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1 INTRODUCTION 

 
Source: _______ 

The Mill Creek Addition (MCA), consisting primarily of substantial portions of the Mill 

Creek and Rock Creek watersheds, has one of the most productive coho salmon 

(Oncorhynchus kisutch) fisheries in the Pacific Northwest. Before ownership of the MCA 

was transferred to the California Department of Parks and Recreation (State Parks) in 

2003, substantial timber harvest and related road construction were conducted over 

much of the property. Sedimentation associated with this period of timber management 

has the potential to threaten the fishery. Forest recovery toward late-seral conditions, 

the goal for MCA managers, will be hindered without management intervention. 

Although the water quality of Mill Creek and Rock Creek and their receiving stream, the 

Smith River, is not listed by state or federal agencies as being impaired, the previous 

intensive land management requires measures to ensure that good water quality and 

other natural resource values are maintained or enhanced under park management. 

The Mill Creek General Plan Amendment (GPA) (State Parks 2010), which helps to 

guide this document, requires the preparation of additional management plans to enable 

the commitment of resources toward specific activities. This Watershed Management 

Plan (WMP) outlines methods and measures to maintain existing conditions where they 

are desirable, enables restoration of impaired land where needed, provides a 

scientifically based method to assess project progress, and briefly identifies watershed 

management planning links as they affect future management plans. 
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1.1 DOCUMENT STRUCTURE AND CONTENTS 

This WMP has two distinct parts: the body of the plan and an appendix that provides 

supporting detail for certain sections of the plan. The general content of this document 

is as follows: 

 Chapter 1, “Introduction.” This chapter presents the report rationale, purpose 

and goals, site characteristics, restoration work to date, sources of information 

and expertise, and public outreach efforts. 

 Chapter 2, “Problem Statement.” This chapter presents applicable water 

quality standards and characterizes aquatic species, sediment and forestry 

problems, and other water quality conditions. 

 Chapter 3, “Sediment.” This chapter outlines study methods, addresses upland 

sediment sources and instream sediment delivery, presents a sediment source 

analysis and target reductions, and develops treatment methods and priorities. 

 Chapter 4, “Forest Recovery.” This chapter outlines study methods, 

recommends forest treatment prioritization methods, estimates forest trajectories, 

addresses and summarizes the forest stand analysis, and develops forest 

recovery treatment methods and priorities. 

 Chapter 5, “Monitoring.” This chapter addresses types of monitoring, the 

criteria for assessing load reductions, and data management. 

 Chapter 6, “Economic Analysis and Implementation Schedule.” This chapter 

addresses project cost estimates, sources of funding, and project interim 

milestones. 

 Chapter 7, “References.” This chapter presents information on the references 

used to prepare this WMP, including personal communications. 

 Chapter 8, “List of Preparers.” This chapter presents a complete list of the 

authors and reviewers for this plan and those involved in report production. 
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 Appendix A, “Road Inventory and Assessment Report.” This appendix 

provides detail to support road-related upslope sediment analysis and the road 

treatment methods summarized throughout the report. 

1.2 RATIONALE 

The MCA is a newly acquired property owned by State Parks located in Del Norte Coast 

Redwoods State Park.  Del Norte Coast Redwoods State Park, along with two other 

state parks, Prairie Creek Redwoods State Park and Jedediah Smith Redwoods State 

Park, and Redwood National Park are in what is referred to as Redwood National and 

State Parks. The three state parks and one national park are cooperatively managed 

under an existing joint General Management Plan/General Plan (GMP/GP) that was 

approved in 2000. The WMP is a more detailed management plan called for in the  GPA 

that addresses management of the MCA and amends the existing GMP/GP. The WMP, 

coupled with the GPA, permits the commitment of state resources to address needed 

restoration projects and monitoring of conditions on the MCA. The WMP also addresses 

elements required by a grant from the State Water Resources Control Board that helped 

fund preparation of the GPA.  All references to the management of the MCA are specific 

to State Parks as the term Redwood National and State Parks does not imply joint 

statutory authorities or requirements or permitting procedures. 

1.3 PURPOSE AND GOALS 

The purpose of this WMP is to develop an analysis that is sufficiently detailed to initiate 

an implementation schedule for watershed-related natural resources restoration and 

protection in the MCA. Restoration and protection of these natural resources will be 

achieved through the integration of three primary project activities: sediment control and 

reduction, forest recovery directed toward resilient late-seral conditions, and monitoring 

to assess project progress and direct adaptive management. Other park activities that 

relate to watershed management also are identified in this WMP to ensure their 

consideration in other management plans more focused on the topic in question. This 

WMP is within the scope of the GPA and builds on analysis developed under the Mill 

Creek Property Interim Management Recommendations prepared by Stillwater 
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Sciences (2002) and restoration work performed in the last few years to inhibit the 

potential degradation of park resources. 

1.3.1 PRIORITY NEEDS FOR FUTURE PLANS 

The GPA identifies subtiered planning documents and action items that will be used to 

manage specific resources or issues identified during the GPA planning and 

environmental review process. The plans described below may be comprehensive, may 

have specific action items associated with a general planning area, or may be tailored 

toward addressing specific issues. The overall need for the plans and the expected 

need with respect to watershed management for each of the plans are described below. 

Other plans, not yet identified, may be needed in the future as conditions change. 

1.3.1.1 ROADS AND TRAILS MANAGEMENT PLAN  

Although numerous public circulation routes have been designated in the MCA, none 

are currently classified as trails. The routes follow abandoned or active roadbeds, some 

of which have become overgrown, making them appear as single-track trails. The 

routes are maintained as trails and may be incorporated into a parkwide trail system 

during future planning. These legacy routes may require reengineering or conversion to 

eliminate erosion problems associated with failing road drainage structures. 

Future road or trail development will be addressed as part of a Roads and Trails 

Management Plan for Del Norte Coast Redwoods State Park. The plan will provide an 

opportunity for public involvement to help define the vision for a roads and trails system. 

In the MCA, a dense road network already exists, so it is unlikely that extensive road 

construction will be required. However, no single-track trails exist in the park, and many 

opportunities exist for improved access and circulation. After a Roads and Trails 

Management Plan is adopted, construction of new routes will be implemented as 

funding allows. 

1.3.1.2 VEGETATION MANAGEMENT PLAN 

Logging activities under previous management have left the MCA with approximately 49 

hectares (ha) (120 acres [ac]) of old growth. One of the primary goals stated in the GPA 
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is to restore late-seral habitat to the 10,017 ha (approximately 25,000 ac) of forests. 

Work has begun on treating the highest priority stands to improve forest health and put 

stands on a management path that is likely to expedite the development of late-seral 

conditions.  

Fire has historically played a substantial role in shaping vegetation patterns throughout 

the MCA and continues to do so today. It also may be an effective tool—and, in some 

cases, the only method—capable of restoring or maintaining desired conditions 

(Norman 2007). 

The GPA calls for the development of a Vegetation Management Plan that would guide 

these restoration activities by identifying stand conditions or specific areas of high 

priority, treatment alternatives, monitoring methods, and adaptive management as 

needed.  

The Vegetation Management Plan should provide discussion and mapping of existing 

vegetation communities based on Sawyer and Keeler-Wolf (1995) and, if possible, 

describe or hypothesize on the pre-European historic vegetation communities and their 

distribution. This information will provide the basis for all vegetation management in the 

MCA including forest restoration, which would be a component of the plan. The 

Vegetation Management Plan would describe the distribution of all known exotic plant 

infestations and establish priorities and methods for their control or eradication. The 

plan would discuss the known and potentially occurring sensitive plants in the MCA. 

Based on this information on sensitive plants and vegetation communities, the 

Vegetation Management Plan would then establish recommendations for inventorying, 

monitoring, and assessing these resources. Recommendation would be developed in 

conformance with State Parks’ Inventory Monitoring and Assessment Program (IMAP) 

(State Parks 2005). 

The Vegetation Management Plan also would include a Prescribed Burn Plan and a 

Wildfire Management Plan for the park. Additionally, the plan should address other 
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concerns, including management of Port-Orford-cedar root disease and other 

pathogens and cultural vegetation management.  

Ideally, all the components of a Vegetation Management Plan will be developed 

concurrently. However, because funding is not always sufficient to prepare the 

components simultaneously, they can be developed independently, provided they are 

integrated with subsequent components.  

It should be noted that a Vegetation Management Plan is not the same as the newly 

created Vegetation Management Statements (State Parks 2009). Vegetation 

Management Statements address management of the natural vegetation in a park unit. 

Wherever there are park objectives for natural vegetation, a statement should be 

prepared. The purpose of the Vegetation Management Statement is to disclose the 

current management direction and what it is based on. New vegetation management 

initiatives should not be identified in a Vegetation Management Statement; they should 

be developed through a Vegetation Management Plan, which is a more detailed 

document.  

1.3.1.3 WILDLIFE MANAGEMENT PLAN 

The MCA supports numerous wildlife species, including several state-listed and 

federally listed species, such as the marbled murrelet (Brachyramphus marmoratus), 

northern spotted owl (Strix occidentalis caurina), and coho salmon. The maintenance 

and enhancement of habitat for these species (e.g., late-successional habitat and 

streams) was a primary intent of the purchase of the MCA and is a component of the 

vision statement (State Parks 2010). To assist in accomplishing these goals, a Wildlife 

Management Plan will need to be developed. The Wildlife Management Plan should be 

developed in concert with the Vegetation Management Plan and, to a lesser extent, the 

Roads and Trails Management Plan, because there are codependent components in 

these management plans.  

A Wildlife Management Plan would address invertebrates, fish, amphibians, reptiles, 

birds, and mammals. It would identify sensitive species that may occur in the MCA, their 

habitat, and their current known distribution and population status and would provide 



 

Client  Company Name 
Mill Creek Watershed Management Plan 1-7 Introduction 

recommendations for inventorying and monitoring. Some of the information required for 

the development of a Wildlife Management Plan exists and is summarized later in this 

document (e.g., Section 2.3.1, “Fish Populations”). Other components will require 

additional data and development.  

The Natural Resource Division of State Parks has adopted an IMAP. The IMAP 

identifies goals, guidance, and standards for State Parks’ efforts to systematically 

evaluate the vegetation, wildlife, and physical natural resources of the State Park 

system. Evaluations consist of collecting data through various scientific means in each 

State Park system unit. Data generally are quantitative and consist of counts and 

measures of natural resources (State Parks 2005). All natural resource monitoring 

(wildlife, botanical/vegetation, and physical parameters, such as water quality) in the 

MCA should conform to the IMAP.  

Some monitoring efforts, such as the salmonid monitoring (refer to Chapter 5), are 

ongoing in the MCA. State Parks has also been monitoring the known northern spotted 

owl activity centers in the MCA. Subjects of other monitoring efforts are terrestrial 

amphibians (Hodgson and Welsh 2007); mesocarnivores, with emphasis on the Pacific 

fisher (Martes pennanti pacificus) and the Humboldt marten (Martes americana 

humboldtensis) (Slauson et al. 2003; Slauson 2010); and, beginning in spring/summer 

2010, land birds. Many of these monitoring efforts are being conducted to determine the 

effects of various restoration activities, such as forest restoration. Pertinent to this WMP, 

additional monitoring efforts should be developed for nonfish aquatic-dependent 

species, such as the southern torrent salamander (Rhyacotriton variegatus) and the 

tailed frog (Ascaphus truei), both of which can be susceptible to harm from 

management actions that result in the generation of sediment or fines in streams, such 

as road removal. It should be noted, however, that there is no acceptable monitoring 

technique for the southern torrent salamander that does not result in the destruction or 

substantial modification of its habitat. Other aquatic species monitoring methods that 

should be considered include the California Department of Fish and Game’s (CDFG’s) 

Rapid Biological Assessment, which monitors water quality based on benthic 

macroinvertebrates. 
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1.3.1.4 CULTURAL PLAN 

Research and documented evidence of the human habitation in northwest California 

suggests occupation spanning thousands of years. Tushingham (2009), Hildebrandt 

and Hayes (1993), and others before them, such as Loud (1913), conducted studies 

that greatly contributed to our understanding of north coastal archaeology. 

The MCA is situated on lands traditionally occupied by the Tolowa Indians. The Tolowa 

occupied an area of approximately 1,658 square kilometers (km2) (640 square miles 

[mi2]) in four different natural habitats, although they lived primarily in villages near the 

coast (Gould 1978:128–129). New archaeological evidence points to long-term 

permanent habitation of inland riverine environments (Tushingham et al. 2008, 

Tushingham 2009). 

The Mill Creek watershed was, and continues to be, a culturally important area for the 

Tolowa people. Many known archaeological and historical resources are located in the 

MCA. Future surveys in the MCA will likely discover many previously unknown 

important archaeological and historical resources. 

According to Section 15064.5 of the California Environmental Quality Act Guidelines 

(State CEQA Guidelines), implementation of the Mill Creek WMP would result in a 

significant impact if it would cause a substantial adverse change in the significance of a 

historical or archaeological resource based on the following criteria: 

1. Substantial adverse change in the significance of an historical resource means 

physical demolition, destruction, relocation, or alteration in the resource or its 

immediate surroundings such that the significance of an historic resource would 

be materially impaired. 

2. The significance of an historical resource is materially impaired when a project: 

(A) Demolishes or materially alters in an adverse manner those physical 

characteristics of an historical resource that convey its historical 
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significance and that justify its inclusion in, or eligibility for inclusion in, the 

California Register of Historical Resources; or 

(B) Demolishes or materially alters in an adverse manner those physical 

characteristics [of an historical resource] that account for its inclusion in a 

local register of historical resources pursuant to section 5021.1(k) of the 

Public Resources Code or its identification in an historical resources 

survey meeting the requirements of section 5024.1(g) of the Public 

Resources Code, unless the public agency reviewing the effects of the 

project establishes by a preponderance of evidence that the resource is 

not historically or culturally significant; or 

(C) Demolishes or materially alters in an adverse manner those physical 

characteristics of a historical resource that convey its historical 

significance and that justify its eligibility for inclusion in the California 

Register of Historical Resources as determined by a lead agency for 

purposes of CEQA. 

Compliance with State Parks cultural resource management goals would ensure that 

future development and improvements proposed in the Mill Creek WMP would not 

cause substantial adverse effects on prehistoric and historic resources present on park 

property. 

The GMP/GP and the GPA for the MCA identify goals and management strategies to 

ensure the preservation, protection, avoidance, and interpretation of cultural resources. 

Limited cultural resource surveys have been conducted in the MCA. These surveys 

have resulted in the identification of both prehistoric and historic-era resources, ranging 

from Native American habitation and lithic sites to historic roads and landscape 

features. Several historic-era structures, roads and trails, railroad alignments, and 

potential cultural landscapes also are located in the MCA. These sites have the 

potential to be disturbed by implementation of the Mill Creek WMP. 
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Implementation of Redwood National and State Parks cultural resource management 

strategies included in the GMP/GP and the GPA—specifically, the research, planning, 

and stewardship of cultural resources on park property—would protect these resources 

and ensure that any impacts of implementing the Mill Creek WMP would be less than 

significant. Ground disturbance associated with cultural investigation and preservation 

of cultural landscapes will be considered for potential effects on water quality. 

1.3.1.5 FACILITIES PLAN 

The GPA identifies two primary facility types: recreation and administrative facilities. 

The existing campground that bounds the West Branch of Mill Creek outside the MCA 

but is in the Mill Creek watershed, will be retained. Proposed recreation facilities include 

or will support a drive-in campground near the eastern boundary of the MCA, walk-in 

and equestrian backcountry camping, cabins or tent cabins, trails (hiking, biking and 

equestrian), vistas, picnic areas, fishing access, and a lodge. A lodge with a view of the 

ocean is proposed for the west side of the MCA, south of the park entrance at Hamilton 

Road. Hamilton Road would become the sole point of entry to the MCA from State 

Route (SR) 101. A new road from Hamilton Road to the existing campground outside 

the MCA would be constructed along the slope east of the West Branch of Mill Creek. 

Construction of the new road would reduce the need to maintain the existing, locally 

unstable road from SR 101 to the campground, except for service and emergency 

access.  

Proposed administrative facilities include expansion of the existing nursery and reuse of 

the old mill site area and buildings near the confluence of the West Branch of Mill Creek 

and the East Fork of Mill Creek. Potential uses of the existing site and buildings include 

equipment storage, contractor staging for natural resource restoration projects, limited 

seasonal staff housing, offices, an outdoor school, a research facility, and an 

interpretation center. The existing mill site has extensive pavement that inhibits surface 

water percolation and accelerates runoff. Buildings and large swaths of asphalt may be 

removed from the mill site; a subsequent Site Development Plan for the site will be used 

to guide the facility design. Other major facility issues addressed or acknowledged in 

the GPA include the need to develop a Roads and Trails Plan (see Section 1.3.1.1, 
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“Roads and Trails Management Plan”). A general administrative road network was 

identified in the GPA, which acknowledged the need to work with other agencies to 

develop a new highway corridor through the MCA to serve as an alternative if SR 101 at 

the Last Chance Grade, overlooking the ocean west of the MCA, suffers irreparable 

failure. As part of the interpretive program, a traditional Tolowa village also may be 

reconstructed in the MCA. 

Potential water quality issues stemming from the proposed development include dust 

control along the road network, especially near sensitive resources; storage methods for 

equipment and materials; disposal of materials from demolished buildings; water 

extraction and sewage disposal; and facility and travel corridor site selection. Project-

specific buffers, in addition to the buffer identified around streams used by anadromous 

fish as part of the GPA, may be included to help preserve water quality. Best 

management practices identified by the State Water Resources Control Board or North 

Coast Regional Water Quality Control Board for sediment, runoff, and spill control will 

be included for specific construction-related projects. The State Parks trails manual will 

help to guide trail design. Groundwater and surface water extraction and increased 

sewage disposal to serve a larger user population will be assessed in the context of the 

fishery and other beneficial uses. Facility retention and development will consider the 

possible effects of flooding, landsliding, and seismic shaking related phenomenon or 

failures that could cause unwanted materials or debris to enter groundwater or nearby 

streams. 

1.3.1.6 RECREATION PLAN 

The GPA calls out four major recreation topics that should be addressed by the WMP: 

(1) recreation opportunities, (2) infrastructure use and associated development of a 

Roads and Trails Plan and a Site Development Plan for the old mill site at the 

confluence of the West Branch of Mill Creek and the East Fork of Mill Creek, 

(3) delineation of frontcountry and backcountry zones, and (4) tracking of visitor use and 

composition to facilitate adaptive management. The MCA is used for such recreational 

activities as hiking, mountain biking, fishing, and horseback riding. Under the GPA, 

street legal vehicles will be permitted on roads designated for public use. The general 
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road network to be retained was identified in the GPA. Permitted new recreational 

facilities include vehicle campgrounds, backcountry campgrounds, equestrian 

campgrounds, cabins, trailheads, trails, interpretive facilities, vistas, picnic areas, a 

lodge, and fishing access points. Most recreational activities will occur in frontcountry 

zones, although backcountry zoning will permit development of smaller scale recreation 

facilities. General buffer zones around streams used by anadromous fish have been 

identified in the GPA.  

As other plans and projects move forward, several design and operational issues will be 

considered to help mitigate impacts on water quality from recreational activities. For 

example, increased use by the public could require additional maintenance to preserve 

road conditions. This need will be assessed through tracking of visitor use and 

composition. Project-specific buffers or management practices designed toward 

recreational use, in addition to the buffer identified around streams used by anadromous 

fish, may be included to help preserve water quality. 

1.4 MILL CREEK ADDITION CHARACTERISTICS 

Evidence of recent logging dominates much of the landscape, although high resource 

values or potentially high resource values remain throughout the MCA. This section 

describes the property’s natural features and the cultural associations that contribute to 

the current landscape condition.  

1.4.1 AREA AND LOCATION 

The MCA is located approximately 10 km (6 mi) southeast of Crescent City in Del Norte 

County, California. Redwood National Park and Jedediah Smith Redwoods State Park 

bound the north side of the MCA; Del Norte Coast Redwoods State Park, of which the 

MCA is a part, and Redwood National Park bound the property to the west; and Six 

Rivers National Forest and private timberlands, respectively, bound the eastern and 

southern sides of the property (Figure 1-1). Portions of five watersheds make up the 

103.8-km2 (40.1-mi2) MCA: major portions of Mill Creek (60 km2, 24 mi2) and Rock 

Creek (31 km2, 12.4 mi2), respectively, on the west and east sides of the property and 

small portions of the headwaters of Wilson Creek (5.3 km2, 2.0 mi2), Terwar Creek 
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(2.6 km2, 1.0 mi2), and Hunter Creek (1.1 km2, 0.4 mi2) on the south side of the property. 

A few small drainages originate in small northwestern slivers of the MCA and flow 

across alluvial fans and a marine terrace of the Smith River Plain or toward the coastal 

bluffs, southeast of Crescent City (Figure 1-2).  

The headwaters of Mill Creek are located primarily in the MCA, although small 

headwater tributaries to Mill Creek originate in Del Norte Coast Redwoods State Park. 

Mill Creek has two primary tributaries: the West Branch of Mill Creek (West Branch) and 

the East Fork of Mill Creek (East Fork). They meet near an old mill site on the northwest 

side of the MCA and then flow as the mainstem of Mill Creek through Redwood National 

Park and Jedediah Smith Redwoods State Park to the Smith River, a nationally 

designated Wild and Scenic River. The West Branch also flows through a section of Del 

Norte Coast Redwoods State Park as it traverses the MCA; the Mill Creek Campground 

occupies this reach. Rock Creek’s headwaters are located primarily in the MCA, but 

small headwater reaches are located in private timberland and Six Rivers National 

Forest. After leaving the MCA, Rock Creek flows through Six Rivers National Forest to 

the South Fork of the Smith River. Wilson, Terwar, and Hunter creeks have headwater 

segments in the MCA. Wilson Creek flows directly to the Pacific Ocean through private 

timberland and, near its mouth, Del Norte Coast Redwoods State Park. Terwar and 

Hunter creeks flow through private timberland and the Yurok Reservation before joining 

the Klamath River. Hunter Creek has rural residential development along some 

reaches. All these watersheds provide habitat for anadromous fish, although only Mill 

Creek and Rock Creek have anadromous populations in the MCA. 

1.4.2 CLIMATE AND HYDROLOGY 

Cool, wet winters and warm, dry summers with frequent coastal fog characterize the 

Mediterranean climate of northern California and the MCA. The fog belt extends to 

Rattlesnake Ridge along the eastern edge of the property, approximately 13 km (8 mi) 

inland. Less fog and more variable seasonal and diurnal temperatures correspond with 

increasing distance from the coast. Most precipitation falls as rain during the winter 

months, although small accumulations of snow are not uncommon at higher elevations. 

Stillwater Sciences (2002) reported mean annual precipitation at the MCA ranging from 
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approximately 152 cm to 381 cm (60–150 inches) and average monthly maximum and 

minimum air temperatures at the Crescent City Airport that vary from approximately 8oC 

to 19oC (41–67oF).  

An isohyetal (lines of equal precipitation) map prepared by the U.S. Geological Survey 

(USGS) (Figure 1-3) shows mean annual precipitation ranging from about 165 cm (65 

inches) on the west side of the MCA to about 241 cm (95 inches) on the east side of the 

property, based on data collected from 1900 to 1960. Madej et al. (1986) refer to an 

unpublished isohyetal map for the Smith River by Winston and Goodridge (1980) that 

shows mean annual precipitation of approximately 228 cm (90 inches) at lower 

elevations and approximately 279 cm (110 inches) at higher elevations in the Mill Creek 

watershed. It should be noted that the USGS evaluation reflects a relatively coarser 

scale of mapping. Future study should provide more detailed and longer term 

information to develop a map designed specifically for the MCA. Long-term weather 

stations should be placed in the MCA in the near future. 

Winds at the Crescent City Airport are generally from the south (period of analysis is 

1992–2002), but the morphology of sand dunes adjacent to the airport and monthly data 

indicate that some of the stronger winds, capable of transporting sand during the drier 

summer months, are from the north-northwest. The average wind speed at the airport is 

8.6 mph (period of analysis is 1996–2006) (Western Regional Climate Center 2010a, 

2010b).  

Winter floods and rainfall generated by intense storms that travel three primary storm 

tracks perform most of the geomorphic work that contribute to mass wasting and road 

and stream crossing failure in the MCA. These storms originate or travel as high-latitude 

storms from the Gulf of Alaska, low-latitude storms from the western Pacific Ocean, and 

midlatitude storms associated with low-pressure cyclones that originate in the polar 

regions that are subsequently modified during passage over the Pacific Ocean (Weaver 

1962). Strong components of north-south or south-north airflow are associated with the  
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two former sources, and unobstructed west-east airflow favors the latter source. For all 

three cases, a highly intense rainfall requires a strong flow of moist air from low 

latitudes. 

Historical floods of significance most recently occurred in northwestern California in 

1997 and 1998. The 1997 flood had a 12-year recurrence interval in Redwood Creek, 

approximately 40 km (25 mi) south of the MCA. It was the most damaging event since 

1975. Six floods with long-term recurrence intervals of approximately 25 years occurred 

in Redwood Creek during a particularly active flood period between 1953 and 1975 

(Harden 1994). The Smith River, downstream from the MCA, had major floods in 1955, 

1964, 1972, and 1975. The larger of these floods, in December 1955 and December 

1964, had respective long-term average recurrence intervals of 25–30 years and 45–50 

years. At least five floods comparable to those from the 1953–1975 period occurred 

between 1861 and 1890, but they caused less damage because the landscape was less 

developed during that time (Harden 1994). Madej et al. (1986) report that the Mill Creek 

and the Smith River hydrographs are similar but that the Smith River has a higher 

runoff-per-unit-area. 

Between 1974 and 1981, USGS monitored discharge approximately 1 km (0.6 mi) 

downstream from the confluence of the West Branch and East Fork (drainage area of 

74.1 km2 [28.6 mi2]). Over this period, the mean annual daily discharge was 3 cubic 

meters per second (m3/s) (118 cubic feet per second [cfs]), the range was 0.07 to 84 

m3/s (2.5 to 2,980 cfs), and the peak was 126 m3/s (4,460 cfs) on March 18, 1975 

(Madej et al. 1986). Rock Creek has not been gaged but likely responds to rainfall more 

quickly and has less baseflow than Mill Creek because of its gradient, lesser floodplain, 

and smaller size. As part of a study to assess surface flow and groundwater effects from 

pumping at the Mill Creek Campground and to initiate a longer term monitoring record, 

State Parks installed more surface flow gages along the West Branch in 2006–2007. 

Groundwater data are comparatively scarce, but limited drilling has been advanced to 

support extraction in the Mill Creek watershed in the MCA and elsewhere in Del Norte 

Coast Redwoods State Park. Near the old mill site, the former property owner, Stimson 
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Lumber Company (Stimson), advanced several borings that proved unproductive (State 

Parks 2010). A 5,678,118-liter (1,500,000-gallon) reservoir west of the old mill site 

provided firefighting capability and domestic water for the old mill site, but its distribution 

and surface water collection system, from Mill Creek, is nonoperational. In 2006 and 

2007, State Parks advanced production and monitoring wells in the alluvial floodplain 

that underlies the Mill Creek Campground.   An additional monitoring well was advanced 

in the alluvial floodplain downstream from the campground. The wells within reasonable 

proximity to the West Branch are generally highly productive and respond quickly to 

rainfall. One of these production wells, located approximately 37 meters (m) (120 feet 

[ft]) from the creek, serves the campground. About 152 m (500 ft) from the West 

Branch, a well advanced through alluvial fan and fluvial terrace deposits and into 

bedrock proved unproductive. A 91-m-deep (300-ft–deep) well advanced through an 

old, deep landslide deposit and into bedrock below the park maintenance yard proved 

unproductive, and the bedrock segments of production wells advanced in the Mill Creek 

Campground floodplain were similarly unproductive. Geotechnical borings advanced by 

consultants and horizontal wells advanced by State Park staff near the kiosk along the 

entrance road to the campground revealed limited seasonal groundwater in more 

recently active landslide deposits (c.f. Laco Associates 1977). These data indicate that 

recent (Holocene) alluvial deposits are potentially highly productive, landslide deposits 

are marginally productive or nonproductive, and bedrock is unlikely to be productive. 

Climate change will likely affect the hydrology of the site and thus play a role in the primary 

management activities addressed throughout this plan. Kueppers et al. (2005) developed a 

regional climate model for California that has a higher degree of resolution than a comparable 

global climate model that also covers California (25 km2 [9.7 mi2] pixels capable of resolving a 

high degree of topographic detail versus 250 km2 [97 mi2] pixels with a good deal of topographic 

smoothing). They compared anticipated change over a 100-year period (between 1980–1999 

and 2080–2099) for northwestern California. Over this period, the regional climate model 

showed increases (+2.27oC, +4.09oF) in the mean temperature of the coldest month, the mean 

temperature of the warmest month (+2.98oC, +5.36oF), and the amount of annual precipitation 

(+31.11 mm, +1.22 in) and a decrease in the April to August precipitation (-16.03 mm, -0.63 in). 

With the exception of annual precipitation, which had a decrease of 30.69 mm (-1.21 in), the 

global climate model showed similar changes, although of slightly lower magnitude. The 
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predicted change in the quantity of precipitation is not dramatic, but in combination with the 

predicted temperature changes, these data suggest a tendency toward more summer drought, a 

potential stressor for the fishery and the current forest associations, and toward more winter 

rainfall, a potential trigger for increased slope instability and flooding. However, the effect of 

greater heat on the fog belt, an important coolant for the landscape, has not been modeled in 

detail in the immediate vicinity of the MCA.  Regional models for California and Oregon suggest 

a 33% decline in coastal fog frequency since the early 1900’s (Johnstone and Dawson, 2009). 

1.4.3 TOPOGRAPHY 

The approximate northern limits of the California Coast Ranges and the western 

Klamath Mountains meet at the MCA to form a chain of northwest-trending valleys and 

ridges. Ridges are generally broad and gently sloping and their crests generally 

increase in elevation from west to east. Deeply incised tributary streams contribute flow 

to the West Branch and East Fork, both of which have broad, flat-bottom valleys, and to 

Rock Creek, which flows through a narrow valley for most of its length. Elevations 

across the MCA range from approximately 16 m (52 ft) to 685 m (2,247 ft) (State Parks 

2010). LiDAR (Light Detection and Ranging) data acquisition over the entire property in 

2007 (with the exception of a data gap in two slivers on the northwest side of the MCA) 

contributed to development of a digital model capable of resolving site-specific 

elevations across the landscape to within 0.3 to 0.5 m (approximately 1 to 1.5 ft). 

1.4.4 VEGETATION 

Before the MCA was acquired by State Parks, surveys identified at least 15 vegetation 

series (Sawyer and Keeler-Wolf 1995) on the property (SHN 2000). Intolerant 

herbaceous and shrub vegetation is being reduced in many areas as young forest 

canopies close, but species diversity remains high and is probably at a level similar to 

that at the time of acquisition, when 300 species of vascular plants were likely present 

(Stillwater Sciences 2002).  

Fire, edaphic conditions, moisture gradients (both topographic and coastal), and, to a 

lesser extent, wind were the major variables influencing species composition before the 

property was first used for logging. Most of the Mill Creek drainage was forested with 
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the exception of two small prairies visible on 1936 aerial photographs: One opening was 

near the current mill site, and the other was near the junction of Rock Creek Road and 

Childs Hill Road. The forests were predominantly redwood (Sequoia sempervirens) on 

the lower slopes, with Sitka spruce (Picea sitchensis) along the coast and Douglas-fir 

(Pseudotsuga menziesii) and tanoak (Lithocarpus densiflorus) becoming more common 

or even dominant in the interior and on upper slopes. In portions of Rock Creek 

Douglas-fir and tanoak were the major species and redwoods were uncommon outside 

of drainages. The extreme eastern and northeastern portions of Rock Creek, where 

serpentine soils limit or occasionally prohibit tree growth, contain a great diversity of 

plant life. Portions of this area are mixed stands containing knobcone pine (Pinus 

attenuata) and western white pine (Pinus monticola) while other portions are chaparral 

and devoid of trees. The Natural Resources Conservation Service (NRCS) recently 

revised soils information about the property, which includes general information 

regarding the dominant vegetation throughout the MCA (Figure 1-4). 

Norman (2007) found that fire-return intervals before 1920 averaged between 11 and 15 

years in stands containing redwoods, with frequency increasing near Native American 

(most recently, Tolowa) villages and camps. These fires were often of low intensity and 

many of the fire scars are only visible below 30 cm (12 in) on basal flutes.  Norman’s 

research is in contrast to earlier research that likely overestimated fire return intervals 

by examining fire scars higher up (on the top of stumps).  Douglas-fir and knobcone 

pine were found present in one or two cohorts in several drier (interior and ridgetop) 

regions, indicating a moderate- to high-severity fire regime with adjacent, redwood-

containing drainages having lower severity fires. Norman (2007) suggests that redwood 

forests on the drier, eastern margins of their historic range are more vulnerable to 

composition shifts because fire suppression can allow the accumulation of vegetation 

that can fuel more intense wildfires. 
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The current vegetation has been heavily influenced by logging. Most of the MCA has 

been converted to even-aged stands established from 1954 to 2000 (Table 1-1). Some 

of the older stands have been partially cut since their stated year of establishment. 

Survey data from the late 1990s also were used to classify stands by vegetation type 

(Table 1-2), but growth since the inventory makes this classification less useful. The 

greatest beneficiary of recent disturbances has been Douglas-fir, which is now the most 

common tree species on much of the property. Douglas-fir was planted in greater 

numbers and is better able to seed in from neighboring stands than other species. 

Knobcone pine is also more common in many of the relatively xeric sites, where burning 

to clear slash encouraged their serotinous cones to spread seed. Redwoods were also 

planted in many areas, including some that were likely devoid of redwood logging.  

Table 1-1. Area of Forest in Various Age Classes 

Year of Stand Establishment Hectares (Acres) 
1990–2000 2,229 (5,508) 
1980–1989 1,728 (4,271) 
1970–1979 2,673 (6,606) 
1960–1969 1,462 (3,613) 
1954–1959 399 (987) 
Pre-1954* 1,603 (3,962) 

Note: Some of the stands have been partially cut 

since their stated year of establishment.  *Much of the 

pre-1954 stands was partially harvested after 1954. 

Source: Stimson, unpublished GIS data. 

