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1.  INTRODUCTION

The Middle Hoh River Watershed encompasses the middle third of the Hoh River basin between the confluence of the North and South Forks of the Hoh to the east and the Highway 101 crossing at river mile (RM) 16 to the west. The Middle Hoh River watershed lies on the central western slope of the Olympic mountain range, encompassing approximately 47,418 acres of primarily industrial forestland. It is bounded by Willoughby Ridge and Spruce Mountain on the north and Octopus Mountain and Owl Ridge on the south. Elevations range from 100 meters near Highway 101 to approximately 1000 meters on the ridge tops above Spruce and Canyon Creeks. The Hoh River itself is glacier-fed, with its headwaters originating on the slopes of Mount Olympus at an elevation of 2425 meters. 1, 2 

The Hoh River basin is a glacially formed, highly unstable system. The valley walls are composed of glacial/fluvial terraces formed as the river downcut through its valley, which is up to two miles across in many reaches of the Middle Hoh. Mainstem tributaries cut deeply through shallow colluvial soils overlying either structurally soft marine-derived sediments or non-cohesive glacial deposits, and are highly susceptible to debris torrents and mass wasting events. Large amounts of seasonal precipitation (120-140 inches/year), combined with management activities which emphasize timber extraction, promote the initiation of these events and subsequent movement of sediments from the hillslopes to the fluvial stream channel network.3,9,1
Over 98% of the land in the Middle Hoh watershed is managed for timber production.1 A majority of this land is owned and managed by the Washington Department of Natural Resources (DNR), with much smaller holdings by the U.S. Forest Service (USFS) and private land owners.2 Logging of DNR land began in the late 1950s and early 1960s while logging on small private holdings began as early as the 1940s.3
The Hoh River watershed is known to support populations of naturally reproducing stocks of chinook, coho, chum, steelhead, resident rainbow trout, coastal cutthroat trout and bull/Dolly Varden trout, as well as mountain whitefish, longnose dace, Olympic mudminnow, three-spine stickleback, Pacific lamprey, Western brook lamprey and six species of sculpins.4       

This evaluation of baseline environmental conditions effecting bull trout in the Middle Hoh River was guided by the U.S. Fish and Wildlife Service document A Framework to Assist in Making Endangered Species Act Determinations of Effect for Individual or Grouped Actions at the Bull Trout Subpopulation Watershed Scale (1998). The draft Hoh River Watershed Analysis; Middle Hoh and Rainforest Watershed Analysis Units (WAU’s), Level 2 (Washington State Department of Natural Resources 1999) was used extensively to determine whether environmental indices were properly functioning, at risk, or not properly functioning in 5th field watersheds. This, and other documents and personal communication used in developing assessment components are referenced as endnotes in the text.

2.  USFWS MATRIX FOR BULL TROUT

The middle Hoh River watershed was evaluated for bull trout through the use of the USFWS matrix. This matrix (Table 1) was developed to document baseline environmental conditions in order to assist in determining the effects of individual or grouped actions at the bull trout subpopulation watershed scale.
Table 1 - Middle Hoh River Bull Trout Matrix.

	
	
	ENVIRONMENTAL BASELINE

	PATHWAYS
	INDICATORS
	Properly Functioning
	At Risk
	Not Properly Functioning

	Water Quality:
	Temperature
	
	
	X

	
	Sediment/Turbidity
	
	
	X

	
	Chemical Contaminants and Nutrients
	X
	
	

	Habitat Access:
	Physical Barriers
	
	X
	

	Habitat Elements:
	Substrate Embeddedness
	
	
	X

	
	Large Woody Debris
	
	
	X

	
	Pool Frequency and Quality 
	
	X
	

	
	Large Pools
	
	X
	

	
	Off-Channel Habitat
	
	X
	

	
	Refugia
	
	
	X

	Channel Condition and Dynamics:
	Width/Depth Ratio
	
	
	X

	
	Streambank Condition
	
	
	X

	
	Floodplain Connectivity
	
	X
	

	Flow/Hydrology:
	Peak/Base Flows
	X
	
	

	
	Drainage Network Increase 
	
	
	X

	Watershed 

Conditions:
	Road Density and Location
	
	
	X

	
	Disturbance History
	
	
	X

	
	Riparian Reserves
	
	
	X

	
	Disturbance Regime
	
	
	X

	Subpopulation Characteristics within Subpopulation Watersheds:
	Subpopulation Size
	Unknown

	
	Growth and Survival
	Unknown

	
	Life History Diversity and Isolation 
	Unknown

	
	Persistence and Genetic Integrity
	Unknown

	Species and Habitat:
	Species Integration/Habitat Conditions
	
	X
	


3.  RATIONALE FOR PATHWAY INDICATOR RATINGS FOR BULL TROUT

3.1 Stock Definition, Origin, and Status

A study of the distribution and spawning migration of bull trout in the Hoh River basin was conducted by Olympic National Park personnel from August 1998 to August 1999.5 Methods included electrofishing, angling, walking and day and night snorkeling. Genetic analysis of individual fish collected during this study confirms that native char in the upper Hoh River (n=73) and South Fork Hoh River (n=45) are indeed bull trout. Walking surveys conducted between October and December of 1998 found 34 bull trout redds in the Hoh River, outside the boundaries of the Middle Hoh WAU ; four in the upper mainstem, five in the South Fork Hoh and 25 in two tributaries located within the Olympic National Park boundary. Although this study failed to detect juvenile or adult bull trout in the Middle Hoh River or its tributaries, creel surveys conducted throughout the Hoh River, including the Middle Hoh, in 1994 and 1995 revealed that bull trout represented 12.0% and 8.6% of the total salmonid catch, respectively.5 There is no evidence to suggest that resident populations of bull trout inhabit the Hoh River.13
Bull Trout

