  
Parcel 3 - Encourage connectivity between smaller parcels (greenways, corridors and conservation 

agreements). 

L o w  H a b i t a t  Q u a l i t y  =  1 :  Less than 15% of the sub-watershed consists of large parcels.  
Parcel 1 - 3 management goals apply. An additional management goal includes:  
Parcel 4 - Educate small landowners/residents on how to enhance the riparian, water quality and 

fisheries habitat values on their property. 

I IF4. HABITAT RISK INDICATOR – ROAD-RELATED SEDIMENT 
Road density, road proximity to streams, and road/stream crossing density are good indicators for the risk 
of management-related sediment entering into watercourses.  

BACKGROUND 
Road systems modify the surface and subsurface hydrology of the area. Roads affect the routing of water 
through a watershed by intercepting, concentrating, and diverting flows from their natural flowpaths. 
These changes in routing can result in increases in peak flows by both a volumetric increase in quick flow 
and changes in the timing of storm runoff to streams. The greatest potential for roads to modify hydrology 
is where roads cross streams (stream crossings). Another way to indirectly measure the alteration of 
hydrology is by determination of road density (miles of road per square mile). Where road densities are 
greatest, we expect that modification of surface and subsurface hydrology will be the greatest (Clearwater 
National Forest 2003). 
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INSERT  

FIGURE B10. Large Parcels Data  
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INSERT  

FIGURE B11. Large Parcels Values  
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Road systems generate surface erosion. Surface erosion occurs on most rural roads because their surfaces, 
cut slopes, fill slopes and associated drainage structures are usually composed of erodible material and are 
exposed to rainfall and concentrated runoff. Surface erosion differs greatly depending on many factors, the 
most influential of which are usually: the erodibility of the exposed surface; the slope of the exposed 
surface; and the area of exposed surface that generates and concentrates runoff. Surface erosion rates and 
associated sedimentation are highly sensitive to road maintenance practices. Watersheds with higher road 
densities, higher densities of stream/road intersections, and greater road/stream proximity will generate 
greater levels of surface erosion entering streams (ibid.).  

Roads on steep slopes are subject to landslides. Roads intercept subsurface water flow, redirect hillslope 
drainage, alter soil-loading patterns in cut and fill slopes, and can inititate debris flows at failed stream 
crossings (ibid.). Erodible road surfaces are one of the main sources of chronic fine sediment in 
watersheds. Chronic fine sediment creates embedded gravels that impact the quality of spawning habitat 
for salmonids. Increased levels of sedimentation in streams decreases fisheries habitat value by filling 
pools, filling in spaces between spawning gravels and smothering eggs and fry, and by increasing turbidity 
in the water which lowers the ability of fish to locate food (www.krisweb.com). 

Input and Data Sources  
• Green Diamond Resource Company 
• Clearwater National Forest 
• GIS layers as noted on maps 
• Jay Stallman, geologist and watershed resident 

SUMMARY OF EXISTING INFORMATION – ROAD-RELATED SEDIMENT 
1. Road density is greatest in the north-eastern part of the watershed and lowest in western watershed 

(Figures B12, B13 and B14). 
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2. Road density data from the Census ‘Tiger Files’ and USGS GIS data layers do not contain all roads in 
the watershed.  

3. Private roads, driveways, roads related to timber harvests other than main haul roads, are not included 
in the roads analysis because there are no existing GIS data layers were found with this information.  

4. There were no road inventories found for the Lindsay Creek watershed. 
5. Road maintenance and road construction techniques vary widely throughout the watershed (Green 

Diamond Resource Company, personal communication). 
6. Detailed data on road condition, road surface type, stream crossing conditions, were not available in a 

format that could be used for this assessment. 
7. Road density analysis in the Navarro River indicates that the statewide GIS data layers underestimate 

road density by at least two and up to ten times (www.krisweb.com).  

A s s u m p t i o n s  
A. Sedimentation and other impacts of roads increase with the density of roads in a watershed.  
B. Roads in close proximity to streams will generate greater levels of surface erosion entering into streams. 
C. The greater stream crossing density in a watershed, the greater impact to the streams within the watershed. 
D. The greater the density of roads on steep terrain the greater the likelihood of sediment being delivered 

into streams. 
E. The more roads in a watershed, the greater the impact will be, in general (CNF 2003).  
F. Road densities vary from sub-watershed to sub-watershed and within each sub-watershed. There are 

areas within ‘high risk’ sub-watersheds that may have very low road densities. This assessment did not 
break the sub-watersheds into progressively smaller units to determine exact locations of road density. 
Road inventories will be needed to further refine this information.  
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MANAGEMENT GOALS FOR ROADS (Figure B14) 
H i g h  H a b i t a t  R i s k  =  3 :  Road density of greater than 3 miles per square mile. 