 

Table 1-2. Acres of Land of Various Vegetation Types 

Vegetation Type Hectares (Acres) 
Brush 170 (421) 
Hardwood 741 (1,831) 
Nonforest (old mill site) 42 (105) 
Old growth 49 (120) 
Scattered old growth 668 (1,651) 
Poles 378 (935) 
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Scattered poles 520 (1,286) 
Regen 6,540 (16,161) 
Young growth 296 (731) 
Scattered young growth 662 (1,636) 
Source: Stimson, unpublished survey data 

 

Other common tree species present in the MCA are western hemlock (Tsuga 

heterophylla), Port-Orford-cedar (Chamaecyparis lawsoniana), western redcedar (Thuja 

plicata), red alder (Alnus rubra), and grand fir (Abies grandis). Western white pine  

(Pinus monitcola) and the few sugar pines (Pinus lambertiana) are limited to the eastern 

side of Rock Creek. 

1.4.5 WILDLIFE 

Limited information regarding the distribution of wildlife in the MCA is available. 

Stimson, as part of its environmental compliance for timber harvesting, used to conduct 

surveys for marbled murrelets, northern spotted owls, and salmonids. Focused surveys 

for other wildlife species appear to have been more sporadic and not as well 

documented, although Rellim Redwood Company did have a summary document of the 

status of wildlife and fisheries resources produced for the property in 1995 (Jones & 

Stokes Associates 1995).  

The distribution of habitat for marbled murrelets has not changed since the MCA was 

acquired by State Parks. Two marbled murrelet stands are located in the MCA: Paragon 

and Hamilton Buffer. Only Hamilton Buffer is known to be occupied (Transou, pers. 

com, 2010). Because of budget constraints, no efforts have been made to determine 

whether Paragon is still occupied; however, for the purpose of planning and 

environmental compliance, it is considered occupied. Additional habitat for marbled 

murrelets is located in adjacent portions of Del Norte Coast Redwoods State Park, 

Jedediah Smith Redwoods State Park, and Redwood National Park. 

There are no known northern spotted owl activity centers in the MCA; there were six in 

1995 (Jones & Stokes Associates 1995). The last reproductive activity center was at 

George’s Saddle in 2008. In 2009, this pair was displaced by barred owls (Strix varia). 
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Although the spotted owl pair was observed in the area in 2009, the male has not been 

detected in 2010 (Transou, pers. com, 2010).  

For additional information on wildlife resources, see Section 4.6.3 (Biological 

Resources) of the GPA (State Parks 2010) and Section 2.3 (Aquatic Populations and 

Perodicity) of this document for anadromous salmonids.  

 
1.4.6 GEOLOGY AND SOILS 

Tectonic convergence and relatively hard bedrock control the physiographic expression 

of the MCA. The Coast Range Thrust Fault, locally known as the South Fork Fault, 

strikes north-northwest through the Rock Creek watershed and forms the boundary 

between rocks of the Coast Ranges and the Klamath Mountains (Figure 1-5). The Coast 

Range Thrust Fault is a remnant from the early convergence and accretion of marine 

Franciscan Formation rocks with the North American continent from the mid-late 

Mesozoic to early Tertiary (beginning approximately 180 million years ago; note: 

temporal or spatial uncertainty in geologic terms is directly expressed; the symbol (?) 

may be used to convey uncertainty); the fault extends several hundred miles to the 

south. The convergence of the Gorda and North American tectonic plates, which meet 

at the ocean floor approximately 100 km (60 mi) offshore west of the MCA, continues 

this accretionary process. The Gorda plate dives under the North American plate at a 

low angle along the southern part of the Cascadia Subduction Zone such that their 

contact is below the MCA at depth.  

Other active faults in the vicinity—the Whalehead Fault in southern Oregon and offshore 

extensions of the Big Lagoon-Bald Mountain and Trinidad faults—could produce strong 

ground shaking in the MCA but have lesser recurrence and lesser maximum magnitude 

capability than the Cascadia Subduction Zone. Using average long-term recurrence 

data, Goldfinger et al. (2008) indicated that rupture along the southern segment of the 

Cascadia Subduction Zone, estimated to produce earthquakes of Magnitude 8+, is 

several decades overdue.  
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Ongoing deformation along the subduction zone continues to contribute to uplift and 

preserve Pleistocene to Miocene alluvial and marine deposits on ridges. The hard 

bedrock and uplift also contribute to the development of steep and generally straight to 

convex slopes that frequently exceed 50% grade (Madej et al. 1986). 

Drainages are deeply incised and have dendritic to trellis patterns. LiDAR analysis 

suggests a propertywide average drainage density for USGS blue line streams of 

approximately 2.3 km/km2 (1.4 mi/mi2), although subwatersheds may have drainage 

densities of approximately 4.5 to 5.5 km/km2 (2.7 to 3.3 mi/mi2). Improvements to the 

USGS stream classification have not been attempted in the MCA as part of this 

planning effort. 

Bedrock west of the Coast Range Thrust Fault is predominantly the Broken Formation 

of the Eastern Belt Franciscan Complex. These late Jurassic to early Cretaceous rocks 

are tectonically fragmented and consist of interbedded greywacke (sandstone), shale, 

and conglomerate (Aalto and Harper 1982). More coherent, massive sandstone 

characterized by massive bedding and moderate shearing predominates in the MCA. 

Fracturing and shearing of the Broken Formation increases from west to east toward the 

Coast Range Thrust Fault. Immediately west of the fault, highly sheared and foliated 

metagreywacke, argillite, and semischist predominate (Davenport 1984), indicating 

slight metamorphism along the fault zone. The bedrock east of the fault is composed of 

Pre-Nevadan rocks, including highly sheared serpentinite and peridotite, in the western 

Klamath Mountains terrain (Aalto and Harper 1982). Because the fault encompasses a 

broad zone, serpentine and peridotite that may bear asbestos minerals are also found in 

the MCA several hundred meters west of the fault depicted in Figure 1-5. 

Marine, estuarine, and fluvial siltstone, sandstone, and conglomerate of the early 

Pliocene to late Miocene (?) Wimer Formation, coincident with J.S. Diller’s “Klamath 

Peneplain,” cap many of the ridges. A younger Pliocene (?) alluvial deposit also caps 

the ridge near Childs Hill, on the southeast side of the MCA. Pleistocene to late 

Miocene remnant upland surfaces thought to be part of the Klamath Peneplain consist 

of unclassified sedimentary deposits and deeply weathered bedrock and saprolite; Irwin  
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(1997) interpreted their distribution from 1:62,500- and 1:100,000-scale USGS 

topographic maps (Figure 1-5). The distinctions among these Pleistocene to early 

Miocene units, which occupy similar topographic position and have temporal overlap 

and some temporal uncertainty, appear to be cross-cutting relationships, limited 

paleontological evidence, and, to some extent, the character of the earth material. 

Late Quaternary deposits are located throughout the MCA landscape. A small sliver of 

property on the northwest side of the MCA overlies the Pleistocene Battery Formation, a 

marine terrace, sand dune, and alluvial fan deposit consisting of unconsolidated sand, 

silty clay, and imbricated gravel (Davenport 1982). Holocene to Pleistocene landslides 

are common throughout the MCA. Holocene to Pleistocene fluvial terraces and 

floodplain deposits are located in Mill Creek and, to a lesser extent, in Rock Creek. 

Limited drilling data and some observational data indicate that the terrace deposits are 

typically cobbly or gravelly, sometimes with a moderately high amount of silt and clay in 

the gravel matrix. Overbank silts and clays typically cap the coarser deposits, and finer 

grained alluvial fans are associated with the floodplain deposits at some tributaries. The 

terrace deposits locally help protect the valley side slopes from stream undercutting and 

failure (Madej et al. 1986). Colluvium of variable thickness mantles the bedrock. Large 

fill deposits are locally associated with the extensive logging road network and the old 

mill site at the confluence of the West Branch and East Fork. 

Staff from the NRCS recently completed soil mapping of Redwood National and State 

Parks, including the MCA, providing a modern soil survey that provides a wealth of soil 

data (NRCS 2008). Fifteen soil associations and soil series of various slopes are 

identified in this mapping. With respect to surface erosion, approximately 75% of the 

land base has a severe erosion hazard rating (Figure 1-6). Only the Bigtree-Mystery 

Association, on floodplains, has a slight erosion hazard rating. Moderate erosion hazard 

ratings generally occur on ridgetops for the Trailhead-Wiregrass, Wiregrass-Pittplace-

Scaath, and Coppercreek-Tectah-Slidecreek Associations. The Surpur and Childshill 

soil series also have moderate erosion hazards. The Slidecreek-Lackscreek-

Coppercreek, Wiregrass-Rockysaddle, Sasquatch-Siterrocks-Ladybird, Sisterrocks-

Ladybird-Footstep, Jayel-Walnett-Oragran, Coppercreek-Slidecreek-Tectah, Wiregrass-
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Rockysaddle, Sasquatch-Yeti-Footstep, Gasquet-Walnett-Jayel, Oragran-Weitchepec, 

Coppercreek-Ahpah-Lackscreek, and Scaath-Rockysaddle-Wiregrass Associations 

have severe erosion hazard ratings, generally on the valley sidewalls.  Figure 11 and 

Table 6 in Appendix A show groupings of these soil units used to develop a model for 

shallow slope instability. 

1.4.7 HISTORY AND LAND USE 

Timber harvesting in the MCA began in the 1850s but was not extensive until the 1920s 

and 1930s, when the Hobbs and Wall Company harvested most of the West Branch. 

Before 1930, the Hobbs and Wall Company harvested timber primarily using steam 

donkeys and rail transportation. To facilitate timber extraction, a temporary logging 

camp was first established near the north end of Picnic Road and later moved to the 

south end to follow the logging operations up the drainage (Bearss 1969).  

Logging ceased in the late 1930s but began again in 1954, when new owners, the Miller 

Redwood Company (subsequently known as Rellim Redwood Company, Miller-Rellim 

Redwood Company, and finally Stimson Timber Company), began harvesting other 

portions of the Mill Creek watershed. By 1958, major logging had occurred in the upper 

West Branch, upper Rock Creek, and upper East Fork watersheds. The company 

purchased the rest of the Rock Creek portion of the property in the 1960s and harvested 

this section relatively quickly to pay for the purchase.  

Logging continued in the upper West Branch with new incursions in the northern East 

Fork throughout the 1960s. The 1970s brought an intense effort in the entire Rock 

Creek, northern East Fork, and upper Terwar watersheds. By the 1980s, much of the 

MCA had been entered and fragmented with timber harvest units. However, large areas 

along the northern side of the MCA were still being entered for the first time. The 1990s 

saw consolidation of the timber harvest units as the timber on the property was nearing 

exhaustion. By the time of the 2003 State Parks acquisition, the lack of trees advanced 

enough in age to meet regulatory requirements precluded harvest for at least 7 years. 
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1.4.8 OWNERSHIP 

Figure 1-1 shows the boundaries of the MCA and the ownership of watersheds that 

cross both the MCA and adjacent properties. With the exception of private timberland 

on the southern side of the property owned by Green Diamond Timber Company, public 

lands managed for recreation and resource preservation bound the MCA. Commercial 

timber harvest may occur within U.S. Forest Service Lands east of the MCA. 

1.5 RESTORATION WORK TO DATE 

When State Parks took over management, the MCA went from an actively managed 

industrial timber property to public land. Several actions were necessary to keep the 

landscape in as stable a condition as feasible given the change in management 

objectives. This section addresses actions taken to maintain resources in the MCA 

during development of management plans suitable for public lands.  

1.5.1 ROAD WORK 

Immediately before State Park’s acquisition of the MCA, Stimson representatives 

conducted several orientations to acquaint State Parks’ resource managers with the 

property and the road system. The timber company identified approximately 96 km (60 

mi) of roads collectively referred to as “maintenance free” that had been partially 

decommissioned and were no longer part of the transportation network. 

During the first winter following the acquisition (2002/2003), State Parks staff observed 

higher rates of failure on the maintenance-free roads than on roads that were open and 

monitored. Further investigation revealed numerous critical erosion sites and pointed to 

several flaws in the treatment method that had been used to treat the maintenance-free 

roads. As a result, State Parks developed the Landscape Stabilization and Erosion 

Prevention Plan (LSEP) to immediately address and stabilize these roads. 

Implementation of the LSEP began in summer 2004, and work has continued each 

season with the amount of road removal fluctuating with available funding. At the end of 

the 2009 summer season, 66 km (41 mi) of road had been removed with grant funding 

from the CDFG, State Parks, Save the Redwoods League, the State Water Resources 
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Control Board, the Smith River Alliance, and the California Wildlife Conservation Board. 

State Parks has also been implementing road rehabilitation projects and maintenance 

consistent with information in Stillwater Sciences Interim Management 

Recommendations (2002) until the completion of more formal planning. Nine critically 

undersized or failed culverts have been replaced since 2002. 

1.5.2 FORESTRY WORK 

1.5.2.1 UPLAND FORESTS 

Shortly after acquisition by State Parks, stands initiated between 1980 and 1993 were 

identified as having the highest priority for restoration because of extremely high tree 

densities and the dynamic nature of this age class (Stillwater Sciences 2002). Stands in 

this age class that had not been thinned were surveyed and prioritized for treatment. 

Survey results of trees more than 4 cm (1.5 in) diameter at breast height showed that 62 

stands totaling 1,418 ha (3,503 ac) had more than 202 trees per hectare (tph) (500 

trees per acre [tpa]). Old-growth redwood forests (by comparison) average 

approximately 13 tph (32 tpa) (Guisti 2004).  

Stands with more than 202 tph (500 tpa) were chosen for treatment because they have 

formed (or will shortly form) closed canopies, and trees will lose a large portion of their 

crown foliage to shading from neighboring trees. As the crowns of these trees shrink, so 

does their ability to grow quickly even if more resources are made available by 

removing competing vegetation. Untreated stands may even stagnate, and forest health 

could be compromised, causing whole stands to be lost to windthrow (Oliver and Larson 

1996). By failing to manage these forests immediately, managers may slow the growth 

of all trees and delay the development of late-successional conditions by decades.  

To date, State Parks has treated 1,028 ha (2,541 ac) in this age class and has an 

additional 390 ha (962 ac) permitted. The primary goal of these treatments is to protect 

park resources by promoting forest health and accelerate the development of old forest 

characteristics in formerly harvested stands. The following four objectives support this 

goal: 
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 Release trees in young stands to allow for vigorous growth and progression 

toward late-successional forest habitat. 

 Adjust species composition to promote the historic species mix. 

 Reduce the short-term fire risk generated by restoration activities.  

 Protect rare habitats in the MCA.  

1.5.2.2 RIPARIAN FORESTS 

Approximately 80 ha (200 ac) of riparian areas that were historically conifer stands were 

converted to alder dominance during logging operations. State Parks planted more than 

7,000 conifers to promote the historic species mix of these areas. Long-term goals 

include restoring historic species composition, improving riparian canopy cover and 

associated riparian habitat, and recruiting large woody debris into streams to restore 

complexity to simplified watercourses. 

1.5.3 INSTREAM WORK 

Restoration of historic floodplain areas along the East Fork, although possible, may be 

difficult and costly to implement. Therefore, recruitment of large woody debris to create 

pools is the primary means by which velocity refugia can be created in the East Fork. 

Presently, natural wood recruitment on the East Fork is primarily from riparian alders, 

which provide habitat of limited quality and short duration (less than 6 years) (Fiori 

2004). Instream recruitment from riparian conifer planting efforts on the East Fork is 

anticipated to take at least 40 years. The interim solution has been the initiation of a 

large-scale instream habitat improvement project involving the construction of complex 

wood jams in shallow flatwater and riffle habitat of the East Fork. Since 2006, 80 

complex wood jams have been created in the East Fork (Fiori et al. 2009). They are 

much more complex than traditional large woody debris structures and not only have 

produced and maintained shallow pools with scour depths of 2 to 3.5 feet but have 

added a significant large woody debris and small woody debris cover component (Fiori 

et al. 2009).  
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1.6 SOURCES OF EXPERTISE AND INFORMATION 

The Mill Creek Advisory Committee and Redwood National and State Parks, including 

public land managers, nonprofit environmental organizations, and public interest 

groups, provide expertise to help State Parks manage the MCA. University researchers 

and scientists from public agencies (e.g., USGS, NRCS) have provided or are 

anticipated to provide useful information with respect to watershed management. 

1.6.1 MILL CREEK ADVISORY COMMITTEE 

Members of the Mill Creek Advisory Committee include representatives from CDFG, the 

Save the Redwoods League, the California Coastal Conservancy, the California Wildlife 

Conservation Board, the Del Norte County Board of Supervisors, and Redwood 

National Park. Members of the committee provided input for the data needs of this plan 

and provided comment on the document. 

1.6.2 REDWOOD NATIONAL AND STATE PARK STAFF 

In a cooperative relationship with the former timberland owners of the MCA, USGS 

hydrologists and/or Redwood National Park hydrologists monitored stream channel 

conditions and commented on timber harvest plans in Mill Creek. Madej et al.’s (1986) 

work provided substantial background information for hydrological processes affecting 

Mill Creek. The MCA is in the congressional boundary for Redwood National Park and 

thus within the management sphere of Redwood National and State Parks. As a result, 

members of Redwood National and State Parks’ natural resource staff are available to 

provide expertise as requested by State Parks. 

1.7 PUBLIC OUTREACH 

During the GPA process, meetings were held to receive public input regarding 

management of the MCA. This watershed management plan is tiered to the GPA, and 

the major concepts for this plan were discussed or available for public input. Providing 

education and interpretation opportunities is one of the core functions of State Parks, 

and water quality and related watershed restoration efforts will be an educational focus 

at the MCA.  
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1.7.1 SIGNAGE 

Interpretive signage will follow State Parks policy and guidelines with respect to the 

Department Operations Manual chapter on interpretation, as well as state Americans 

with Disabilities Act guidelines. Potential signage locations include trailheads, wayside 

exhibits, viewsheds, and the proposed lodge and interpretive center. Some of the signs 

will address water quality issues and will be both advisory with respect to visitor 

behavior and educational with respect to restoration efforts. 

1.7.2 EDUCATION 

Many opportunities exist to explore cultural and natural resources associated with the 

Mill Creek watershed. They would be delivered personally by staff or volunteers or by 

way of various media, including brochures, signage, audio/visual presentations, online 

information, tours, and workshops. Videos showing forest and instream restoration and 

road removal on the MCA, prepared in cooperation with the Save the Redwoods 

League, were recently completed. Media would be developed for inclusion whether 

placed in a contact station or as part of an interpretive exhibit. Subject areas for future 

education and interpretive programming and project development could include the 

latest research on instream restoration, road removal, forest restoration, and climate 

change, as well as wildlife species and plant communities (with particular emphasis on 

native and endangered species). Education through community involvement, such as 

tree planting, is ongoing. Similarly, subject areas related to cultural history would be 

developed for educational and interpretive projects. Subjects would cover the broadest 

spectrum of history at the MCA and general surrounding area, from the earliest pre-

EuroAmerican contact period, through the 19th-century timber industry practices, up to 

today’s restoration efforts.  
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2 PROBLEM STATEMENT 

 
Source: _______ 

2.1 INTRODUCTION 

The Smith River Basin, in which most of the Mill Creek Addition (MCA) is located, is not 

listed as impaired for water quality by state and Federal regulatory agencies. Compared 

to that of many other North Coast basins, the geology of the Smith River Basin is 

relatively stable, which helps to maintain the river’s water quality. Minor portions of the 

MCA drain toward the Klamath River, which has water quality impairments, and toward 

the coastal waters offshore from Redwood and National State Parks (RNSP). 

In general, the water quality in the MCA is very good; however, because historic logging 

on the property has been extensive, maintenance of existing conditions, where 

acceptable, and restoration of affected lands are required to preserve the MCA’s water 

quality and high-value fishery. This chapter defines existing regulatory requirements and 

specific problem areas and describes existing and desired conditions for road, forest, 

and aquatic habitat management in the context of park management for recreational 

use and environmental restoration. 

2.2 WATER QUALITY STANDARDS 

CalWater, a spatial dataset of watersheds in California, developed by the Interagency 

Watershed Mapping Committee, is used to facilitate statewide consistency in the 

identification of watershed areas and is useful for discussing regulatory issues; 

however, any particular enumerated watershed does not necessarily encompass the 

entire physiography of that watershed. Figure 2-1 shows CalWater 2.21 watershed 
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identification numbers and hydrologic subareas (HSAs) where defined for the 

enumerated watershed within the MCA boundaries. Where an HSA is not defined, the 

hydrologic area (HA) is noted. In this example, the Smith River Plain and Mill Creek 

HSAs are part of the Lower Smith River HA, and the Lower Smith River HA, the South 

Fork Smith River HA, and the Wilson Creek HA are part of the Smith River Hydrologic 

Unit (HU), although Wilson Creek actually flows directly to the ocean. The 

northwesternmost sliver of the MCA, in the Smith River Plain HSA (1103.110002), has 

headwater drainages that flow toward the coastline just south of the Crescent City 

Harbor. These coastal receiving waters are part of the RNSP Area of Special Biological 

Significance), (renamed the RNSP State Water Quality Protection Area in 2003) and 

have nonpoint source pollution protection. The two locations enumerated as part of the 

Klamath Glen HSA are part of the Lower Klamath HA, which is part of the Klamath River 

HU.  

There are no Total Maximum Daily Load (TMDL) criteria for the Smith River Basin and, 

by extension, most of the MCA. The Klamath River has Federal listings for water 

temperature, organic material, nutrients, and sediment. An action plan for the Klamath 

River Basin is being prepared and is expected to establish Federal TMDLs for water 

temperature, organic material, and nutrients by December 31, 2010 (NCRWQCB 2009). 

Dissolved oxygen, sediment, and microsystin (cyanobacterial toxin) impairments will be 

addressed through items identified in the action plan. Sediment likely will be indirectly 

addressed through the action plan and existing regulations for nonpoint source 

pollution, although it could be addressed specifically at a later date (Zabinsky, pers. 

com, 2010). For both the Smith River and the Klamath River basins and the HSAs in 

those basins, the North Coast Regional Water Quality Control Board (NCRWQCB) has 

developed a list of beneficial uses and numeric targets to protect those uses that are 

pertinent to the MCA. Nearby coastal waters also have water quality objectives. 
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2.2.1 BENEFICIAL USES 

The Water Quality Control Plan for the North Coast Region (Basin Plan) (NCRWQCB 

2007) identifies existing and potential beneficial uses for HAs and HSAs of the Smith 

River and Klamath River HUs (Table 2-1). 

Table 2-1. Beneficial Uses of Water in CalWater Hydrologic Areas and Subareas That 
Encompass the Mill Creek Addition 

Beneficial Use Smith 
River 
Plain 
HSA 
(103.11) 

Mill 
Creek 
HSA 
(103.13) 

South 
Fork 
Smith 
River 
HA 
(103.20) 

Wilson 
Creek 
HA 
(103.50) 

Klamath 
Glen 
HSA 
(105.11) 

Municipal Water Supply (MUN) E E E E E 
Agricultural Supply (AGR) E E E E E 
Industrial Supply (IND) E E E E P 

Industrial Process Supply (PRO) P P P P P 
Groundwater Recharge (GWR) -- -- -- -- E 
Freshwater Replenishment (FRSH) E E E E E 

Navigation (NAV) E E E E E 
Hydropower Generation (POW) -- P E E P 
Water Contact Recreation (REC-1) E E E E E 

Non-Contact Water  
Recreation (REC-2) 

 
E 

 
E 

 
E 

 
E 

 
E 

Commercial and Sport 
 Fishing (COMM) 

 
E 

 
E 

 
E 

 
E 

 
E 

Cold Freshwater Habitat (COLD) E E E E E 

Wildlife Habitat (WILD) E E E E E 
Rare, Threatened or Endangered 
Species (RARE) 

 
E 

 
E 

 
E 

 
E 

 
E 

Marine Habitat (MAR) E -- -- -- E 
Migration of Aquatic 
Organisms (MIGR) 

 
E 

 
E 

 
E 

 
E 

 
E 

Spawning, Reproduction, and/or 
Early Development (SPWN) 

 
E 

 
E 

 
E 

 
E 

 
E 

Shellfish Harvesting (SHELL) -- -- -- -- E 
Estuarine Habitat (EST) E -- -- -- E 
Aquaculture (AQUA) P P P P P 

Native American Culture (CUL) E -- E E E 
Notes: HA = hydrologic area, HSA = hydrologic subarea, E = existing use, P = potential use,  
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-- = no beneficial use. 
Source: NCRWQCB 2007 

It should be noted that each identified use may not actually be occurring in the MCA, but 

each has been identified in the hydrologic HA or HSA that crosses or is within the MCA 

boundaries. The full extent of any particular HSA or HA that extends outside of the MCA 

may not be depicted in Figure 2-1. Of particular interest for park management are uses 

related to recreation, wildlife conservation, and Native American cultural practices. 

2.2.2 WATER QUALITY OBJECTIVES 

The Basin Plan defines specific water quality objectives for the Smith River, the Klamath 

River, and coastal waters (Tables 2-2 and 2-3). The Lower Klamath River, west of the 

confluence of Terwar Creek and the Klamath River and within tribal lands, had relatively 

little data to help guide the TMDL action plan proposal. This is partially because of the 

complexity of the estuary in the Lower Klamath River and the sovereign Native 

American control of the tribal lands that occupy most of the lower reach. The 

NCRWQCB has reviewed work in the tribal lands reach and proposes narrative 

language to address objectives for dissolved oxygen impairments in this reach that 

postdate the 2007 Basin Plan objectives. The TMDL action plan for the Klamath River 

Basin is expected to provide more clarity for other parameters. 

 
Table 2-2. Relevant Narrative Water Quality Objectives for the North Coast Region That 
Encompasses the Mill Creek Addition  

 
Objective 

 
Description 

 
 
Biostimulatory substances 

Waters shall not contain biostimulatory substances 
in concentrations that promote aquatic growths to 
the extent that such growths cause nuisance or 
adversely affect beneficial uses. 

 
 

Sediment 

The suspended sediment load and suspended 
discharge rate of surface waters shall not be 
altered in such a manner as to cause nuisance or 
adversely affect beneficial uses. 
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Objective 

 
Description 

 
 

Turbidity 

Turbidity shall not be increased more than 20 
percent above naturally occurring background 
levels. Allowable zones of dilution within which 
higher percentages can be tolerated may be 
defined for specific discharges upon the issuance 
of discharge permits or waiver thereof. 

 
Temperature 

At no time or place shall the temperature of any 
COLD water be increased by more than 5°F above 
natural receiving water temperature. 

 
 

Dissolved oxygen 
(Klamath Lower Estuary) 

For the protection of estuarine habitat (EST), the 
dissolved oxygen content of the Lower Klamath 
Estuary shall not be depressed to levels adversely 
affecting beneficial uses as a result of controllable 
water quality factors [proposed language from 
Klamath River Basin TMDL action plan for all 
alternatives].  

Note: Except as noted for dissolved oxygen, these objectives apply to the entire North Coast 
Region. 
Sources: NCRWQCB 2007, NCRWCB 2009 
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Table 2-3. Numeric Water Quality Objectives for Areas Affected by or in the Mill Creek 
Addition 

 
 
 
 
 
 

Water Body 

Specific  
Conductance 
(micromhos) 

at 77°F 

 
Dissolved  
Oxygen 

(milligrams per 
liter) 

 
Hydrogen 

Ion 
(pH) 

90% 
Upper 
Limit1 

50%  
Upper 
Limit2 

 
 

Minimum 

50% 
Lower 
Limit2 

 
 

Maximum 

 
 

Minimum 
 
Smith River 
Hydrologic Unit 
 
Smith River - main 
forks 
 
Other streams 
 
Smith River Plain 
Hydrologic Subarea 
 
Smith River 
 
Other streams 
 
Groundwater 
 
Lower Klamath 
River Hydrologic 
Area 
 
Klamath River 
 
Other streams 
 
Groundwater 
 
Coastal Waters 
 

 
 
 
 

200 
 
 

150 
 

 
 
 

200 
 

150 
 

350 
 
 
 
 
 

300 
 

200 
 

300 
 

-- 

 
 
 
 

150 
 
 

125 
 
 
 

 
150 

 
125 

 
100 

 
 
 
 
 

200 
 

125 
 

150 
 

-- 
 

 
 
 
 

8.0 
 
 

7.0 
 
 
 

 
8.0 

 
7.0 

 
-- 
 
 
 
 
 

8.0 
 

8.0 
 

-- 
 

11 

 
 
 
 

11.0 
 
 

10.0 
 

 
 
 

11.0 
 

10.0 
 

-- 
 
 
 
 
 

10.03 
 

10.0 
 

-- 
 

114 

 
 
 
 

8.5 
 
 

8.5 
 

 
 
 

8.5 
 

8.5 
 

8.5 
 
 
 
 
 

8.5 
 

8.5 
 

8.5 
 

12 

 
 
 
 

7.0 
 
 

7.0 
 

 
 
 

7.0 
 

6.5 
 

6.5 
 
 
 
 
 

7.0 
 

6.5 
 

6.5 
 

12 

Notes: -- = no water quality objective 
1 Ninety-percent upper and lower limits represent the 90 percentile values for a calendar year. 
Ninety percent or more of the values must be less than or equal to a lower limit. 
2 Fifty-percent upper and lower limits represent the 50 percentile values of the monthly means 
for a calendar year. Fifty percent or more of the monthly means must be less than or equal to an 
upper limit and greater than or equal to a lower limit. 
3Although the Klamath River Basin TMDL action plan proposes new narrative language for 
dissolved oxygen for the lower estuary under all alternatives (see Table 2-2), Alternative 2 
proposes the following numeric objectives for the middle and upper estuary based on natural 
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receiving water temperatures: 80% dissolved oxygen saturation, August 1 through August 31; 
85% dissolved oxygen saturation, September 1 through July 31. 
4 The 90% lower limit for dissolved oxygen for coastal waters, which is also the minimum 
acceptable level, is 11; these values are consistent with the California Ocean Plan. 
Sources: State Water Resources Control Board 2005, NCRWQCB 2007, NCRWCB 2009 
 
2.3 AQUATIC POPULATIONS AND PERIODICITY 

Salmonids have received the most study among aquatic populations in the MCA, in part 

because they are Federally and state listed as threatened. Freshwater mussels may 

interact with salmonids and are indicators of water quality. The influence of other 

species on salmonids and the timing of salmonid presence in the watershed (periodicity) 

are important management considerations and are discussed in this section. 

2.3.1 FISH POPULATIONS 

Overall, the MCA fishery is robust but could be degraded if restoration lags the rate of road 

and slope decay. Given the general decline in the health of many fisheries in the Pacific 

Northwest, the MCA is a key location for the prospects of many fish species. 

2.3.1.1 NONSALMONID POPULATIONS 

Nonsalmonid fish species native to the Mill Creek watershed include western brook 

lamprey (Lampetra richardsoni), Pacific lamprey (Lampetra tridentate), prickly sculpin 

(Cottus asper), Coastrange sculpin (Cottus aleuticus), threespine stickleback 

(Gasterosteus aculeatus), and Klamath smallscale sucker (Catostomus rimiculus) 

(McLeod and Howard 2010). The river lamprey (Lampetra ayresi) has also been 

reported in the watershed, and the species’ range includes the Lower Smith River. 

Difficulties in differentiating the three species of lamprey may warrant further 

investigation to determine species presence and range. Riffle sculpin (Cottus gulosus) 

was also reported in early Mill Creek outmigrant trap data, but this appears to be a 

misidentification of Coastrange sculpin because the Mill Creek drainage is well outside 

the reported range of the species (Howard and McLeod 2006, Howard and McLeod 

2007). 

Nonnative fish species have been reported in the Mill Creek watershed. Largemouth 

bass (Micropterus salmoides), black bass (Micropterus spp.), sunfish (Lepomis spp.), 



 

Company Name  Client 
Problem Statement 2-10 Mill Creek Watershed Management Plan 

and catfish (Ictaluridae) were previously introduced into the 4.6-acre-foot reservoir, 

located northwest of the Forestry Center (Stowe, pers. com, 2002 in Stillwater Sciences 

2002). Some of these species may still occur in the reservoir, but there is no outlet that 

would allow these fish to enter Mill Creek (Albro, pers. com, 2010), although failure of 

the reservoir could release these them to Mill Creek.  American shad (Alosa 

sapidissima) is known to occur in the Smith River, and a juvenile shad was captured in 

the East Fork outmigrant trap in the late 1990s (Howard, pers. com, 2010). 

2.3.1.2 SALMONID POPULATIONS AND INVENTORY METHODS 

Mill Creek supports both anadromous and resident salmonid populations and is one of 

the most productive salmonid tributaries of the Smith River. The anadromous salmonids 

found in Mill Creek are Chinook salmon (Oncorhynchus tshawytscha), coho salmon (O. 

kisutch), steelhead (O. mykiss irideus), coastal cutthroat trout (O. clarki clarki), and 

occasionally chum salmon (O. keta). The extent of anadromy (anadromy describes fish 

that hatch and rear in freshwater, go to the ocean, and then return to freshwater to 

spawn) extends 8.9 kilometers (km) (5.5 miles [mi]) up the West Branch and 9.6 km (6 

mi) up the East Fork and its tributaries.  

Rock Creek supports anadromous populations of Chinook salmon and steelhead, as 

well as anadromous and resident populations of coastal cutthroat trout. Resident 

populations of coastal cutthroat trout are present in the upper reaches of the watershed, 

whereas the lower reaches likely support both resident and anadromous cutthroat.  

Hybridization between coastal cutthroat trout and steelhead appears to be common in 

northern California streams (Hankin et al. 2009) and likely occurs in Mill Creek to some 

degree. Genetic studies in other coastal northern California streams have shown the 

proportion of “trout” determined to be hybrids ranged between 16% and 72% (Hankin et 

al. 2009). 

Fisheries monitoring has been conducted in the Mill Creek watershed since 1980. In 

1994, a comprehensive salmonid fisheries monitoring program was initiated in Mill 

Creek by Stimson Lumber Company (Stimson) in response to the anticipated Federal 

listing of the southern Oregon/northern California coast (SONCC) coho salmon 
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Evolutionarily Significant Unit (ESU). This program also included spawning surveys in a 

short section of Rock Creek. Upon transfer of the MCA to the California Department of 

Parks and Recreation (State Parks) the Mill Creek Fisheries Monitoring Program was 

created. The program has continued without interruption and expanded on all fisheries 

monitoring activities previously undertaken by Stimson and the University of California 

Cooperative Extension. It has been funded through various sources, including the Smith 

River Alliance, the California Department of Fish and Game, the U.S. Fish and Wildlife 

Service, and the U.S. Forest Service. Annual monitoring conducted by the Mill Creek 

Fisheries Monitoring Program includes Chinook and coho salmon spawner surveys, 

smolt outmigrant trapping, and summer dive surveys. The program is in jeopardy 

because funding is uncertain. 