Extensive electrofishing, angling, and day and night snorkeling surveys failed to detect the presence of bull trout in the Middle Hoh River or its tributaries.5 However it is clear that bull trout use the Middle Hoh as a migratory corridor, and it’s possible they rear and spawn in side channels of the mainstem12,13 (thorough walking surveys were conducted in tributaries of the Middle Hoh, but not in side channels of the mainstem during the 1998-99 study). Information gathered from 1994 and 1995 creel surveys, and the collection of 2 bull trout at RM 0.5 during the 1998-1999 study indicate that Hoh River bull trout populations are anadromous, and possibly fluvial.12,13  The unstable nature of the Hoh River system “may favor the presence of multiple life history forms of bull trout.”5,13 Previous studies of bull trout in the interior Pacific Northwest reveal that these fish are known to migrate as much as 100 kilometers to overwinter in a river mainstem, and return to natal tributaries to feed during spring and summer months.6  

3.2 Water Quality

Temperature—Not Properly Functioning. Water temperature data are available to describe conditions in the Middle Hoh River from 1980 to 1998. Peak temperatures measured on 25 occasions at 12 stations ranged from 14.0 to 24.0 degrees Celsius. The latter temperature represents the upper lethal limit for salmonids. Three monitoring stations in the Middle Hoh (Owl, Elk and Winfield) have experienced peak temperatures exceeding 19.0o C, and approximately 75% of the peak annual temperatures measured in the Middle Hoh exceeded the state standard of 16.0o C for Class AA streams. Consequently, most major tributaries to the Hoh are on the 1998 Washington State Department of Ecology 303(d) list for temperature exceedance. Six of these are in the Middle Hoh basin: Alder, Maple, Owl, Tower, Willoughby and Winfield.11 All streams in the Middle Hoh basin are felt to have a high vulnerability to thermal input.7 

Current shading of these streams is good (>80%, overall), and according to the Riparian Module is not likely to play a large role moderating water temperature. This level of stream shading is thought to represent historic conditions, although trees are younger and more densely distributed than in the past. Still, all streams below 207 meters are reported to represent a high shade hazard (i.e. low in topographic shade, commonly reach temperatures exceeding 16.8o C, and are therefore subject to negative impacts from riparian removal).2 

Riparian scientists have believed for some time that logging in forested wetlands plays a role in regulating stream temperatures through the influx of heated groundwater.7 A study conducted in 1995 to determine the effects of logging forested wetland on the Olympic Peninsula revealed that the percentage of late-successional forest in the Hoh plays a significant role in regulating stream temperatures. The Hoh Water Quality Module analyst reports that “Given the fact that most low-gradient streams in the WAU are associated with depressional and slope connected wetlands, it is likely that groundwater flows from forested wetlands are a major control of stream temperatures in the Middle Hoh WAU.”7
Sediment/Turbidity—Not Properly Functioning.  According to the Mass Wasting Module, “On average, landslides observed in the Middle Hoh WAU deliver sediment to stream channels or other waters 86% of the time” and 82% of landslides observed are related to management practices such as clear-cutting on steep slopes, side-cast road building and poor road drainage.9 Landslides are estimated to produce 24 times more sediment in the Middle Hoh than do surface and road erosion.9  Both course and fine sediment levels were high enough to warrant a “high hazard” call for several tributaries by the Fish Habitat analyst. High loads of course sediments were considered a threat to pool depth, and fines were determined be a hazard to the development of pool tail-outs that would provide good spawning habitat for fish (stream gradients 4-20%); both fine and course sediments were considered a hazard to the mainstem (<2% gradient) due to deposition and aggredation.4 

High levels of fine sediment have been measured in spawning gravels in the Middle Hoh River. Background levels of fine sediments (<0.85mm) in undisturbed Hoh River tributaries within Olympic National Park range from 1.8 to 14.2% of substrate gravels, with a mean value of 9.6%. Rarely do levels exceed 10% in any western Olympic Peninsula stream, yet fines ranged from 3.8 to 73.8% (mean=18%) in five tributaries of the Middle Hoh.4 Although bull trout have not been detected in the Middle Hoh or its tributaries, the possibility exists that they could rear or spawn in mainstem side channels, therefore, the negative impacts of high sediment deposition in these areas are cause for concern.

Chemical Contaminants and Nutrients—Properly Functioning.  Sporadic measurements of Middle Hoh River mainstem water chemistry were taken from 1960 to 1997, and no Class AA 303(d) exceedences for temperature, pH, dissolved oxygen, or nutrients were discovered.11 However, measurements taken in 1994, 1996 and 1997 exceeded state standards for fecal coliform once in each year. These exceedences are not attributed to management activities.7 

High accumulations of cedar spaults in the lower reaches of two tributaries of the Middle Hoh (Alder and Hell Roaring Creeks) present a concern to biologists of the Hoh Tribe. These spaults are remains of cedar salvage operations and their presence may degrade water quality. Recently, the tribe has begun to collect water samples downstream of these deposits to assess impacts to temperature, dissolved oxygen and water chemistry.7, 4 

3.3 Habitat Access

Physical Barriers—At Risk.  Human caused barriers create serious impediments to migrating salmonids throughout the Middle Hoh system. Barriers have been created by the improper construction of roads and placement of culverts, as well as by large deposits of cedar spaults, which create impassable debris mats. The Hoh Tribe found 60 impassable culverts in the Middle Hoh during stream typing surveys conducted in 1997. Cedar spault deposits are fish migration barriers in Hell Roaring Creek and several tributaries of Alder Creek in the lower Middle Hoh basin.7, 4 There appear to be no barriers to migration of bull trout spawners from the lower mainstem to spawning grounds in the upper Hoh River basin.
3.4 Habitat Elements

Substrate Embeddedness—Not Properly Functioning.  Land management activities have increased the number of mass wasting events above historic levels, and these events have been found to transport more course and fine sediments to stream channels than would occur under natural conditions.9  The Surface Erosion analyst reports that roads deliver variable rates of fine sediments to streams, ranging from 7 to 286% (mean=79%) above background levels.8 The Channel analyst rates the Middle Hoh mainstem and tributaries at a high level of geomorphic sensitivity for both fine and course sediments, with depositional reaches showing a high sediment supply relative to transport capacity.3  Course sediments have converted pool/riffle habitat to plane-bed by filling pools and burying wood, and in two instances caused channel meander reversals (Winfield and Alder Creeks). Fines were found to be above natural levels and were degrading fish spawning and rearing habitat through pool filling, increased turbidity and increased subsurface fines.3 