Roads 1 - Prioritize high risk sub-watersheds for road inventories (including analyses of erosion, 
potential sediment input, road crossing improvement needs and fish passage barriers). 

Roads 2 - Develop comprehensive rural roads plan for the watershed based on inventory results. 
Roads 3 - Reduce potential sediment input to streams on all existing roads. 
Roads 4 - Improve the condition of, and/or reduce the density of road stream crossings, fish passage 

barriers, roads in close proximity to streams or that have sediment delivery potential to 
streams. 

M e d i u m  H a b i t a t  R i s k  =  2 :  Between 2 and 3 miles per square mile of road.  
Roads 1 - 4 management goals apply. An additional management goal includes:  
Roads 5 - Avoid increasing road density in these areas. 

L o w  H a b i t a t  R i s k  =  1 :  Less than 2 miles per square mile. 
Roads 6 - Develop road plan for location and best management practices for new roads. 
Roads 7 - Minimize increase in overall road density. 
Roads 8 - Minimize new road impacts through proper location, design and construction. 

I IF5.  HABITAT RISK INDICATOR – SEPTIC POLLUTION 
Although site-specific hydrology and soils play a substantial role in determining septic densities that do not 
impact human health or salmonid habitat quality, it has been shown that as the density of on-site-sewage 
disposal systems increases, the potential for related pollutants entering into streams increases (Institute of 
Food and Agricultural Science 2004). On-site wastewater treatment is a primary factor currently controlling 
residential development in the Lindsay Creek watershed, and is an issue that should receive substantial 
consideration in this light.  

BACKGROUND 
A septic system is designed to collect, treat and dispose of wastewater on site so that it can percolate into 
the ground without clogging the soil or contaminating ground or surface waters. Most systems have two 
main components: the septic tank and the leach field. A distribution box is often found between these two 
components to distribute wastewater to all parts of the leach field.  

The septic tank receives wastewater and provides a site for the solids to separate and settle. Heavy solids 
settle to the bottom of the tank forming a layer of sludge. Lighter solids, like grease, float to the top 
forming a layer of scum. The wastewater in the middle is pushed out into the leach field as more 
wastewater moves into the tank. Solids need time to settle to prevent them from being pushed out into the 
leach field and they also need to be periodically pumped from the tank. The leach field consists of trenches 
or a bed, often lined with gravel or coarse sand, and is buried one to three feet below the surface of the 
ground. Perforated pipes or drain tiles run through the trenches. Wastewater trickles from the perforated 
pipes through the gravel and into the soil, which acts as a biological filter. Microorganisms found in the 
soil, and the soil itself, continue the treatment process begun in the tank by removing harmful organisms, 
organic matter and some nutrients. 

Most existing septic systems have a functional lifespan of about seven to ten years. Originally, septic tanks 
were thought to have a finite life. There is some more recent research to support the idea that, if properly 
designed and maintained, a system can last forever. According to Neal Carnam, “ The question is not 
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(generally) how long the tank will last, but how long the leach field will last” (emphasis added). Depending 
upon usage, the septic tank will (ultimately) fill with solids that need to be removed—or “pumped out”. A 
comprehensive study of the Glide Oregon system found that this varied with the household and size of 
tank and averaged about 7 years (Bounds 1994). Work by Professor Rein Laak, of the University of 
Connecticut, on the life of a leach field led to the development of a concept that the leach field will reach a 
long-term acceptance rate. As long as the loading rate is below this, the field will continue to function 
(Laak, 1980). 

While regular maintenance during this period can extend the life of the system, there are conditions 
which can cause even well-maintained, functioning systems to leach pollution – particularly nitrogen 
and phosphorus – into nearby streams or waters. These conditions include some soil types and/or the 
level of the ground water. Neal Carnam, a septic engineer who has worked in the field for over thirty 
years and who has direct experience in the Lindsay Creek watershed commented: 

The [septic pollution] issue in Fieldbrook is…predominately related to high groundwater. The county 
has historically monitored groundwater in the valley and found that, at its highest level, it is within 0 to 
16 inches of the ground surface. Under those conditions, any in-ground system will be discharging 
directly into the ground water. Pollutants that could be removed after passing thru, say, 1 foot of 
unsaturated soil will need to travel thru 100 to 200 feet of saturated soil to achieve the same level of 
removal. Under these high water table conditions, the leach fields can continue to “function”, and they 
affect groundwater. The bigger problem occurs when the groundwater surfaces and becomes part of a 
stream or creek. In that case the pollutant removal may take 1000 feet or more to be comparable to 
what occurs within 1 foot of unsaturated soil. 