Coho Salmon 

Coho salmon are the only listed fish species found in the Mill Creek watershed. All 

naturally spawned populations of coho salmon in the watershed belong to the SONCC 

ESU, which was Federally listed as threatened in 1997 (NMFS 1997) and reaffirmed in 

2005 (NMFS 2005). Critical habitat for the SONCC coho salmon ESU was designated in 

1999 (NMFS 1999) to encompass the water, substrate, and adjacent riparian zone of all 

accessible estuary habitat and river reaches between Cape Blanco, Oregon, and Punta 

Gorda, California. This area includes all waters accessible to coho in the MCA. The 

California Department of Fish and Game recommended that the SONCC coho salmon 

ESU be listed as threatened under the California Endangered Species Act in 2002, and 

in 2004, the agency recommended that coho salmon status and trend monitoring be a 

high priority throughout the state (CDFG 2004). In 2005, the California Fish and Game 

Commission listed the SONCC coho salmon ESU as threatened.  

Coho salmon have a less variable life history than other anadromous salmonids. Most 

return to spawn at age 3+ and enter the rivers during late fall and winter. Eggs mature 

after 1.5 to 4 months of incubation, depending on temperature. Juveniles rear in 

freshwater for up to 15 months before outmigrating to the ocean. Before returning to 

spawn as adults, coho generally spend 16 months feeding and growing in the ocean 

(Sandercock 1991). Some males (often called “jacks”) mature earlier and return after 
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only a few months in the ocean. Bell (2001) has documented that some juvenile coho 

salmon in northern California may rear in freshwater for two winters before migrating to 

sea. Size distribution data of coho 0+ and smolts captured in Mill Creek suggests that 

this life history strategy may be present (MCFMP unpublished data). 

Coho salmon minimum escapement counts have been generated for the West Branch 

since Water Year (WY) 1981 (Figure 2-2) and in the East Fork since WY 1994 (Figure 

2-3). Annual escapement estimates have often been fewer than 20 fish for either 

tributary, but in some years, the numbers have been significantly higher. Data suggest 

that coho escapement seems to cycle every 8–11 years, with low points in 1983, 1992, 

2000, and 2010 in the West Branch (Figure 2-2). Data from the East Fork show a similar 

pattern between 1994 and 2010 (Figure 2-3). Although adult coho salmon escapement 

is often fairly low, available spawning habitat apparently is not a limiting factor (Stillwater 

Sciences 2006). The lack of a strong relationship between outmigrating smolt 

populations and escapement estimates for that same cohort 2 years later suggests that 

shifts in ocean productivity may be the most likely contributor to the observed 

fluctuations in coho escapement (McLeod and Howard 2010).  
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Figure 2-2. Coho Salmon Minimum Escapement Estimates for the West Branch (Water 
Years 1981–2010) 
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Note: Reach 1 is 0 to 0.80 km (0 to 0.50 mi) upstream from the confluence with the East 
Fork, reach 2 is 0.80 to 3.54 km (0.50 to 2.20 mi) upstream, reach 3 is 3.54 to 7.97 km 
(2.20 to 4.95 mi) upstream, and reach 4 encompasses the lower 0.4 km (0.25 mi) of 
Hamilton Creek. Hamilton Creek meets the West Branch about 1.17 km (0.73 mi) 
upstream from its confluence with the East Fork. Estimates for 1981–1993 are for West 
Branch reach 2 only (Howard 1998). West Branch reach 1 data were collected between 
2005 and 2010. 
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Figure 2-3. Coho Salmon Minimum Escapement Estimates for the East Fork (Water 
Years 1994–2010) 

Coho salmon escapement into Mill Creek appears to be adequate in most years to 

produce more than enough 0+ juveniles to saturate the summer habitat and exceed the 

current winter carrying capacity of the system. Summer abundance estimates of 0+ 

coho have been generated for the West Branch (1996–1997 and 2001–2009) and East 

Fork (1996 and 2004–2009) (McLeod and Howard 2010). West Branch summer coho 

abundance has varied considerably, ranging from fewer than 5,000 fish to almost 

25,000 fish, whereas the East Fork has shown less variation, ranging from just fewer 

than 3,000 fish to more than 12,000 fish. In general, the West Branch has had two to 

three times the summer coho population of the East Fork (Figure 2-4). However, 

estimated juvenile  
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Figure 2-4. Summer Abundance Estimates of Coho in the West Branch (Water Years 
1996–1998 and 2001–2009) and East Fork (Water Years 2004–2009) 

coho abundance was higher in the East Fork during 2009, which may be a response to 

increased summer rearing habitat provided by recent complex wood jam placement in 

the East Fork. 

Juvenile salmonid outmigrant trapping was conducted in the East Fork and West Branch 

between 1994 and 2000 (McLeod and Howard 2010). Downstream movement of both 

smolt and young-of-the-year coho salmon has been observed, suggesting that both 

extended rearing and seasonal downstream dispersal of coho salmon occur in the Mill 

Creek drainage. Outmigrating coho smolts have been observed from late February 

through early July, with most movement occurring from mid-April to mid-May (Howard and 

McLeod 2005a, 2005c). The total number of outmigrating smolts varied annually, with the 

West Branch consistently producing more smolts annually (except during 1994). Smolt 

production estimates for the West Branch were the lowest in 2005 (763 smolts) and 
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highest during 2001 (10,821 smolts). Estimated smolt production in the East Fork was 

the lowest in 1999 (259 smolts) and highest in 2001 (3,184 smolts) (Figure 2-5). 
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Figure 2-5. Coho Smolt Outmigration Estimates for the West Branch and East Fork 
(Water Years 1994–2009). 

Coho overwinter survival estimates have varied annually in both the West Branch and 

East Fork and appear to be directly related to the availability of refugia from high-flow 

events. Overwinter survival estimates ranged from 9% to 77% (mean 27%) in the West 

Branch and from 12% to 57% (mean 19%) in the East Fork (McLeod and Howard 

2010). An analysis by Stillwater Sciences (2006) determined that suitable overwintering 

habitat for juvenile coho is the primary limiting factor for populations in Mill Creek, 

especially the East Fork. Limited overwintering habitat and variable ocean conditions 

may further exact a toll on the population and have the potential to keep the returning 

adult population at relatively low numbers. When a cohort is subjected to both excessive 

winter flows and unfavorable ocean conditions, escapement could potentially be 

reduced to only a few fish. 
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Chinook Salmon  

Chinook salmon in the Mill Creek watershed are fall-run and belong to the SONCC 

ESU. This ESU was found not warranted for Federal listing as threatened or 

endangered by the National Marine Fisheries Service (NMFS) in 1999 (NMFS 1999). 

Fall Chinook generally spawn in Mill Creek between November and January but 

occasionally as late as February/March (Waldvogel 1988). Fry emerge in early winter 

after 75–95 days of incubation (Van Scoyk, pers. com, 2010). Juveniles remain in 

freshwater for 3–6 months before outmigration (Meehan and Bjornn 1991) and rear in 

estuaries until they move into the marine environment following smoltification. Chinook 

salmon spawn and rear in both Mill and Rock creeks (McLeod and Howard 2010). 

Adult escapement trends for the West Branch and East Fork show that overall adult 

Chinook escapement, although variable, appears to be maintaining itself (Figure 2-6). 

Minimum escapement estimates in the West Branch ranged between 31 and 694 

(average 171) since 1981. Escapement estimates for the East Fork ranged between 20 

and 333 (average 172) during surveys from 1993 and 2009. Population modeling results 

from Stillwater Sciences (2006) indicate that spawning habitat is not a limiting factor and 

that the West Branch could support up to 350 female spawners and the East Fork up to 

140 female spawners before density dependence would occur. 
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Figure 2-6. Chinook Salmon Minimum Escapement Estimates for the West Branch 
(Water Years 1981–2010) and East Fork (Water Years 1993–2009)  

Although spawning habitat may not be a limiting factor for fall-run Chinook in Mill Creek, 

available habitat for emergent fry and juveniles during spring has been identified as 

density dependent (Stillwater Sciences 2006). Outmigrating juveniles captured in Mill 

Creek consist almost entirely of young-of-the-year fish, but occasionally 1+ fish are 

captured, indicating that some extended rearing does take place in the basin. Juvenile 

Chinook salmon outmigration generally peaks between early April and early May, 

depending on flows, and most fish have usually left the system by late July (Howard and 

McLeod 2005a, 2005c). Most outmigrating Chinook salmon are captured in the West 

Branch. Estimates have been highly variable since monitoring began in 1994, ranging 

between 7,589 and 141,136 (Figure 2-7) (McLeod and Howard 2010). Outmigration 

estimates from the East Fork were less variable than those from the West Branch, 

ranging between 2,778 and 46,600 since 1994. 
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Figure 2-7. Chinook Smolt Outmigration Estimates for the West Branch and East Fork 
(Water Years 1994–2009) 
 
Steelhead 

Steelhead in the Mill Creek watershed are winter-run populations. All naturally spawned 

populations of steelhead in Mill Creek belong to the Klamath Mountains Province ESU. 

This ESU was found not warranted for Federal listing as threatened or endangered by 

NMFS in 1999 (NMFS 1999). Overall, the steelhead population in Mill Creek appears to 

have declined slightly in recent years. 

Steelhead escapement has not been monitored in the Mill Creek watershed. 

Postspawning adult steelhead (“kelts”) are captured in outmigrant traps, and the number 

of kelts observed has ranged from 8 to 82 in the West Branch and from 25 to 82 in the 

East Fork (Albro and Gray 2002) (Figure 2-8). Based on the number of kelt catches, 

overall adult escapement in both tributaries appears variable, and kelt catches have 

been slightly below average in both tributaries since 2006. 



 

Client  Company Name 
Mill Creek Watershed Management Plan 2-19 Problem Statement 

0

20

40

60

80

100

120

140

160

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Year

West Branch Mill Creek
East Fork Mill Creek

Figure 2-8. Steelhead Kelt Catches in Outmigrant Traps in the West Branch and East 
Fork (Water Years 1994–2010) 

All juvenile life stages of steelhead (from fry to smolt) have been observed in the 

outmigrant traps, indicating that extended freshwater rearing occurs in the watershed. 

Because distinguishing between juvenile steelhead and coastal cutthroat trout is 

difficult, counts of juvenile steelhead captured may include cutthroat trout. Steelhead 

smolts are captured in the outmigration traps from late February through June (MCFMP 

unpublished data) and have been highly variability since trapping began in 1994 (Figure 

2-9). Mean annual smolt production since 1994 was 1,818 in the West Branch and 953 

in the East Fork. Outmigration estimates have been below average since 2003. 
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Figure 2-9. Steelhead Smolt Outmigration Estimates for the West Branch and East Fork 
(Water Years 1994–2009) 
 

Coastal Cutthroat Trout 

Mill Creek and its tributaries support both anadromous and resident populations of 

coastal cutthroat trout. All populations of coastal cutthroat trout in the Mill Creek 

watershed belong to the SONCC ESU. This ESU was found not warranted for Federal 

listing as threatened or endangered by NMFS in 1999 (NMFS 1999). Overall, current 

information indicates that the coastal cutthroat trout population in the Mill Creek 

watershed is fairly stable. 

Cutthroat trout belong to the same genus as other Pacific salmon and steelhead but are 

generally smaller, rarely overwinter in the ocean, and do not make extensive oceanic 

migrations (Johnson et al. 1999). They exhibit both anadromous and resident life-history 

forms. Resident fish are often found in the uppermost reaches of drainages, above 

barriers to anadromous fish migration. The Smith River is considered an important 
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coastal cutthroat trout stream because the species has been reported to occur in nearly 

all of its tributaries, including Mill Creek (Moyle et al. 1989). 

Cutthroat trout escapement has not been monitored in Mill Creek because of the 

difficulty in observing and counting the species when they return to spawn (McLeod and 

Howard 2010). A few adult cutthroat have been observed incidentally each year during 

salmon spawning surveys (Howard 1999, McLeod and Howard 2010). Most information 

on the adult cutthroat population of Mill Creek is obtained from outmigrant trapping data 

(Figure 2-10). Cutthroat trout in Mill Creek generally begin spawning in November, with 

peak spawning occurring in January and February (Howard and Albro 1995a, 1997). 

Based on outmigrant trap trout fry catches, cutthroat apparently spawns as late as May 

in the watershed (MCFMP unpublished data). 
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Figure 2-10. Adult Coastal Cutthroat Trout Catches in Outmigrant Traps on the West 
Branch and East Fork (Water Years 1994–2010) 
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All life stages of cutthroat trout (i.e., fry, juveniles, smolts, and adults) have been 

captured during outmigration trapping in both the East Fork and West Branch. Because 

distinguishing between juvenile steelhead and coastal cutthroat trout is difficult, counts 

of juvenile cutthroat captured may include steelhead trout. Nonsmolting juvenile 

cutthroat trout captured in the outmigrant traps may be outmigrating to estuarine or 

ocean habitats or simply dispersing in the river system. Cutthroat trout smolts in Mill 

Creek outmigrate over an extended period, from late March through early July, with 

irregular peaks in late April or early May (Howard and McLeod 2005a, 2005c). Since 

monitoring began, cutthroat smolt populations appear to have varied on about a 5- or 6-

year cycle, and the populations appear similar between tributaries (Figure 2-11). 

Outmigration estimates have ranged from 469 to 2,178 in the West Branch and from 

314 to 1,867 in the East Fork. 
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Figure 2-11. Coastal Cutthroat Smolt Outmigration Estimates for the West Branch and 
East Fork (Water Years 1994–2009) 
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Chum Salmon 

Chum salmon were first documented in Mill Creek in 1984 and are highly variable and 

inconsistent in spawning (Waldvogel, pers. com, 2002). Chum salmon spawning in Mill 

Creek may represent episodic colonization from more northern populations. Chum 

salmon usually spawn in the lowermost reaches of streams, constructing redds in 

mainstem reaches or side channels from just above tidal influence to nearly 100 km (62 

mi) from the sea. All naturally spawned populations of chum salmon in the Mill Creek 

watershed belong to the Pacific Coast ESU. This ESU was found not warranted for 

Federal listing as threatened or endangered by NMFS in 1999 (NMFS 1999).  

2.3.2 SALMONID HABITAT 

Approximately 19 km (12 mi) of known spawning and rearing habitat are used by 

anadromous salmonids in the Mill Creek watershed (McLeod and Howard 2010). 

Steelhead frequently migrate upstream of barriers that would hinder Chinook and coho 

salmon, and resident cutthroat are present above most anadromous barriers in the 

watershed. 

2.3.2.1 COHO SALMON 

Coho salmon have been found in most major tributaries and in most of the 19 km (12 

mi) of known anadromous habitat in Mill Creek. Surveys conducted in the mainstem Mill 

Creek have found little evidence of spawning coho; however, high flows and limited 

visibility hinder the detection of spawners. Most spawning occurs in the West Branch, 

although the East Fork also provides considerable spawning habitat (McLeod and 

Howard 2010). Coho salmon have not been observed in Rock Creek since annual 

spawning surveys were initiated in 1993 (McLeod and Howard 2010). The high gradient 

and coarse substrate typical of Rock Creek is likely unfavorable for coho salmon. 

Since the initiation of fisheries monitoring in Mill Creek in 1994, estimates of juvenile 

coho salmon summer populations for the West Branch have been two to three times 

greater than those for the East Fork (McLeod and Howard 2010). The West Branch may 

be more productive than the East Fork because the West Branch has the following 

characteristics: 
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 extensive areas of wide floodplain and associated side channels and backwaters, 

 relatively high pool/riffle ratios, 

 significant accumulations of large and small woody debris, 

 an abundance of small-substrate spawning gravels, and 

 overhanging vegetation that provides cover for both spawning and rearing coho.  

Kelley Creek, a tributary of the East Fork, which generally has the highest coho salmon 

spawner density in the East Fork watershed, shares all these characteristics, except 

perhaps for the wide floodplain. The East Fork and its other tributaries lack many of 

these characteristics, making them less suitable for coho salmon. Kelley Creek and the 

West Branch also have better floodplain connectivity compared to the East Fork. The 

benefit derived from each of these habitat characteristics varies among life stages; 

however, the role these habitat characteristics play in protecting juvenile salmonids from 

high-velocity flows, and therefore in improving their overwinter survival, is thought to be 

of paramount importance (McLeod and Howard 2010). 

Juvenile coho overwintering in Mill Creek are subjected to high flows during major storm 

events. To avoid being flushed out of the system, juveniles must seek refuge in slow-

water habitats, such as pools, side channels, backwaters, and edge waters. Thus, if 

refuge habitat is limited, the number of fish that survive in the tributaries until spring 

outmigration as smolts would likely be correlated to the number and intensity of high-

water events. Years with more frequent or more intense winter storms would be 

expected to have lower overwinter survival than years with few or low-intensity storms. 

Stillwater Sciences (2006) found that peak winter flows showed a negative correlation 

with production of 1+ coho smolts in Mill Creek. McLeod and Howard (2010) added 4 

more years of data to Stillwater Sciences’ analysis, recalculated the correlations with 

updated flow values, and found that peak winter flow remained a fairly good predictor of 

smolt production on the West Branch (R2 = 0.66) (Figure 2-12). The relationship is not 

as strong for the East Fork (R2 = 0.50), but the East Fork relationship may be shifting 

because of recent restoration efforts (see Section 1.5.3). The availability of slow-water 

refugia may be the primary factor limiting coho salmon production in both tributaries 

(McLeod and Howard 2010). 
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Recent instream habitat restoration efforts have been implemented in the East Fork and 

may be having a positive impact on coho smolt production (Figure 2-12), although the 

data are limited and not conclusive. Efforts have focused on the East Fork because 

populations there seem to be more density-dependent because of the lack of suitable 

rearing habitat. Despite having similar lengths of anadromy, the West Branch 

consistently produces more coho smolts than the East Fork. 
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Figure 2-12. Estimated Numbers of 1+ Coho Salmon Smolts vs. Peak Winter Flow 
(Cubic Feet per Second) from the Preceding Water Year, West Branch and East Fork 
(Water Years 1996–2008) 
 
Note: Hydrological data from the Smith River are used as a surrogate because flow data 
are not available for Mill Creek for all years. 
 

McLeod and Howard (2010) found that coho smolt production has increased in the East 

Fork since creation of the complex wood jams. Their addition also appears to have 

increased the summer carrying capacity of the East Fork. For the first time since 

summer population data have been collected on both tributaries, the East Fork had a 

higher summer coho population than the West Branch (Figure 2-4) (McLeod and 

Howard 2010). It appears that the complexity of complex wood jam-created habitat is 
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producing pools that can support higher coho densities. The habitat complexity is likely 

providing better protection from predators, is providing more substrate for production of 

food items, and may reduce intraspecific territorial conflicts by compartmentalizing the 

shared habitat. 

2.3.2.2 CHINOOK SALMON 

Chinook salmon spawn throughout the Mill Creek and Rock Creek watersheds and 

have been found in all but the uppermost sections of the 19 km (12 mi) of known 

anadromous habitat in the Mill Creek drainage (McLeod and Howard 2010). As with 

coho salmon, most Chinook spawning occurs in the West Branch (McLeod and Howard 

2010). Previous studies have indicated that gravel quality is higher in the West Branch 

than in the East Fork (Stillwater Sciences 2006). Data from the West Branch indicate 

that spawning habitat is not a limiting factor until the number of female spawners 

exceeds 350, which is not typically observed. In the West Branch, a positive relationship 

exists between spawners and juvenile outmigrants. Comparatively, there is little 

evidence to suggest a relationship between the number of spawners and the number of 

juvenile outmigrants in the East Fork (Figure 11 from Stillwater Sciences 2006); the lack 

of such a relationship could be the result of redd superimposition (Stillwater Sciences 

2006). 

The Rock Creek drainage contains about 8 km (5 mi) of habitat accessible to spawning 

Chinook salmon; however, suitable spawning habitat is limited because the substrate 

has a high gradient and is dominated by boulders. Chinook may spawn primarily in the 

patchily distributed spawning habitat in the lower 7.2 km (4.5 mi) of the watershed. The 

longest continuous stretch of Chinook spawning habitat in Rock Creek is a 0.8-km (0.5-

mi) reach in the upper watershed that has a relatively low gradient (McLeod and 

Howard 2010). 

Spring rearing habitat for emergent Chinook fry and rearing juveniles may be the most 

important limiting factor for the species in the Mill Creek drainage (Stillwater Sciences 

2006). Fisheries data show a strong relationship between peak winter flow and 0+ smolt 

estimates, especially in the West Branch. 
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2.3.2.3 STEELHEAD 

Steelhead have been found throughout the extent of known anadromous habitat in the 

Mill Creek and Rock Creek watersheds (McLeod and Howard 2010). They are capable 

of sustaining higher swimming and burst speeds than other salmonids, enabling them to 

ascend waterfalls, cascades, and high-gradient reaches that may act as barriers to 

other species. This ability allows steelhead to spawn in upper headwater reaches that 

may not be accessible to other anadromous salmonids. Steelhead spawning 

observations in Mill Creek have been incidental to salmon spawning surveys, which are 

terminated in early February of each year. Although steelhead spawning has been 

observed in the upper reaches in fall, most steelhead spawning occurs during winter 

and spring, when most salmon spawning has ended. Thus, most steelhead spawning in 

Mill and Rock creeks has gone unobserved. However, steelhead are observed annually 

spawning in the vicinity of the West Branch outmigrant trap, in gravels used by Chinook 

months earlier. These observations suggest that steelhead likely spawn in many of the 

same areas used by Chinook and probably coho salmon throughout the basin. 

All juvenile life stages of steelhead (from fry to smolt) have been observed in the 

outmigrant traps (McLeod and Howard 2010), indicating that extended freshwater 

rearing occurs in the basin. Large numbers of 0+ trout are also observed during summer 

dive surveys throughout the Mill Creek watershed (McLeod, pers. com, 2010), although 

abundance estimates have been calculated only for 1+ fish that can be identified as 

steelhead or cutthroat (McLeod and Howard 2010). 

Steelhead smolt population estimates have varied significantly in both tributaries. 

However, estimates for the West Branch are generally about twice those calculated for 

the East Fork (McLeod and Howard 2010). This variance may reflect a response to 

differences in habitat quality and quantity between the two tributaries, as seen with coho 

salmon smolt (McLeod and Howard 2010). The 2009 steelhead smolt estimate was 

higher for the East Fork than for the West Branch (McLeod and Howard 2010), possibly 

because of recent habitat restoration efforts in the East Fork. 
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2.3.2.4 COASTAL CUTTHROAT TROUT 

In Mill and Rock creeks, coastal cutthroat trout appear to use the full extent of 

anadromous habitat, as well as headwater reaches beyond anadromy. Some large adult 

cutthroat are observed incidentally in the upper reaches during spawning surveys. 

These fish are presumably anadromous or possibly potamodromous (resident fish that 

migrate from lower mainstem reaches to upper spawning reaches). Most cutthroat 

spawning in Mill and Rock creeks likely takes place in the uppermost reaches and in the 

smaller tributaries of these watersheds. 

All juvenile life stages of cutthroat (from fry to smolt) have been observed in the 

outmigrant traps (McLeod and Howard 2010), indicating that extended freshwater 

rearing occurs in the watershed. Summer dive surveys detect cutthroat 1+ and older in 

relatively small numbers (McLeod and Howard 2010). Larger 2+- and 3+-sized fish are 

often seen in the larger pools, particularly in the East Fork (McLeod, pers. com, 2010). 

An unknown proportion of the 0+ trout observed during summer dive surveys in Mill 

Creek are cutthroat (McLeod, pers. com, 2010).  

Cutthroat smolt production appears to be relatively stable and about the same in both 

the West Branch and East Fork (McLeod and Howard 2010). This similarity suggests 

that these tributaries are about equally suited for cutthroat trout production (McLeod and 

Howard 2010). 

2.3.2.5 SUMMER LOW FLOW 

Low summer flows can have a detrimental impact on fish residing in the upper West 

Branch near the campground. Since monitoring began in 1995, the average length of dry 

stream channel in the upper West Branch has been 1,071 meters (m) (3,512 feet [ft]), 

ranging annually between 139 m (456 ft) and 1,590 m (5,218 ft) (McLeod and Howard 

2010). Although water quality conditions do not appear to drop below critical thresholds, 

most fish in these reaches likely become concentrated in isolated pools and succumb to 

predation.
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2.3.3 SALMONID PERIODICITY 

The timing of salmonid migration and reproductive cycles is important for scheduling management activities. These cycles are 

presented in Figure 2-13.  

Figure 2-13. Periodicity of Chinook, Coho, Steelhead, and Coastal Cutthroat Trout in the Mill Creek Watershed 

  Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
                                       
Chinook Salmon                                      
 Adult migration                                        
 Spawning                                         
 Fry emergence                                         
 Rearing 1+ Chinook              0+ Chinook                  1+ Chinook     
 Smolt outmigration                                         
                                                 
Coho Salmon                                      
 Adult migration                                        
 Spawning                                         
 Fry emergence                                         
 Rearing                                                
 Smolt outmigration                                          
                                                 
Steelhead Trout                                      
 Adult migration                                          
 Spawning                                          
 Fry emergence                                          
 Rearing                                                
 Smolt outmigration                                          
                                                 
Cutthroat Trout                                      
 Adult migration                                            
 Spawning                                            
 Fry emergence                                           
 Rearing                                                
 Smolt outmigration                                                
Source: Based on salmonid monitoring data collected by the Mill Creek Fisheries Monitoring Program (1993–2010). 
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2.3.4 FRESHWATER MUSSEL POPULATIONS 

The western pearlshell freshwater mussel (Margaritifera falcata) is a long lived (up to 

100 years), relatively large stream macroinvertebrate that looks similar, but is not 

related, to marine mussels. They depend on salmon and trout for a portion of their 

lifecycle. Pearlshell mussels are most susceptible to environmental perturbations when 

they are young juveniles. Siltation and eutrophication are particularly lethal to young 

juveniles. Lack of recruitment is one of the best signs that pearlshells are being affected 

by environmental stressors. Other threats include chemical pollution, water diversion, 

and declines in host fish populations (Bauer 1988). Because of their sensitivity to 

stream conditions, long life spans, close relationship with salmonid fish, and enormous 

bioaccumulation capabilities (related to their filter feeding lifestyle), pearlshell mussels 

have been noted as being one of the best long-term bioindicators of stream ecosystem 

health (Young et al. 2003). 

Adult western pearlshell mussels are generally dark brown to black in color with no 

striping or spots (juveniles are a light tan color on the exterior) and can reach up to 15 

centimeters (6 inches) in length, depending on the population and habitat. The shells 

are oblong with no noticeable ridges, bumps, or flared sides. The inside of the shell, or 

nacre, is a purplish white mother-of-pearl color. Concentric rings on the exterior radiate 

from the base and indicate annual growth and age, much like rings in a tree. The 

western pearlshell and its eastern North American/European counterpart, the freshwater 

pearl mussel, are some of the longest living invertebrates in the world (Bauer 1992). 

Like all bivalves, pearlshells feed by filtering organic particles siphoned from the water 

column. A single pearlshell can filter up to 50 liters (13 gallons) of water per day 

(Zuiganov et al. 1994). 

Pearlshell mussels reach sexual maturity at approximately 10–15 years. Male mussels 

expel sperm into the water, which downstream females inhale while feeding. Fertilized 

eggs develop on the female’s gills for a few weeks. One to four million tiny larvae (0.6 to 

0.7 millimeter [0.024 to 0.028 inch]), called glochidia, are then released into the water by 

each female mussel in a highly synchronized event in the summer that lasts 1–2 days 

(Hastie and Young 2001). The vast majority of glochidia are washed out of the stream. 
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A few, however, are inhaled by fish and attach to gill filaments. The attached glochidia 

then encyst, grow until the following spring, and then drop off to settle on the stream 

bottom. Pearlshell host fish are thought to be primarily salmonid species. The encysted 

glochidia are not thought to harm the host fish. Most pearlshell host fish are in the 0+ to 

1+ age range. Adult fish appear to be somewhat immune to glochidia attachment 

(Skinner et al. 2003). This complex commensal relationship with fish is the only 

mechanism that allows successive freshwater mussel generations to move back 

upstream or colonize stream areas far from their natal beds. 

Taylor (1981) mentioned that western pearlshells existed in the Smith River but did not 

specify how widespread the species was in the watershed. A freshwater 

macroinvertebrate inventory was conducted by DeMartini and Chadwick (1984) in the 

early 1980s along Prairie Creek in Prairie Creek Redwoods State Park, the West 

Branch of Mill Creek in Del Norte Redwoods State Park, the mainstem of Mill Creek in 

Jedediah Smith Redwoods State Park, and the Smith River in Jedediah Smith 

Redwoods State Park. These researchers found western pearlshells in the mainstem of 

Mill Creek but not in the West Branch, the Smith River, or Prairie Creek. They did not 

report on the size or distribution of the western pearlshell population in Mill Creek. The 

results of a western pearlshell inventory of the Mill Creek watershed conducted by the 

staff of Redwood National Park indicate that pearlshells are present throughout the 

mainstem of Mill Creek and 1–2 km (0.6 to 1.2 mi) up the West Branch and East Fork 

(Bensen 2005). The mussel population in Mill Creek has been monitored annually since 

2005 (Bensen 2005, 2006, 2007, 2008, 2010). During the first 5-year monitoring cycle, 

an average of 24.62 mussels per square meter (29.4 mussels per square yard) (n = 10, 

SD = 13.1) were found across 10 sample transects, a comparably high population 

density. Approximately 33% of the mussels sampled were juveniles (Bensen 2010). Any 

mussel population with more than 20% of individuals in the juvenile age class has a 

sustaining or growing population. The Mill Creek western pearlshell population is 

apparently quite healthy. 
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2.3.5 FRESHWATER MUSSEL HABITAT 

When pearlshell mussel larvae drop off their host fish, they must land on clean, coarse 

sand or gravel to survive. Juvenile pearlshells then develop in the stream substrate. 

Some adults will also live completely in the substrate, but most expose the top third of 

their bodies to the open water. Freshwater mussels can rebury themselves if dislodged 

and can move short distances. Pearlshells require clear, nutrient-poor, cool, highly 

oxygenated, low-mineralized, moderate to fast flowing water. They are found at depths 

between 0.1 m and 2.0 m (0.3 to 6.5 ft) and are usually located in stream areas that 

provide some flow refuge during high-flow events, such as outside bends of pools, 

glides, backsides of very large boulders, and near pool tails. Most commonly, they are 

found in gravel lodged in between cobbles, boulders, or bedrock or areas of coarse 

sand. Fine sandy, silty, or muddy areas do not provide substrates that are sufficiently 

stable for pearlshells (Skinner et al. 2003). 

2.4 SEDIMENT PROBLEM STATEMENT 

In general, sediment has not been as problematic in the MCA watersheds as in other 

North Coast watersheds. However, past land management activities have created the 

potential for sediment to become problematic in the absence of appropriate 

management. The following discussion outlines features and conditions that could 

create sedimentation imbalances, or affect restoration approaches, in the MCA. 

2.4.1 DESIRED SEDIMENT CONDITIONS 

Sedimentation is a natural process needed to provide nutrients and materials to streams 

to support aquatic species and to renew slope and forest processes that allow needed 

evolutionary pathways to develop. Ideally, sedimentation linkages between the stream 

and the slope are in a long-term balance that permits robust aquatic populations. This is 

particularly true where a comparably robust fishery exists. However, it must be kept in 

mind that large-scale sedimentation events, at “natural rates,” contributed to evolution of 

the fishery (c.f. Montgomery 2004). 
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Several treatments should be employed to achieve the desired sedimentation rate. For 

example, a desired condition is that all stream crossings with diversion potential will be 

removed, all culverts will be capable of passing 100-year flood flows and associated 

debris, inboard ditches and cross drains will be eliminated where consistent with 

maintaining slope stability, the quality of road surfacing will match the intended use, fine 

dust abatement will be employed where dust has the potential to damage vegetation or 

enter a water course, and storm patrols will help to prevent sedimentation problems.  

Storm patrols are staff that travel roads during or shortly after storms to identify and 

repair problems (e.g., a plugged culvert, a small landslide) before they get worse.  A 

goal for forest thinning will be to enhance slope stability by increasing root size and 

complexity. 

2.4.1.1 UPLAND CONDITIONS 

State Parks maintains approximately 128 km (80 mi) of critical circulation routes 

throughout the MCA. Each year, approximately 5% of the routes have excessive brush 

cleared and are regraded. Drain and culvert cleaning are performed year-round, and 

many sites are cleared more than once per year. Road maintenance crews patrol 

accessible roads during winter to correct drainage failures before they cause severe 

damage to the roadway. 

The long-term goal for improving upland conditions is to achieve slope stability and 

sedimentation rates that approach the estimated rate for remnant old-growth forest in 

the MCA. Given the similar geologic conditions across the property, this is an 

appropriate goal for park management. However, during the life of this plan, and given 

the legacy of timber harvest, it is more appropriate to set a realistic intermediate goal 

that is consistent with conditions that supported a relatively robust salmonid population 

during some of the initial industrial timber harvest on the North Coast. The TMDL 

analysis performed for the South Fork of the Eel River followed this approach (USEPA 

1999). This goal will be assessed in the context of climate change, the remaining road 

network in the MCA, and other drivers that may affect short term sedimentation rates 

(e.g., large storms, earthquakes, fire or the absence of fire, blight). 
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2.4.1.2 INSTREAM CONDITIONS 

Past studies by Bradford and Iwatsubo (1978) and Madej et al. (1986) and observations 

by Redwood National Park (RNP) and State Parks staff members indicate that the 

underlying geology and sediment transport regimes of the MCA provide instream 

conditions that are within acceptable ranges of conditions preferred by the organisms 

dependant on this ecosystem. Measured sediment and turbidity fluxes during the period 

of industrial timber operations apparently did not contribute to long-term impacts on the 

aquatic ecosystem and therefore can provide a baseline for future monitoring. Water 

quality parameters, including stream temperature, dissolved oxygen, pH, and specific 

conductivity, are within desired ranges for the species present. Analysis of long-term 

fisheries monitoring data by Stillwater Sciences (2006) and McLeod and Howard (2010) 

indicates that resilient and diverse salmon populations continue to persist. Although 

these conditions are generally favorable, several reports indicate low levels of instream 

wood and conifer recruitment and their associated effects (Knopp 1993, Carroll and 

Robison 2004, Stillwater Sciences 2006, McLeod and Howard 2010). 

Based on these studies and observations by State Parks staff members, the primary 

limiting factors affecting instream conditions are: 

 a deficit of instream wood, especially in the East Fork, 

 limited potential conifer recruitment from riparian areas, and 

 poor floodplain connectivity and simplified off-channel habitats. 