Large Woody Debris—Not Properly Functioning.  Forest management activities in both the mainstem Middle Hoh River and its tributaries have negatively altered the natural LWD regime in this system. Most of the watershed has been heavily logged, including river channel migration zones, leaving little or no riparian buffer. Counts of key wood pieces and their distribution within channels are less than desirable, and large wood loading in many streams is dominated by small diameter red alder, which decays rapidly and contributes little to pool formation. The Channel and Fish Habitat analysts rate tributaries and mainstem with gradients between 1% and 30% as “high hazard” areas for habitat damage through land management activities that have limited large wood delivery.4, 3  Past riparian logging and frequent management-related mass wasting events have severely reduced the potential for large wood recruitment from riparian areas, which are “the primary source of wood recruitment to stream channels.”3  

Pool Frequency and Quality/Large Pools—At Risk.  These indicators are addressed together because of interrelated formation factors and because there is limited quantitative information in the watershed analysis. No specific pool frequency data (# pools/mile relative to channel widths) are available from the Middle Hoh watershed analysis, but the Channel analyst reports that 5 of 6 mainstem segments measured in the watershed had poor channel width/pool ratios, and the only good segment was in an unmanaged area.3 Although pool depths in tributaries were found to be below the USFWS  “properly functioning” depth of >1m, no main channel pool depths were given. These indicators were determined to be “at risk” for the following reasons: 1) pool surface areas average less than the 50% recommended by riparian and fish scientists who have conducted research in the Hoh basin,  2) the number of channel widths/pool was generally fair to poor,  3) residual pool depths were generally found to be low due to excessive sedimentation,  4) massive reductions of historic large wood levels and an increase in mass wasting events have converted several streams from pool/riffle to plane-bed channel morphologies, and  5) low near-term large wood recruitment potential will limit future pool development.4
Off-Channel Habitat—At Risk.  Maps contained in the watershed analysis reveal a high abundance of off channel habitat in the tributaries and mainstem of the Middle Hoh River. Although abundance is high, management-related impacts have degraded this habitat and will continue to do so in the near term. The Channel and Fish Habitat analysts rate the mainstem floodplain and its side channels (gradient <2%) a “high hazard” to input from fine and course sediments, low levels of large woody debris, peak flows and catastrophic damage created by landslides and debris flows.4, 3 Four Causal Mechanism Reports (CMRs) in the Channel Module were written to address recently recognized channel-related hazards. All four reports present loss of woody debris through clearcutting and partial harvest of riparian forest as a causative factor in the conversion of pool/riffle habitat to plane-bed channels, the dewatering of channels and the reduction of off-channel habitat from historic levels.3  

Refugia—Not Properly Functioning.  Refugia is determined to be “not properly functioning” in the Middle Hoh watershed based upon conclusions drawn from the Fish Habitat analyst: “In the Hoh, refugia, including mainstem, valley and terrace (floodplain) tributary types are already established in the Olympic National Park. Outside of ONP, habitat conditions are extensively degraded, as physical processes have been altered spatially and temporally across the Middle Hoh (and Lower Hoh) WAU’s. Key physical processes include dramatic increases in rates of channelized landslides, increases in delivery of coarse and fine sediment, systematic loss of large wood, and increases in thermal heating. Channel and habitat conditions in the Middle Hoh directly reflect these changes in physical process.”4 Restoration measures and management changes are currently underway in the Middle Hoh, but it is expected that it will take decades for natural processes to become re-established.

3.5  Channel Condition and Dynamics

Width/Depth Ratio—Not Properly Functioning.  Stream typing studies conducted by the Hoh Tribe from 1989-1991 found width/depth ratios to be less than ideal for most large tributaries in the Middle Hoh watershed. Width/depth ratios in six of these tributaries ranged from 12.5-38.9 (mean=25.5)4. The draft watershed analysis contains no specific width/depth ratio information for the mainstem Middle Hoh River, but conditions are assumed to be “not properly functioning” due to high sediment transport above natural background levels and very little large woody debris in the channel. According to the Channel analyst, “the unconfined mainstem has not historically been directly affected by catastrophic disturbance passage, but has exhibited vertical and lateral instability in response to sediment waves.”  These sediment waves to the mainstem are the result of catastrophic debris flows and dam-break floods in the tributaries and are believed to have dramatically changed the historic condition of the floodplain.3 

Streambank Condition—Not Properly Functioning. The Mass Wasting analyst examined sub-basins of the watershed to determine rates of landslides between 1939 and 1999 and found that a total of 628 landslides have occurred in the Middle Hoh watershed since timber extraction began in the early 1940’s. “The Alder, Spruce, Tower and Willoughby sub-watersheds were assessed over a period of 60 years and Elk, Hell Roaring, Owl … and Winfield were assessed over a period of 24 years.”9  Landslides in the “60 year assessment” group ranged from 33-101 total slides (mean=62.5), while the “24 year assessment” group ranged from 26-165 total slides (mean=95.3).   Sixty percent of all landslides were associated with clear-cuts, 19% were related to roads, 3% to landings, 18% were associated with mature forests, and less than 1% with gravel pits.9 

Floodplain Connectivity—At Risk.  An “at risk” determination was made for floodplain connectivity based upon information presented by the Fish, Channel and Mass Wasting analysts. Management-related high sediment influx and large woody debris deficit have catastrophically altered the natural physical processes that form and maintain the floodplain and lower basin of the Middle Hoh watershed.3, 4, 9 Channel aggredation and incision is widespread, two tributary channel meander reversals have been identified, and many pool/riffle sequence streams have been converted to plane-bed—all attributed to high sediment input and loss of large woody debris. Further, in many places along the Middle Hoh watershed the river is cut off from its floodplain by the lower Hoh Road.4  Future management recommendations of the Fish Habitat analyst include the establishment of policies which recognize and protect a channel migration zone, in which riparian removal is closely regulated or even eliminated, in order to (over time) re-establish natural conditions through the interaction of the river with its floodplain.4         