While installation of systems which may last indefinitely now seems possible, studies from around the 
United States establish a link between housing density in areas without established wastewater – or sewer – 
systems and degraded water quality (Institute of Food & Agricultural Science 2004). According to a July 
2003 report (EPA 2003), various types of on-site sewage treatment systems are used in 25 percent of all 
homes in the United States and in 33 percent of new developments. More than half of the existing systems 
were installed 30 or more years ago, and each year, at least 10 percent of all systems fail. States report 
failing septic systems as the third most common source of groundwater contamination. 

Many variables affect the exact relationship between on-site wastewater systems and water quality impacts 
including soil type, lot size, ground water mixing, street orientation with respect to groundwater flow 
direction, and ground water velocity. Despite the numerous variables, general conclusions may be drawn: 
• There is a highly significant correlation between water quality impacts (increased nitrate-nitrogen 

concentrations, bacterial levels, and dissolved solids) and an increase in housing density in unsewered 
residential areas.  

• Surface water flows, groundwater flows, wells, aquifers, estuaries, and freshwater tributary creeks can 
all be affected by increasing density of on-site sewage disposal systems. 

• The maximum density of individual household on-site-sewage disposal systems which an area can 
support before water quality degradation presents risk to human and aquatic health varies depending 
upon such parameters as soils, water table elevations, and system design. 

• Local studies are required to determine appropriate thresholds based on an area’s specific hydrology 
and soils. 

• Setbacks between on-site septic systems and wells, creeks, or other above ground water sources, may 
prove some protection against water quality contamination. 

While soil type, water table, maintenance, type and age of septic systems all influence whether a given 
septic system will leach contaminants, it has been shown in multiple studies from around the nation that 
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when septic density exceeds one system per two acres, the likelihood of pollutants reaching nearby streams 
is substantially increased (Institute of Food and Agricultural Science 2004). An analysis of the estimated 
number of septic systems within the Lindsay Creek watershed indicates that several sub-watersheds 
contain areas where septic density exceeds the ‘one system per two acre’ general threshold (Appendix B). 
These areas are primarily concentrated in the ‘downtown’ Fieldbrook area. While this “rule of thumb” 
septic threshold provides a cursory level of analysis, it is important to repeat that every area is different and 
the maximum density is dependent upon local site conditions. For example, in Does Prairie the county has 
found that septic systems work with a density of 1 house per acre, whereas in downtown Fieldbrook, that 
density is too great (Carnam 2005).  

In Humboldt County, septic permits are issued by the County Department of Environmental Health, who 
keeps permits in paper form filed chronologically, by the date issued. Building permits are issued by the 
Community Development Department housed at another location. Building permits are stored 
electronically and are referenced by parcel number. Finally, the County Tax Assessor’s office keeps 
records, electronically, which include parcel number, ownership information, land use, and structure value 
(among other information). All three County departments keep separate records which are not cross-
checked. Even the electronic data held in the Community Development Department and County Tax 
Assessor’s office are not integrated and are updated at different times, and may contain conflicting 
information. 

Septic permits were not recorded in Humboldt County prior to 1974. However, an HSU intern assisting 
the project team conducted an analysis of the initial permits issued and septic repair permits issued within 
the Lindsay Creek watershed since that time. At the County Environmental Health Department office, 254 
permits were found on record – although estimates based on tax assessor’s structure values indicate the 
probable presence of an additional 250 systems in the watershed. If even a small number of the 
unpermitted systems were installed prior to 1974, there is cause for concern as they are well beyond the 
average lifespan of a functioning septic system. Further, using the initial installation and repair permits on 
file to calculate an average time between permitting and repairs needed which is specific to the Lindsay 
Creek Watershed, the local “septic system lifespan” is less than the ten year figure: 8.95 years between the 
initial installation and repair permit requests. 

In addition, there have been advances in the science of on-site sewage treatment since 1974, including 
improved installation techniques, better understanding of soil suitability, more appropriate siting 
parameters, and drain field size requirements. Further, there are examples of alternative systems 
developments – some of which may be better suited to the soil and hydrologic conditions of the Lindsay 
Creek watershed. Many alternatives follow the basic conventional septic system design, with certain 
modifications to conform with site conditions. Several designs are of particular interest because of their 
decreased reliance on-site conditions and their ability to remove pollutants that cannot be removed by 
conventional systems. A more detailed discussion of one of these alternatives, recirculating sand filters, is 
attached in Appendix C. Careful selection of septic system alternatives can provide significant water quality 
rewards (Center for Watershed Protection 2000). 