Upland sediment sources remain a potential threat to the aquatic ecosystem. 

2.4.2 EXISTING UPLAND SEDIMENT CONDITIONS 

The MCA landscape reveals the legacy of industrial timber and the effects of large 

storms since the flood of 1955 (also see storm history in Section 1.4.2). Early road 

building standards were much lower than those used after construction standards 

became stricter in the mid-1970s. The rate of failure from roads reflects this change. 

Harvesting of more timber tracts, however, has resulted in more sedimentation from that 
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source. State Parks maintains the road network, but because of budgetary constraints, 

portions are becoming overgrown with dense brush and thus more difficult to access 

and maintain. Although State Parks forest restoration projects have been ongoing since 

the acquisition, their impact on the sedimentation has been negligible. 

2.4.2.1 ROAD LOCATION AND SURFACING 

Approximately 468 km (291 mi) of haul road, 46 km (29 mi) of secondary road, and 650 

km (400 mi) of skid trail have been constructed in the MCA (Merrill et al., in preparation, 

Appendix A) (Figure 2-14). Before road decommissioning began in 2002, road density 

ranged from about 4.4 kilometers per square kilometer (km/km2) (2.7 miles per square 

mile [mi/mi2]) in the East Fork to 7.7 km/km2 (4.8 mi/mi2) in the mainstem of Mill Creek 

(about 4.6 km/km2 [2.9 mi/mi2] in Rock Creek, about 4.7 km/km2 [2.9 mi/mi2] in upper 

Terwar Creek, about 5.1 km/km2 [3.2 mi/mi2] in the West Branch, about 5.7 km/km2 [3.5 

mi/mi2] in Wilson Creek, and about 6.6 km/km2 [4.1 mi/mi2] in upper Hunter Creek). The 

West Branch, East Fork, and Rock Creek each have in excess of 99 km (62 mi) of road. 

The East Fork has the greatest length at approximately 168 km (104 mi), and the other 

watersheds have less than 30 km (19 mi) of road. With the exception of a paved 

segment of Hamilton Road (from the entrance to the property at U.S. Highway 101 to 

the old mill site at the confluence of the West Branch and East Fork), virtually all of the 

roads are dirt. Approximately 375 km (233 mi) of the road system has a stable rock 

surface, 6 km (4 mi) is paved, and the remainder is unsurfaced. 

2.4.2.2 HYDROLOGIC CONNECTIVITY 

Approximately 515 culvert cross drains are located on MCA roads. Cross drain 

construction used standard timber road spacing and did not necessarily observe natural 

drainage divides, resulting in the potential for excess flow to certain slopes. Inboard 

ditches also link many roads directly to stream crossings. 

2.4.2.3 STREAM CROSSINGS 

As of 2002, there were approximately 1,445 stream crossings in the MCA; 

approximately 811 had culverts, and 169 of these were assigned a high to very high 

erosion risk and prioritized for replacement. During the previous timber ownership, 
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some stream crossings were partially removed to inhibit stream diversion; the remnant 

fill in these crossings proved to be very erodible because of its exposure to rainfall and 

stream flow. Roads bearing these partially removed crossings have been a priority for 

removal since the acquisition. 

Eleven bridges are located on the property. Ten of the bridges are dual railcar bridges 

resting on log crib abutments. The railcar bridges typically consist of two flatbed railcars 

welded together lengthwise. The eleventh bridge, built in 2009 to replace a failed log 

bridge, is an Akrow prefabricated truss bridge on loan from RNP. The bridge was 

installed to provide a detour for heavy vehicular traffic around two railcar bridges that 

received exceptionally low capacity ratings during inspections conducted by the 

California Department of Transportation (Caltrans) in 2008. 

All the bridges in the MCA require routine inspections by Caltrans to comply with 

Federal highway safety standards. Since 2004, Caltrans has inspected all the bridges 

and has identified six as being “scour critical.” This designation requires development of 

a Plan of Action (POA), which details the steps and timeline that will be implemented to 

resolve the scour issues. State Parks engineers developed six POAs in 2009 that call 

for the replacement of all “scour critical” bridges; the POAs also require interim repairs 

to the rock slope protection beneath the bridges and routine monitoring until the bridges 

can be rebuilt. The remaining five bridges have been designated “scour unknown,” 

which requires development of a Work Plan that outlines the steps and timeline required 

to inspect the bridge and to conduct scour surveys. Results of scour surveys will 

determine whether the bridges are “scour critical” and require preparation of a POA. 

State Parks is developing Work Plans at the Northern Service Center that are expected 

to be complete by fall 2010. 
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2.4.2.4 DISTURBED AREAS 

Borrow pits, mostly exploited as a source for rock to surface the timberland roads, 

frequently have associated landings. Approximately 981 landings having both borrow and 

road fill sources were noted during road inventory. The borrow pits typically have relatively 

stable rock that does not pose a debris flow hazard. Rock fall and ravel deposits that may 

cover the lowermost borrow pit cutslopes rarely travel off-site. In most cases, the borrow 

pits are simply overexcavated cutbanks. 

2.4.2.5 SERPENTINE POLLUTANTS 

Asbestos-bearing serpentine soil presents a unique hesalth hazard because inhalation 

of related airborne dust can cause lung cancer. Road restoration in serpentinitic terrain 

and/or driving at excessive speeds on roads surfaced with serpentinitic rock can 

generate this dust. Serpentine soils affect about 21 km (13 mi) of roads; 14 km (9 mi) 

traverse serpentinitic terrain, and 7 km (4 mi) have base rock excavated from 

serpentinite quarries but are otherwise built outside of serpentine terrain. The 

serpentine soils are restricted to the east side of the MCA, near the Coast Range Thrust 

Fault (see Appendix A, Figure 15 for locations). Operational methods to minimize 

exposure for restoration workers are in place, and restoration techniques that might 

affect air or water quality that are related to minimizing airborne dust are assessed 

during project-specific review. Exposure for the driving public will be assessed as part of 

the Roads and Trails Plan. 

2.4.3 EXISTING INSTREAM SEDIMENT CONDITIONS 

The presence or absence of large woody debris and site geology and geomorphology 

are the primary controls on instream sediment conditions.  

2.4.3.1 LARGE WOODY DEBRIS CONDITIONS 

Large woody debris was routinely removed from streams in the MCA until as recently as 

1992 (Verhey and Schwabe 1993, as cited in Beak Consulting 1998). The lack of large 

instream wood was identified as a limiting factor for overwintering and summer rearing 

juvenile salmonids, especially coho (Stillwater Sciences 2006). Forest stands adjacent 
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to many of the low-gradient channels are dominated by hardwoods and lack the large 

conifers necessary for long-term recruitment and retention of instream wood. State 

Parks is working with its restoration partners to restore instream wood loading to near 

background levels and increase the proportion of conifers in riparian areas. Preliminary 

trends in coho smolt production following significant wood-loading efforts in the East 

Fork compared to the untreated West Branch are encouraging (McCloud and Howard 

2010). 

Carroll and Robison (2004) evaluated the effects of large wood debris on stream 

morphology in three low-gradient streams: Prairie Creek, West Branch, and East Fork. 

Prairie Creek is a nearly pristine, unmanaged watershed in Prairie Creek Redwoods 

State Park and is dominated by an old-growth redwood forest. Table 2-4 presents 

wood-loading characteristics for these three streams. State Parks would like to consider 

the study reaches of Carroll and Robison (2004) for permanent monitoring in the MCA. 

Table 2-4. Comparison of Large Wood Characteristics for Prairie Creek, West Branch, 
and East Fork 

Variable Prairie 
Creek

West Branch 
Mill Creek

East Fork 
Mill Creek

Reach length (m) 1,098 1,051 1,408
Large wood loading (m3/ha) 759 329 39
Number of pieces 263 244 66
Number of pieces per 100 m 24 23 5
Mean piece diameter (m) 0.6 0.4 0.4
Mean piece length (m) 7.3 6.3 7.3
Mean piece volume (m3) 5.2 1.9 1.5  

Notes: m = meters, m3 = cubic meter, m3/ha = cubic meters per hectare. 

Source: Carroll and Robison 2004 

A survey of LWD conditions in the MCA was also conducted by Stimson during 1997. 

Eight streams were surveyed (as reported by Stillwater Sciences 2002), and LWD was 

found to be most abundant in the West Branch and least abundant in Rock Creek. 

Conifer species (primarily redwood) were reported to be providing most of the in-

channel wood. Stimson’s survey concluded that 12–54% of all pieces inventoried were 
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functional and provided bank protection, sediment storage, pool formation, or anchors 

for log jams. Overall, 5–30% of the pieces were found to be important in forming pools. 

As reported by Stillwater Sciences (2002) and observed in the field by State Park staff 

members, most of the functional instream LWD in the MCA is “legacy wood” that had 

entered the channel before or during initial timber harvest (Harris, pers. com, 2010).  

2.4.3.2 SUSPENDED SEDIMENT AND TURBIDITY 

The streams that drain the MCA have relatively low concentrations of suspended 

sediment and turbidity compared to other North Coast streams. Elevated suspended 

sediment and turbidity levels can negatively affect aquatic habitats and impair 

dependant organisms. Fine sediment that deposits in riffles can decrease infiltration 

rates for spawning gravels and thereby reduce egg-to-emergent survival of salmonids 

and alter the community structure of benthic macroinvertebrates. Excessive 

sedimentation can also fill pool habitats that provide cover and rearing habitat for 

juvenile fish and other aquatic species.  

The U.S. Geological Survey (USGS) collected suspended sediment, bedload, turbidity, 

and water flow data at various locations in the MCA from 1975 to 1981. These data are 

available at the USGS Web site and will be compared with existing and future 

conditions. Preliminary evaluation of the USGS data by State Parks staff members 

indicates that suspended sediment and turbidity levels are low in the gaged tributaries 

of the MCA compared to other North Coast streams. Flows in the Smith River system 

reflected a range of conditions over the measurement period (Table 2-5). 

Table 2-5. Summary of Smith River Flood Information Concurrent with U.S. Geological 
Survey Monitoring in the Mill Creek Watershed  

Water 
Year Water Year Type 

Peak 
Discharge 

(cms) 

Flood 
Recurrence 

Interval 
(years) 

Period of Record 
Rank 

1975 Normal 3,652.87 8.8 9  
1976 Dry 1,285.58 1.2 68  
1977 Critically Dry 447.81 1.0 77  
1978 Extremely Wet 2,888.31 4.0 20  
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Note: cms = cubic meters per second. 

Source: Data from the U.S. Geological Survey gage located at the Smith River near 

Crescent City (11532500), period of record 1932–2009 (n = 78); drainage area: 614 

square miles. 

Madej et al. (1986) synthesized sediment transport data collected by USGS (from 1975 

to 1981) for the mainstem of Mill Creek. They reported that the total average sediment 

yield was 140 tonnes/km2 (400 tons/mi2). Of the total load, 60% was reported to be 

suspended sediment, 30% dissolved load, and 10% bedload. Annual suspended 

sediment yields ranged between 4 and 185 tonnes/km2 (between 11 and 528 tons/mi2 ); 

a mean annual suspended sediment yield of 70 tonnes/km2 (200 tons/mi2) resulted from 

the period of record during industrial timber operations (Table 2-6). Madej et al. (1986) 

also reported that a modeling study by Iwatsubo and Washabaush (1982) found that 

under natural conditions, suspended sediment yield was approximately 65 tonnes/km2 

(187 tons/mi2), although Madej et al. (1986) indicated that the modeling estimate was 

high based on direct measurements. Madej et al. (1986) also reported that Mill Creek 

produced one to two orders of magnitude less suspended sediment during a similar 

period of record compared to other North Coast watersheds (Table 2-7). 

Table 2-6. Annual Suspended Sediment Yields for Mill Creek, 1975–1981 

  Year   Tonnes per Year Tonnes per Square Kilometer 
  1975    8,723    120  
  1976    2,690    35 
  1977    311    4 
  1978    13,639    185 
  1979    3,365    45 
  1980    5,583    75 
  1981    2,980    40 
  Mean    6,610    70 
 

Source: Based on sediment rating curve (U.S. Geological Survey water resource data from Madej et al. 
1986). 

Table 2-7. Measured and Estimated Suspended Sediment Yield at Selected Gaging 
Stations in Northern California 

Station   Drainage Area  Period of Record Suspended Sediment Yield 
    (km2)      (tonnes / km2)   
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Redwood Creek near  
Blue Lake  175   1954–1980    2,100 

 

Panther Creek (Redwood  
Creek tributary) 15.7   1980–1984    250 

 
Coyote Creek (Redwood 
 Creek tributary) 20.2  1980–1982, 1984   1,900 
 
Lacks Creek (Redwood 
 Creek tributary) 43.8  1981–1984    700 
 
Mill Creek    76.8  1975–1981    70 
 
Smith River   1,577  1978–1979, 1981   170 
 

Notes: km2 = square kilometers; tonnes/km2 = tonnes per square kilometer. 

Source: Madej et al. 1986 

In addition, Stillwater Sciences (2002) cited a summary report by Winzler and Kelly 

(1980) that included estimates of the annual average suspended sediment 

concentrations recorded between 1973 and 1980 during the industrial logging period. 

According to Stillwater Sciences, Rock Creek had suspended sediment concentrations 

ranging from 0.1 to 74.4 milligrams per liter (mg/L) upstream from logging operations 

and from 2.5 to 142.3 mg/L downstream. East Fork concentrations ranged from 1.1 to 

37.6 mg/L, West Branch concentrations ranged from 1.2 to 15.3 mg/L, and mainstem 

Mill Creek concentrations ranged from 3.8 to 40.9 mg/L. State Parks contacted Winzler 

and Kelly (pers. com, 2010) and requested this dataset. Unfortunately, the current staff 

at Winzler and Kelly was unable to locate the 1980 report in the company’s records. 

 
Suspended Sediment and Severity of Effect 

Based on an extensive literature review, Newcombe and Jensen (1996) developed a 

scale showing the relationship between suspended sediment loading and impacts on 

salmonid health, ranging from no impact to lethal (Table 2-8). The scale is largely based 

on the suspended sediment load and its duration. Lower loads at long duration can 

have more severe impacts than short-duration high loads, although the impact severity 
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is a function of both variables and sometimes water temperature. The scale of the 

severity of ill effects was applied to Mill Creek from data gathered during the USGS’s 

suspended sediment measurement period during the late 1970s, during industrial 

logging. The results show that the severest effects during this period were sublethal 

under various flows (Table 2-9). 

Table 2-8. Scale of the Severity of Ill Effects Associated with Excess Suspended Sediment 

Scale of 
Severity of Ill 

Effects Description of Effects 
  
No Effect 

0 No behavioral effects 
  

Behavioral Effects 
1 Alarm reaction 
2 Abandonment of cover 
3 Avoidance response 

  
Sublethal Effects 

4 Short-term reduction in feeding rates 
5 Minor physiological stress, increased coughing rate, increased respiration rate 
6 Moderate physiological stress 
7 Moderate habitat degradation, impaired homing 
8 Indications of major physiological stress, long-term reduction in feeding rate, 
 long-term reduction in feeding success, poor condition 

  
Lethal and Paralethal Effects 

9 Reduced growth rate, delayed hatching 
10 0–20% mortality, increased predation, moderate to severe habitat degradation 
11 > 20–40% mortality 
12 >40–60% mortality 
13 >60 80% mortality 
14 > 80 100% mortality 

 
Source: Newcombe and Jensen 1996 
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Table 2-9. Summary of Water Year Type, Suspended Sediment Concentration, and 
Severity of Ill Effect  

Water 
Year Location 

Suspended Sediment 
Concentration (mg/L) Severity of Ill Effect 

Duration Duration 
2 Days 7 Weeks 2 Days 7 Weeks 

Water Year Type: Normal 

1975 
Mill Creek 158 21 7 8 
East Fork 138 9 7 7 
West Branch 125 9 7 7 

Water Year Type: Dry 

1976 
Mill Creek 107 14 7 8 
East Fork 75 5 7 7 
West Branch 83 5 7 7 

Water Year Type: Critically Dry 

1977 
Mill Creek 32 2.6 6 6 
East Fork 15 0.6 5 5 
West Branch 17 0.6 5 5 

Water Year Type: Extremely Wet 

1978 
Mill Creek 277 28 7 8 
East Fork 260 13 7 8 
West Branch 291 14 8 8 

 

Note: Water year type based on analysis of U.S. Geological Survey data for the Smith 

River near Crescent City.  See Table 2-8 for Severity of Effect scale. 

mg/L = milligrams per liter. 

2.4.3.3 EMBEDDEDNESS CONDITIONS 

Embeddedness is a measure of the extent to which large particles (boulders, cobble, 

gravel) are surrounded or buried by fine sediment, usually measured in classes 

according to percent coverage. Based on recent field observations in various locations 

in the MCA, embeddedness conditions are low compared to conditions in other North 

Coast watersheds of a similar size.  
 



 

Company Name  Client 
Problem Statement 2-46 Watershed Plan 

V* (pronounced “V star”) is another technique that provides a measure of fine sediment 

conditions. V* is the proportional volume of fine sediment stored in pools. Although not a 

direct measurement of embeddedness, V* may provide a more reliable measure of fine 

sediment conditions. Based on data collected at two unspecified locations in the East 

Fork and West Branch Mill Creeks, Knopp (1993) reported V* values of 11.8% and 

22.8%, respectively. 

2.4.3.4 POOL DISTRIBUTION AND DEPTH CONDITIONS 

Pool distribution and depth conditions have been reported for the West Branch and East 

Fork by Carroll and Robison (2007) (Table 2-10), Knopp (1993), and Ozaki (no date). 

Prairie Creek is a largely unmanaged watershed in Prairie Creek Redwoods State Park 

dominated by an old-growth redwood forest; conditions in Prairie Creek therefore 

represent ideal goals for streams in the MCA. State Parks would like to consider 

reaches from these studies for permanent monitoring. 

Table 2-10. Comparison of Pool Characteristics for Prairie Creek, West Branch Mill 
Creek, and East Fork Mill Creek 

Variable Prairie Creek West Branch 
Mill Creek

East Fork 
Mill Creek

Percent channel in pools (%) 64 64 50
Number of pools 32 27 24
Pool spacing (bankfull widths) 2 1.8 3.2
Longitudinal residual pool area / 100 meters (m2/100m) 27.1 30.8 28.6
Mean reach thalweg depth every 2 meters (m) 0.28 0.33 0.28
Reach depth coefficient of variation 1.07 0.97 1.37
Mean pool length (m) 22 25 29
Mean pool longitudinal residual pool area (m2) 9.2 12 16.7
Mean maximum pool depth (m) 0.8 0.8 0.9
Maximum pool depth (m) 1.3 1.4 2.1
Mean pool depth (m) 0.4 0.5 0.5  
Notes: m = meters; m2 = square meters; m2/100 m = square meters per 100 meters. 

Source: Carroll and Robison 2004 

 

In their report, Carroll and Robison (2007) indicated that pools occurred every 1.8 and 

3.2 bankfull channel widths in the West Branch and East Fork, respectively (Table 2-

10). Bankfull widths ranged between 17 and 21 m for all three reaches in their study. 

Their data also show that pool frequency tends to increase with increased wood loading 
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(Tables 2-4 and 2-10). This suggests that a target pool spacing of less than or equal to 

1.8 pools per bankfull width may be achieved in the East Fork through a fivefold 

increase in large wood frequency (pieces per 100 meters) and an eightfold increase in 

wood loading (cubic meters per hectare). Differences in mean pool area and depth 

among the three streams in the Carroll and Robisons’ (2004) study may be related to 

the presence of bedrock-controlled pools in the East Fork reach.  
 

2.4.3.5 THALWEG PROFILE CONDITIONS 

Major geomorphic controls affect streambed conditions in the streams draining the 

MCA. In the mainstem and East Fork, these include the presence of shallow bedrock in 

most of the fish-bearing reaches and limited floodplain connectivity related to 

confinement by bedrock or artificial fill (roads, berms, and fill at the mill site). Streambed 

conditions are also affected by a deficit of instream wood, especially in the East Fork. 

The West Branch is predominantly alluvial and has relatively broad active floodplains in 

the fish-bearing reaches. In the middle reach of the West Branch, a section of the 

stream exhibits losing conditions (flow goes subsurface) during baseflow periods. In the 

lower reach, bedrock is exposed in the channel, and its character is similar to that of the 

lower East Fork. The streambed morphology of Rock Creek is dominated by large 

boulders and bedrock controls. 

Thalweg profile data exist for some reaches in the East Fork and West Branch. These 

data were collected for specific projects by RNP and State Parks. State Parks staff 

members are compiling these data and working to develop a survey control network in 

the MCA based on National Geodetic Survey control to facilitate comparison of these 

data and future long-profile analysis. 

Table 2-11 summarizes some of the streambed physical parameters, including channel 

slope; D50, the median particle size; and V*, a function of embeddedness, reported by 

Knopp in Mill Creek in the early 1990s. 
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Table 2-11. Summary of Streambed Physical Parameters 
Category West Branch East Fork 

Channel Slope (%) 3.4 1.3 
D50 (mm) 44 53 

V* (%) 22.8 11.8 
Note: mm = millimeters. 

Source: Knopp 1993 

2.5 FORESTRY PROBLEM STATEMENT 

Previous industrial timberland owners had different land management goals than public 

lands management. The issue for park managers is to create a forest dynamic capable 

of achieving parklike forests in the context of previous commercial harvest. 

2.5.1 HISTORY OF TIMBER HARVESTING 

The earliest logging on the property was in 1853, when oxen hauled out logs on 

Howland Hill Road. The scale of harvesting increased significantly in the 1920s and 

1930s, when Hobbs-Wall harvested most of the timber on the West Branch from the Mill 

Creek Campground northward. The property was purchased by Harold Miller in 1941, 

but logging ceased from before the transfer until 1954, when the Rellim Redwood 

Company started logging the lower slopes and other redwood-dominated stands before 

moving upslope to less valuable timber. The company expanded operations over the 

years to include processing redwood on-site and purchased a portion of the Rock Creek 

watershed in 1965 and the remainder in 1969. (Note: The Miller Redwood Company, 

the Rellim Redwood Company, the Miller-Rellim Redwood Company, and the Stimson 

Lumber Timber Company are all different corporate names for the same ownership and 

management.) 

Most of the logging operations were typical for the region in that they consisted primarily 

of clear-cuts that were often burned and/or sprayed with herbicides to remove slash and 

competing vegetation. The planting strategy and site preparation favored Douglas-fir in 

most areas, although redwoods were planted in a few areas where no redwood stumps 

were present. 
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After harvesting, the resulting second- and third-growth plantations were thinned and 

otherwise managed to maximize growth and site potential until harvest at around age 

50. Typical “fully stocked” stands would contain 500 or more trees per hectare (tph) 

(200 trees per acre [tpa]) in the overstory for the final harvest. Current stand densities 

exceed historic stand densities of 13 tph (32 tpa) in the overstory (Guisti 2004) and are 

higher than appears to have been the norm in young stands of similar forest types that 

later developed into old growth (Poage and Tappeiner 2002). Fully stocked stands are 

appropriate for maximizing production of timber at the stand level, but tree densities 

greatly exceed levels that would allow for optimal growth of individual trees (O’Hara et 

al. in press, Lindquist 2007). Individual tree growth is of utmost concern for rehabilitation 

because the lack of big trees is the largest impediment to restoring late-seral habitat, 

and growing trees of appropriate size classes is a slow process on most timescales. 

Vigorous tree growth also allows for the development of fire resistance not found in 

young, small trees. 

Maximizing stand level growth in even-aged plantations also encourages a level of 

uniformity that contrasts with natural stands and makes poor habitat for many species 

associated with late-seral habitat (Lindenmayer and Franklin 2002). Plantations in Mill 

Creek lack large, live trees, snags, and coarse woody debris. They form dense 

canopies that do not allow enough penetrative light to support the diverse understory 

vegetation found in natural stands. Dense second growth also inhibits new tree 

establishment and growth necessary to form multilayered canopies. Overly dense, 

uniform stands are also more vulnerable to stagnation, where forest health declines and 

entire stands become vulnerable to windthrow. Young stands provide for less slope 

stability than old growth, and stand replacement events such as windthrow and fire can 

make areas vulnerable to failures that can jeopardize riparian and stream habitat 

downslope. 

Less common but also of concern are areas where Stimson selectively logged either by 

removing merchantable trees while leaving hardwoods and other low-value conifers 

behind or retaining scattered large conifers along streams and elsewhere to comply with 

California Forest Practice Rule requirements. Other locations, especially in riparian 
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areas, were converted from conifer to alder dominant stands after logging. When the 

property was sold to State Parks, 48 ha (120 ac) were classified as old growth and 668 

ha (1,651 ac) as containing “scattered old growth” (Table 1-2 in Section 1.4.4). Most of 

the Hobbs-Wall units had been harvested a second time by then. 

The most recent survey data for all but the 1980–1993 age class are too old and 

otherwise insufficient to be used to prioritize stands for treatment. A propertywide 

inventory would allow a more effective prioritization than is currently possible. Road 

removal and other restoration work can affect forestry work and needs to be taken into 

account when prioritizing stands for forest restoration. Road removal temporarily opens 

roads, improving access to remote areas, but limits future access to the same areas. 

Restoration work must therefore be coordinated with other work planned for the MCA, 

and delaying the implementation of some projects may be preferable to allow multiple 

goals/projects to be achieved simultaneously. 

2.5.2 DESIRED FORESTRY CONDITIONS 

The general plan amendment contains a vision statement that states that one of the 

primary goals is to restore late-seral forest characteristics to the property, eventually 

aiming to eliminate all signs that the property was ever logged. This is not meant to 

imply a return to the precise conditions that existed at some point in the past but rather 

the restoration of resilient, fully functioning, old-growth ecosystems—similar to what 

existed prior to logging. This goal will not be achieved during the life of this document, 

but actions taken today can have a dramatic impact on progress toward this goal. Within 

this framework, short-term goals will be similar to those on previous forestry projects: 

 Encourage stand health, vigorous growth, and progression toward late-

successional forest habitat. 

 Adjust composition to promote a prelogging species mix. 

 Promote resistance to catastrophic fire. 

 Protect rare habitats.  

These goals apply equally across the landscape, but the desired species composition 

will vary with moisture gradients, as discussed in Section 1.4.4. Although one of the 
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goals generally promotes the prelogging species mix, protecting or even favoring less 

common species may ensure forest resilience through climate change, disease, and 

other stochastic events. 
 

2.6 OTHER WATER QUALITY CONDITIONS 

Besides sediment, other parameters can be used to assess water quality. The following 

discussion identifies some of the more important parameters considered in the Basin 

Plan that pertain to the MCA. 

2.6.1 TEMPERATURE 

Water temperature data have been collected at various sites on or near the Mill Creek 

property since 1973 (Winzler and Kelley 1980, Madej et al. 1986). In general, the 

highest temperatures were recorded in lower Rock Creek and the lower mainstem of 

Mill Creek. Stillwater Sciences (2002) reported that peak water temperatures in Rock 

and Mill creeks ranged from 18oC to 21oC at various sites during summer sampling that 

occurred between 1973 and 1980. Data collected by Stimson and reported in Stillwater 

Sciences indicate that peak summer water temperatures in 1996 ranged from 16.2oC in 

the headwaters of Terwer Creek to 24.4oC in lower Rock Creek. Data were also 

collected in the West Branch near the campground and at the mouth of Mill Creek 

(reported in Stillwater Sciences 2002) during July and August 2000 and between June 

and October 2001. Minimum temperatures reported were 10.79oC in the West Branch 

and 10.17oC at the mouth of Mill Creek. Maximum temperatures reported were 17.03oC 

in the West Branch and 19.42oC at the mouth of Mill Creek.  

 

As reported in Stillwater Sciences Interim Management Recommendations (2002), the 

Maximum Weekly Average Temperature (MWAT) has been suggested for use as a 

criterion for assessing thermal impacts on juvenile fish. MWAT is the mathematical 

mean of multiple, equally spaced, daily temperatures over a period of 7 consecutive 

days. It is used as a thermal tolerance parameter, and the temperature criterion for coho 

salmon based on MWAT has been calculated to range from 16.8oC to 17.4oC (NMFS 

1997). Stillwater Sciences calculated MWAT values for various locations in Mill Creek 
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and reported that stream temperatures during summer may be the only period of 

concern for juvenile salmonids (Table 2-12). 

 

Table 2-12. Maximum Weekly Average Temperature for Locations in the Mill Creek 
Drainage 
 

Location 

Maximum Weekly 
Average 

Temperature (°C) 
Upper East Fork Mill Creek 14.7 
Lower West Branch Mill Creek 16.5 
Upper West Branch Mill Creek 13.8 
Mouth of Mill Creek  

2000 17.22 
2001 18.11 

Mill Creek Campground  
2000 14.75 
2001 14.4 

Lower Rock Creek 18.8 
Upper Rock Creek 16.7 
Terwer Creek 15.4 

Notes: All data collected during 1996, with the exception of water temperatures from the 
mouth of Mill Creek and the campground, which were monitored in 2000 and 2001. 
 
Source: Stillwater Sciences 2002 

2.6.2 DISSOLVED OXYGEN 

Dissolved oxygen concentrations likely remain near saturation in most of the Mill Creek 

drainage, except during periods of low flow (Bradford and Iwatsubo 1978, Beak Consulting 

1998, Winzler and Kelly 1980). Even during periods of seasonally low flows, dissolved 

oxygen concentrations are reported to remain above the 7-milligram per liter (mg/L) 

threshold currently set as a specific water quality objective for streams in the Smith River 

hydrological unit (NCRWQCB 2007). The mean dissolved oxygen concentration of 188 

samples taken during 1975 and 1976 was 9.59 mg/L and ranged between 6.3 and 12.1 

mg/L (standard deviation 1.24). 
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2.6.3 SURFACE FLOW AND ABSTRACTION (DIVERSION) 

Two water supply systems have been operated in the Mill Creek Watershed: one at the 

former Stimson mill site and the other at the Mill Creek Campground operated by State 

Parks.  

 

The water supply system for the former mill site was partially decommissioned soon 

after ownership of the property was transferred to State Parks in 2003. Water supply 

lines to buildings and fire hydrants were removed or disconnected; a few sections of 

pipeline and the storage reservoir are the only remaining water supply infrastructure at 

the site. The water supply system for the mill site was constructed around 1964 and 

included a 5,678,118-liter (1.5-million-gallon) storage reservoir used to impound water 

pumped from an intake located near the confluence of the West Branch and East Fork. 

This water was used for fire protection and domestic use. 

 

The water supply system for the Mill Creek Campground provides domestic water for 

campground visitors and operations. The supply well is located on the floodplain about 

35 m (115 ft) from the left bank of the West Branch of Mill Creek. The water treatment 

plant has two water storage tanks with a total capacity of 389,897 liters (103,000 

gallons) and is located upslope of the campground. Peak water demand of about 

113,562 liters (30,000 gallons) per day occurs between July and September and 

coincides with the rearing and outmigration of juvenile salmonids, including coho, a 

species Federally and state listed as threatened. An unpublished study by State Parks 

was conducted to evaluate the potential negative impacts that pumping may have on 

coho stranding and mortality. The key findings of that study (Fiori, pers. com, 2008) 

were as follows:  

 The campground is located on a stream reach that naturally develops isolated 

pools and subsurface flow during baseflow periods.  

 A pumping rate of approximately 5,678 liters per minute (8,072,602 liters per day) 

(1,500 gallons per minute, or 2,132,600 gallons per day) would be required to 

dewater the streambed if the water supply pump operates at a maximum of 114 
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liters per minute (160,740 liters per day) (30 gallons per minute, or 43,200 

gallons per day).  

 Water withdrawals were less than 1.1% of the available water resource. 

 Juvenile fish appeared to remain in pools and did not navigate steep riffles to 

avoid stranding and mortality. 
 

2.6.4 PH 

Limited pH data are available for the Mill Creek drainage. Samples collected during 

1975 and 1976 indicate that pH in the Mill Creek drainage is nearly neutral, with 

samples (n = 196) ranging from 5.9 to 7.7 (Bradford and Iwatsubo 1978). Samples from 

the mainstem, East Fork, and West Branch were not significantly different; however, 

median pH was lower in the West Branch, possibly because of differences in water type 

among the locations (West Branch has less bicarbonate). The pH was significantly 

higher (p < 0.01 [greater than 99% confidence level using statistical probability]) during 

the dry season, which is probably related to the shift in water type toward a calcium 

bicarbonate-type and general increase in alkalinity (Bradford and Iwatsubo 1978). 

Although the neutral to slightly alkaline values meet the water quality objective set by 

the NCRWQCB (2007), the slightly more acidic part of the measured range is outside 

the recommended range of 7.0 to 8.5 for the Smith River Hydrologic Unit. As suggested, 

the pH is likely more acidic because of local geological and seasonal hydrological 

conditions. 

2.6.5 SPECIFIC CONDUCTIVITY 

Specific conductivity is a measure of the capacity of water to conduct an electrical 

current. The conductivity of water is related to the presence of dissolved solids and thus 

is higher in sewage, road salt, septic system leachate, and agricultural runoff than in 

natural waters. 
 

For the Mill Creek and Rock Creek watersheds, conductivity data were limited to 

samples collected during 1975 and 1976 by Bradford and Iwatsubo (1978). They found 

no significant differences in specific conductivity measurements made between the 
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mainstem, East Fork, or West Branch; however, specific conductance was strongly time 

dependent. Specific conductivity ranged from 26 to 88 micromhos per centimeter with a 

mean of 50.2 micromhos per centimeter for 296 samples taken throughout the Mill 

Creek watershed. These values are lower than the upper limits set for this water quality 

objective by the NCRWQCB (2007). Specific conductivity was highest at the end of the 

dry season, decreased as streamflow increased, and was lowest in late March or early 

April (Bradford and Iwatsubo 1978). 
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3 SEDIMENT 

 
Source: _______ 

3.1 SAMPLING APPROACH AND RATIONALE 

Roads are the primary sediment source of anthropogenic sediment in the Mill Creek 

Addition (MCA) and thus were the focus of field inventory and analysis. The California 

Department of Parks and Recreation (State Parks) has inventoried timber roads 

throughout the North Coast Redwoods District since the late 1990s, developing and 

adapting methodology to address the character of the road system and incorporate 

technological changes as they have become available (e.g., Light Detection and 

Ranging [LiDAR], geographic information system [GIS] routing systems). These 

methods are addressed next.  