3.6  Flow/Hydrology

Peak/Base Flows—Properly Functioning.   The Hydrologic Change analyst reports that “modeling results suggest that timber management has no quantifiable effect on extreme (>10 year) flows and relatively small effects on smaller, more frequent peak flows,” and that peak flows in the Middle Hoh watershed were not significant enough to warrant either a moderate or high hazard call. The Hoh basin hydrologic regime appears to be driven by natural fluctuations in weather, particularly the incidence of high-rainfall storm events. The module reports, “…potentially significant channel disturbance occurred between 1935 and 1957, during which time 4 flows had return periods of greater than 10 years. Significant channel disturbance may also have occurred between 1980 and 1991. During this 11 year period, 9 events occurred which exceeded the 2-year flow.”1 Still, the analyst continues… “…with respect to fish habitat, all relative peak flow increases are less than 14% under fully immature conditions and less than 5% under current conditions.”  Although much of the watershed forest is considered hydrologically mature (>18 years old and <75% deciduous stems), and therefore somewhat immune to rain-on-snow flooding, only 26% of 57 peak flows analyzed were likely generated by rain-on-snow events, while 46% were generated primarily by rainfall.1  
Drainage Network Increase—Not Properly Functioning.  This indicator was rated “not properly functioning” because the extensive road system in the Middle Hoh watershed significantly increases the drainage network. Road density in the watershed is extraordinary, at 3.2 miles/mi2, and many of these roads route water directly from road surfaces and cut-bank hillslopes into stream channels. The ditch systems associated with these roads effectively become intermittent streams that increase the rate and volume of water delivered to natural stream channels. 

3.7  Watershed Conditions

Road Density and Location—Not Properly Functioning.  This indicator was rated as “not properly functioning” based upon high road density in the WAU and the prevalence of roads in the lower valley bottoms. Roadbuilding in the Middle Hoh watershed began in the 1930’s and 1940’s as settlers moved into the valley, and escalated during the 1950’s and 1960’s to accommodate timber extraction. There are presently 254.8 miles of road in the watershed, with a road density of 3.2 road-miles/mi2. Most roads lie on valley bottoms or on steep valley slopes.8 

Disturbance History—Not Properly Functioning.  The Middle Hoh watershed is a naturally unstable system due to soil composition and high seasonal rainfall, but certainly management activities have greatly altered the disturbance history of this system. Soils in the Middle Hoh watershed are such that half the watershed has high erosion potential.9 The greatest hazard lies on steep valley slopes, edges of terraces, and inner gorges. Slopes in the lower valley were rated at a moderate or low hazard for erosion potential. Additionally, almost all soil groups in the WAU develop high seasonal water tables 1.5 to 5 feet below the surface during the wet season, oftentimes due to impermeable soil horizons such as massive sandstones or siltstones, which also prevent the penetration of tree roots needed to anchor soil to parent material.9 Most areas in the watershed have been extensively cut.

Historically, clear-cutting was the dominant method of timber extraction in this watershed.

Most of the watershed, including the valley bottom, was historically covered with dense stands of coniferous forest largely populated with western hemlock and Sitka spruce, with lesser stands of western red cedar and Douglas fir.2 Although the watershed analysis presents no quantitative information about old growth forest in the basin, it reports that most of the harvestable old growth in the valley has already been extracted. Much of the remaining old growth stands, especially those located along ridgetops will remain as habitat.8 

Riparian Reserves—Not Properly Functioning.  This indicator is rated as “not properly functioning” following an assessment of stand age in riparian areas and potential for large wood recruitment to river channels. The Riparian analyst reports, “A small amount of logging occurred in the 1920’s and 30’s, then increased somewhat during World War II. Much of this early logging occurred in the lowlands in the Winfield and Elk Creek sub-basins. Then in the late 1950’s and into the 60’s and 70’s timber harvesting on State land began in earnest. Initially, riparian protection was minimal and most riparian areas were clear-cut. Starting in the mid-1970’s this changed and riparian areas started being protected, though not to the extent they are today. This resulted in young regenerated riparian stands that vary from pure conifer in some areas to mostly hardwood in others. The current riparian stands tend to be quite dense, with relatively small trees.”2  According to the Fish Habitat analyst, “A large proportion of the late successional riparian forest has been removed from the Middle Hoh and its tributaries. Most of these areas were harvested without buffers of any kind, some as little as 10-15 years ago.” Although shading to small channels was found to be adequate (82% of all major tributary reaches had canopy closures of >80%)2, the historic logging of riparian areas has led to massive depletions of in-channel wood, the effects of which will be observed well into the future, as old-growth legacy pieces are being rapidly lost through decomposition and channel transport.4
Disturbance Regime—Not Properly Functioning.  Land management activities have greatly altered the disturbance regime of the Middle Hoh River watershed. Even with intensive restoration efforts and management changes designed to protect physical processes within the basin, conditions are not expected to approach a normal disturbance regime for many decades.4  Industrial timber extraction activities within the watershed are directly responsible for creating unnaturally high stream temperatures, high sediment deposition, embedded spawning gravels, poor large wood recruitment, reductions in numbers and quality of pools, scoured tributary channels created by mass wasting events, debris torrents and dam-break floods, and loss of refugia


3.8  Subpopulation Characteristics within Subpopulation Watersheds

Subpopulation Size—Unknown.  Currently there is no information available to quantify populations of bull trout in the Middle Hoh watershed. In a 1999 study of native char/bull trout populations in the Hoh River conducted by Olympic National Park, walking surveys revealed no spawning bull trout or bull trout redds in the tributaries of the Middle Hoh, and no bull trout were caught or observed in the Middle Hoh or its tributaries.5  Genetic analysis of native char collected in the upper Hoh River and South Fork Hoh, however, confirm that bull trout spawn and rear in the upper Hoh watershed. Further, creel data from 1994 and 1995 reveal that bull trout do use the Middle Hoh for migration between the ocean and spawning grounds in the upper basin5, and it is believed that they may use this portion of the river for holding and rearing.12,  13 The natural instability of this system could support multiple life history strategies. While there are no data to suggest a resident population exists, anadromous bull trout certainly use the Middle Hoh as a migratory corridor, and there is a possibility that fluvial bull trout populations over-winter in the mainstem and its side channels.12, 13 

Growth and Survival—Unknown.  
Life History Diversity and Isolation—Unknown.  
Persistence and Genetic Integrity—Unknown.  