In addition to the potential human health risks associated with on-site sewage disposal, septic pollution 
impacts salmonids. Increases in nutrient levels and algal growth, increasing ammonia levels, and potentially 
decreasing dissolved oxygen levels all negatively impact salmonid habitat.  

Input and Data Sources  

• “Notes in Soil Science: On-Site Sewage Disposal – Influence of System Densities on Water Quality”, 
Institute of Food and Agricultural Science (danpatch.ecn.purdue.edu~epados/septics/density.htm). 
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INSERT  

FIGURE B14. Road Density Data & Habitat Risk Values 
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• Non-point Education for Municipal Officials (NEMO) Technical Papers, Pollution Prevention Fact 
Sheet: Septic System Controls, available online: http://www.canr.nemo.uconn.edu/ces/nemo/ 

• NEMO Fact Sheet #3, “Clean Waters: Starting in your Home and Yard”. Clean Waters is a 
collaboration of the Connecticut Sea Grant Extension Program and the University of Connecticut 
Cooperative Extension System’s NEMO Project (http://www.nemo.uconn.edu/). 

• “Dealing With Septic System Impacts”, Watershed Protection Techniques, 32(1): 233-238 
(http://www.stormwatercenter.net/) 

• Kevin Metcalf, Humboldt County Environmental Health, personal communication.  

• Neal Carnam, Septic Engineer and Managing Principal, Winzler & Kelly Consulting Engineers, 
through comments on the “Strategy”. 

• Anecdotal information provided by watershed residents via project public participation. 

S U M M A R Y  O F  E X I S T I N G  I N F O R M A T I O N  –  S E P T I C  P O L L U T I O N  (Figure B15) 

1. In Humboldt County, septic system permits were not kept prior to 1975. 

2. More than half of the developed parcels in the Lindsay Creek watershed do not have a septic system 
permit on record. 

3. Staff at the Humboldt County Department of Environmental Health stated that there is no set 
threshold for septic density, although staff use a “one system per two acres” rule of thumb (Humboldt 
County Department of Environmental Health, personal communication June 2004).  

4. In general, soils within area of the Lindsay Creek watershed are less than ideal for the existence of a 
high density of septic systems due to high clay content combined with a high water table (Metcalf 2004 
and Michaels 2005). 

5. Community stakeholders also expressed that failing and non-functional septic systems are a cause of 
concern for community members in Fieldbrook (as evidenced by multiple accounts of soap bubbles 
and sewer-like smells in various parts of the watershed after storm events, especially the main stem. 

6. Specific data concerning septic location within parcels was not available for this project, and watershed 
boundaries split a number of parcels. Therefore exactly determining septic density by sub-watersheds 
mathematically utilizing the GIS data layers was not practical. Instead, the relative risk of septic 
pollution was mathematically estimated for each sub-watershed, then verified visually.  

7. Similarly, although distance from a surface water course is a prime criterion for analyzing septic 
pollution potential, the lack of data on septic location precluded that analysis.  

A s s u m p t i o n s  
A. Initial maps generated from the County Tax Assessor’s data received public comment that indicated 

data was not up-to-date in all instances. 

B. Septic permits on file reflect only those systems constructed after 1975.  

C. Permit applications do not necessarily mean a system was constructed.  

D. Combining the two data sources (tax assessor information and permit applications) provides the most 
accurate data from which to estimate on-site sewage disposal (septic) systems in the watershed. 
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INSERT  

FIGURE B15. Septic Density Data  
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E. Parcels zoned to allow residential use (derived from County Community Development Department 
data), which include a structure value in the Tax Assessor’s data, and/or structure value or septic 
permit application on file with County Health, were assumed to have a septic system or sewer 
connection (Figure B15). 

F. Structures valued under $2,000 by the Tax Assessor’s office were considered not to require year round 
sewage disposal. 

G. Parcels served by sewer were assumed not to have septic (mostly within the ‘Essex’ sub-watershed).  

H. Remaining parcels zoned for residential use, with structure values over $2,000, were assumed to have 
septic systems (whether there was a permit on file or not). 

I. Septic density greater than one unit per two acres is assumed to be a potential risk to water quality. 

MANAGEMENT GOALS FOR SEPTIC POLLUTION  (Figure B16)  

H i g h  S e p t i c  P o l l u t i o n  R i s k  =  3 :  Estimated septic density is greater than 1 unit per 2 acres.  