A previous study identified roads as the largest contributor of sediment to streams 

(Beak Consultants 1998). This and other studies (Pacific Watershed Associates 1996, 

1997, and 1998; Stillwater Sciences 2002) provided initial background to guide State 

Parks’ field inventory, which transpired from 2002 to 2005 and included all haul roads 

but typically did not assess skid trails or fire breaks. Most of the skid trails did not have 

stream crossings or large cuts and fills and had relatively less landscape disturbance. 

However, a propertywide aerial photograph review identified potentially problematic skid 

roads that received further field inspection during the inventory. Skid trails that were not 

field inspected during the initial inventory should be considered at the project planning 

level. 
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3.1.1 FIELD AND OFFICE METHODS AND SAMPLING 

Field data collection and database management and analysis (see Appendix A) 

evaluated the interactive effect of the road and local geomorphic processes, costs for 

maintenance and road reengineering, and the potential value of the road for various 

needs. A GIS routing system for the roads (see Section 3.1.3), registered to a digital 

elevation model (DEM) derived from LiDAR, underpinned the field data collection points. 

This GIS-based platform enabled slope stability modeling (see Section 3.1.2), in 

combination with scoring of features derived from the field inventory, to rank the 

inventoried roads by their relative failure risk and threat for potential sediment delivery 

to streams. The rankings (listed in Appendix A) did not consider the road’s potential use 

for park operations, resource management, or emergency services.  

3.1.2 SINMAP MODELING 

To help characterize slope conditions across the MCA and as part of their scoring 

matrix for ranking roads according to potential sediment delivery, Brian Merrill (a 

certified engineering geologist) and others used SINMAP (Stability Index MAPping) 2.0, 

a shallow slope instability modeling software program (Appendix A). A Redwood 

National and State Parks (RNSP) soil survey (U.S. Natural Resource Conservation 

Service 2008), an earlier study by Paulín (2007), and regionally estimated precipitation 

provided much of the information for selecting model parameters (soil bulk density, 

angle of internal friction, cohesion, soil transmissivity, and recharge rate). 

In comparison with similar models, SINMAP permits more flexibility for matching input 

parameters and landscape variability. Although the geologic conditions are grossly 

similar, the soils, topography, and rainfall distribution are variable across the MCA. A 

LiDAR-derived DEM helped characterize the landscape physiography. Smaller pixels (a 

digital square that represents conditions in a specified area; descriptions of its size refer 

to the length of any one side of the square) allow for more accurate representation of 

slope conditions. Unfortunately, the 1-meter (m) (3.28-foot) pixel LiDAR data collected 

in 2007 proved problematic with this model, likely because of problems with the source 

DEM. Therefore, a 10-m (32.8-foot) pixel LiDAR-derived data set was applied and ran 
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satisfactorily. The model output was compared to a historical aerial photograph 

landslide survey (see Section 3.2.1) to help calibrate the model input parameters and 

qualitatively assess model accuracy. 

3.1.3 ROUTED NETWORK MODELING 

The fundamental spatial framework used for the road assessment is known as dynamic 

segmentation, a component of ESRI ArcGIS™ software. Dynamic segmentation is 

referred to as routing. The first step to create routes is to draw spatially accurate 

linework that represents the road system. The linework consists of digitally drawing lines 

over an existing road network seen on digital orthophoto quadrangles (DOQs) 

(computer-generated images of aerial photographs is which distortion caused by terrain 

relief and camera tilts have been removed).  ArcGIS™ software attaches geospatial 

coordinate data to the line and saves the linework as shapefiles. Each line is created 

through connection of a series of points called nodes, and each section of line between 

two nodes is called an arc. Simply stated, the linework represents where the road sits 

on the digital landscape within the GIS software. 

The linework is converted into routes by assigning units of measurement along the line 

from beginning to end, so any point along the route can be identified by an exact 

distance from the beginning point (also known as the route address). Using routes, 

attributes and types of data may be assigned independent of the underlying arcs (node 

to node framework) that spatially display the roads. In this way, an independent 

database may be dynamically linked to the routes and many attributes can be assigned 

to any point or segment of a route without requiring a specific arc to be attributed. 

Appendix A outlines the details of the methodology that was used to create the routed 

road network in the MCA.  

3.2 UPLAND SEDIMENT DELIVERY SOURCES 

Upland sediment sources include roads, timber harvest units, and nonanthropogenically 

disturbed slopes (background rates of delivery). The following discussion addresses 

delivery to streams from these sources. 
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3.2.1 AERIAL PHOTOGRAPHIC LANDSLIDE SURVEY 

Using stereo aerial photographs and aerial photographic mosaics obtained over a 2- to 

7-year interval between 1958 and 2005, Merrill developed a landslide history across the 

MCA, except for the northwestern slivers of property at Hamilton Road and upslope 

from the Crescent City harbor. He reviewed all areas for landslide activity, including 

pristine areas. Merrill noted each landslide’s source area and volume, physical source 

(e.g., roadfill, inner gorge, cutblock, swale headwall), relationship to a road, relationship 

to previous landslide episode, failure style, sediment delivery ratio, potential for delivery 

to a watercourse, and slope location. Small cutbank failures were noted during field 

surveys but generally were too difficult to distinguish as unique features during the 

aerial photographic survey. Sediment was considered “delivered” if it reached a first 

order or higher channel or alluvial terraces, or “not delivered” if the material had 

deposited in broad swales and convergent topography. Appendix A describes volume 

measurement and database methodology for the landslide survey in more detail. 

Merrill and his associates reported an estimated 575,000 cubic meters (m3) (752,071 

cubic yards [yds3]) of debris derived from 482 landslides across the MCA; an estimated 

310,000 m3 (405,465 yds3) delivered to streams (Table 3-1). Of the 482 failures, 394 

(82%) affected a watercourse and an additional 8 (1%) features probably affected a 

watercourse. The sediment delivery rate is the percentage of the total failed volume that 

reached a watercourse, as previously defined. Road fill slopes accounted for 46% of all 

failure events and, because of their frequency, also accounted for the largest aggregate 

volume of failed and delivered material. Considering volume per event, landing fill 

slopes had the largest failed and delivered values, with an average delivery volume of 

1,063 m3 (1,390 yds3) per event. Inner-gorge failures (75%) and landing fill slopes 

(62%) exhibited the greatest delivery rates. 
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Table 3-1. Landslide Size by Type 

Landslide Type n %
Delivery 

Rate
Average Maximum Total Average Maximum Total

Road fillslope 223 46% 1,327 16,200 296,006 697 11,340 155,398 52%
Hillslope 119 25% 918 20,160 109,272 466 10,080 55,437 51%
Landing fillslope 57 12% 1,722 28,800 98,172 1,063 25,920 60,606 62%
Inner gorge slope 46 10% 856 7,200 39,354 640 5,760 29,455 75%
Road cutbank 34 7% 820 2,592 27,882 224 1,080 7,622 27%
Swale headwall 3 1% 1,488 2,304 4,464 653 1,728 1,958 44%
Totals 482 100% 575,150 310,476

Failed Volume (m3) Delivered Volume (m3)

 

Notes: n = number of indicated landslide type, m3 = cubic meters.  

Source: Merrill et al., in preparation 

Furthermore, 71% of the 482 failures had a direct or indirect relationship with roads; 

66% had a direct physical association, and 5% had a less clear but probable 

relationships to roads. Skid roads did not appear to be a significant factor in triggering 

mass wasting events. Hill slope landslides did not occur more frequently in heavily 

skidded units than they did in yarded units. 

Most of the mass wasting events in the aerial photographic record occurred between 

1958 and 1980. The 1997 spike in landslide activity was likely the result of the 

December 31, 1996, rainfall event (Figure 3-1). 
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Figure 3-1. Annual Total of Failed Landslide Debris by Volume 

Source: Merrill et al., in preparation 

3.2.2 SINMAP ANALYSIS 

SINMAP modeling results showed the south-central, southeastern, and eastern portions 

of the MCA as most vulnerable to shallow instability (Figure 12, Appendix A). Slopes 

adjacent to the upper reaches of the East Fork and its tributaries and, to a lesser extent, 

the West Branch and Rock Creek, also have higher potential instability ratings. 

3.2.3 ESTIMATION OF SEDIMENT DELIVERY RATE 

Three components make up the estimated sediment delivery rate: road-related 

sediment derived from road associated failures and erosion of the road surfaces; 

contributions from landslides in areas that were harvested; and background 

sedimentation from areas of old growth, including landslides and creep. Volume 

estimates for road-related, harvest-associated, and no cut–associated (old growth or 

background) landslide sedimentation reflect a decadal aerial photographic analysis of 

the MCA from 1960 through 1999. Although industrial-scale harvesting began in the 

1950s, the earliest vintage aerial photographs with coverage and quality sufficient for 

analysis date to 1958; failures that occurred before 1958 cannot be clearly associated 
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with a discreet period of timber activities because of a lack of analytical quality, 

preindustrial harvest imagery.  

Volumes were converted from cubic meters to metric tonnes by a factor of 1.44, the 

conversion factor for moist soil, to compare the results with other watersheds and earlier 

measurements within the Mill Creek watershed, where tonnage was the accepted 

measurement method. When comparing the data from this analysis with other 

watersheds, where American “short” tons and/or English units were used (the weight of 

a short ton is approximately 10% less than a metric tonne), appropriate conversions 

were applied. 

A culvert inventory revealed that about 20% of the culverts were problematic when 

State Parks acquired the property in 2002. In spite of this, aerial photographic analysis 

and field observation reveal a much lower rate of slope failure for both roads and 

harvested areas during State Parks management of the MCA, in part because of the 

recently benign climate. Because of this and a change in management style, only the 

industrial timber period was considered for estimating the anthropogenically derived 

sediment rate, except as applied here for stream crossing failures in the later industrial 

timber period. 

Stream crossing failure contributions during the 1960s and 1970s were estimated by 

Patrick Vaughan, a certified engineering geologist, via selected and limited aerial 

photographic analytical sampling and rate extrapolation on a tonnes per kilometer 

(tonnes/km) road length basis; current field volume measurements for the sampled 

crossings helped guide the estimated failure volume. Estimating failure volume from 

aerial photographs for stream crossings is difficult because they can be reconstructed 

between the time of failure and the aerial photograph acquisition; field measurement 

data are preferred where available. Therefore, stream crossing failure volumes for the 

1980s and 1990s were extrapolated from failure rates measured during State Parks’ 

ownership, from 2003 to 2010; the “State Parks” rate was scaled to the length of the 

road during each decade to estimate stream crossing failure delivery. The differing 

techniques for stream crossing failure volume estimation coincide with a change in the 
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California Forest Practice Rules in the early 1970s to mid-1970s. Lessons learned from 

the more damaging storms of the earlier decades (see Section 1.4.2) presumably were 

incorporated into road reengineering that lead to a lower rate of failure during later 

industrial timber management. This and a relatively benign climate from the 1980s to 

the 2000s underpin the use of the State Parks measurement rate during the later 

industrial timber period for comparative purposes, though the State Parks rate likely 

underestimates the actual stream crossing failure rate in light of an estimated 12-year 

storm in 1997. 

Road surface erosion calculations assumed a 10-m-wide road with a surface lowering 

rate of 5.1 millimeters/year (mm/yr) (0.2 inch/year [in/yr]), as suggested for Redwood 

Creek (Bundros et al. 2003), which locally has comparable geology, as applied to 

measured road lengths over time. Road surface erosion estimation also assumes a 

100% connection of the road to the hydrologic network; because of this assumption, 

which is unlikely but cannot currently be confirmed or denied, this component of the 

analysis is likely overstated (i.e., conservative). Furthermore, the earth materials of the 

MCA likely are generally harder than those of Redwood Creek, and thus the MCA 

surface lowering rate resulting from grading or road use is probably lower; this would 

also tend to lead to an overestimation of road surface erosion.  

The decadal rate of delivery for background (no cut) and timber harvest-associated 

slope failures were normalized, based on the percentage of the property that was 

harvested (see Section 1.4.4). These decadal rates were then averaged over the 1960–

1999 period to estimate the annual delivery in tonnes per square kilometer 

(tonnes/km2/yr), based on harvest (disturbed) area and undisturbed area for 

background landsliding. Because virtually the entire MCA had been harvested by the 

time of State Parks acquisition, the delivery rate from this source could be estimated 

propertywide from 40 years of data. Road-associated failure (including stream crossing 

proxy data) and road surface erosion rates were similarly calculated by area disturbed 

by harvest (tonnes/km2/yr) and road length (tonnes/km) per decade. For rate 

calculation, division of the decadal tonnage sum by the estimated middecade road 

length or harvest area was assumed to provide a rate that was overestimated during the 
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first half of the decade by a rate that was equally underestimated in the second half of 

the decade. The decadal rates were averaged by the four decades selected. The road 

length delivery rate is an easier method to use for tracking delivery from road sources 

that can be controlled through engineering as the road network is improved and its 

length reduced. 

Slope creep combines aspects of plastic deformation of soils caused by gravity, rain 

splash, freeze-thaw, (a minor factor within the MCA), and biological activity (e.g., tree 

throw and animal burrowing). The sediment contribution from creep is a function of the 

creep rate, the soil depth, and the length of the stream in which the creeping materials 

deposit. Maximum uplift within the MCA is estimated at approximately 0.3 mm/yr (0.01 

in/yr), based on berilium-10 isotope dating of quartz at the Klamath River (Thompson et 

al.), maximum late-Pleistocene marine terrace uplift rates near Crescent City (Polenz 

and Kelsey 1999), and the elevation of ridge top gravel surfaces and their minimum 

estimated age (Irwin 1997) in the MCA. The uplift rate reflects most of the gravitational 

element of the observed creep, though the character of the earth material affects its 

response to gravity. For slopes over 30%, grade creep rates are assumed to be 

2.5 mm/yr (0.1 in/yr) for metasedimentary and serpentine soils, and 3 mm/yr (0.11 in/yr) 

for sandstone-derived soils. These rates were selected from a range of measurements 

by Swanston et al. (1995) for comparable earth materials in undisturbed forest in 

Redwood Creek. Slopes having less than 30% grade were assigned a 1 mm/yr (0.04 

in/yr) creep rate (Montana Department of Environmental Quality 2005), although 

floodplains were assigned a creep rate of zero. The minimum average thickness of the 

solum for the related soil group in the MCA (Seney, pers. com, 2010) was assumed to 

control the creep depth. The assumed drainage length used to calculate a uniform 

creep delivery rate in the MCA was 234 km (145.4 miles), based on LiDAR-derived 

measurements of blue line stream defined by the U.S. Geological Survey (USGS) (this 

length was doubled to estimate creep volume because delivery occurs from both sides 

of the stream). The length of the stream network is compatible with the delivery target 

used by Merrill for road failure delivery estimates. 
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The relative percentage of the landscape feature (soil type) in the MCA was applied to 

its comparative percentage of the stream network to calculate the total volume of 

sediment delivered via creep. The features’ volumes were then summed and an annual 

rate over the entire landscape was calculated by dividing the result by the total area 

evaluated (101.1 km, 39 square miles). This calculation method may overestimate 

creep by about 15% because some of the more gently sloping areas do not have much 

direct access to blue line streams. However, they do participate in the creep “conveyor 

belt” and deliver to secondary channels. Although creep is usually not considered an 

anthropogenic sediment source and is considered “background” in this analysis, road 

networks can accelerate creep delivery where roads are connected to the hydrologic 

network. Although road construction and silvicultural disturbance could affect creep 

delivery, the rate was assumed constant over time for both the disturbed and 

undisturbed landscape. 

3.2.3.1 ROAD-RELATED SEDIMENT CONTRIBUTIONS 

Landslide and stream crossing failures are road-associated sediment delivery that can 

be controlled through improved engineering practices. These elements of 

road-associated delivery, calculated at decadal intervals between 1960 and 1999, 

decreased both in absolute terms and as a function of increasing road length, probably 

attributable to better construction standards and comparatively milder storm years 

(Table 3-2). Road surface erosion became an increasingly significant component of the 

overall road-related delivery, both in absolute and relative terms as the length of road 

network grew (see Appendix A). The average road-related sediment delivery rate over 

the four decades was 606 tonnes/km2/yr (1,730 tons/sq mile/yr). 
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Table 3-2. Sediment Delivery Rate from 1960 to 1999 within the MCA from Road, 
Silviculture, and Background Sources 

 
Source 1960–1969 1970–1979 1980–1989 1990–1999 Decadal 

Average 
Road-related 
total (tonnes) 
Landslides 
Crossings 
Surface erosion 
 
Silvicultural 
total as 
landslides 
(tonnes) 
 
Total tonnes 
anthropogenic 
 
Background 
total (tonnes) 
Landslides 
Creep 

221,536 
 

78,610 
21,816 

121,110 
 
 

10,925 
 
 
 

232,461 
 
 

24,665 
 

4,051 
20,614 

316,961 
 

76,215 
31,719 

209,027 
 
 

16,380 
 
 
 

333,341 
 
 

23,516 
 

2,902 
20,614 

352,736 
 

68,763 
9,582 

274,391 
 
 

6,577 
 
 
 

359,313 
 
 

20,863 
 

249 
20,614 

374,663 
 

36,871 
11,188 

326,604 
 
 

35,594 
 
 
 

410,257 
 
 

22,169 
 

1,555 
20,614 

316,474 
 
 
 
 
 
 

17,369 
 
 
 

333,843 
 
 

22,803 

Road-related 
total 
(tonnes/km2 
disturbed/yr) 
Landslides 
Crossings 
Surface erosion 

823 
 
 

292 
81 

450 
 

667 
 
 

160 
67 

440 

514 
 
 

99 
22 

393 

420 
 
 

41 
20 

359 

606 

Silvicultural 
total as 
landslides 
(tonnes/km2 
disturbed/yr) 

 
 

41 
 
 

 
 

34 
 
 

 
 

9 
 
 

 
 

40 
 
 

 
 

31 
 

Background 
total 
(tonnes/km2 
undisturbed/yr) 
Landslides  
Creep 
 

 
26 

 
 
 

5 
21 

 
26 

 
 
 

5 
21 

 
22 

 
 
 

1 
21 

 
35 

 
 
 

14 
21 

 
27 

 
 

Engineering 
related total 
(tonnes/km of 
road per year) 
Landslides +  
Crossings 

61 
 
 

38 23 13 34 

Source: State Parks GIS information.  
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3.2.3.2 SILVICULTURAL SEDIMENT CONTRIBUTIONS 

In absolute terms, sedimentation associated with silviculture increased substantially in 

the 1990s, possibly as a result of more aggressive harvesting and greater land base 

exposure when Stimson began liquidating its assets before the sale to State Parks. 

However, the sedimentation rate per square kilometer of harvest was fairly similar over 

three of the four decades, with the 1980s showing a much lower rate, consistent with 

the storm history (Section 1.4.2 and Figure 3-1). The silviculture rate averaged over the 

four decades was 31 tonnes/km2/yr (89 tons/sq mile/yr), equivalent to approximately 5% 

of the road-related delivery. 

3.2.3.3 BACKGROUND SEDIMENT CONTRIBUTIONS 

The calculated creep delivery rate, assumed constant over the four decades, was 

noticeably higher than the estimated background delivery rate from landsliding. The 

total calculated background rate (creep and landsliding) was 27 tonnes/km2/yr 

(77 tons/sq mile/yr), or roughly 4% of the average anthropogenic rate over the 

assessment period. Madej et al. (1986) indicated that Iwatsubo and Washabaugh 

(1982) estimated the pre-1982 background rate to be about 17% of the anthropogenic 

rate, based on suspended sediment analysis for Mill Creek only. 

The background landslide rate, derived from old growth that has interspersed harvest 

units in Bull Creek (Humboldt Redwoods State Park) over a somewhat similar period 

(1967 to 1998), was 52 tonnes/km2/yr (149 tons/sq mile/yr) (Fiori et al. 2002), 

approximately eight and a half times the background landsliding rate in Mill Creek 

(6 tonnes/km2/yr or 18 tons/sq mile/yr). Although the Bull Creek analytical period did not 

cover the 1964 storm, the data support relatively greater stability at the MCA; this 

appears reasonable, given the much higher uplift rate and much less competent 

bedrock in Bull Creek.  

3.3 INSTREAM SEDIMENT DELIVERY 

Future assessment of stream power, channel slope, and the relationship of vulnerable 

slopes, roads, and streams will indicate the likely fate of upland sediment that might be 

delivered to the stream network. This information, in combination with the rankings from 
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the Road Assessment report (Appendix A) and knowledge of the fishery, should help to 

determine monitoring locations and prioritize restoration treatments.  

3.4 SEDIMENT SOURCE ANALYSIS RESULTS AND TARGET 
REDUCTIONS 

Because no Total Maximum Daily Load (TMDL) has been prepared for most of the 

property, this analysis examines the target conditions that are projected to result 

following restoration treatments. The analysis looks at the MCA as a whole, rather than 

by subwatershed, as conditions are generally similar across the property. Klamath River 

TMDL targets govern the southern MCA watersheds, though sediment, the focus of this 

analysis, has not been named as a TMDL parameter.  

The rate data for disturbed versus undisturbed areas are useful to calculate how much 

sediment has an anthropogenic source and how much needs to be or can be controlled. 

For the MCA, Table 3-2 indicates that silvicultural and background rates are similar 

(likely the creep is released as landslides in harvested areas) and that the road-related 

sediment delivery rate exceeds the background rate by a factor of about 20 or more. 

For suspended sediment analysis, the stream does not discriminate as to the origin of 

the sediment. As previously discussed, the delivery rates per unit area were higher in 

the 1960s and 1970s, but the total sediment contribution increased in later decades as 

the disturbance area increased. The total sediment load in the 1970s, anthropogenic 

plus background, was about 356,857 tonnes (394,012 tons) across the entire MCA 

(101.1 km2 [39 sq miles] in the area of analysis).  

Direct measurement for suspended sediment in Mill Creek (Madej et al. 1986) over two 

periods in the 1970s (1974–1977 and 1978–1981) showed an annual suspended 

sediment load of 70 tonnes/km2 (200 tons/sq mile) upstream from the northern MCA 

boundary. Estimated annual suspended sediment loads from modeling by Iwatsubo and 

Washabaugh (1982) of 389 tonnes/km2 (1,114 tons/sq mile), in the context of Madej et 

al.’s (1986) estimate for the relative ratio of dissolved solids (30%), suspended sediment 

(60%), and bedload (10%) in the Mill Creek watershed, indicate an upland sediment 
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source delivery rate of about 648 tonnes/km2/yr (1,850 tons/sq mile/yr), 480,168 tonnes 

(530,162 tons) per decade in Mill Creek.  

The total sediment load for the 1970s, based on the suspended sediment load 

measurement period, is about 105,000 tonnes (115,932 tons). The following discussion 

assumes that streambank erosion is negligible. Scaling the total load for the MCA in the 

1970s, 356,857 tonnes (394,012 tons) to Mill Creek, results in a load of 261,540 tonnes 

(288,771 tons), or roughly 2.5 times the measured load (as adjusted for total sediment). 

However, the rate based on road-related, silviculture and background annual total 

delivery rate between 1960 and 1999 across the entire MCA is about 664 tonnes/km2/yr 

(1,896 tons/sq mile/yr), as shown in Table 3-2, which is very similar to the total delivery 

rate calculated from Iwatsubo and Washabaugh’s modeling of suspended sediment. 

Several uncertainties are associated with the analysis presented here and in Section 

3.2, such as a possible slight overestimation of creep delivery (approximately 

3 tonnes/km2/yr [8 tons/sq mile/yr]), an inability to discriminate background and 

silviculture landslide sources within harvest units (approximately 7 tonnes/km2/yr 

[18 tons/sq mile/yr]), and the rate of road surface erosion delivery (estimated at up to 

199 tonnes/km2/yr [569 tons/sq mile/yr] if the roads are only 55% rather than 100% 

hydrologically connected). Reducing the estimated load from this analysis by the 

possible uncertainty results in a rate as low as 455 tonnes/km2/yr (1,299 tons/sq mile/yr) 

for the MCA between 1960 and 1999, which is still substantially higher than the total 

load estimated by Madej et al. (140 tonnes/km2/yr [400 tons/sq mile/yr]) for Mill Creek 

during the late 1970s. If the same ratio of uncertainty (up to 31.5% lower) is applied to 

the MCA data and scaled to the Mill Creek watershed for the 1970s, the total 

sedimentation rate is about 1.7 times higher, rather than 2.5 times the rate measured by 

Madej et al.  

It is possible that failures in the 1970s in the MCA were preferentially outside of the Mill 

Creek watershed or that they preferentially occurred outside the suspended sediment 

measurement period, though that is speculative. Other assumptions in the analysis may 

overstate the loading or actual delivery to the stream that was measured (e.g., sediment 
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might have been caught on terraces or in first-order channels but considered 

“delivered”; landslide depths could have been slightly different than estimated; the road 

surface erosion rate could have been lower, even with the indicated uncertainty; 

crossing failure volumes could have been in error; or extrapolation assumptions might 

have been flawed). Because of the way the data were processed, this analysis cannot 

fully resolve the difference, although the data are in such a form that future analysis 

may help partially resolve some of these questions. In any case, the data and 

assumptions presented here suggest a rate between the modeled and measured rates 

that were discussed in Madej et al. (1986) as applied across the entire MCA for the 

1970s and a longer term rate for the MCA that is very close to the rate modeled by 

Iwatsubo and Washabaugh for Mill Creek. Although this leaves open some questions, 

the data from this analysis appear fairly reasonable, given the vagaries of the technique 

and the general consistency with trends that might be expected, given differing 

geological conditions for the MCA and reference watersheds. 

The criteria for sedimentation reductions for this planning effort (outside other regulatory 

constraints) include less total road surface erosion based on the reduction in road 

extent, a reduction in stream crossing failure based on upgrading of all crossings to 

transport 100-year flood flow and debris, elimination of all potential stream crossing 

diversions, removal or stabilization of all road or landing fills capable of delivering to a 

stream, and performance of annual storm patrol and improvements in drainage for the 

core road network that meet State Parks standards (see Section 3.5.2.1). The numeric 

target for road-related failure (landsliding and stream crossing failure) for the final 

administrative road network from road-associated landslide failure is the same rate that 

was observed during the 1990s, when a high degree of road maintenance and improved 

construction techniques resulted in the lowest failure rate observed during a high road 

use period (13 tonnes/km [23 tons/mile] of road per year); this rate reflects the effects of 

an estimated 12-year storm in 1997. Although a reduction in the coho population 

occurred in the late 1990s, other fish species fared relatively well during this period (see 

Chapter 2). Coho populations rebounded in the early 2000s; McLeod and Howard 

(2010) attribute an 8- to 11-year cycle in oceanic conditions to the late 1990s decline in 

coho in Mill Creek rather than sedimentation effects from the 1997 flood. Therefore, 
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selecting the rate from this decade as a target for road-associated landslide and stream 

crossing failure is reasonable. 

Since the acquisition by State Parks, silviculture-related delivery rates have been 

virtually nonexistent. Road crossing and road landslide delivery rates also have been 

exceptionally low, suggesting that rest has helped the watershed, although a relatively 

benign climate also has probably been a factor. In spite of the low recent failure rate, it 

may take more than a century for root cohesion within industrial timber harvest units to 

achieve values similar to old growth (Schmidt et al. 2001). However, timber 

management to accelerate late seral conditions is a relatively new restoration technique 

and will likely contribute to faster root cohesion improvements than industrial timber 

management. Regardless, expecting the recent low rate of sedimentation to continue is 

not reasonable, and thus a target from silviculture and other sources needs to be 

developed that is realistic over the expected time frame for this plan (estimated at about 

30 years at current and projected road removal rates). 

The overall sedimentation average rate from roads and silviculture-related failure 

(637 tonnes/km2/yr [1,819 tons/sq mile/yr]) was about 24 times the background rate 

(27 tonnes/km2/yr [77 tons/sq mile/yr]) between 1960 and 1999. If the Iwatsubo and 

Washabaugh-estimated background rate of 17% is applied and the background rate in 

this analysis is underestimated, then the background could be about 108 tonnes/km2/yr 

(309 tons/sq mile/yr), resulting in an anthropogenic/background ratio of about six (this 

infers that some of the delivery assigned in this analysis as anthropogenic is natural). 

Although these results indicate that the MCA has a way to go to achieve a more 

balanced condition, examination of sedimentation rates in nearby watersheds provides 

context. The estimated anthropogenic plus background sedimentation rate for Redwood 

Creek is about 1,664 tonnes/km2/yr (4,750 tons/sq mile/yr) (USEPA 1998a), or about 

2.5 times that of the MCA, attesting to MCA’s comparatively low sedimentation rate, 

even with disturbance. The decade with the highest sediment production rate in the 

MCA, the 1960s, recorded a little more than about half of the long-term average rate in 

Redwood Creek if total upland sediment delivery is evaluated.  
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A sedimentation delivery rate target that exceeds background rates (i.e., incorporates a 

remnant road network) is justified because a comparatively robust salmonid population 

coexisted with early industrial timber harvest on the North Coast and this logic has been 

used to develop acceptable loading in other TMDL analyses (cf., South Fork of the Eel 

River, USEPA 1999). An approach to estimate the target rate for acceptable overall 

anthropogenic sedimentation is the application of management actions necessary for 

resource protection, consistent with guidance from the Mill Creek General Plan 

Amendment (GPA) (e.g., compliance with the regulations for coho protection or water 

quality [e.g., North Coast Regional Water Quality Control Board Basin Plan], or GPA 

guidance for the configuration for the core road network necessary to manage the MCA 

[128 km, 80 miles of road]). The MCA had approximately 128 km (80 miles) of road and 

an estimated 2,023 hectares (ha) (5,000 acres [ac] [20.2 km2 or 7.8 sq miles]) of 

harvested area sometime between 1960 and 1962 (derived from extrapolation of data 

for the road construction history, Table 1 in Appendix A and Table 1-1 of this report). 

Thus, 2,023 ha (5,000 ac) of forest restoration approximates the probable maximum 

forest restoration treatment area (see Chapter 4) for any 10- to 15-year period, when 

root cohesion will be lowest. The treatments are not anticipated to be designed to test 

root strength reductions that might result from the restoration. 

Assuming the annual silviculture delivery rate at the end of the 30-year project is 

equivalent to the rate observed from 1960 to 1999 (31 tonnes/km2/yr or 89 tons/sq 

mile/yr) for the most recently restored area, an affected area of 20.2 km2 (7.8 sq miles) 

will result in a delivery volume of about 626 tonnes (691 tons) per year, or roughly five 

times the background landslide rate for an equivalent area (the background rate on 

Table 3-2 includes creep as well; this discussion is limited to the landslide rate). Forest 

restoration treatment delivery rates are likely to be more comparable to background 

rates than to industrial silviculture rates because of the project design and to improved 

root strength as the restoration takes hold over time. Therefore, this analysis also 

assumes that the calculated potential anthropogenic delivery (626 tonnes [691 tons] per 

year) includes sediment from any remnant untreated stands throughout the MCA. At the 

end of 30 years, the remnant stands are expected to be trending toward background 

levels resulting from natural regeneration. 
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The time required for the untreated stands to reach background sedimentation levels is 

not known but applying the “restoration” annual volume across the entire MCA indicates 

that restoration and background landslide sedimentation rates will be roughly 

equivalent. Supporting this assumption, very significant reductions from the calculated 

industrial silviculture rate to virtually nothing have been observed since State Parks took 

ownership of the property; the only treatments during this period have involved forest 

restoration. However, the observation record is short and the climate has been benign. 

Assuming the 1990s road-associated landslide and stream crossing delivery rate is 

achievable (13 tonnes/km [23 tons/mile] of road year, shown in Table 3-2) through road 

reengineering and a reduction in the number of vulnerable sites, 128 km (80 miles) of 

remnant administrative road should result in the potential delivery of about 1,664 tonnes 

(1,837 tons) per year. Road surface erosion from 128 km (80 miles) of road at the rate 

used for the analysis shown in Table 3-2 (5.1 mm/yr [0.2 in/yr] of surface lowering) 

results in the delivery of 9,401 tonnes (10,380 tons) per year, again a very conservative 

analysis as explained previously. Annual delivery from all of the analyzed anthropogenic 

sources is estimated to be about 11,691 tonnes (12,908 tons). Using the 1960–1999 

creep and background landsliding rate over the MCA landscape results in an estimated 

delivery of about 2,730 tonnes (3,014 tons) per year, or roughly one-quarter of the 

anthropogenic load, given the estimated road lengths (the anthropogenic to background 

rate would be 400%).  

State Parks road reengineering favors outsloping over inboard ditching. If reengineering 

can reduce road surface erosion or its hydrological connection for the core road 

network, it is likely that the anthropogenic and background loads will be closer. 

Redwood Creek has some geological similarities to the MCA. As an initial target, the 

anthropogenic to background target ratio should be 250%, the value used for the 

Redwood Creek TMDL (USEPA 1998a). This will require a reduction in road surface 

erosion from about 9,401 tonnes (10,380 tons) of delivery per year to about 4,623 

tonnes (5,104 tons) per year. Although other nearby watersheds, such as the Trinity 

River, Basin have used smaller anthropogenic-to-background ratios (125%, USEPA 

1998b), the generally good quality of the MCA fishery, even in the wake of industrial 
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timber management, suggests that a higher target is acceptable. If monitoring shows 

that restoration silviculture inputs are lower than industrial silviculture rates, as 

expected, or that road surface erosion delivery rates are lower than assumed here, the 

targeted reduction in road surface erosion can be adjusted. 

Madej et al. (1986) suggest that a comparatively high dissolved load exists in Mill Creek 

and that floodplain storage helps keep bedload and suspended sediment at lower levels 

than other North Coast watersheds; thus, the sedimentation effects on the fishery in Mill 

Creek are even less than just the low upland sedimentation rate suggests. This may be 

borne out by the differences in the delivery rates shown by this analysis and the 

comparatively lower rates suggested by the measurements of Madej et al. (1986).  

Although the estimated sedimentation from State Parks activities after restoration can 

be up to about four times the background rate, it is likely that the rate will be closer to 

background. Examination of other data suggests that even if the road surface erosion 

delivery rate is not reduced, the worst-case projected delivery rates should be within 

acceptable limits for preservation of the fishery. The fishery remains relatively robust, 

even after several decades of industrial timber management.  Simply reducing the road 

length to 128 km (80 mi) and achieving the target road failure rate will reduce the 

anthropogenic delivery rate by a factor of 3.  Achieving the loading recommended here 

should reduce the calculated anthropogenic levels described in Table 3-2 by a factor of 

about 7.  