3.9  Species and Habitat

Species Integration/Habitat Conditions—At Risk.  A determination of “at risk” was made for this indicator because although habitat conditions in the Middle Hoh are degraded, there are no quantifiable data on bull trout populations for this portion of the greater Hoh River watershed. All physical processes within the watershed have been dramatically altered by management activities and are not expected to return to pre-disturbance conditions within the near-term, certainly not within the next five years. Although bull trout are not known to utilize the Middle Hoh for a significant portion of their life history, it is evident that they migrate through this portion of the watershed. The possibility exists that subpopulations of bull trout could spawn, rear and over-winter in the Middle Hoh watershed. 

The Fish Habitat analyst reports that populations of harvested salmonids in the Hoh River system are either holding stable or are in decline.4 There is concern for spring and summer chinook and fall chinook stocks in the Hoh, despite reductions in ocean interception rates and ample escapement. Fall chinook in particular, are in jeopardy. Winfield, Alder, Owl and Elk Creeks have historically provided a large proportion of the overall fall chinook production for the Hoh basin, but habitat in these tributaries has been decimated by scouring dam break floods during the 1990’s, and by channel morphology changes associated with sedimentation and chronic large wood depletion. Similarly, there appears to be a long-term decline in fall coho since the late 1980’s, which may be attributable to the degradation of freshwater habitat in the watershed. Yet, annual escapement for this stock has been highly variable, possibly due to ocean conditions and interception fisheries. 

The winter steelhead stock in the Hoh is believed to be healthy, and little is known about the status of summer steelhead. Although both stocks support a sport fishery, only the winter stock, considered native but supplemented annually with approximately 100,000 Quinault hatchery outplants, supports a commercial fishery. Hatchery fish generally return earlier in the season than native steelhead, and are harvested in terminal sport and treaty net fisheries to reduce interactions between hatchery and native fish.  Although some incidental take of summer steelhead occurs during the chinook season, these fish are not harvested commercially and have been protected by wild release regulations in the Washington Sport Fishing Regulations since 1992. Bull trout, too, are not harvested commercially and are also protected by fishing regulations. While these trends for salmonids are not directly comparable to bull trout populations, the habitat conditions driving them would have equal or greater impact on the status of bull trout in the watershed.
Changes in land management policies are currently underway in the watershed. Strict land use regulations outlined in the Forests and Fish Agreement of 1999, developed by federal, state, and Tribal land management agencies, are now being enforced on State and private lands.14 Under these rules, timber harvest is reduced, riparian areas and channel migration zones are afforded greater protection, faulty or inadequate road culverts are replaced and roads are decommissioned. Such land management changes are expected to reduce mass wasting events and surface erosion, supply large wood to stream channels, reduce sedimentation, lower thermal regimes, and generally enhance and/or restore natural processes to the system. Regulations such as these, combined with intensive restoration efforts, could, over time, enhance and/or produce habitat and environmental conditions in the watershed that support bull trout. 
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1.  INTRODUCTION

EA Engineering, Science, and Technology (EA) evaluated baseline environmental conditions of the Sams River watershed on the Olympic Peninsula in Washington for the USDA Forest Service (USFS).  Evaluation methods included the Matrix of Pathways and Indicators (National Marine Fisheries Service, August 1996) and A Framework to Assist in Making Endangered Species Acts Determinations at the Bull Trout Subpopulation Watershed Scale (U.S. Fish and Wildlife Service, February 1998).  For this assessment, a determination of functioning, at risk, or not properly functioning was applied to fifth-field watersheds.

The Sams River watershed lies east of the Matheny Creek watershed and shares a boundary with it.  Its headwaters originate on the slopes of Sams and Matheny Ridges at elevations reaching 4,000 feet and the river flows west to its confluence with the Queets River at rivermile (RM) 23.5 on the Queets River mainstem.  The Sams River watershed drains approximately 24,300 acres.  Seventy-three percent of the watershed is managed by the Olympic National Forest, 24 percent is managed by the National Park Service, 2 percent is administered by the Washington State Department of Natural Resources, and 1 percent is privately owned by timber companies.

The Sams River Watershed Analysis (Olympic National Forest, USDA Forest Service 1996) was extensively used in the assessment.  The watershed analysis is an assessment of terrestrial, riparian, and aquatic reference conditions and current conditions through compilation of available data and follows requirements in the Federal Agency Guide for Pilot Watershed Analysis, Version 2.2 (1995).  Other documents used in developing assessment components are referenced as endnotes in the text.

Indicator ratings in Table 2 in Section 3 for bull trout were assigned using available data that was often qualitative, rather than quantitative.  This qualitative data was interpreted to arrive at quantitative values that could be compared to ratings criteria.  Section 3.1 discusses the reasoning used to develop each pathway indicator rating.  Criteria may be adjusted for local conditions and processes, as described in the evaluation method (National Marine Fisheries Service [NMFS] 1996; U.S. Fish and Wildlife Service [USFWS] 1998).  These two sections provide justification for ratings where criteria for indicators appeared to be out of the range of natural conditions.  These sections do not attempt to establish new criteria, but rather provide descriptions of local conditions and processes that directly influenced the indicator value.  For example, if recorded water temperatures fell into the not properly functioning category using USFWS criteria, but represented natural (historic) conditions, a rating of functioning was assigned.  References cited in the text are provided in Section 4.

2.  USFWS MATRIX FOR BULL TROUT

EA evaluated the Sams River watershed for bull trout through the use of the USFWS matrix. This matrix (Table 2) was developed to document baseline environmental conditions in order to assist in determining the effects of individual or grouped actions at the bull trout subpopulation watershed scale.