The Upper Main Stem sub-watershed has the greatest concentration of septic density, with an estimated 
243 systems within 222 acres. This density is over twice the recommended threshold, and almost certainly 
affects the water quality in the area and downstream. Application of the following should be prioritized in 
the populated areas of this sub-watershed. 

Septic 1. Protect water quality and streams from septic pollutants to minimize human health risk and 
impacts to salmonid habitat. 

Septic 2. Develop locally-adapted septic education materials and get the information to the 
community. 

Septic 3. Improve local septic system management and permitting. 

Septic 4. Develop more stringent siting and technological criteria for new systems. 

M e d i u m  S e p t i c  P o l l u t i o n  R i s k  =  2 :  Estimated septic density between 0.5 and 1 unit per 2 acres.  

The combined septic density for the Middle Main Stem, and Anker Creek sub-watersheds was 65 systems 
in 194 acres, or .67 units per 2 acres. Potential for impacts surrounding and downstream of the populated 
areas is likely if septic density increases. Density increasing activities should be considered carefully. 

Septic 1 – 4 management goals apply, but should be given secondary priority. 

L o w  S e p t i c  P o l l u t i o n  R i s k  =  1 :  Estimated septic density below 0.5 units per 2 acres.  

These sub-watersheds could potentially support an increase in septic density. Portions of the Essex sub-
watershed are serviced by sewer and would be the most appropriate area for development, subject to 
conformance with other (riparian, roads, large parcel, fisheries, and slope stability) priority goals. 

Septic 3. Improve local septic system management and permitting. 

Septic 4. Develop more stringent siting and technological criteria for new systems. 
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FIGURE B16. Septic Pollution Risks  
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I IF6. HABITAT RISK INDICATOR –SLOPE STABILITY 
Land use practices on unstable slopes increase the risk of impacts to salmon habitat and water quality. 

BACKGROUND 
Geology is one of the primary driving forces behind the amount and type of sediment that is delivered to 
streams. Accurately assessing slope stability on a watershed scale is a detailed and costly process. The use of 
slope stability models has become common in predicting watershed scale slope stability. 

Shallow slope stability analysis was conducted by Stillwater Sciences utilizing SHALSTAB, a physically-based 
digital terrain model for identifying the relative shallow slope stability potential across a landscape. Extensive 
testing of the model and application in practical contexts suggest that the model can be successfully used to 
delineate past landslide locations and provides an objective procedure for delineating future potential sites of 
instability (Montgomery and Dietrich 1998) http://socrates.berkeley.edu/~geomorph/shalstab/. 

The model runs in ESRI's ArcView/Spatial Analyst program and takes into account both the concentration of 
water as it flows downhill and the hillslope steepness. The model predicts the locations of highest risk of 
shallow landslide slope failures. Shallow landslides are relatively fast moving and can add a large amount of 
sediment into stream systems in a short period of time. "The sudden failure and high speed of shallow 
landslides that mobilize as debris flows make them particularly destructive of downstream resources, property 
and lives" (Montgomery and Dietrich 1994). SHALSTAB does not determine risk from slow-moving, deep-
seated land movements. 
The Lindsay Creek watershed consists of Falor Formation on the western side and Franciscan Complex on the 
eastern side, with a valley floor of alluvium and river terrace deposits. The Falor formation consists of 
unconsolidated marine deposits and is highly susceptible to surface erosion (Halligan et al, 1997).  

The central belt of the Franciscan Complex represents older and more metamorphosed units of rock best 
characterized as a mélange where blocks of graywacke, greenstone, chert, limestone, and blueschists are sheared 
and thrust upon one another in a chaotic mix. Melange terrain is generally unstable and characterized by rolling 
hummocky slopes which are highly susceptible to landslide processes (ibid.). Franciscan areas underlain by 
consolidated sandstone are steep, have ‘V’-shaped valleys, and are prone to shallow-rapid landslides. In 
contrast, Franciscan areas underlain by mélange have rolling, ‘hummocky’ slopes that are prone to slumping 
and earthflows (Bundros, personal communication 2004).  

I n p u t  a n d  D a t a  S o u r c e s   
• California Geologic Survey 
• Stillwater Sciences  
• Greg Bundros, geologist and watershed resident 

SUMMARY OF EXISTING INFORMATION – SLOPE STABILITY 
1. Lindsay Creek watershed is located within a seismically active area of California.  