Restoration achieves resource goals other than protection of the fishery, such as 

reclamation of land area, inhibition of risk for enhanced forest growth, better landscape 

connectivity for wildlife, and natural slope processes. Therefore, sedimentation is not 

the only factor in setting park restoration goals and is not the only consideration for 

State Parks’ vision. Furthermore, the analysis here presents results from a road network 

that generally has had adequate maintenance funding. As government budgets can 

vary, it is possible that funding for preservation of the remaining road network will not 

continue to be available in the future. Therefore, a higher element of risk will remain 

unless the roads are removed or improved. 
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3.5 SEDIMENT TREATMENT METHODS AND PRIORITIZATION 

To achieve the desired sedimentation rate, several treatments should be employed. For 

example, a desired condition is that all stream crossings with diversion potential should 

be removed; all culverts should be capable of passing 100-year flood flows and 

associated debris, inboard ditches, and cross drains should be eliminated where 

consistent with maintaining slope stability; the quality of road surfacing should match the 

intended use; fine dust abatement should be employed where it has the potential to 

damage vegetation or enter a water course; and storm patrols should help prevent 

sedimentation problems. Instream structures should be designed to help replicate 

channel morphology and sediment conditions most conducive to salmonids. Floodplain-

channel connections should be encouraged, and unobstructed floodplain flows should 

be maximized. A goal for forest thinning should be the enhancement of slope stability by 

increasing remaining tree root size and vegetation complexity. 

3.5.1 RATIONALE FOR ROADS TO REMAIN 

The rationale for retaining roads in the MCA follows guidance from the GPA and the 

analysis presented here. The general theme for road retention is to serve the MCA’s 

facility and administrative needs by using the most effective, stable routes that can be 

realistically maintained in light of budget considerations and ensuring resource 

management projects are properly sequenced so that access is not lost.  

3.5.2 BEST MANAGEMENT PRACTICES 

Best management practices for road maintenance, road reengineering, road removal, 

road conversion to trail, and instream restoration should help minimize sediment 

impacts from related work, significantly reduce long-term sediment risk potential, and 

improve riparian and terrestrial habitat. All of these practices, in addition to landslide 

stabilization, instream structural improvements, and forest restoration, will have 

oversight by appropriately licensed staff to help ensure that designs and activities 

comply with water quality regulations.  
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3.5.2.1 ANNUAL ROAD MAINTENANCE 

Annual maintenance is critical to maintain the road network so that it does not affect 

existing water quality and remains viable until unneeded road segments can be 

appropriately treated in light of this plan and a future Roads and Trails Plan. 

Grading 

If the road is narrowed with vegetation, a work crew should be employed to clear 

vegetation on the cutbank, roadbed, and the upper third of the embankment fill slope to 

make room for equipment operations. If the vegetation is heavy, a mower or excavator 

may be used to clear the roadway. An excavator-mounted vegetation masticator also 

may be used to remove trees and brush. If a masticator is used, a dozer may be 

employed to accumulate and pile ground mulch for use on finished surfaces.  

Following clearing operations, a motor grader equipped with rippers should de-compact 

the road surface to a minimum depth of 8 inches. If the road material is dry, water may 

be added to reduce dust. During the first pass, the grader should clear the inboard ditch 

to improve conveyance of road drainage. Ditch spoils should be carried across the road 

and sidecast onto the road embankment. During subsequent passes, the grader should 

shape the road surface to promote drainage. The road drainage design should be 

crowned, insloped, or outsloped. Additional road aggregate may be added to sections of 

the road that show signs of accelerated wear or provide poor traction. During the final 

grading pass, any berm present on the outboard edge of the road should be removed to 

eliminate ponding of runoff along the outer edge of the road. Following grading 

operations, a vibratory, single-drum roller should compact the road surface. The roller 

should make several passes to ensure that the road surface is smooth and compact. 

Water may be added to increase compaction of the finished surface. 

Culvert Clearing 

Before winter, crews should be dispatched to inspect and clear stream crossing and 

cross drain culverts. Culvert inlets should be cleared of heavy vegetation and sediment 

deposited at the inlet. If pipes are clogged with debris, crews should attempt to clear the 

pipes to restore full capacity. Outlets also should be inspected for obstructions. If any 
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deficiencies are found with pipes or related hardware, a record should be generated and 

submitted to the district office for inclusion into the repair or replacement cycle. Road 

ditches adjacent to the culvert inlets also should be cleared to reduce sediment input 

and improve drainage. Sites with large accumulations of sediment or debris that cannot 

be cleared by hand should be scheduled for heavy equipment treatment as soon as 

equipment and operators become available. 

3.5.2.2 CULVERT REPLACEMENT 

Appropriate sizing for culverts and maintaining their condition are the keys to the long-

term stability of fill that is directly linked to the hydrologic network. Design standards 

have improved since the original culverts were installed, and some of the culverts are 

reaching the end of their effective lives. 

Road-Stream Crossing 

An on-site evaluation should be made by qualified staff members who are experienced 

in road engineering, to determine whether a culvert crossing is required at the site. In 

some cases, other alternatives, such as hardened seasonal fords, rock-armored 

crossings, or drain swales, may be appropriate. These alternatives are preferable to a 

culvert because of their low maintenance and because they can be constructed without 

introducing fill into the stream channel. Culverts should be sized to convey a discharge 

equal to or greater than the 100-year flow plus sediment and debris. The design flow 

should be determined using the rational method, USGS regional relationships, or 

adjacent channel morphology. 

An excavator should prepare the site by first removing any trees and brush that are 

growing on the crossing fill along the centerline of the culvert. Trees and brush that are 

removed should be stockpiled and used to mulch disturbed ground following culvert 

replacement or for instream restoration. Trees growing away from the centerline of the 

culvert may be left; however, clearance may have to be provided for excavator 

maneuvering. 



 

Client  Company Name 
Watershed Plan 3-23 Sediment 

If the stream is running, water should be diverted away from excavation areas to reduce 

turbidity and eliminate saturation of the crossing fill as it is excavated. A small diversion 

dam should be built upstream, and streamflow should be piped around the worksite and 

discharged into the stream below the worksite. The excavator first should excavate a 

trench down to the existing culvert, exposing it, so that the excavator can remove the 

old pipe using the bucket and thumb. Old culverts should be cut and crushed to fit in 

available transport vehicles. 

Following the removal of the old pipe, the trench should be excavated to the prescribed 

width and depth for the new culvert placement. The trench should be straight in both 

profile and plan view. The gradient of the culvert should match the gradient of the 

stream running through the crossing and should be set to a depth slightly below (25% of 

diameter) that of the stable channel bed. This will help to ensure continuity of bedload 

transport and provide a natural substrate for animal migration.  

Trenching should be in compliance with all applicable worker health and safety 

regulations including, but not limited to, Section 29 Code of Federal Regulations (CFR) 

1926.650, 601(b)(6) and Title 8, Sections 1540, 1541, and 1541.1 of the California Code 

of Regulations (CCR). Trenches should be properly sloped, benched, or shored if 

personnel are to enter any trench greater than 5 feet deep. 

The new culvert should be placed into the trench and the necessary couplings made. 

Couplings are critical for culvert performance. All couplings should be assembled 

according to manufacturer’s instructions. Laying the pipe on a well-compacted base that 

is straight in profile is essential. Any settling or deflection in the pipe can result in 

separation at a coupling or a rupture in the pipe wall. The culvert should extend from the 

inboard edge of the road to beyond the base of the embankment fill. A mechanical 

compactor should compact fill as it is placed back into the trench. The compactor can 

be mounted to an excavator or can be walk-behind or free standing. Fill should be 

compacted in maximum 6-inch lifts until the trench is refilled. 

Downdrain assemblies generally are not recommended for stream crossing sites 

because they limit migration of aquatic species, aggrade at the inlet, and are prone to 
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scour at the outlet of the pipe. In situations where the new culvert cannot be set at the 

stable stream gradient, an anchored downdrain assembly and an energy dissipater may 

be installed to prevent scour at the outlet. The energy dissipater should be constructed 

of appropriately sized rock armor and should have a concave cross section to prevent 

culvert discharge from scouring adjacent streambanks. A headwall or flared inlet should 

be installed at the inlet of the culvert to protect crossing fill from saturation and scour 

and direct flow into the culvert. The headwall can be constructed with sack concrete, 

reinforced with driven rebar, or can be poured in place with mixed concrete. 

A trash rack may be installed where large organic debris can be mobilized in the 

channel, causing a plug at the culvert inlet. Many different designs exist for various 

applications, so trash rack designs should be site specific. Any design chosen should 

protect the inlet from plugging and maintain flow at or near the centerline of the channel. 

Designs that can divert flow into the streambanks upstream of the inlet should be 

avoided. 

The road surface should be shaped so that a broad dip is formed over the centerline of 

the crossing. The dip should pitch to the inboard inlet and headwall. This should prevent 

road drainage onto the outboard edge of the crossing fill. Where feasible, the road 

should be regraded and realigned so that the road contours into the stream valley along 

an alignment that is as upstream as practical. The road can also be narrowed according 

to the road construction specifications. Reducing the road width and contouring farther 

up into the stream valley should significantly reduce the size and fill volume in the 

crossing. In the event of a crossing failure, less fill should be available for erosion and 

delivery directly into the drainage network. 

Trees and brush removed before excavation should be used as mulch whenever 

possible. Mulch should be spread over the surface of the crossing embankment to 

provide 70–90% surface coverage. The road approaches should be outsloped to reduce 

road tread flow to the crossing. Where the quantity of mulch material is insufficient to 

meet these requirements, locally derived material such as duff and small brush should 

be imported to the crossing sites from nearby interfluvial road sections. Mulch applied 
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on crossing embankments should be pressed onto the ground surface wherever 

possible, using the excavator or the dozer. 

Cross Drain Replacement 

An on-site evaluation should be made by qualified staff members who are experienced 

in road engineering to determine if a culvert cross drain is required at the site. If culvert 

replacement coincides with road reengineering, many culverts can be eliminated by 

removing much of the inboard ditch. Other alternatives such as hardened drain swales 

may be appropriate. Where culvert cross drains are used, the location of the drain 

should coincide with natural drainage features downslope. The culvert should be sized 

to convey a discharge equal or less than the 100-year flow. Determination of the design 

flow should employ the rational method, USGS regional relationships, or adjacent 

channel morphology. 

Similar to a stream crossing excavation, the excavator should begin by excavating a 

trench down to the existing culvert, exposing it, so that the excavator can remove the 

old pipe using the bucket and thumb. Old culverts can be cut and crushed to fit in 

available transport vehicles. If the culvert installation is new, the trench should be 

excavated according to the prescription design. 

Following the removal of the old pipe (if present), the trench should be excavated to the 

prescribed width and depth for the new culvert placement. The trench should be straight 

in both profile and plan view, and should be set at a minimum angle of 30 degrees from 

perpendicular relative to the road direction. The gradient of the culvert should be set to 

a depth where the pipe exits the embankment fill at the native ground surface. 

Trenching should be in compliance with all applicable worker health and safety 

regulations including, but not limited to, Section 29 CFR 1926.650, 601(b)(6) and Title 8, 

Sections 1540, 1541, and 1541.1 of the CCR. Trenches should be properly sloped or 

benched or shored if personnel are to enter any trench greater than 5 feet deep. 

The new culvert should extend from the inboard edge of the road to beyond the base of 

the road embankment fill. In situations where the new culvert cannot be set at the base 
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of the embankment fill, an anchored downdrain assembly and an energy dissipater 

should be installed to prevent scour at the outlet. The energy dissipater should be 

constructed of appropriately sized rock armor and should have a concave cross section 

to prevent culvert discharge from scouring adjacent slopes. A headwall or drop inlet 

should be constructed at the inlet of the culvert to protect crossing fill from saturation 

and scour, and direct flow into the culvert. The headwall can be constructed with sack 

concrete, reinforced with driven rebar, or can be poured in place with mixed concrete. 

The road surface should be shaped so that a rolling dip is formed over the centerline of 

the culvert. In contrast to stream crossing culverts, the pitch of the road surface should 

be toward the outboard edge of the road. 

3.5.2.3  ROAD DRAINAGE IMPROVEMENTS 

Where poor road drainage may result in accelerated erosion of the road surface and 

deposition of fine sediment into adjacent streams, improvements may be applied to the 

road surface beyond routine grading. These improvements should include elimination of 

the inboard ditch and reshaping the road surface to facilitate sheet drainage. 

Replacement of small culverts with armored drain swales may also be considered. In 

more severe situations, rerouting the road to a more sustainable alignment may be the 

most effective way to sustain the road and protect resources. 

Where feasible, the road cross section should be outsloped and the inboard ditch 

eliminated. This should promote sheet flow across the road and eliminate scour and 

sediment transport along the inboard ditch. Where springs and seeps exist along the 

cutbank, the inboard ditch may be left in place while still outsloping the road. This 

should prevent the road from becoming too saturated from spring flow and still provide 

improved drainage of the road surface. If outsloped sections of road are to be used 

year-around, coarse aggregate road base should be applied to improve traction where 

needed. 

3.5.2.4 ROAD REMOVAL AND ROAD TO TRAIL CONVERSION 

State Parks road removal and road to trail conversion techniques have been honed in 

the North Coast Redwoods District since the mid-1990s. Merrill and Casaday (2001) 
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reviewed the methodology for these treatments. Water quality protection should be 

similar to that previously outlined for other road treatments. 

3.5.2.5 INSTREAM RESTORATION 

Eight recently completed restoration sites utilized large whole trees and smaller logs 

and branches to restore natural instream processes that contribute to channel form and 

structure, and provide essential habitat for salmon and other aquatic species. These 

eight complex wood jams were geomorphically designed to mimic natural wood jam 

formation (Abbe and Montgomery 1996) using a combination of wood-sized fractions 

(Abbe and Montgomery 2003, Manners et al. 2007). Each site was individually 

designed, based on specific site geomorphic conditions, hydraulic forces, available 

construction materials, and the availability of riparian trees as living pilings for support 

during high flows. Dominantly alder vegetation affected by construction access needs 

was replanted with conifer species. 

These structures are more complex and dynamic than simple wood structure designs 

that were previously approved by the California Department of Fish and Game (CDFG). 

Initial data suggest that they are associated with a higher degree of habitat 

improvement. Results from facies mapping and surveying indicates that habitat 

heterogeneity (Figures 3-2 and 3-3), residual pool depth (Figures 3-4 and 3-5) and 

maximum aggradation (Figures 3-6 and 3-7) increased for sites that had greater total 

wood volume and total wood volume per active channel width. In addition, reach 

average D50 (the median bed surface particle size) decreased with increased wood 

loading (Figure 3-8). 
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Figure 3-2. Relationship between Habitat Heterogeneity as Expressed by Shannon’s 
Diversity Index and the Total Wood Volume (at two constructed simple wood structures 
and eight constructed complex wood jams in the East Fork) 

 
Figure 3-3. Relationship between Habitat Heterogeneity as Expressed by Shannon’s 
Diversity Index and Increased Wood Volume/Active Channel Width (at two constructed 
simple wood structures and eight constructed complex wood jams in the East Fork) 

 

1995 CDFG Simple 
Wood Structures 

1995 CDFG Simple Wood Structures 
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Figure 3-5. Relationship between Residual Pool Depth and Total Volume Wood/Active 
Channel Width (at two constructed simple wood structures and eight constructed 
complex wood jams in the East Fork)  

Figure 3-4. Relationship between Residual Pool Depth and Total Volume Wood (at two 
constructed simple wood structures and eight constructed complex wood jams in the 
East Fork)  

1995 CDFG Simple Wood Structures 

1995 CDFG Simple Wood Structures 
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Figure 3-6. Relationship between Aggradation and Total Volume Wood (at two 
constructed simple wood structures and eight constructed complex wood jams in the 
East Fork)  

 
 
 

 
 
 
 

 
Figure 3-7. Relationship between Aggradation and Total Volume Wood/Active Channel 
Width (at two constructed simple wood structures and eight constructed complex wood 
jams in the  

 

1995 CDFG Simple 
Wood Structures 
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Figure 3-8. Relationship between Reach Average D50 (mm) and the Total Volume of 
Wood (at two constructed simple wood structures and eight constructed complex wood 
jams in the East Fork) 

 
3.5.3 PRIORITIES FOR UPLAND TREATMENTS AND ESTIMATED SCHEDULE 

Scoring from the road inventory, ecological threat, interactive project access needs 

(e.g., access needed for forest thinning in light of immediacy of risk of road failure), 

adaptive management based on monitoring, logistical efficiency, potential for cumulative 

effects, location on the property, and project funding should help determine the ordering 

of road removal. State Parks’ resource management and road management staff should 

meet annually to select projects based on these criteria. These factors should help 

guide a selection process that should proceed until only the core road circulation 

network remains. 

3.5.3.1 MECHANICAL 

The immediate priority for mechanical treatment is completion of the Landscape 

Stabilization and Erosion Prevention Plan (LSEP) roads. LSEP roads were partially 

restored by Stimson but have high erosion potential because they have road crossing fill 

highly exposed to surface and stream erosion. Approximately 66 km (41 miles) of the 

1995 CDFG Simple Wood Structures 
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original 175 km (109 miles) identified under this program have been treated. The 

ranking process should be applied first to the remnant LSEP roads. The original 

completion schedule for LSEP roads was 2012, but a more likely completion estimate is 

2018. A project to upgrade 169 culverts to pass 100-year flood flow and associated 

sediment and debris should run simultaneously with the LSEP treatments. A recently 

failed culvert on Rock Creek Road is scheduled to be repaired with a structural pipe 

arch in 2011. Other roads not identified as part of the LSEP process should be 

prioritized for treatment during future 5-year selection assessments.  

3.5.3.2 VEGETATIVE 

Information about current forest conditions has been inadequate to develop a sufficient 

prioritization matrix. With the acquisition and ongoing analysis of the 2007 LiDAR flight, 

a prioritization to stabilize slopes and prevent the decline in stand health is now 

underway (Chapter 4). This prioritization must be adjusted in consultation with road 

removal and other activities within the property to ensure that restoration is conducted in 

the most efficient manner. These coordination activities should occur annually in the 

early winter, during the initiation phase for most grant funding cycles. It is State Parks’ 

intent to treat approximately 200 ha (494 ac) per year as funding allows. 

3.5.4 PRIORITIES FOR INSTREAM AND RIPARIAN TREATMENTS 

3.5.4.1 MECHANICAL 

The following restoration priorities should help ensure the continued viability and 

resilience of the aquatic ecosystem: 

 restoring instream and riparian habitats through wood loading, 

 removing existing artificial fills that reduce floodplain habitats and impair channel 

migration zones,* 

 increasing floodplain complexity and off-channel habitats throughout the MCA, 

and 

 reducing potential impacts from upslope sediment sources. 
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* Specific high-priority areas include (1) the bridge abutment fill that connects Childs Hill 

and Rock Creek roads, (2) the valley floor where the old sawmill is located, and 

(3) small floodplain berms in various locations in the MCA. Restoration of the high-

priority floodplain at the Rock Creek Road Bridge would provide the most significant and 

cost-effective off-channel habitat in the East Fork. A more floodplain-friendly crossing 

location is available nearby. 

3.5.4.2 VEGETATIVE 

Former conifer forests that have been converted to alder dominant stands continue to 

be the highest priority for vegetative restoration in the riparian areas. Conifers present in 

the understory—taller than the shrubs but not above the alders—should be considered 

for release by selectively girdling alders overtopping them. The 7,000 seedlings that 

have been planted may receive similar treatment but not before they reach heights 

greater than the shrub layer. Understory vegetation, particularly salmonberry (Rubus 

spectabilis) and vine maple (Acer circinatum), may need to be thinned to allow 

seedlings to survive and grow above the shrubs. 
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4 FOREST RECOVERY 

 
Source: _______ 

4.1 SAMPLING APPROACH AND RATIONALE 

Field inventory and LiDAR (Light Detection and Ranging) analysis are the core methods 

used to assess current conditions and future growth potential for the Mill Creek Addition 

(MCA) forests. With the acquisition of LiDAR for the MCA, the opportunity arose to 

determine relative stand conditions in a manner more cost-effective than a traditional 

field survey (Reutebuch et al. 2005). Such an inventory of stand conditions is a powerful 

tool in prioritizing stands for restoration treatments. The Seattle branch of the U.S. 

Forest Service Pacific Northwest Research Station (PNW) has used LiDAR to predict 

tree density, basal area (BA), quadratic mean diameter (QMD), and other forest metrics 

by developing regression equations based on known forest conditions found on 

surveyed plots. One of the more recent efforts of this nature was accomplished in 

western Washington with the help of PNW (Strunk 2008). The California Department of 

Parks and Recreation (State Parks) and Redwood National Park worked with PNW to 

calculate the above metrics and Reineke’s stand density index (SDI) (Reineke 1933). 

SDI is one of the most common measures of site occupancy in even-aged stands and is 

an indicator of how much tree growth may be limited by competition; therefore, it can be 

used to help identify and prioritize stands in need of treatment.  

O’Hara and Oliver (1999) suggest prioritizing stands using tree density and a stand’s 

ability to differentiate.  As young forests grow back after a disturbance, differences 

between tree heights tend to be minimal. Trees tend to differentiate over time as 

differences in genetics, microsite quality, and other factors allow some trees to grow 
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faster than others. Over time, slight advantages can be exaggerated as taller trees gain 

access to more light and partially shade shorter ones. This process allows a stand to 

differentiate as the larger trees grow vigorously while shorter trees are suppressed and 

often die. Such self-thinning can help a stand remain healthy and progress toward late-

seral habitat. This process of differentiation is highly variable and in some cases is too 

slow to prevent stagnation and the decline of forest health. Differentiation is slowed by 

high tree densities and in single-species stands because variation in growth rates is less 

than in multiple-species stands (Oliver and Larson 1996).  

 

An indication of how well a stand is differentiating is the variability in tree heights in a 

stand. The coefficient of variation in tree heights has been used to measure 

differentiation (Deen 1933 and Gilbert 1965). LiDAR is inefficient at measuring heights 

of large numbers of trees, but it can identify the average height and the variability in 

height (coefficient of variation) of all LiDAR first returns (canopy heights), which can be 

used to compare stands. Stands with relatively high variation in canopy heights should 

be a lower priority for restoration. These stands either have a greater variability in actual 

tree height, indicating a greater degree of differentiation, or they have low tree densities 

(with many LiDAR returns reflecting off vegetation and the ground between trees) and 

competition is not a severe impediment to growth. Canopy height variability may also 

indicate larger crown ratios on dominant trees and therefore relatively rapid growth. 

 

Precommercial-aged second-growth stands (less than 12m (39 ft) tall codominant trees) 

are likely changing so rapidly that SDI and canopy variability are less useful metrics for 

prioritizing stands for restoration. Very young stands can change (i.e., grow) from a low-

priority to a relatively high priority SDI value in a few years. Young, precommercial 

stands may therefore need to be prioritized independently of older stands when 

restoration treatments may take many years to implement.  

 

4.1.1 PLOT SELECTION AND PLACEMENT 

The LiDAR flight occurred in spring 2007, but funding issues delayed installation of 

ground plots until early 2009. A stratified sampling design was initiated in an attempt to 
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establish circular, fixed-radius plots throughout the range of conditions that were 

present in data from the flight. To capture the aggregate behavior of a stand, plots were 

selected to exhibit uniform conditions at the stand level. This approach differs from that 

used for uniform structural conditions; for heterogeneous stands, plots are selected to 

capture that degree of variability. 

 

Knowledge of the property and existing geographic information system (GIS) 

information – including stand age and soil layers (from the U.S. Natural Resources 

Conservation Service) - were used to choose the initial 50 plots before the growing 

season. Initial focus was on the younger second-growth stands (under 30 years old) 

because these stands were likely to change the most if plots were not completed before 

another growing season passed. While technicians sampled the youngest stands, the 

preliminarily regressed models from Jacob Strunk’s 2008 thesis were applied to the 

flight data. These preliminary model outputs identified regions of similar stand 

conditions from the LiDAR statistics. The forest was then classified into a 10-bin height 

regime by analysis of the canopy height model. Additional plots were allocated into 

these height classes, and individual locations were selected in reference to the 

preliminary statistical model results, using the linear forms from Strunk (2008). This 

process allowed identification of potential plot locations where the risk of sample error 

from Global Positioning System (GPS) position error was minimized and the 

contribution of the plot to the overall data coverage maximized. Plot locations were 

selected to cover the range of forest conditions, especially those conditions not already 

sampled in the spring.  

 

A key component to building a model to predict forest metrics with LiDAR is to ensure 

that the plots installed on the ground, and summarized by the forest technicians, are 

represented by the extracted-plot LiDAR point cloud. To accomplish this, great efforts 

were made to obtain submeter accuracy for all plot centers. Success was limited, 

however, because of the difficulty inherent in receiving clear satellite reception under 

forest canopies. The inaccuracies of plot center were compensated for by choosing 

uniform areas for plot installation and avoiding large trees near the edge of plots so that 
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if the position recorded by the GPS was off by 1 meter (m) (3.28 feet) or more, basal 

area and other metrics would not change dramatically. Preliminary stochastic analysis 

of GPS position error shows that plot locations are more reliable than initial predictions 

(horizontal error of 0.6 to 1.7 m [2.0 to 5.6 feet (ft)]), and the influence of this uncertainty 

on the LiDAR numerics is minimal. This process of selecting uniform areas was 

enhanced after the Strunk equations were applied to the dataset. A similar nonrandom 

method of plot selection has been shown to be effective in other forest types (Hawbaker 

et al. 2009). 
 

4.1.2 CHARACTERIZATION AND COMPARISON OF FIELD AND LIDAR DATA 

To determine stand conditions at the time of the flight, the field data were input into 

Forest Vegetation Simulator software to calculate current plot conditions and changes 

over the last 2 or 3 years—corresponding to the number of growing seasons between 

the LiDAR flight and the time of plot installation. Relative change in basal area was then 

used to calculate basal area (and then other metrics) for each plot at the time of the 

flight.  

 

Input data for the model are derived from the LiDAR point cloud. By normalizing the 

heights of all first returns (each pulse returned up to four returns) to a LiDAR-derived 

bare earth digital elevation model (DEM), the canopy surface was flattened to represent 

only canopy height above the ground. This normalized data set was then used to 

develop characterizations of the structure of forest canopy. The LiDAR data were 

extracted for each circular plot, returning a plot ”cylinder” of LiDAR data (Figure 4-1). 

Descriptive statistics of the cylinders of normalized LiDAR data were developed for each 

extracted plot using the CloudMetrics program.  
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Figure 4-1. LiDAR Plot – Extracted Cylinder and Plan View 
 
Source: Redwood National and State Parks GIS data 
 

These characterizations included descriptive statistics of the three-dimensional point 

cloud, such as the height of the median return in a given area or the proportion of 

returns above various heights (canopy transparency) (Figure 4-2). The CloudMetrics 

program allows development of a tabular summary of each sampled plot that reports a 

suite of geometric statistics for the plot sample. These summaries describe proportions 

of returns in the canopy above and below certain heights; the height distribution of 

returns; and parameters of statistical models for the observed heights, such as standard 

deviation, skewness, and kurtosis. 
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Figure 4-2. Example of Calculating Canopy Transparency 

 

Note: In this case, the number of returns above 3 and 6 meters is compared.  

(Photograph from Strunk 2008) 

 

The pairing of the observed forest stand conditions at the time of the flight and the 

statistical description of the LiDAR data in each plot was used to create the multivariate 

regression relationship for each metric. A three-part model-fitting implementation was 

used. First, a legacy numeric analysis tool, LEAPS, was used to identify those statistical 

parameters most likely to describe the behavior of the forest conditions. This requires 

searching a model space of 40! (8.16 x 1047) different linear combinations and ranking 

those most likely to contribute to a useful model. Different goodness-of-fit measures 

(e.g., Bayesian Information Criterion, Aikake’s Information Criterion, Root-Mean-Square 

Error, R2) can be used to guide this search routine. 
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After likely models were identified, they were fit using the R linear fit routine. These fit 

model values were packaged, and the eight most likely forms were reported to the 

experimenter. Principles of model parsimony were used to reject forms that include 

highly collinear parameters, and the Variance Inflation Factor was used to discriminate 

between parameters that contributed to overfitting. This provided a population of three- 

to four-parameter models. Each parameter in this “terse” model form was then removed 

from the linear combination, and the LEAPS package was run again. The statistical 

information about each model was analyzed, and the most reliable, and succinct, model 

became the prime candidate. Each model was then analyzed in an Excel statistical 

optimization exercise to improve model fit. A nonlinear optimization problem was 

formulated that minimized the sum-of-the-squared residuals (or R2) and returned 

optimal parameter coefficient values for each model. 
 

4.1.3 STAND-LEVEL FOREST METRICS 

Existing GIS layers delineating stand boundaries lacked the accuracy necessary to 

convert the regression equations into meaningful stand-level attributes. Not only were 

boundaries often off by several meters, but portions of stands were often significantly 

different because of stream buffers, partial cuts, and other factors. The canopy height 

model was used to create a new stand boundary layer that more accurately delineated 

relatively uniform stands. The new stand boundary layer was further divided using 

Stimson’s stand boundary layer so as to accurately link existing attributes, such as 

vegetation type (e.g., old growth, scattered old growth) and date of birth, to the new 

stands. Stands were then given a 10-m (33-ft) buffer to avoid edge effect, and the 

CloudMetrics software was used to categorize stand conditions. The regression 

equations were then used to calculate forest metrics for all stands. 

 

4.1.4 FOREST STAND STRUCTURE MODELING RESULTS AND ANALYSIS 

After the first round of calibration, preliminary models specific to both the forest 

conditions of the MCA and the qualities of the 2007 LiDAR flight were developed (Table 

4-1). These linear regressions are all three- or four-parameter models and returned R2 
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values for BA of 0.89, QMD of 0.90, SDI of 0.80, and tree density of less than 1.24 per 

hectare (tph) (0.5 trees per acre [tpa]). These values indicate that there is more 

divergence in the LiDAR response to the tree density metric than in other metrics. 

Because a reliable model for predicting tree density did not exist, the forest was 

stratified by species composition and age class so that linear regressions could be 

developed for specific forest types. Implementing these models requires classifying the 

LiDAR domain before model values are calculated. Because a reliable model for 

determining tph (tpa) across the range of forest conditions sampled does not exist, a 

regression was developed for determining tph (tpa) using only plots where the height 

above ground of the 95th percentile return height was less than 16.11 m (52.9 ft) 

(P95<16.11).  

 

Through analysis of the lack of agreement between the recorded Date of Birth (DOB) of 

the stands and the observed LiDAR conditions, other possible relationships were 

considered. A comparison of the value of the 95th percentile return height (P95) to the 

Date of Birth reveals a more monotonic relationship in the stands where P95 is less 

than 16.11 meters (Figure 4-3). The P95 of 16.11 meters was then used as a threshold 

for stratifying the plots. By analyzing only conifer dominated plots where P95 was less 

than 16.11 meters, a model with an R2 value of 0.79 was developed for predicting tree 

density. 

    

Table 4-1. Modeled Parameters and Their Intended Uses  

Metric Set of Plots Intended Use 

BA All plots Prioritizing treatment throughout the 

MCA 

QMD All plots Prioritizing treatment throughout the 

MCA 

SDI All plots Prioritizing treatment throughout the 

MCA 

Tree Density Coniferous only, P95<16.11 Prioritizing youngest stands 

Notes: BA=basal area, QMD=quadratic mean diameter, SDI=stand density index 
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Where a stand’s calculated value for the above metrics fell outside of the range of 

values found on existing plots, stands were given null values for that metric and were 

not ranked. Few areas fell out of the range of the plot values; one exception was 

approximately 607 ha (1,500 ac) that had less than173 tph (less than 70 tpa). Of those 

607 ha, 111 ha (275 ac) were classified as brush or hardwood by Stimson.  

 

 

 
Figure  4-3. Date of Birth as a Function of 95% Height – Stands with Dates of Birth 

Younger Than 1953 

 

SDI and canopy variability were used to prioritize older second growth where the P95 

was greater than16.11m. The older second-growth stands were divided into five groups 

of equal acreage based on their SDI value. The groups were then ranked by their 

degree of impairment related to stand density (Table 4-2). The older second-growth 

stands were similarly divided into five groups based on the coefficient of variation (CV) 

of first return heights above ground (bare earth DEM) as a second measure of the 
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stand’s degree of impairment (Table 4-3). The two methods of ranking stands were 

frequently in agreement (Table 4-4). Summing the two ranking methods permitted 

identification of the stands most likely to suffer from slow growth rates, develop 

declining health, and become most vulnerable to stand-replacing events. It should be 

noted that this map (Figure 4-4) and the ranking are preliminary and that additional 

analysis needs to be completed before they can be used for planning purposes.  

 

Table 4-2. Values for Stand Density Index and Their Corresponding Scores for Older 

Second Growth 

SDI Degree of Impairment Score 
12 to 152.5 Very low 1 

152.6 to 225.2 Low 2 
225.3 to 311 Medium 3 

311.1 to 375.6 High 4 
>375.7 Very high 5 

Source: Redwood National and State Parks GIS data 

Table 4-3. Values for the Coefficient of Variation in Average Canopy Height and Their 

Scores for Older Second Growth 

CV Degree of Impairment Score 
0 to 0.445 Very high 5 

0.446 to 0.555 High 4 
0.556 to 0.691 Medium 3 
0.692 to 0.895 Low 2 

>0.896 Very low 1 
Source: Redwood National and State Parks GIS data 

Table 4-4. Degree of Agreement in Stand Priority Using CV and SDI for Older Second 

Growth 

 Number of Stands 
Stands with same score for both 1,480 
Difference in stand scores = 1  901 
Difference in stand scores = 2 100 
Difference in stand scores = 3 9 
Difference in stand scores = 4 1 
Source: Redwood National and State Parks GIS data 
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Young stands (P95 less than16.11m) were also stratified and ranked by SDI (Table 4-5) 

and CV (Table 4-6), but these stands are likely changing in SDI and canopy variability 

more rapidly than older stands. To capture stands with a low SDI that may develop a 

high SDI soon, or stands where tree density will soon result in severely diminished 

crowns in the healthiest trees, these stands were divided into five groups based on their 

tree density (Table 4-7). The tree density score was added to the other scores to 

complete the ranking of the younger stands.  