Table 2 - Sams River Bull Trout Matrix.

	
	
	ENVIRONMENTAL BASELINE

	PATHWAYS
	INDICATORS
	Properly Functioning
	At Risk
	Not Properly Functioning

	Water Quality:
	Temperature
	
	X
	

	
	Sediment/Turbidity
	X
	
	

	
	Chemical Contaminants and Nutrients
	X
	
	

	Habitat Access:
	Physical Barriers
	X
	
	

	Habitat Elements:
	Substrate Embeddedness
	X
	
	

	
	Large Woody Debris
	
	X
	

	
	Pool Frequency and Quality 
	
	
	X

	
	Large Pools 
	 
	X
	

	
	Off-Channel Habitat
	
	X
	

	
	Refugia
	
	X
	

	Channel Condition 

and Dynamics:
	Width/Depth Ratio
	
	X
	

	
	Streambank Condition
	
	X
	

	
	Floodplain Connectivity
	X
	
	

	Flow/Hydrology:
	Peak/Base Flows
	X
	
	

	
	Drainage Network Increase 
	
	X
	

	Watershed 

Conditions:
	Road Density and Location
	X
	
	

	
	Disturbance History
	
	
	X

	
	Riparian Reserves
	
	X
	

	
	Disturbance Regime
	
	X
	

	Subpopulation Characteristics 

within Subpopulation 

Watersheds:
	Subpopulation Size
	
	Unknown
	

	
	Growth and Survival
	
	Unknown
	

	
	Life History Diversity and Isolation 
	
	Unknown
	

	
	Persistence and Genetic Integrity
	
	Unknown
	

	Species and Habitat:
	Species Integration/Habitat Conditions
	
	X
	


2.1  RATIONALE FOR PATHWAY INDICATOR RATINGS FOR BULL TROUT

2.1.1  Stock Definition, Origin, and Status

Dolly Varden and an unknown Salvelinus species have been reported in the Phelan Creek subwatershed of the Sams River watershed as a unique occurrence1.

Bull trout/Dolly Varden in the Queets River have been identified as a distinct stock based on their geographic distribution.  They have been caught in the anadromous zone.  Both bull trout and Dolly Varden have been identified in the Queets River using the Haas bull trout/Dolly Varden species differentiation formula.  Queets River bull trout/Dolly Varden are native, maintained by wild production, and stock status is healthy.  Spawning times and locations are unknown8.

2.1.2  Water Quality

Washington State water quality standards list Sams River as a AA stream for extraordinary water quality3.  Water within this classification must have a pH between 6.5 and 8.5, temperature below 16 degrees Celsius, and a DO level greater than 9.5 milligrams per liter (mg/L).

Temperature—At Risk.  The lower two-thirds of the Lower Sams River borders National Forest, National Park, and private lands.  Stream temperatures in the Lower Sams River have been monitored during summer months since 1992 at RM 2.3.  In addition, daily grab samples were obtained during 1992 stream surveys.  Stream temperatures exceed state water quality standards at all locations sampled below RM 5.7.  Exceedances in excess of 19 degrees Celsius were common.  Approximately 33 percent of the riparian reserves in the Lower Sams River are stocked with young trees.  It is likely that elevated water temperatures above state standards occur naturally.  Grab samples collected in the Upper Sams River show that temperatures range from 11 to 14 degrees Celsius3.  There are no temperature data that have been analyzed for North and Phelan Creeks.  It is expected that both of these creeks meet state water quality standards for stream temperature.  This judgement is based on evaluation of riparian shading, and channel and hillslope geomorphology8.

Sediment/Turbidity—Properly Functioning.  Under the natural sedimentation regime, storm disturbance, particularly events greater than 20-year recurrence intervals, trigger numerous mass wasting events.  These failures result in significant sedimentation into the Sams River system.  Surface erosion occurs naturally usually after the soil is exposed by mass wasting.  The relative contributions of sediment from mass wasting and from surface erosion under the managed state appear to be similar to the natural sedimentation regime3.

Water clarity in Sams River is generally very high.  Streamflow is clear most of the year, except during early winter storms, which tend to flush accumulated channel debris, and during major winter storms, which may contribute sediment from bank erosion, slides, or surface erosion from disturbed areas.  Instances of turbid water are generally of short duration, in direct response to heavy precipitation and/or rapid snowmelt.  Relatively high stream gradients and stream velocities tend to transport fine sediments rapidly out of the watershed, allowing rapid clearing of water3.

Chemical Contaminants and Nutrients—Properly Functioning.  No waters in the Sams River watershed are listed on either the 1996 or the Proposed 1998 Washington State 303)d) listing4.

2.1.3  Habitat Access

Physical Barriers—Properly Functioning.  No known fish barriers resulting from human activities exist on the Sams River2.  Searun cutthroat can be found up to RM 10.6.  The steep gradient of most tributaries in the Sams River system limits access for anadromous fish.

2.1.4  Habitat Elements

Habitat analysis in the Sams River subwatershed is based on 1992 stream surveys.  No habitat data were available for streams within North Creek and Phelan Creek subwatersheds1.

Substrate—Properly Functioning.  All reaches of the Sams River are rated as properly functioning2, presumably because the dominant substrate is gravel or cobble, or because embeddedness is less than 20 percent.  No quantitative data concerning substrate quality were presented in the watershed analysis.

Large Woody Debris—At Risk.  Response reaches in the Sams River are rated as not properly functioning; however, transport reaches in the Sams River rate as properly functioning.  Alteration of riparian habitat and riparian timber harvest have reduced large woody debris (LWD) recruitment potential.  It is expected that North Creek and Phelan Creek have sufficient LWD.  LWD recruitment potential in the Sams River watershed appears to be good.  Over 70 percent of the riparian reserves support mature and old timber8.