2. The majority of the eastern LC watershed is made up of the Franciscan Formation (sandstone and 
melange unit of Snow Camp Mountain) that, in general, has a very low shear strength and readily fails 
through rotational slumping and earth flow (Figures B17 and B18).  
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FIGURE B17. Generalized Geology 
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FIGURE B18. Slope Stability SHALSTAB Results  
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3. The west side of the watershed is composed of surficial marine deposits composed of sand and gravel. 
These deposits are unconsolidated and highly susceptible to surface erosion. 

4. The floodplain/valley floor is composed of fluvial deposits of gravel, sands and silts.  

5. SHALSTAB results show that most of the watershed is relatively stable. In the upper parts of the 
northeast portion of the watershed there are some areas of chronic to moderate slope instability for 
shallow landslides. SHALSTAB analysis is not sensitive to surface erosion or deep-seated landslides.  

6. According to maps generated for the Humboldt 2025 General Plan Update, Natural Resources and 
Hazards document (Dyett & Bhatia 2002), Lindsay Creek watershed geology is highly unstable in all 
but the valley floor, however this analysis is based on broad scale geology and soils information.  

7. Considering the SHALSTAB results with the underlying geology, the overall stability in LC is 
moderate, with a few areas of high instability (Figure B18).  

A s s u m p t i o n s  
A. SHALSTAB is an objective procedure for delineating future potential sites of instability. 
B. Intensive land use activities on moderate to highly unstable areas will lead to an increase in amount of 

management-related sediment delivered to streams. 
C. Slope stability varies within each sub-watershed, with the upper steeper slopes being more unstable and 

the lower slopes and valley floor being very stable. There are areas within sub-watersheds ranked as 
moderate risk that have very low or no slope stability risk. This assessment did not break the sub-
watersheds into progressively smaller units for risk assessment. The SHALSTAB data map shows 
accurate locations of chronically unstable lands. 

MANAGEMENT GOALS FOR SLOPE STABILITY (Figure B19) 
H i g h  H a b i t a t  R i s k  =  3 :  Sub-watersheds containing areas identified by SHALSTAB as chronically 
unstable, and having parent geology considered to be prone to instability. There were no sub-watersheds in 
Lindsay Creek watershed that received a high risk rating for slope stability 

Slope 1 - Protect high risk geologic areas from all land use activities that have potential to increase 
instability. 

Slope 2 - Accurately delineate chronically unstable areas and include in County constraints maps. 
Slope 3 - Minimize sediment delivery to streams from chronically unstable areas. 

M e d i u m  H a b i t a t  R i s k  =  2 :  Sub-watersheds containing areas identified by SHALSTAB as moderately 
unstable, and having parent geology considered to be prone to instability. 

Slope 4 - Avoid intensive land use activities in areas of medium geologic risk. 
Slope 5 - Conduct on site geologic analysis prior to permitting land use activities in these areas. 
Slope 6 - Prohibit land use on moderately unstable areas in close proximity to watercourses. 

L o w  H a b i t a t  R i s k  =  1 :  Sub-watersheds identified by SHALSTAB as low instability or stable, and 
having parent geology considered to be relatively stable.  

Slope 7 - Additional geologic analysis not necessary prior to land use in these areas. 

Slope 8 - No additional recommendations for these areas beyond what is already required via 
Humboldt County General Plan policies, grading ordinance, and building codes. 
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INSERT  

FIGURE B19. Habitat Risks – Slope Stability  
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V e r y  L o w  o r  N o  H a b i t a t  R i s k  = 0 :  Sub-watersheds identified by SHALSTAB as stable: parent 
geology is considered relatively stable and geography is mostly valley floor and/or gently sloping terrain.  

Slope 7 - 8 management goals apply.  
Slope 9 - Intensive land use in these areas could be considered if no other constraints exist (floodplain, 

riparian area/stream-side protection zone, fault lines).  

IIG. INTEGRATE WATERSHED DATA: COMBINE INFORMATION IN A WAY THAT LEADS TO A 
CONCLUSION ABOUT AND GRAPHIC DISPLAY OF OVERALL CONDITION OF FOCUS RESOURCES 
The analysis of each separate habitat quality and risk indicator was integrated in a number of ways. For 
comparison across the watershed, a summary table of conditions in each sub-watershed was developed. 
This table provides a quick reference of characteristics around the watershed (Table B2, separate page).   

Integration of the three habitat quality and three habitat risk values was accomplished by simply adding the 
values together to provide combined habitat quality and risk values. In this way, it is easy to determine 
which sub-watersheds are of greatest concern – for instance, those with both high habitat quality values 
and high habitat risk values (Anker and Upper Main Stem, Table B3).  