  

Table 4-5. Values for Stand Density Index and Their Corresponding Scores for Young 

Stands 

SDI Degree of Impairment Score 
13 to 92.5 Very low 1 
92.6 to 133 Low 2 

133.1 to 157.5 Medium 3 
157.6 to 192 High 4 

>192.1 Very high 5 
 

Table 4-6. Values for the Coefficient of Variation in Average Canopy Height and Their 

Scores for Young Stands 

CV Degree of 
Impairment 

Score 

0 to 0.556 Very high  5 
0.557 to 0.657 High 4 
0.658 to 0.718 Medium 3 
0.719 to 0.856 Low 2 

>0.857 Very low  1 
 

Table 4-7. Tree Density for Stands with a 95th Percentile Canopy Height Greater Than 

16.11m 

Trees per Hectare 
(Trees per Acre) 

Degree of 
Impairment

Score 

173–273 (70–110) Very low 1 
274–406 (111–164) Low 2 
407–594 (165–240) Medium 3 
595–994 (241–402) High 4 

>995 (>403) Very high 5 
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4.2  FOREST PRIORITIZATION RECOMMENDATIONS 

Preliminary results indicate that the LiDAR analysis is an effective means of identifying 

stands in jeopardy of slowing growth rates, declining health, and possible mortality 

without achieving late-seral conditions or optimal slope stabilization. Stratified random 

plots are being installed to validate the overall model. Additional measures to improve 

the prioritization are more specific to the forest metric and forest type and would be 

required before forest restoration planning moves forward.  

 

SDI is best adapted to even-aged stands and is less useful in stands where tree size 

distribution is irregular. A high SDI could result where a young stand with a moderate 

tree density has an uncharacteristically high BA because large residual trees were left 

after harvest. Such stands would have a lower priority ranking than their SDI score 

would imply. The CV identifies many of these stands and lowers their overall ranking, 

but further confirmation is recommended. Although variability in canopy height should 

be a useful indication of a stand’s degree of differentiation, there is no published 

literature regarding quantifying differentiation with LiDAR. A field comparison of stands 

with low and high CVs may be necessary. 

 

Approximately 875 ha (2,162 ac) of the youngest stands (DOB from 1994 to 2000) still 

need an estimation of tree density for prioritization. Most of these stands had a tree 

density prediction beyond the range of sample plots (less than 173 tph [less than 70 

tpa]), or their P95 value was greater than 16.11. Further analysis is needed to 

determine whether a better regression can be derived or whether field surveys should 

be used for prioritization. Prioritization of the older stands also could be improved by 

quantifying tree density. 

 

One method likely to aid in developing a better tree density regression is to develop 

models for only the larger trees (such as all trees whose diameter is greater than half of 

QMD).  Additional models could stratify the plots (and stands) by species composition. 

Species composition could be estimated via remote sensing (LiDAR or existing 

imagery). Stand-level estimations of species composition also could be developed to 
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prioritize stands by their ability to differentiate as mentioned in Section 4.1.1 (see Oliver 

and Larson 1996, O’Hara and Oliver 1999). 

 

Most of the forests in the MCA likely could benefit from treatment in the coming 

decades. State Parks will treat approximately 324 ha (800 ac) over the next 2 years that 

have already undergone permitting and prioritization. The current prioritization matrix 

identifies 926 ha (2,288 ac) of older stands as having the highest ranking for treatment. 

These stands should be evaluated further through field observations or an improved 

prioritization matrix that includes tree density. This evaluation should be used to develop 

a short list of stands to be treated in the next few years to reduce stand densities and 

improve habitat, slope, and stand stability. The longer term goal should be to treat most 

of the stands with the highest priority ranking in the next 5 to 10 years. Other variables 

that will be helpful in determining which stands are treated in a given year include the 

ongoing slope stability analysis, the road removal program, landscape variables not 

addressed here, and other projects that can affect the efficiency of restoration 

treatments. 
 

4.3 ESTIMATION OF FOREST TRAJECTORIES 

Achieving the stated goal of eliminating all signs that the property was ever logged may 

take centuries. In addition, predicting success is difficult because stochastic events will 

affect stand structure. Progression toward this and other goals will be gradual and on a 

continuum, with occasional, localized setbacks likely related to disturbance. An example 

of this gradual progression is evidenced in the behavior of the pileated woodpecker and 

its role in improving habitat for species associated with late-seral habitat.  The pileated 

woodpecker in some cases  prefers to make cavities in trees greater than 26 inches in 

diameter at breast height (Aubry and Raley 2002). After trees of appropriate size 

occupy a stand, the woodpecker may use a few live trees for cavity excavation, but 

cavity numbers likely will remain low until snags of this size develop. It is not until many 

cavities have been excavated and abandoned by woodpeckers that other species 

dependent on abandoned woodpecker cavities can flourish in these stands.  
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Proper management of these young forests will likely take decades off the time 

necessary to grow trees sufficient to make suitable pileated woodpecker habitat and 

may prevent disturbances that would delay this development by a century or more. Less 

well understood is the level of improvement expected in root cohesion that can stabilize 

slopes. Some estimates indicate that root cohesion in second growth will not reach 

levels found in old growth for more than 100 years (Schmidt et al. 2001) and may take 

much longer if stands remain unmanaged. Cutting trees to reduce stand densities will 

diminish root cohesion for a few years, until residuals have time to occupy the additional 

growing space, but slope stability ultimately is enhanced.  

Dagley and O’Hara (2003) conclude that proper management of young second growth 

can facilitate the development of some old forest traits within 100 years but other 

characteristics – large branches, reiterated trunks …- may take many centuries to form.  

Chittick and Keyes (2007) revisited a 49-year-old forest in Redwood National Park 

where experimental thinning treatments were applied at age 24. They estimated that the 

untreated controls were likely to remain in the competitive exclusion stage for another 

50–100 years while the treated sites had reached the more advanced maturation stage 

at age 49. Although this is far from achieving late-seral conditions, it is a good indicator 

that many of the attributes associated with late-seral forest conditions may be 

achievable in a 100-year-old stand. The same stand left untreated, however, may take 

several centuries to achieve the same attributes and would be more vulnerable to 

disturbances that could destroy the whole stand and eliminate late-seral traits. 

 

4.4 FOREST RECOVERY TREATMENT METHODS AND PRIORITIES 

The MCA forests will have different treatments to either retain their general character 

(late seral) or accelerate their growth (second growth). Near-term treatment sites have 

been previously permitted, and further analysis using the data presented here will aid in 

the selection of subsequent treatment sites.  
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4.4.1 LATE-SERAL TREATMENTS 

After stands reach the late-seral stage of development, management activities likely are 

limited to prescribed burning. Objectives of such burns may include reducing understory 

fuel loads to prevent high-severity fires and restoring fire as an ecological process. 
 

4.4.2 SECOND-GROWTH TREATMENTS 

The general approach to improve conditions in the second growth will be to reduce tree 

densities to adjust species composition and promote vigorous growth in the remaining 

trees. Prescriptions will be specific to the needs of individual stands but will generally 

involve variable density thinning. Variable density thinning will be especially important in 

stands more than 30 years-old, where it has been shown to encourage the development 

of late-seral conditions (Carey 2003, Carey et al. 1999). Stand densities generally will 

be reduced to levels lower than seen in traditional thins to allow more prolonged periods 

of growth. Exceptions may include areas with bear damage or where a dense overstory 

is desired for other objectives, such as a shaded fuel break or reduced light and growth 

potential to discourage the growth of exotics. Projects must be monitored long after the 

treatments are completed to ensure that projects were successful and so that managers 

can adjust future projects based on what was learned from past efforts. 
 

4.4.3 FOREST STAND TREATMENT PRIORITIES AND ESTIMATED SCHEDULE 

State Parks will treat approximately 324 ha (800 ac) over the next 2 years that have 

already undergone permitting and prioritization under the Forest Ecosystem Restoration 

and Protection Plan (FERPP). The priority matrix outlined in Section 4.1.4, or an 

improved version currently under development, should be used, along with field 

surveys, to select additional areas to treat. All the highest ranking stands should be 

visited, and most of them should be treated in the next 5 to 10 years. A treatment rate of 

approximately 202 ha per year (500 ac per year) will allow restoration efforts to continue 

at the approximate rate of harvest witnessed in the last decade of private ownership. 

This treatment rate should at minimum be maintained until all FERPP and younger 

stands with more than 202 trees per hectare (500 trees per acre) have been treated.  
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Treatment rates for older stands can be more accurately assessed once stand densities 

are calculated.  The treatment rate of 202 ha per year (500 ac per year) did not result in 

high rates of slope instability during periods of more intensive commercial harvest (see 

Sections 3.2.3.1 [Table 3-2]  and 3.2.3.2) and no silviculture-related failures have been 

observed during State Parks management. Selected sites will be evaluated by a 

licensed geologist to help ensure that slope stability is maintained. Thinned sites will be 

evaluated as part of periodic sediment delivery analyses to help ensure that the harvest 

techniques are appropriate. 

Other variables to consider when evaluating the amount of land to treat in a given year 

include: 

 The type and intensity of treatment and its potential affect on wildlife, slope 

stability and other resources - example treatments include: tree planting, tree 

cutting, tree girdling… 

 Potential ground disturbance -skidding, cable logging, leaving all materials on 

site 

 Need for immediate treatment - very young stands decline more rapidly if 

untreated than do older stands 

 Other activities that may contribute to sediment delivery or unstable slopes  
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5 MONITORING 

Source: _______ 

5.1 TYPES OF MONITORING 

5.1.1 MONITORING DEFINITIONS 

In general, monitoring is the systematic measurement of resource indicators that are 

representative of existing conditions and sensitive to anticipated perturbations to allow 

the detection of changes over temporal and spatial scales. The type of monitoring 

selected depends on the study objectives, legal requirements, and funding availability. 

Monitoring techniques can range from conducting repeated field observations, with 

photo-points and mapping to ensure that a project is functioning as designed, or it can 

incorporate measuring multiple biologic and physical indicators to determine how overall 

watershed processes and functions change over time. 

Environmental monitoring can be categorized into several different types: baseline, 

implementation, status and trend, effectiveness, and validation monitoring. However, 

the various monitoring types are not mutually exclusive, and the distinction between 

them is based on the purpose of monitoring rather than by the type and intensity of 

measurements (McDonald et al. 1991). Concepts discussed in this chapter draw from 

the work of Hillman (2006), Saldi-Caromile et al. (2004), and McDonald et al. (1991). 

The following description of monitoring types was adapted from Oregon Watershed 

Enhancement Board (2010).  
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5.1.1.1 BASELINE MONITORING 

Baseline monitoring characterizes existing conditions to establish benchmarks used for 

comparison as future monitoring is conducted. The purpose of baseline monitoring is to 

establish what the temporal and spatial variability of selected resource indicators are 

before a project begins. Baseline monitoring is often used as a first step in determining 

the effectiveness of restoration project implementation. 

5.1.1.2  IMPLEMENTATION MONITORING  

The purpose of this type of monitoring is to ensure that proposed work is carried out as 

planned. Appropriate methods include photo-points with corresponding global 

positioning system (GPS) readings and may include a basic field evaluation that 

incorporates qualitative/quantitative data. This type of monitoring is used to evaluate 

individual projects such as a culvert replacement or large wood placement. Sometimes, 

this type of monitoring is referred to as compliance monitoring. 

5.1.1.3 STATUS AND TREND MONITORING 

The purpose of status and trend monitoring is to describe existing conditions through 

the measurement of resource indicators (physical, chemical, or biological) across a 

given area. Trends regarding the environmental condition are then evaluated over time, 

based on repeat measurements. The spatial scale for status and trend monitoring can 

vary from a subwatershed to an entire region. This type of monitoring does not require 

all the elements of valid statistical design that are found in effectiveness monitoring 

studies. For example, controls are not required in status and trend monitoring. Controls 

are important if the objective is to assess cause-and-effect relationships. 

5.1.1.4 EFFECTIVENESS MONITORING 

Effectiveness monitoring is designed to evaluate whether a project has had the desired 

effect on the resource indicators selected. For example, a postproject survey 

documents an increase in pool frequency or a reduction in fine sediment in pools 

compared to baseline conditions or anticipated targets. This type of monitoring is 

generally used to track changes following watershed restoration projects. It differs from 
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implementation monitoring in that it is more in-depth and evaluates whether the overall 

project objectives have been met. Effectiveness monitoring can occur at project, 

watershed, or regional scales. 

5.1.1.5  VALIDATION MONITORING 

Validation monitoring is often considered research. It is designed to validate 

assumptions, models, methods, and proposals. 

5.1.2 MONITORING APPROACH 

For the early stages of State Parks restoration, baseline information is well defined for 

the fishery population (see Chapter 2) and upland sediment sources (see Chapter 3). A 

baseline for some instream physical parameters is not as well defined, so further 

assessment will be needed to help evaluate other monitoring. This section focuses on 

baseline monitoring where needed, and implementation, status and trend, and 

effectiveness monitoring. Validation monitoring may occur in the future but is not 

considered here because the requisite research questions have not been formulated. 

The overarching goal of the monitoring is to determine whether water quality objectives 

are being met and whether beneficial uses are protected from the adverse effects of 

one or more pollutants. For certain parameters (e.g., turbidity), regulatory thresholds 

that were developed to facilitate uniform enforcement over a large area may not be 

relevant to site-specific evolutionary conditions for fisheries that are associated with 

widely divergent geologic conditions. This factor and/or other factors are addressed in 

the Water Quality Control Plan for the North Coast Region (Basin Plan) (NCRWQCB 

2007) through regulatory waivers, which may be issued to achieve both water quality 

and restoration goals. The monitoring program described here will help guide adaptive 

management for restoration and improve general management of the Mill Creek 

Addition (MCA). 
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5.1.2.1 IMPLEMENTATION AND EFFECTIVENESS MONITORING 

Mechanical Treatment Field Review Methods 

The condition of any road is extensively documented before treatment (see 

Appendix A). Using standardized measurement protocols, excavation volumes can be 

quantified in physical terms (number of cubic meters) to prioritize, plan, and determine 

production rates and cost estimates for projects. However, the effectiveness from a 

potential sediment savings perspective can be known only in a general sense. Fluvial 

erosion (stream crossing failures, stream diversions, and gullies), as well as mass 

movements (fill slope failures, landing failures, and cutbank failures), are known to have 

the potential to deliver sediment to the stream network. However, these erosional 

processes are episodic in nature and are often triggered by large storm events (CDFG 

2006). In addition, several ways exist in which a stream crossing has the potential to fail 

and deliver sediment: a plugged or undersized culvert, flow being diverted down the 

road, collapse of fill from within, or a gully developing and gradually washing out the fill 

over time. Each of these failure mechanisms may yield a different quantity of sediment 

to a stream over an uncertain amount of time. For these unpredictable reasons, 

sediment savings cannot be determined as an absolute value but rather as a likely 

scenario of what could happen without rehabilitation of the road network.  

Qualitative site monitoring for the first few years following road rehabilitation projects is 

used to adjust procedures or treatment prescriptions for future projects. In this sense, 

an implementation component that has a feedback loop to improve future projects is 

incorporated into the review. Any sites with exposed soil that have direct access to 

watercourses are thoroughly mulched to achieve 80% ground coverage. All stream 

crossings are planted with native conifers to help stabilize streambanks, provide shade, 

and allow for future recruitment. In some cases, unexpected subsurface conditions may 

become apparent during the work and these also are documented, to help evaluate 

posttreatment effectiveness. Photo-points are established at key locations for longer 

term monitoring. Photographs are taken before and immediately after road and stream 

crossing removal. Additional photographs are taken after winter flow conditions, typically 

the spring following removal, to capture posttreatment site response. Project sites are 
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reviewed with the project inspector, a licensed geologist, and sometimes the project’s 

heavy equipment operators during the winter following treatment. If significant 

posttreatment erosion exists, the likely cause is evaluated to determine whether it could 

have been avoided through use of a better technique or site design. Lessons learned 

from those observations are incorporated into future projects. 

Vegetative Treatment Field Review Methods 

Forest restoration prescriptions will be adapted to fit the unique circumstances of 

individual stands. State Parks monitors all forest restoration activities to ensure that 

work is accomplished according to prescription specifications, observing long-term 

trends in forest structure and composition, tracking the effectiveness of prescriptions, 

and learning from early restoration efforts. A forest monitoring plan (on file) has been 

adopted for stands initiated between 1980 and 1993 that are being treated to reduce 

tree densities. This plan also will be used as an outline for other stands to be treated. 

Permanent plots are established in treated areas, and representative controls are 

developed by tagging trees at breast height to allow for identification of individual trees 

and periodic remeasurement of diameter at a consistent location. Control areas are 

compared to various treatments implemented. Variables such as plot size and number 

of plots established may be adjusted to meet the needs of future projects.  

Revegetation monitoring at mechanically treated stream crossing sites is done using 

sample plot inventories the first and third year following planting. Additional trees are 

planted where needed to achieve 217 trees per hectare (88 trees per acre). 

Instream Structure Review Methods 

Two primary methods have been used to assess changes to instream reaches where 

complex wood jams and simplified wood jams have been constructed. Facies maps 

were drawn for each structure before and after the storm season (Buffington and 

Montgomery 1999, Ruediger and Engels 1981) to determine changes to habitat 

heterogeneity, and total station surveying was used to determine changes to residual 

pool depths and reach aggradation. The sites are georeferenced and “rubbersheeted” 

so that spatial accuracy is maintained over the monitoring period.  
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The term “facies” refers to a patch of distinct sand-, gravel-, cobble-, or boulder-

dominated channel area. Facies maps are used to show changes to aquatic habitat 

heterogeneity by capturing reachwide variations in surface sediment sizes. They are 

useful tools for describing streamflow conditions and as baseline snapshots for 

comparing future change (Kondolf and Piégay 2003). During recent monitoring, a facies 

was defined as a distinct textural patch 1 square meter (m2) or larger. To quantify each 

facies patch, a pebble count or a field-based “quick estimate” of the patch’s median 

particle size (referred to as “D50” for the diameter of the stones that are larger than 50% 

of the total stones counted) is documented. Patch D50s are used to develop habitat 

heterogeneity indexes, as expressed by Shannon’s Diversity Index (SHDI).  

Total station data collection also is used to characterize the complex wood jam and 

channel conditions in plan and cross-sectional views. At a minimum, the data collected 

should include thalwag surveys, cross-sections, wetted edges, bankful, and control 

points with rebar tops at each site. In some cases, the patch analysis may be eliminated 

to streamline data collection.  

5.1.2.2 GEOMORPHIC AND WATER QUALITY AND QUANTITY TREND AND EFFECTIVENESS 
MONITORING 

Methods to assess the longer term trends of restoration projects and external factors on 

site geomorphology, water quality, and streamflow (quantity) are described next. This 

information will help inform the watershed scale effectiveness of the restoration. 

Slope Change and Sedimentation 

Although the quality of the data from the Light Detection and Ranging (LiDAR) flight in 

2007 is not optimum, it provides a baseline for topographic and geomorphic conditions 

in the watershed. Data from future LiDAR and  aerial photography flights will help 

delineate macroscale rates of slope change and sedimentation delivery that result from 

mechanical and vegetative treatments. An average 5- to 10-year recurrence interval for 

collection of remotely sensed data should be used to help guide this analysis, but this 

interval could be longer or shorter as external events dictate. Development of remotely 

sensed data should be more frequent in the early stages of this monitoring effort 
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because of the less than optimum quality of the 2007 LiDAR data set and to help guide 

early adaptive management, when corrections to project design are more likely to be 

important. 

Methodology for slope change measurements should be compatible with that discussed 

by Merrill et al. (Appendix A). Sedimentation from stream crossing failure should be 

documented by storm patrol, and reductions in road surface erosion should be noted via 

GIS as a function of decreased road mileage and application of the assumptions noted 

in Section 3.2.3.1. These parameters should be calculated on a 10-year rolling average. 

Suspended Sediment and Turbidity 

Inorganic suspended sediment produce two main ecological effects in streams that can 

affect fish and invertebrate communities: increased turbidity of the stream water and 

increased siltation of streambeds.  

Turbidity is a measure of the optical property that causes light to be either scattered or 

absorbed as it passes through water. Turbidity can be correlated to the level of 

suspended and dissolved materials, such as clay, silt, finely divided organic matter, 

plankton and other microscopic organisms, and organic acids present in the water 

column. In streams, turbidity is a flow-dependent variable; for this reason, a relationship 

between turbidity and flow must also be understood to set appropriate load targets. 

Field-based turbidity measurements can be inexpensive to collect and can be used as a 

surrogate for suspended sediment concentrations if a relationship between the two 

parameters can be established. Although turbidity values reflect the effects of any 

substance that reduces clarity (such as suspended algae and tannins), those 

substances are not typically found in the waters of the MCA. Thus, turbidity is an 

appropriate monitoring parameter for tracking suspended sediment trends.  

The U.S. Geological Survey (USGS) (variously dated, 2010 Web site) and U.S. 

Environmental Protection Agency (1983) considered the Nephelometric Turbidity Unit 

(NTU), a measure of turbidity in a water sample, to be roughly equivalent to the 
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Formazin Turbidity Unit and Jackson Turbidity Unit. However, a literature review did not 

find any reference conversion factor.  
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Figure 5-1. Turbidity versus Suspended Sediment Concentration for Four Lower 
Klamath River Tributaries 

Source: Data courtesy of the Yurok Tribe Environmental Program 2010. 

 
Lloyd et al. (1987) presented three equations that relate turbidity (NTU) with suspended 

sediment concentrations (mg/L). Their analysis used USGS data for Alaska streams 

during the period 1976–1983 (May through October), involving 235 samples from 37 

stations on 34 rivers that yielded a significant correlation (r2 = 0.83). The resulting 

relationship was: 

T = 0.44(SSC)0.858 Equation 9 Lloyd (1987) 
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where T is turbidity in NTUs and SSC is the suspended sediment concentration 

in mg/L. 

A similar relationship between T and SSC (r2 = 0.92) was developed by Peratrovich et 

al. (1982), using data from the glacially turbid Susitna River. This equation predicts 

slightly lower turbidities for specific SSC than does the relationship developed from the 

data for Alaskan rivers statewide. 

T = 0.185(SSC)0.998 Equation 10 Lloyd (1987) 

Data compiled from turbid placer-mined and neighboring unmined clear streams in 

interior Alaska also yielded a significant correlation (r2 = 0.92, n=279). The resulting 

regression equation is: 

T = 1.103(SSC)0.968 Equation 12 Lloyd (1987) 

Objective  

The objective of monitoring turbidity is to track the trends in water quality that are 

related to suspended sediment levels by measuring a closely related surrogate. 

Procedures and Techniques 

Turbidity should be measured consistent with the protocols described in the USGS 

National Field Manual (Anderson 2005). 

Monitoring Locations  

Automated turbidity data collection should occur at the former USGS flow gage 

locations near the MCA boundary in the Mill Creek watershed.  

Frequency and Duration 

Measurements should be taken every 15 minutes to coincide with stage measurements 

from November through June. 



 

Company Name  Client 
Monitoring 5-10 Watershed Plan 

Baseline Conditions 

Limited suspended sediment and turbidity data have been captured at various locations 

in the Mill Creek watershed by USGS monitoring and other monitoring of the effects of 

timber operations. Existing data show low suspended sediment levels. 

Surface Particle Size Distribution (Pebble Counts) 

Streambed surface sediment size distribution should be measured by Wolman pebble 

counts (Wolman 1954). Surface particle size distribution is an effective measure of 

sediment supply trends. Knopp et al. (1993) demonstrated that the median particle size 

(D50) is an effective indicator of sediment supply in North Coast streams. The surface 

particle size distribution also has been demonstrated to be an effective indicator of the 

balance of sediment supply and sediment transport capacity when compared to the 

subsurface particle size distribution. One major advantage of this technique is that it is 

relatively inexpensive and easy, requiring no special equipment or extensive processing 

time. 

Objective 

The objective of monitoring surface particle size distribution is to track the trends in both 

gravel quality and sediment supply. 

Procedures and Techniques 

Pebble counts should be conducted in a minimum of three riffles, using the methods 

described in Section 4.1.1 of Bunte and Abt (2001). Data analysis should be conducted 

consistent with methods specified by Bunte and Abt. 

Monitoring Locations  

Monitoring should be conducted at representative sites in the MCA. State Parks will 

request copies of the datasheets from Carrol and Robison (2007) and Knopp’s (1993) 

studies and try to incorporate those sites into the monitoring network. Pebble counts 

should target sites where sampling has previously occurred and should be conducted at 

McNeil sampling sites (discussed next). 
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Frequency and Duration 

This parameter should be measured every 5 years or during the summer low-flow 

period following the next significant water event, whichever occurs first. 

Baseline Conditions 

Knopp (1993) reported median bed surface particle sizes (D50) of 44 millimeters (mm) 

and 53 mm (1.73 and 2.09 inches) for the West Branch and East Fork, respectively. 

Subsurface particle size distribution (McNeil Samples) 

This measure of subsurface gravel quality can be obtained by collecting McNeil 

samples. The subsurface sediment size distribution is an effective measure of sediment 

conditions as they relate to spawning gravel quality.  

Objective 

The objective of measuring the subsurface particle size distribution is to track the trends 

in subsurface gravel quality that are related to spawning. 

Procedures and Techniques 

Monitoring should use a McNeil sediment core sampler, similar to the specifications 

found in McNeil and Ahnell (1964) except the diameter of the sampler’s throat should be 

two to three times larger than the largest particle usually encountered. Monitoring 

should occur according to the protocols found in the Scott River Watershed Monitoring 

Program, Water Quality: Water Temperature Monitoring and Sediment Sampling and 

Analysis 2005, 2006, and 2007 (Quigley 2008). A 0.85 mm (0.033 inch) and a 6.4 mm 

(0.252 inch) sieve should be used during sample processing. The wet volumetric 

method is recommended with the use of the dry gravimetric method on 10% of samples. 

Monitoring Locations  

Monitoring should be conducted at representative sites in the MCA. State Parks will 

request copies of the datasheets from Carrol and Robison (2007) and Knopp’s (1993) 

studies and try to incorporate those sites into the monitoring network. McNeil sampling 
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should occur in reaches with gradients less than 3%, with a preference for known 

spawning areas. 

Frequency and Duration 

Subsurface particle size distributions are not expected to vary greatly from year to year. 

The collection of subsurface particle size distribution data is costly. Because of the 

tendency of this parameter to change slowly and the cost of collecting the data, North 

Coast Regional Water Quality Control Board (NCRWQCB) staff members recommend 

that this parameter be monitored at least every 10 years or during the summer low-flow 

period following the next significant water event, whichever occurs first. 

Baseline Conditions 

State Parks staff members are not aware of data describing current or historic 

subsurface sediment conditions in the MCA ill Creek watershed. 

V* (V-star) and Bulk Sediment 

V* is a measure of the fraction of a pool’s volume that is filled with fine sediment. It has 

been demonstrated to be an effective measure of pool habitat loss caused by fine 

sediment loading and has been demonstrated to be responsive to changes in fine 

sediment loading. Cover et al. (2008) demonstrated a statistically significant relationship 

between the magnitude of sediment loading, estimated by U.S. Forest Service 

cumulative effects models and the value of V* in downstream pools. 

Objective 

The objective of measuring V* is to track trends in fine sediment levels that are related 

to pool habitat quality. 

Procedures and Techniques 

V* data should be collected as described by Hilton and Lisle (1993). 
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Monitoring Locations 

V* monitoring should be conducted at representative sites in the MCA. State Parks will 

request copies of the datasheets from Carrol and Robison (2007) and Knopp’s (1993) 

studies and try to incorporate those sites into the monitoring network.  

Frequency and Duration 

This parameter should be monitored every 5 years or during the summer low-flow 

period following the next significant water event, whichever occurs first. 

Baseline Conditions  

Based on data collected at two unspecified locations, Knopp (1993) reported V* values 

of 11.8% and 22.8% for the East Fork and West Branch, respectively.  

Channel Cross-Sections 

The shape and area of channel cross-sections are responsive to changes in runoff, 

sediment load, and vegetation patterns. Changes in cross-section attributes can be 

used to assess spatial and temporal changes in sediment load and lateral migration 

rates. 

Objective  

The objective of measuring channel cross-sections is to track changes in channel 

widths and depths, as well as changes in streambed elevations that result from 

aggradation or degradation. 

Procedures and Techniques 

Channel cross-sections should be measured consistent with techniques described in 

the U.S. Forest Service’s General Technical Report RM-245, Stream Channel 

Reference Sites: An Illustrated Guide to Field Technique (Potyondy 1994). 

Monitoring Locations  

Cross-section monitoring should continue at sites previously monitored by Redwood 

National and State Parks (RNSP) staff and other key locations. 
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Frequency and Duration 

This parameter should be monitored every 5 years or during the summer low-flow 

period following the next significant runoff event, whichever occurs first. 

Baseline Conditions 

RNSP surveyed 11 channel cross-sections at representative sites located throughout 

the Mill Creek Watershed (Madej et al. 1986). These cross-sections were resurveyed at 

1-year intervals from 1984 to 1989. Selected cross-sections were resurveyed 

periodically from 1990 to 1999, and the last time all 11 cross-sections were surveyed 

was during 2003.  

Riffle-Surface Fine Sediment 

Cover et al. (2008) found a significant correlation between the percent of the riffle-

surface covered in fine sediment and sediment production model estimates in the 

Klamath Mountains. 

Objective  

The objective of monitoring fine sediment at multiple riffle-surfaces is to track sediment 

fluxes that may affect egg-to-fry survival. 

Procedures and Techniques 

Collection and processing of riffle-surface fine sediment data should be done using a 

sampling grid, consistent with methods described by Cover et al. (2008) and Bunte and 

Abt (2001). 

Locations  

Monitoring should be conducted at representative sites in the MCA. State Parks will 

request copies of the datasheets from Carrol and Robison (2007) and Knopp’s (1993) 

studies and try to incorporate those sites into the monitoring network. Sampling of riffle-

surface fines should occur in reaches with gradients less than 3%, with a preference for 

known spawning areas. This data should be collected at the same reaches where V* is 

monitored. 



 

Client   Company Name 
Watershed Plan 5-15  Monitoring 

Frequency and Duration 

Sites should be monitored every 5 years. 

Baseline Conditions 

State Parks staff members are not aware of data describing current or historic riffle-

surface fine sediment levels. 

Temperature-Related Monitoring 

The dominant controllable factors influencing stream temperatures in the MCA are 

streamside shade and groundwater accretion. Progress toward recovering natural levels 

of streamside shade can be tracked by measuring shade directly or by measuring 

changes in the extent of riparian vegetation. Changes in the accretion of groundwater to 

MCA streams can be tracked by measuring streamflows at sites distributed 

longitudinally along the stream being evaluated. Where the stream goes dry, the 

location and timing of that drying can be noted. The ultimate measure of progress is 

whether the stream temperatures meet the requirements for the beneficial uses of the 

watershed. Stream temperature monitoring, conducted at multiple locations, will yield 

the ultimate measure of beneficial use support and compliance with the water quality 

objective for temperature. 

Objective  

The objective of monitoring temperature is to establish temperature conditions. 

Procedures and Techniques 

Stream temperature data should be collected consistent with Surface Water Ambient 

Monitoring Program (SWAMP) protocols, directed by the State Water Resources 

Control Board. 

Monitoring Locations  

Stream temperature monitoring should be conducted at representative sites in the MCA. 

State Parks will request location information for previous temperature monitoring studies 

conducted by RNSP and incorporate those sites into the monitoring network. Additional 
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sites should be established nearer to the headwaters of select streams to track the 

effects of climate change on source temperatures, and downstream from areas where 

substantial restoration or management changes are proposed.  

Frequency and Duration 

Stream temperatures should be monitored annually from June through September. The 

sampling interval should be no greater than 1 hour. 

Baseline Conditions 

Stream temperatures in the Mill Creek watershed do not appear to be a major limiting 

factor for salmonids or for other beneficial uses. Summer may be a period of concern for 

juveniles. Monitoring should be conducted to ensure that this assessment is correct and 

that management activities do not contribute to temperature increases. 

Riparian Vegetation Extent 

Riparian vegetative extent, measured from aerial imagery and LiDAR, allows for 

tracking of progress in reestablishing riparian vegetation communities before the 

vegetation manifests in effective shade or temperature measurements. An advantage of 

this type of monitoring is that large areas can be monitored. Another advantage is that 

riparian vegetation trends can be tracked without the need for extensive time in the field 

or private property access. 

Objective 

The objective of monitoring vegetative extent is to track changes in nearstream 

vegetation. 

Procedures and Techniques 

Riparian areas should be mapped from aerial imagery and/or LiDAR with a scale 

sufficient for identification of individual trees (1:2,500 to 1:5,000 scale). The mapping 

should delineate polygons that are distinguished by tree species, canopy density, and 

tree height. A solar pathfinder or similar equipment may be used for site-specific 

studies. 
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Monitoring Locations 

The mainstem of all of the primary MCA watersheds should be assessed for riparian 

canopy condition. Tributary channels may be assessed if sufficient change has occurred 

to warrant a monitoring program (e.g., landsliding, fire, or blight) or if they retain 

sufficient perennial flow to justify their monitoring. 

Frequency and Duration 

The extent of riparian vegetation changes over time. Given the pace of typical 

vegetative growth, effective shade should be measured every 5 years. 

Baseline Conditions 

Stillwater Sciences (2002) cited a report that was prepared for the Stimson Lumber 

Company (Stimson) Habitat Conservation Plan (Beak Consultants 1998) to characterize 

the riparian extent in the MCA. At the time of the Stimson report, high-gradient, confined 

channels were dominated by saplings and multilayered stands less than 50 years old. 

Lower gradient, less confined channels had about 50% hardwood canopy older than 50 

years. Most other riparian stands were less than 30 years old but had a few large-

diameter redwoods in the overstory. 

Surface Water and Groundwater Flow 

An array of groundwater monitoring wells is located in the Mill Creek Campground, 

adjacent to a summer drying reach in the West Branch. Data from the wells and 

mapping showed a negligible effect (within instrument error) on surface water flows as 

part of a consumptive use study conducted from 2006 to 2008 (Fiori, pers. com, 2008). 

Surface flow was also monitored at bridges in the West Branch. For the most part, In 

SituTM data loggers were used for flow measurement, although Global WaterTM data 

logger, pygmy meter, and other handheld flow meter measurements also were used. 

Discharge results from currently active USGS stream gages in the Smith River have 

been scaled to Mill Creek, based on drainage area relationships. USGS also monitored 

discharge in the mainstem of the Mill Creek at the northern boundary of the MCA from 

1974 to 1981. Monitoring of the Mill Creek Campground groundwater wells and surface 

water flow at bridges in the West Branch should be reestablished to monitor the effects 
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of restoration and climate change, and to provide additional baseline data in the event 

consumptive use changes. Sites also should be explored to obtain long term surface 

flow data in the East Fork and Rock Creek. In the absence of other information, scaling 

from Smith River gages can suffice for discharge estimates. 

Precipitation, Air Temperature and Wind 

Rainfall data have been applied from nearby long-term stations in the region (e.g., 

Gasquet) for site-specific projects, although the lack of site-specific data has resulted in 

a range of isohyetal mapping for the MCA (see Section 1.4.2). Some data have been 

collected at the Mill Creek Campground maintenance yard, but they were not well 

curated or of sufficient duration to have application as part of a longer term data set. 