Pool Frequency and Quality —Not Properly Functioning.  Pool frequency for response reaches on the Sams River is rated as not properly functioning2.  Specific information about pool frequency for the Sams River suggests that there are about 13 pools per mile to RM 11.410.  The general lack of pools is reportedly linked to a lack of LWD and less than ideal riparian conditions.  Approximately 33 percent of the riparian reserves along the Lower Sams River are less than 20 years old2.

Large Pools—At Risk.  Large pools are rated as At Risk in the Sams River Watershed Analysis2.  The ratio of large pools to total pool area ranges from 43 to 66 percent for the mainstem of the Sams River10.

Off-Channel Habitat—At Risk.  There is no quantitative data about off-channel habitat in the Sams River Watershed Analysis.  Locally significant habitat areas in the Sams River watershed include the mainstem response reaches and the low-gradient tributary reaches accessible to anadromous fish.  The quality of off-channel rearing habitat is reportedly reduced in these reaches.  Due to the value of these low-gradient systems as off-channel habitat for the Queets River, both North and Phelan Creeks should be considered locally significant habitat throughout all anadromous use areas2.

Refugia—At Risk.  Streams within the Sams River watershed historically provide valuable habitat for anadromous salmonids.  It is likely that Sams River in particular has also been an important producer of anadromous fish for the Queets River system.  Sams River, North Creek, and Phelan Creek are subwatersheds of the Queets River that support resident and anadromous fish and contain over 30 miles of fish-bearing habitat.  Sams River, with a drainage area of 30.8 square miles, is the third largest subwatershed draining into the Queets River and provides important aquatic spawning and rearing habitat for anadromous salmonids.  North Creek, with a drainage area of 3.2 square miles, and Phelan Creek, draining 3.8 square miles, provide important over-wintering habitat to the Queets system.  These areas, however, are not in pristine condition and have been influenced by past land management activities combined with natural processes.  Sams River habitat trends in particular are reported to be declining2.

2.1.5  Channel Condition and Dynamics

Width/Depth Ratio—At Risk.  There are no data in the Sams River Watershed Analysis that describe width-to-depth ratios; however, an at-risk rating is assigned based on the following information.  The habitat elements of the Lower Sams River response reaches are generally in poor condition.  Many degraded habitat conditions are linked to a lack of LWD and degraded riparian vegetation.  The same may be said for the Upper Sams River response reaches.  A stand replacing fire and subsequent timber harvest removed all old growth riparian vegetation here. The photographic record for the mainstem suggests a variable channel disturbance history.  Most of the response reaches appear to have been widest prior to roading and timber harvest.  A few show channel widening that appears to correspond to riparian clearing, road construction, and clearcut harvest in steep tributary streams.  Based on aerial photograph interpretation, aquatic habitat conditions in the North and Phelan Creeks are most likely degraded over historic conditions2.

Streambank Condition—At Risk.  Several tributaries of the Sams River are prone to debris torrents and landslides along stream corridors5.  Inner gorges are present along some of the major tributaries to the south and along the mainstem.  Debris slides and deep-seated landslides occur along these gorge walls.  Failures are triggered by stream undercutting3.  Streambank erosion is common along certain stream segments, especially along high glacial banks.  Stream-adjacent failures along tall inner gorges are also common on both sides of the mainstem and lower tributaries of the North Creek and Phelan Creek subwatersheds.

Floodplain Connectivity—Properly Functioning.  Low-gradient stream reaches, interconnected wetlands, and secondary channels are present in the extreme lower reaches of the Sams River watershed6.

2.1.6  Flow/Hydrology

Peak/Base Flows—Properly Functioning.  Changes in timing and magnitude of peak flows in the Sams River watershed may result from removal of forest vegetation and from changes of surface water flow and subsurface water flow due to roads.  No data in the watershed analysis address base flow.  However, approximately two-thirds (66 percent) of the existing vegetation in the Sams River Watershed is in the late-seral stage.  Less than 5 percent of the watershed is in the early-seral stage11.

Drainage Network Increase—At Risk.  There is less than 1 mile of road per square mile of area in the riparian reserves; indicating minimal increase in the channel network12.

2.1.7  Watershed Conditions

Road Density and Location—Properly Functioning.  There is approximately less than 1 mile of road per square mile of area12.  Many roads are located on ridgetops and are closed7.  Some roads are located in valley bottoms.

Disturbance History—Not Properly Functioning.  Timber harvest is the most widespread disturbance in the Sams River watershed.  Intensive timber management began in the 1940s, concentrating on clearcutting large blocks of timber to maximize revenue.  This has resulted in approximately 33 percent of the watershed being harvested11.  Fire and wind has also played a role in the disturbance history of the watershed.  Approximately 400 acres burned in the Upper Sams River subwatershed.  A windstorm in 1921 affected a substantial percentage of the Phelan Creek subwatershed.

Riparian Reserves—At Risk.  Currently 66 percent of the riparian reserves are occupied by late seral vegetation.  More than 25 percent of the riparian reserves are represented by early seral vegetation.  Much of the lowland area of the Sams River watershed has been clearcut6.  Past timber harvest, streamcleaning, salvage logging, and selective removal of cedar from riparian areas and stream channels has affected riparian area functions8.

Disturbance Regime—At Risk.  The ability of the Sams River watershed to recover from disturbance has been impacted by forest management practices that fragment the landscape.  Major widespread disturbances have included timber harvesting and associated road building.  The timber harvesting practices include clearcutting, broadcast burning, and the planting of conifer seedlings, usually Douglas fir.  Fire, wind, animal and pest damage, floods, mass wasting, and channel migration are also important disturbance factors, but they play a minor role in comparison.  Clearcutting riparian zones has reduced riparian forest species diversity, abundance, and size compared to reference conditions.  Because future management will be limited to Adaptive Management areas, Late-Successional Reserves, and Riparian Reserves, the disturbance regime will likely approach that which would be expected for a natural (unmanaged) system13.

2.1.8  Subpopulation Characteristics within Subpopulation Watersheds

Subpopulation Size—Unknown.  The Sams River Watershed Analysis contained no data about bull trout.  Dolly Varden and an unknown Salvelinus species have been reported in the Phelan Creek subwatershed in the Sams River watershed as a unique occurrence1.  Bull trout/Dolly Varden have been identified as a distinct stock in the Queets River.  Queets bull trout/Dolly Varden are native and are maintained by wild production9.  The Sams River is a tributary of the Queets River.