Table B3. Total Habitat Risk and Habitat Quality Values by Sub-Watershed.  

 
Grassy 
Creek 

Squaw 
Creek 

Anker 
Creek 

Upper 
Main Stem

Mather 
Creek 

Van Eck 
Creek 

Middle 
Main Stem

Lower 
Main Stem Essex 

Lindsay 
Overall 

 A B C D E F G H I  
Potential Habitat Quality  
Indicators           

Salmonid Presence 2 2 3 3 3 2 3 3 3 3 
Riparian Vegetation 1 2 2 2 2 2 1 1 1 2 
Large Parcels  2 3 2 2 3 3 2 2 1 2 

Total Habitat Quality Value 6 8 7 7 8 7 6 6 5 7 

 Medium High High High High High Medium Medium Medium High 
Potential Habitat Risk 
Indicators           
     Road-Related Sediment 3 2 2 3 1 1 3 1 2 3 
     Slope Stability 2 2 2 2 1 2 0 0 0 2 
     Septic Pollution 1 1 2 3 1 1 2 1 1 1 
Total Habitat Risk Value 6 5 6 8 3 4 5 2 3 6 

 Medium Medium Medium High Low Medium Medium Low Low Medium

Another way to view this information is spatially, either on maps or graphs. Each sub-watershed was 
plotted on a graph with the Y-axis representing habitat quality values from low to high and the X-axis 
representing habitat risk values from low to high (Figure B20). The graph illustrates a spatial comparison 
of the sub-watersheds. With the exception of Essex, all of the sub-watersheds in Lindsay Creek rank as 
high quality habitat, with Mather, Squaw, and Van Eck ranking the highest. This is due to the presence of 
large parcels, salmonids and relatively healthy riparian areas throughout most of the watershed. 

Anker and Upper Main Stem sub-watersheds also have high quality habitat, but have higher risk values due 
to the density of septic systems and roads. The Essex sub-watershed ranks lowest for habitat quality, 
mainly due to the lack of riparian vegetation and low percentage of large parcels. However, all four species 
of salmonids are found in this reach of the stream and riparian restoration efforts have been taking place in 
the subwatershed. 
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 INSERT 

TABLE B2. Sub-Watershed Attributes (11x17)
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The sub-watersheds that fall within the high 
quality/high risk category are those areas 
within the watershed that deserve a higher 
degree of scrutiny when considering land use 
and management activities. Sub-watershed 
areas that have low risk value and low or 
medium habitat quality value are areas that 
could potentially handle additional 
development with less risk to water quality 
and salmonid habitat.  Specific management 
recommendations for each sub-watershed are 
found in the Strategy for the Lindsay Creek 
Watershed & Community. 

Maps were created to illustrate combination of 
the three habitat quality values and the three 
habitat risk values (Figures B21 and B22). 
Presenting watershed information on maps is 
very helpful for data assimilation and analysis. 
Utilizing GIS for watershed assessment and 
land use planning provides a powerful tool for 
integrating watershed components. Details of the 
process of integrating the LCWA information with 
community input and land use planning is explained 
further in the Strategy and particularly in the 
Handbook for Watershed- and Community-Based Land Use Assessment. 

In areas of high quality-high risk, for example, particular land use policies could be continued, relaxed or 
strengthened – a particular set of such policies could be discussed in terms of their impacts on, for 
example, salmonid populations or water quality. Characterization of sub-watersheds, then, would be linked 
to impacts of alternative sets of land use policies.  

IIH. REVIEW RESULTS WITH COMMUNITY AND WATERSHED EXPERTS 
Development of a watershed assessment takes considerable time and energy. Often, timelines are short, 
especially when the assessment is conducted as part of a larger effort such as land use planning. Getting 
feedback on the results of a watershed assessment from the community and peers can be a daunting task, 
but is a necessary step in the process if results are to be used in the future. 

An “administrative” draft of the LCWA was provided first to project partners and local watershed experts 
for review. After receiving input and making changes, the document was made available for watershed 
residents and stakeholders to review. The LCWA is available for review on the NRS website 
(www.rcaa.org/nrs/lindsaycreek/strategy). Copies were also provided at the Fieldbrook Elementary 
School, Fieldbrook General Store, the Fieldbrook Community Services District and Blue Lake City Hall. A 
town hall meeting, hosted by the Fieldbrook Community Services District, has been scheduled for January 
11, 2004. Project staff and partners will be there to collect public input and answer questions regarding the 
LCWA and the Strategy. 