Development of permanent, long-term weather stations at key locations should help 

characterize meteorological conditions in the MCA. 

Specific Conductivity and pH 

Specific conductivity and pH do not appear to be problematic in the MCA, in the context 

of Basin Plan objectives. Anticipated activities in the watershed should not be 

problematic with respect to these parameters; thus, no specific monitoring element is 

proposed. Occasional informal measurements, using a handheld water quality meter, 

may be conducted if future information suggests a need.  

5.1.2.3 AQUATIC SPECIES POPULATION TREND-DISTRIBUTION MONITORING 

Protocols to assess the effectiveness of restoration projects and external factors on 

aquatic species population trends are described next. 

Freshwater Mussels 

Western pearlshell freshwater mussels (Margaritifera falcate) are one of the best long-

term bioindicators of stream ecosystem health (Young et al. 2003) because of their 

sensitivity to stream conditions, very long life spans, close relationship with salmonid 

fish, and enormous bioaccumulation capabilities resulting from their filter feeding 

lifestyle. A western pearlshell inventory of the Mill Creek watershed has been completed 

by Redwood National Park staff. Pearlshells are present throughout the main stem of 
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Mill Creek and 1 to 2 kilometers (0.6 to 1.2 miles) up the West Branch and East Fork 

(Bensen 2005). Annual monitoring of the mussel population in Mill Creek has occurred 

since 2005 (Bensen 2005, 2006, 2007, 2008, 2010). The first 5-year monitoring cycle 

has been completed. Monitoring on Mill Creek will start another 5-year cycle in 2014 so 

that each of the 10 monitoring transects will be revisited once (two transects surveyed 

per year) every 10 years to allow sufficient time for recruitment into the population 

(Bensen 2005). 

The following survey protocol is intended to describe a relatively simple and nontime 

consuming methodology for monitoring the population size and recruitment of western 

pearlshell mussels in Mill Creek. Population monitoring is intended to provide an 

estimation of the number of mussels found in the stream. Recruitment monitoring is 

intended to provide a measure of the sustainability of the population. The protocol is 

primarily based on a nationally standardized methodology used in the United Kingdom 

to monitor the closely related freshwater mussel species Margaritifera margaritifera 

(Young et al. 2003), with some minor modifications based on recommendations by 

Stayer and Smith (2003). Robust pearlshell population sizes are considered to be those 

that contain greater than 10 mussels/m2 in the intensive sample quadrats described 

below. Stable pearlshell mussel populations are indicated by having at least 20% of the 

population in the juvenile age class. Juvenile mussels are determined by overall length 

along the longest axis. Juveniles are generally less than 55 mm (2.2 inches) long (less 

than 20 years old), and young juveniles generally less than 30 mm (1.2 inches) long 

(less than 10 years old). 

All surveyors must read the Job Hazard Analysis (JHA) entitled “Fish and Stream 

Surveys.” Particular attention should be paid to Task/Procedures sections #7—Stream 

Surveys and #11—Snorkle Dive Fish Counts (on file at South Operations Center, 

Redwood National and State Parks, Orick, California). The hazards and safety 

procedures described in the JHA are all applicable to freshwater mussel monitoring 

surveys. All surveys must be conducted with a minimum of two surveyors. Three 

surveyors are preferable for efficiency. A tailgate safety session must be conducted by 
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the lead surveyor before each year’s surveys or each time a new surveyor joins the 

survey team. Bensen (2005) outlines the equipment needed for the survey.  

To ensure maximum visibility and light penetration, all surveys must be done during 

September and/or October when stream levels are at their lowest and stream clarity is 

at its highest, on clear, sunny days between 10:00 and 16:00. Ten “general-sample” 

transects 50 m (164 feet) long by 1 m (3.3 feet) wide were used to sample the mainstem 

Mill Creek mussel population and will be revisited in 2014–2019. Locations are 

described by Bensen (2004–2010). Transect start and end points are determined by 

GPS readings, and the midlines are determined by 50-m-long (164-foot-long) weighted 

and marked rope. Plot width (i.e., determining mussels inside and outside the transect) 

is determined by using the center-marked 1-meter bar. Mussels falling within the 

transect are determined by placing the middle mark on the bar on the weighted rope. 

Any mussel found between the ends of the bar is considered within the transect and is 

sampled. 

Within each of the 10 general-sample transects are five “intensive-sample” 1-m-square 

(3.3-foot-square) quadrats. Quadrat sample area is determined using the weighted 

polyvinyl chloride (PVC) 1-m-square (3.3-foot-square) frame. Placement locations of 

one intensive-sample quadrat within each of the 10-m (33-foot), 20-m (66-foot), 30-m 

(99-foot), 40-m (131-foot), and 50-m (164-foot) sections are described by Bensen 

(2004–2010). From the starting point and moving upstream, all visible mussels (i.e., 

mussels sticking up, out of the substrate) falling between the ends of the marked bar 

are counted. If more than 250 mussels are obviously present along the transect, the 

entire general-sample transect count is abandoned. Instead, only visible mussels are 

counted within five quadrats placed on the 10-m (33-foot), 20-m (66-foot), 30-m 

(99-foot), 40-m (131-foot), and 50-m (164-foot) points along the transect. A multiple by 

10 (i.e., 10 x 5 m2 = 50 m2 or the same area as a general sample transect) is used to 

obtain the total along the entire transect. All dead mussels (indicated by open, empty 

shells) are counted separately. If the surveyor has not done so previously, one m2 

(10.8 square foot) quadrat is placed within the 10-m (33-foot) section along the transect. 

All visible mussels are carefully removed to a 19-liter (5-gallon) bucket filled with fresh 
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stream water. Mussels are kept in the bucket for as short a time as possible. All loose 

stones and obstructions are removed. The underlying sand/gravel is gently disturbed, 

and all “buried” mussels are counted and removed, with special care taken to include all 

the small mussels (juveniles less than 55 mm [2.2 inches]). All mussels, both large and 

small, are removed to a bucket from the quadrat and counted. Each of the mussels is 

measured with calipers along its longest axis, to the nearest millimeter. After the 

mussels are measured, the juveniles are replaced to the substrate, and the stones and 

obstructions are returned as close as possible to their original locations. The adults 

(greater than 55 mm [2.2 inches]) are carefully placed in the spaces between the 

stones. The adults will reposition themselves. These steps are repeated at the 20-m 

(66-foot), 30-m (99-foot), 40-m (131-foot), and 50-m (164-foot) sections along the 

transect. The age lines are counted on 15 randomly picked mussels less than 60 mm 

(2.4 inches) long. For each mussel, the age number is put in the same cell as the length 

measurement on the survey form. These age estimations will be used to validate the 

assumption that all mussels less than 55 mm (2.2 inches) long in the Mill Creek 

watershed are less than 20 years old. 

Salmonids  

This section elaborates on the methodology used to estimate the salmonid populations 

described in Chapter 2. Recommendations also are given for extending the industrial 

timber management period and subsequent monitoring. 

Spawning Surveys 

Adult Chinook and coho salmon escapement has been monitored since 1980 in the 

West Branch and since 1993 in most other areas of the Mill Creek basin. Approximately 

19 kilometers (12 miles) of known anadromous spawning habitat in both the West 

Branch and East Fork and their tributaries have been surveyed (Table 5-1) (McLeod 

and Howard 2010). 
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Table 5-1. Stream Reaches Surveyed by the Mill Creek Fisheries Monitoring Program 

Mill Creek  Rock Creek 
Mainstem1 East Fork (EF) West Branch (WB) Rock Creek3 

Reach Miles Reach Miles Reach Miles Reach Miles 
Upper 1.0 EF Reach 1 2.25 WB Reach 11 0.5 Rock 0.5 
Lower 1.12 EF Reach 2 1.5 WB Reach 22 1.7   

  Kelly Creek 0.75-1 WB Reach 3 2.75   
  Bummer Lake Creek 0.5 Hamilton Creek4 0.25   
  Low Divide Creek 0.25     

  First Gulch4 0.5     
1 Mainstem reaches and WB Reach 1 have been surveyed occasionally since 2002. 
2 WB Reach 2 was surveyed by the University of California Cooperative Extension from 1980 to 2002. 
3 Rock Creek has been surveyed since 1994. 
4 First Gulch and Hamilton Creek have been surveyed only occasionally. 

General Notes: All reaches have been surveyed annually since Water Year 1994 unless otherwise noted. 
The Mill Creek mainstem survey reaches begin about 0.27 stream km (0.16 mile) north of Redwood 
National Park’s northern boundary. The Rock Creek survey reaches begin about 4.99 stream km (3.1 
miles) south of the MCA boundary. All monitoring reaches are contiguous within the indicated streams. 
Except as noted, the downstream reach begins at the stream’s confluence with the next downstream 
waterbody and the order of the reaches goes from downstream to upstream. 

Source: McLeod and Howard 2010 

Spawning surveys were conducted annually by the University of California Cooperative 

Extension from 1980 to 2002 on a 2.7-kilometer (1.7-mile) reach of the lower West Branch 

(Reach 2) (Waldvogel 2006). In 1993, Stimson began conducting annual spawning 

surveys (live fish and carcass counts) on the East Fork, Kelly Creek, Bummer Lake Creek, 

Low Divide Creek, and West Branch Reach 3. In 1994, Stimson added Rock Creek to its 

annual spawning surveys and began collecting data on redd abundance for all reaches 

they surveyed (Howard 1999). Since 2001, the Mill Creek Fisheries Monitoring Program 

(MCFMP) has conducted spawning surveys in all reaches previously surveyed by 

Stimson. In addition, the MCFMP has surveyed the mainstem of Mill Creek and West 

Branch Reach 1 (lowermost West Branch reach) on an opportunistic basis since 2002. In 

2003, the MCFMP took over the task of conducting annual spawning surveys on West 

Branch Reach 2. 

Weekly spawning surveys are conducted by the MCFMP from late October to early 

February and include live fish counts, redd counts, and carcass counts (McLeod and 
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Howard 2010). Spawning survey data are used to estimate minimum escapement 

estimates of Chinook and coho salmon. 

 

Outmigrant Trapping 

Juvenile salmonid outmigrant trapping has been conducted on the East Fork and West 

Branch since 1994 using modified pipe traps (McLeod and Howard 2010). The East 

Fork trap has been located immediately below the Hamilton Road Bridge since trapping 

began in 1994. The West Branch trap was located above the Hamilton Road Bridge 

until 2003, when it was moved downstream to a higher gradient location about 76 

meters (250 feet) upstream from the confluence of the West Branch and East Fork. 

 

Outmigrant trapping has been used to collect information on movement and relative 

abundance of nonsmolting salmonids, and on outmigration timing of smolting 

salmonids. The mark/recapture component of the trapping program has allowed the 

annual estimation of outmigrating populations of coho, steelhead, and cutthroat smolts 

leaving the Mill Creek tributaries. In conjunction with escapement and summer 

population data, smolt production estimates have proven to be invaluable for assessing 

limiting factors in the watershed, identifying potential areas for restoration, and now as a 

tool for gauging the effectiveness of restoration efforts. 

 

Summer Abundance Surveys 

Juvenile summer population surveys have been conducted in the majority of 

anadromous habitat on the West Branch since 1994 and on the East Fork from 1995 to 

1996 and from 2004 to 2009 (McLeod and Howard 2010). Sampling protocols and 

population estimates have been calculated using the Method of Bounded Counts, which 

is a two-phase regression estimation survey design based on repeated diver counts and 

electrofishing (Hankin and Reeves 1988, Dolloff et al. 1993). Summer abundance 

surveys typically are conducted in September and October of each year, when flows are 

near their lowest. Methodology for summer abundance surveys is detailed in McLeod 

and Howard (2010) and includes habitat delineation, snorkel surveys, and 
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electrofishing. The data obtained are statistically analyzed to determine population 

estimates for juvenile coho, Chinook salmon, coastal cutthroat trout, and steelhead. 

 

Future Monitoring 

Adult Salmonids Monitoring 

Previous monitoring of returning adults has consisted of spawner surveys, and the 

extent of the surveys has varied both annually in their frequency and reaches surveyed. 

Spawning surveys provide a general estimate of spawner abundance that can be used 

to monitor trends over time, especially if sampling effort and reaches sampled remain 

consistent between years. A previous study by Stillwater Sciences (2006) suggested 

that a weir be installed to compare returning adults with outmigrating juveniles. Because 

the number of returning adults is not a limiting factor in the Mill Creek drainage, and 

because of the cost and manpower that would be needed to operate weirs on both the 

East Fork and West Branch, this should be a low priority for future monitoring. Spawner 

surveys throughout the length of anadromy in the East Fork, West Branch, and Rock 

Creek should be conducted annually on a weekly basis, following protocols described 

by McLeod (2010), Flosi et al. (1998), and Waldvogel (1988). Data collected through 

such surveys will add to baseline data as well as add to the long-term dataset, allowing 

biologists and managers to monitor changes in the abundance of adult spawners over 

time. 

 

Juvenile Salmonids Monitoring 

Outmigrant trapping of juvenile salmonids should continue in both the East Fork and 

West Branch at the established locations that were documented by McLeod and 

Howard (2010). Continuation of the trapping is needed to provide information on 

life stage–specific survival rates and long-term population trends and to increase 

understanding of the potential factors limiting population abundance and survival 

(Stillwater Sciences 2002). These data will become increasingly meaningful after 

restoration activities have addressed habitat-limiting factors for juvenile Chinook and 

juvenile coho, involving creation of refugia during high-flow events, which typically occur 
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during winter and spring. Outmigration trapping should include a detailed 

mark/recapture plan, as described by McLeod (2010), which should include population 

estimation using the Darroch Analysis (DARR2.0) (Bjorkstedt 2005). However, to 

decrease bias in recapture rates, fish should be moved more than one habitat break 

away after marking. 

 

Summer Surveys 

Summer abundance surveys consisting of habitat mapping, snorkel surveys, and 

electrofishing should be continued throughout the anadromous habitat in both the West 

Branch and East Fork (McLeod 2010). Surveys should be conducted during late 

summer months, when flows are lowest. The West Branch should be surveyed last 

because of concerns regarding the accuracy of previous surveys resulting from sections 

of the West Branch going subsurface. If surveys were conducted before subsurface 

flows, separating and isolating sections of the population and increasing the risk of 

predation, the results would be inaccurate and overestimate the actual number of coho 

that successfully oversummer in the Mill Creek watershed (Stillwater Sciences 2006). 

Surveys should be conducted annually because of the natural variability in coho 

abundance that occurs between years, and to evaluate changes in summer abundance 

that may result from restoration, other activities, and/or natural processes. 

 
Winter/Spring Surveys 

Snorkel surveys should be implemented after major freshets, to determine the success 

of engineered logjams in creating habitat for coho during winter freshets and for 

Chinook during spring freshets. Snorkel surveys should be conducted in selected pools, 

including both treatment reaches, where restoration activities have already occurred, 

and nearby control reaches, where no restoration has taken place. The two reaches 

should be similar in size and close to each other so that comparisons can be made. 
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Passive Integrated Transponder Monitoring 

Remote passive integrated transponder (PIT) tag monitoring stations should be installed 

in both the East Fork and West Branch near their confluence. In addition, a monitoring 

station near the mouth of Mill Creek also would be beneficial. Young-of-the-year coho 

should be marked with PIT tags during summer abundance surveys, and remote 

monitoring stations should record individual fish movement between the two tributaries 

to the mainstem of Mill Creek, and ultimately when they leave the mainstem of Mill 

Creek and enter the Smith River. This type of strategy and monitoring will help pick up 

missed activity caused by high water flows. Because recent instream restoration 

activities have been occurring exclusively in the East Fork, it would be beneficial to 

determine if juvenile coho from the West Branch are actively moving into the East Fork 

and, if they are, the extent of interbasin movement. 

 

Suspended Sediment and Severity of Effect 

Where suspended sediment is measured, the data set is sufficiently robust, but 

salmonids or other sensitive aquatic species may be in the assessed reach. The 

following equations should be applied to help assess sedimentological effects on the 

fishery (Table 5-2). 

Table 5-2. Severity Impact Assessment Models for Different Life History Stages and 
Suspended Sediment Grain Sizes 

Model 
Number 

Life History Stages and 
Grain Size Range Model Equation 

1 
Juvenile and adult 
salmonids; grain size range 
0.5-250 µm 

SEV = 1.064+0.6068×LN(D)+0.7384×LN(C) 

2 Adult salmonids; grain size 
range 0.5-250 µm SEV = 1.6814+0.4769×LN(D)+0.7565×LN(C) 

3 Juvenile salmonids; grain 
size range 0.5-75 µm SEV = 0.7262+0.7034×LN(D)+0.7144×LN(C) 

4 Eggs and larvae of 
salmonids and nonsalmonids SEV = 3.7456+1.0946×LN(D)+0.3117×LN(C) 

Notes: D = duration of exposure in hours; C = suspended sediment concentration (mg/L) 
Source: Newcombe and Jensen 1996 
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5.1.3 ADAPTIVE MANAGEMENT 

To continue to collect the highest quality data, methodologies and protocols should be 

reviewed and reevaluated annually to determine whether changes are necessary. 
 

5.2 CRITERIA FOR ASSESSING LOAD REDUCTIONS 

The following discusses the targets and rationales for those targets for specified 

monitoring methods. If goals are not being achieved, the information should be used to 

bring attention to management restoration activities that can be adapted to improve an 

undesirable trend. Climate change or other large-scale forcing mechanisms could 

require alterations in these targets. The nominal target for achieving these goals should 

be 10 years after the road removal and improvement program has been completed.  

5.2.1 GEOMORPHIC AND WATER QUALITY AND QUANTITY TREND AND 
EFFECTIVENESS MONITORING 

For Hunter and Terwar creeks, guidelines that may result from upcoming Total 

Maximum Daily Load analysis of the Klamath River will apply in addition to, and may 

supersede, the criteria discussed here. Wilson Creek also will be governed by State 

Water Quality Protection Area guidelines. Targets described in the Basin Plan that 

pertain to the MCA (see Chapter 2) also should help guide water quality monitoring. 

Water quantity also affects water quality, and these two trends can be used to help 

assess forest recovery, landform stability, climate change, possibly groundwater 

changes from road removal, and the relationship of various beneficial uses throughout 

the MCA. Information from other studies also may be used to develop relevant criteria 

for adaptive management.  

5.2.1.1  SLOPE CHANGE AND SEDIMENTATION 

Targets and rates discussed in Chapter 3 will help to guide upslope source sediment 

loading assessments over time.  
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5.2.1.2 SUSPENDED SEDIMENT AND TURBIDITY 

A decreasing trend in suspended sediment/turbidity values that compares favorably with 

the relatively low values reported by USGS and other studies during the logging period 

should be the desired goal. Klein et al. (2008) compared turbidity conditions of 27 North 

Coast forested watersheds, using the 10% exceedance level (the turbidity level that was 

exceeded 10% of the time) as a metric for comparison. Although watersheds were 

analyzed in a different geological setting than the MCA, this study is still useful as a 

point of reference for salmonid streams. The analysis found that forested watersheds 

without previous timber harvest (n=12) had an average turbidity level of 13 FNUs 

(Formazin Nephelometric Unit  - essentially equivalent to a NTU [nephelometric turbidity 

unit])  at the 10% exceedance level (range = 3 to 22), whereas watersheds with lower 

harvest rates (<1.02% annual clear-cut equivalent, mean = 0.67%) had an average 10% 

exceedance turbidity of 20 FNUs (range = 4 to 37, n = 5). Watersheds with higher rates 

of harvest (>1.57% annual clear-cut equivalent, mean = 2.35%) had an average 10% 

exceedance turbidity of 61 FNUs (range = 27 to 116, n = 10). 

5.2.1.3 SURFACE PARTICLE SIZE DISTRIBUTION (PEBBLE COUNTS) 

Knopp et al. (1993) found a statistically significant difference between the median 

surface particle sizes of streams with and without extensive management. Their study 

showed that watersheds without extensive previous management had an average 

median surface particle size of 63 mm (2.48 inches). The desired goal is to attain a 

median surface particle size of 63 mm (2.48 inches) or greater within 10 years of 

completion of the road removal program. 

5.2.1.4 SUBSURFACE PARTICLE SIZE DISTRIBUTION (MCNEIL SAMPLES) 

NCRWQCB (2006) reviewed literature pertaining to the appropriate subsurface particle 

size distributions for support of salmonids. That review determined that less than 14% 

fines less than 0.85 mm (0.033 inch) and less than 30% fines less than 6.4 mm (0.252 

inch) together provide a benchmark for subsurface gravel quality in relation to salmonid 

spawning. The desired goal is that no more than 30% of the gravel subsurface volume 

has an intermediate diameter of 6.4 mm (0.252 inch) or less, and no more than 14% of 
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the gravel subsurface volume has an intermediate diameter of 0.85 mm (0.033 inch) or 

less within 10 years of completion of the road removal program. 

5.2.1.5 V* AND BULK SEDIMENT 

The goal is an average V* for monitoring reaches that is less than or equal to the 

baseline values reported by Knopp (1993). 

5.2.1.6 INSTREAM TOPOGRAPHIC SURVEYS 

The goal for repeated cross-section surveys is to show a decreasing width/depth ratio in 

the channel bed and an increasing trend in pool depth and frequency. 

5.2.1.7 RIFFLE-SURFACE FINE SEDIMENT 

The three streams identified by Cover et al. (2008) as having low sediment supplies 

have an average riffle-surface fine sediment value of 7.5% (range = 3.7% to 10.2%). 

The goal is an average riffle-surface fine sediment percentage for all monitoring reaches 

that is less than 10% within 10 years of completion of the road removal program. 

5.2.1.8 STREAM TEMPERATURE-RELATED MONITORING 

Stream temperatures in the MCA do not appear to be a major limiting factor for 

salmonids or for other beneficial uses. Monitoring should be conducted to ensure that 

this assessment is correct and that management activities do not contribute to 

temperature increases from those reported in Chapter 2. 

5.2.1.9 RIPARIAN VEGETATION EXTENT 

The goal for riparian vegetation management is to increase the coniferous canopy 

height and density in order to improve recruitment and to maintain or marginally improve 

effective shade. Effective shade is sufficiently robust to maintain generally adequate 

stream temperatures in the MCA. The effective shade target considers vegetation 

height, topography, and stream width, and is a function of the percentage of the stream 

at bankfull width that receives shade. Different vegetation types contribute to produce 

varying effective shade at different stream widths. The goal for the MCA follows Table 3 
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in the South Fork of the Eel Total Maximum Daily Load (USEPA 1999); this table 

provides a matrix of desired effective shade by vegetation type and stream width. 

5.2.1.10 SURFACE WATER AND GROUNDWATER FLOW 

The goals for surface water and groundwater flow are to maintain quantities necessary 

for the fishery to attain optimum health and capacity, and to provide water for 

recreational uses. 

5.2.1.11 PRECIPITATION, AIR TEMPERATURE, AND WIND 

The goals for long-term meteorological data collection are to attain a sufficiently robust 

data set to observe trends related to climate change, to help assess restoration results, 

and to help predict optimum locations for related monitoring sites. 

5.2.2 AQUATIC SPECIES POPULATION TREND-DISTRIBUTION AND 
EFFECTIVENESS MONITORING 

The vigor and robustness of aquatic populations is highly dependent on water quality. 

Population trends can help determine local watershed conditions for less mobile species 

and can help show external influences on populations that move in and out of the MCA. 

5.2.2.1 FRESHWATER MUSSELS 

The aim of the general-sample transects (or the intensive-sample quadrats if numerous 

mussels are found along the transect) is to determine the number of mussels per 

square meter so that a relative density can be determined. The aim of intensive-sample 

quadrats is to determine the age distribution, and thus recruitment level, of the 

population. A self-sustaining pearlshell mussel population should have 20% of the 

population in the juvenile age class (i.e., those less than 55 mm [2.2 inches] long) and 

at least some in the early juvenile age class (i.e., those less than 30 mm [1.2 inches] 

long). First-year samples will determine whether the Mill Creek western pearlshell 

mussel population is self-sustaining, based on age class distribution. Return-year 

samples will determine whether the relative density, and thus total population size, is 

increasing, stable, or decreasing. 
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5.2.2.2 SALMONIDS 

The goal for salmonids is to have an increasing trend in the populations of all monitored 

age classes until a relatively stable and optimum population size is attained. An 

improving trend in the suspended sediment/severity of effects monitoring, toward 

classifications below sublethal, is a related goal. 

5.3 DATA MANAGEMENT 

Sound data management methods can help to ensure that the goal of the monitoring 

activity is actually realized because the data analysis is only as good as the steps used 

to derive and preserve the data. This is particularly true for long-term data sets that are 

needed to observe landscape scale change. Study design, data collection, and 

interpretation should have the oversight of a qualified, licensed professional, as 

appropriate. Written protocols should be developed to help guide each monitoring facet, 

to help ensure that longer term data sets are collected consistently over time. The 

monitoring methodology used in the MCA should be consistent with State Parks 

Inventory and Monitoring Program protocols, where they have been developed,  

5.3.1 COLLECTION 

For road rehabilitation projects, quality control should be maintained through direct 

observation of operations by qualified personnel. To maintain cost-effectiveness, all 

subcontracted equipment operators should be required to have a specified number of 

related experience hours, depending on the complexity of a given project. Project 

documentation should consist of timekeeping, volumetric data, and atypical prescription 

notes for complex sites. Project inspectors should track 15-minute intervals that 

describe what each piece of equipment is doing during a given time period. These data 

should be combined with volume and distance data to produce production rates. 

Project-related data should be captured in all-weather field notebooks and transferred to 

electronic spreadsheets, databases, and reports as soon as the inspectors return to 

their office. 
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Permanent photo-points should be established at selected crossing and road removal 

sites where before and after pictures are taken. Data for each photo-point should be 

captured in a field index log that includes site documentation, photo-point number, file 

name of picture, date, time, lens, weather (sun/shade), compass direction, orientation of 

frame (vertical or horizontal), landmarks, and any other identifying information. 

Photo-points should be used to identify changes and monitor conditions at the sites, and 

new photo-points should be taken using the original as a guide to duplicate the exact 

framing.  

For forest restoration, field staff should monitor all forest restoration activities to ensure 

that the work is accomplished throughout the treatment area and that all work is 

accomplished to prescription specifications. Permanent plots should be established in 

selected stands to monitor long-term changes in forest structure and stand composition, 

using both physical measurement and photographic techniques (State Parks 2008). 

Larger trees should be tagged at breast height to note measurement location and to 

enable the tracking of changes to individual tree. Control areas should be compared to 

various treatments implemented. The size and number of plots may vary to meet the 

needs of individual projects. 

Instream, meteorological, sedimentological, and hydrological monitoring involve 

comparatively newer data sets that have been recently initiated or have not yet been 

started. However, in some cases, existing baseline data exists; relevant stream reaches 

should be reoccupied and/or expanded for instream, sedimentological, and hydrological 

monitoring, and methodology that facilitates comparison with previous data sets should 

be followed. Other sites that are selected will depend on the location of restoration 

activity and the opportunity to maximize the value of the monitoring effort. The locations 

for permanent meteorological stations are being considered. In most cases, 

instrumentation should be downloaded in the field and promptly annotated and archived 

by the surveyor on return to the office to facilitate analysis. Monitoring of aquatic 

species has been ongoing for a number of years and the data collection protocols are in 

place. 
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5.3.2 STORAGE 

Monitoring data are stored in the district GIS for interpretation and long-term storage. 

Data are stored according to park and/or subject matter, and protocols have been 

developed for entering some, but not all, long-term natural resource data sets. State 

Parks has recently hired dedicated staff to coordinate the system, which should help to 

improve the downloading operation. Users are screened for access to certain parts of 

the GIS by the GIS administrator. Roads and Trails staff maintain a separate GIS that is 

periodically downloaded to the district GIS. The GIS server is backed up nightly to the 

departmental network in Sacramento. 

5.3.3 DISSEMINATION 

Because State Parks is a public agency, information is available on request from 

manager of the North Coast Redwoods District Natural Resources Program. If it is 

determined that releasing the information could lead the public to affect resources in an 

adverse way (e.g., knowledge of the whereabouts of sensitive artifacts or unique trees 

that could be affected by excessive visitation), the information will remain confidential. 

With respect to this document, it will be available at the Humboldt State library and the 

State Parks district office at Fort Humboldt State Historic Park in Eureka, California. 
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6 ECONOMIC ANALYSIS 

Source: _______ 

6.1 PROJECT COST ESTIMATES 

The primary costs for implementing this plan relate to abating sedimentation from the 

roads, improving forest stands, installing instream structures, and monitoring the 

restoration activities and climatic conditions. Although several of these items may have 

a per unit cost that can be predicted over time, more dynamic parameters, such as the 

rate of forest growth or unusual events like earthquakes, large storms, or forest blight, 

can accelerate or decelerate the need for funds.  

6.1.1 SEDIMENT ABATEMENT 

Road-associated sedimentation should be controlled and abated through a combination 

of routine patrol, maintenance, and rehabilitation treatments. A seasonal storm patrol 

crew should continue to operate on a seasonal basis to clear culverts, ditches, and 

other drainage structures. Seasonal storm patrols are an essential, cost-effective way to 

prevent road-related sedimentation from the existing road network before an upgrade. 

Currently, a four-person crew with heavy equipment operates from November 1 through 

April 30 each year. Annual support costs for the storm patrol crew are $80,000. 

Approximately 128 kilometers (80 miles) of road are expected to remain operational on 

the property for public access and administrative purposes in the long term. Most of 

these roads are poorly designed, with problematic drainage, inboard ditches, and 

undersized culvert road crossings and cross drains. Road upgrades will improve 

conveyance at road stream crossings, improve road surface drainage, reduce 
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connectivity between roads and streams, and stabilize road fills. Costs for road 

upgrades are estimated to be $15 million in 2008 dollars. Annual maintenance costs for 

128 kilometers (80 miles) of retained road are estimated to be $900,000 in their present 

condition. After the roads are upgraded, maintenance costs should be reduced to an 

estimated $673,000 annually, including costs for annual grading, roadside brushing, and 

cyclic replacement of drainage structures. 

The property contains a network of surplus roads estimated to total 320 kilometers 

(199 miles). Over the next several decades, these roads will be removed or converted 

to trails. Costs associated with this work are estimated to be $25–35 million, depending 

primarily on the price of fuel, which has the greatest effect on the cost of road work. 

6.1.2 FOREST ENHANCEMENT 

State Parks has recently been restoring approximately 200 hectares (ha) (500 acres 

[ac]) of forest per year and aims to continue at this pace as funding allows. Treatment 

costs have been more than $1,500/ha ($607/ac) but vary greatly, depending on a host 

of issues, including fuel reduction needs (along drivable roads adjacent to treatments), 

tree and brush density, the location and number of trees to be fallen, fuel costs, and the 

acreage treated in a given year. As other age classes are treated, other variables may 

need to be considered. Additional analysis will be needed to determine the number of 

snags and the amount of coarse wood that is appropriate to improve fish and wildlife 

habitat. It is likely that more trees may need to be cut to meet stand-level objectives 

than are necessary to meet habitat needs for snags and coarse wood. In such cases, 

excess timber may be removed and sold to help offset the costs of the project. Timber 

removal will, however, increase the cost of administration, including additional analysis 

under the California Environmental Quality Act, contracting specifications, and oversight 

of operations. Despite these added costs and the current depreciation in timber prices, 

the treatment of older age classes may be less than current costs for younger stands. 
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6.1.3  INSTREAM STRUCTURES 

Complex wood jams, which are the preferred design for instream structure construction, 

cost about $6,500 each. Approximately eight have been installed to date, and another 

50 are being installed or are planned for installation in the East Fork. The West Branch 

and other locations have not yet been fully assessed to determine the number of 

complex wood jams needed in those locations. 

6.1.4 MONITORING 

6.1.4.1 AQUATIC SPECIES 

The estimated annual cost for the fishery and freshwater mussel monitoring, as 

described in Chapter 5, is about $125,000. An additional $15,000 per year should be 

allocated toward monitoring other aquatic species that currently do not have well-

defined monitoring protocols but that are important indicator species (e.g., 

salamanders).  

6.1.4.2 PHYSICAL PROCESSES 

Instream and Riparian 

The estimated annual cost for instream and riparian monitoring (described in 

Chapter 5), including limited instream structure monitoring, is about $150,000. The 

estimated start-up costs related to equipment purchasing are approximately $250,000. 

Terrestrial Upslope 

Regular aerial photography and Light Detection and Ranging (LiDAR) data acquisition, 

on an approximate 7-year basis, would facilitate linking the upslope and instream-

riparian monitoring. Because the initial LiDAR data for the Mill Creek Addition (MCA) 

had some quality issues, a LiDAR acquisition flight should be performed in about 2012. 

Regular air photo acquisition should be available for free to the general public as part of 

ongoing land cover data acquisition by other agencies (e.g., National Agriculture 

Imagery Program photographs). The cost of the LiDAR acquisition is currently about $2 

per acre. The cost of processing is another $1 per acre. If the cost of obtaining and 

processing data on 25,000 acres (about $75,000) is amortized over an average 7-year 
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period, the annual cost would be about $11,000. Analysis costs would be nominal to 

grant funding sources if the analysis is performed by licensed State Parks staff 

members, funded by the district.  

6.2 SOURCES OF FUNDING 

Funding sources for urgently needed implementation and planning projects include 

State Parks, Save the Redwoods League, the California Coastal Conservancy, the 

Wildlife Conservation Board, the California Department of Fish and Game, the California 

State Water Quality Control Board, and Redwood National Park through its Centennial 

Fund and American Recovery and Reinvestment Act funding. Although specific funding 

programs may change, these funding sources also are expected to be used in the 

future. Other sources also may be used if opportunities arise (e.g., research by the 

University of California).  

6.3 PROJECT INTERIM MILESTONES 

Interim milestones for the project include completion of the Landscape Stabilization and 

Erosion Prevention Plan road removal, completion of the Forest Ecosystem Restoration 

and Protection Project forest treatments, completion of the East Fork instream structure 

installation project, and completion of the culvert and bridge system upgrade to current 

standards. Completion of forestry data analysis will further guide restoration treatments. 

Development of a Roads and Trails Plan will help to identify final routes needed for 

public and administrative access. After these tasks are accomplished, adequate 

monitoring data should be available to help guide further restoration activities on a more 

stable road network that can be more easily maintained. Final completion of the road 

removal, instream structure installation, and forest restoration phases will complete the 

implementation element of the project. Follow-up work, based on the monitoring trends 

and the goals outlined in Chapter 5, will complete the project. 
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