Figure B20. Sub-watershed value data plotted on a matrix to 
indicate relative habitat risk and quality values.  



Strategy for the Lindsay Creek Watershed & Community B46 of B52 Natural Resources Services Division of RCAA 
Watershed Assessment, Appendix B  March, 2005 

INSERT 

FIGURE B21. Combined Habitat Quality Values Map
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INSERT 

FIGURE B22. Combined Habitat Risk Map  
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III.  REFINE & CONSIDER UNCERTAINTY OF RESULTS, FINALIZE ASSESSMENT 

The LCWA will be refined utilizing the input from expert and community review. However, the limits of 
the Lindsay Creek Project timeline and budget will restrict the amount of refining that can be 
accomplished. The Strategy includes suggestions for future assessment efforts. 

The CWAM gives a detailed description of how to consider uncertainty in watershed assessments. “There 
is often a great deal of uncertainty associated with the measurement and analysis of natural conditions.” 

A critical part of any assessment is recording gaps in data or knowledge that become obvious when gathering and 
analyzing watershed information. These gaps may be large enough to make the assessment insufficient for certain 
kinds of decision making. They may also form the foundation of future monitoring and data collection activities 
that will allow for more comprehensive condition assessments (CWAM 2004). 

There are a number of uncertainties regarding LCWA assumptions, findings, and results. Feedback from 
watershed residents, project partners, and local experts will provide information that either addresses these 
uncertainties or affects confidence in the data to the point where parts of the assessment-- and the 
recommendations based on that data—are set aside.  

Primary uncertainties are: 

• Assigning habitat quality and habitat risk values on a sub-watershed scale limits the resolution of data. 
For example, a sub-watershed which is considered a ‘High Risk for Road Related Sediment’ will include 
areas that do not have high road densities within its boundaries and are thus low risk. This assessment 
did not attempt to go to a finer resolution level, although many of the data layers contain this detail.  This 
sub-watershed scale for assigning quality and risk values was chosen specifically to model a method of 
assessment that county-wide land use planners could use to identify watersheds where resource values 
and risks are of greatest concern. The intent is that this process provides a first iteration of information 
that can then be used to prioritize more detailed analysis. Does this process meet that intent? 

• Are the assumptions made for the indicators justifiable? 

• Is the existing data accurate enough to be used for determination of habitat quality and habitat risk? 

• Timber management is the major land use in the watershed, and occurs on the steeper upper slopes. 
Timber harvest activities, rates, and impacts were not considered as part of this assessment because 
timber harvest activities are under jurisdiction of the state, not local land use planning. What is the 
significance of not assessing the effects of timber harvest? 

• Was a critical question or environmental factor left out? 

Again, it is important to note that the LCWA is not a comprehensive assessment and that it was developed 
with a number of specific limitations including funding, a land use planning focus, a short timeline, and a 
deliberate effort to work with existing data.  
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III. CONCLUSION 
Uncertainty is a ‘given’ in watershed and land use planning. Land use decisions must be made based on the 
best available data. Traditionally, watershed information is lacking in the land use planning and decision-
making process. Informing land use planning efforts with watershed data and analysis is a relatively new 
undertaking.  

The LCWA provides data, GIS base layers, compilation of watershed knowledge, and some basic analysis 
to provide a starting point for future watershed and land use planning efforts in the Lindsay Creek 
watershed and as a model to consider in a broader rural regions context. LCWA management goals 
presented herein are used as the basis of detailed recommendations for community actions, land use 
policies, and state program directives in the Strategy for the Lindsay Creek Watershed & Community. This 
document is an appendix to that Strategy.  

The Lindsay Creek project team has made several recommendations to funding agencies for support of a 
watershed coordinator (a local resident with watershed expertise) to help gather more data on the 
watershed, educate the community, and get ‘on-the-ground’ salmon habitat and water quality projects 
implemented. NRS submitted an application to the DFG SB271 program with this objective on behalf of 
the Lindsay Creek Watershed Group, and to date the project has a high likelihood of success (expected 
date of award, June 2005).  

In addition, an independent economic analysis of how this process compares with traditional land use 
planning is being conducted by the Center for Environmental and Economic Development (CEED). A 
document reporting on the results of that evaluation will be made available online and at the same outlets 
as the Strategy and its appendices.  

The methods used to develop LCWA, LC public participation efforts and the Strategy are being compiled 
into a Handbook for Watershed- and Community-Based Land Use Assessment that will be available in March, 2005.  
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