Growth and Survival—Unknown.  See Subpopulation Size.

Life History Diversity and Isolation—Unknown.  See Subpopulation Size.

Persistence and Genetic Integrity—Unknown.  See Subpopulation Size.

2.1.9  Species and Habitat

Species Integration/Habitat Conditions—At Risk.  The distribution of bull trout in the Sams River subwatershed is currently unknown.  Additional information about the presence or absence of bull trout in the Sams River system is necessary to make an accurate judgement about species integration.  Population data is lacking so an assessment of population trends cannot be made. In general, the Sams River system provides good fish habitat for anadromous salmonids.  Tshletshy Creek which is a sub-watershed within the 5th field watershed, is entirely within the Olympic National Park and considered to be in its unmanaged, natural condition.  This subwatershed should be providing stable habitat for fish species utilizing it.
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1.  INTRODUCTION

EA Engineering, Science, and Technology (EA) evaluated baseline environmental conditions of the Matheny Creek watershed on the Olympic Peninsula in Washington for the U.S. Forest Service (USFS).  Evaluation methods included the Matrix of Pathways and Indicators (National marine Fisheries Service August 1996) and A Framework to Assist in Making Endangered Species Acts Determinations at the Bull Trout Subpopulation Watershed Scale (U.S. Fish and Wildlife Service February 1998).  For this assessment, a determination of functioning, at risk, or not properly functioning was applied to fifth-field watersheds.

The Matheny Creek watershed lies on the central western slope of the Olympic mountain range, encompassing an area of approximately 24,100 acres, and is the second largest tributary of the Queets River system.  Its headwaters originate in the forested slopes of Higley and Matheny Ridges at elevations of up to 2,800 feet.  Matheny Creek flows in a westerly direction to its confluence with the Queets River, approximately 15.8 miles above the mouth of the Queets River at the Pacific Ocean.  Eighty-four percent of the Matheny Creek watershed is in the Olympic National Forest, 14 percent is owned by the State of Washington and administered by the Washington State Department of Natural Resources (DNR), and 2 percent lies within the boundaries of Olympic National Park.

The Matheny Creek Watershed Analysis (Quinault Ranger District, Olympic National Forest, USFS 1995) was used extensively in the assessment.  The watershed analysis is an assessment of terrestrial, riparian, and aquatic reference conditions and current conditions through compilation of available data and follows requirements in the Federal Agency Guide for Pilot Watershed Analysis (1994).  Other documents used in developing assessment components are referenced as endnotes in the text.

Indicator ratings in each matrix (Table 2 in Section 3) were assigned using available data that was often qualitative, rather than quantitative.  This qualitative data was interpreted to arrive at quantitative values that could be compared to ratings criteria.  Sections 3.1 discusses the reasoning used to develop each pathway indicator rating.  Criteria may be adjusted for local conditions and processes, as described in the evaluation method (National Marine Fisheries Service [NMFS] 1996; U.S. Fish and Wildlife Service [USFWS] 1998).  This section provides justification for ratings where criteria for indicators appeared to be out of the range of natural conditions.  This section does not attempt to establish new criteria, but rather provide descriptions of local conditions and processes that directly influenced the indicator value.  For example, if recorded water temperatures fell into the not properly functioning category using   USFWS criteria, but represented natural (historic) conditions, a rating of functioning was assigned.  References cited in the text are provided in Section 4.

3.  USFWS MATRIX FOR BULL TROUT

EA evaluated the Matheny Creek watershed for bull trout through the use of the USFWS matrix. This matrix (Table 2) was developed to document baseline environmental conditions in order to assist in determining the effects of individual or grouped actions at the bull trout subpopulation watershed scale.
Table 2 - Matheny Creek Bull Trout Matrix.

	
	
	ENVIRONMENTAL BASELINE

	PATHWAYS
	INDICATORS
	Properly Functioning
	At Risk
	Not Properly Functioning

	Water Quality:
	Temperature
	
	X
	

	
	Sediment/Turbidity
	X
	
	

	
	Chemical Contaminants and Nutrients
	X
	
	

	Habitat Access:
	Physical Barriers
	
	X
	

	Habitat Elements:
	Substrate Embeddedness
	X
	
	

	
	Large Woody Debris
	
	X
	

	
	Pool Frequency and Quality 
	X
	
	

	
	Large Pools
	X
	
	

	
	Off-Channel Habitat
	X
	
	

	
	Refugia
	
	X
	

	Channel Condition 

and Dynamics:
	Width/Depth Ratio
	X
	
	

	
	Streambank Condition
	
	X
	

	
	Floodplain Connectivity
	X
	
	

	Flow/Hydrology:
	Peak/Base Flows
	
	X
	

	
	Drainage Network Increase 
	
	
	X

	Watershed 

Conditions:
	Road Density and Location
	
	X
	

	
	Disturbance History
	
	
	X

	
	Riparian Reserves
	
	X
	

	
	Disturbance Regime
	X
	
	

	Subpopulation Characteristics 

within Subpopulation 

Watersheds:
	Subpopulation Size
	Unknown

	
	Growth and Survival
	Unknown

	
	Life History Diversity and Isolation 
	Unknown

	
	Persistence and Genetic Integrity
	Unknown

	Species and Habitat:
	Species Integration/Habitat Conditions
	
	X
	


3.1 RATIONALE FOR PATHWAY INDICATOR RATINGS FOR BULL TROUT

3.1.1 Stock Definition, Origin, and Status

Native char including Dolly Varden and bull trout are unknown in Matheny Creek at this time, but are known to be present in the Queets River1.  Surveys to document bull trout/ native char presence were conducted in September 1999, by a survey crew working for the Olympic National Park.  Surveys were conducted from RM 0.0 (confluence with the Queets River) up to RM 11.0.  Survey methods used electrofishing and day and night snorkeling.  The surveys failed to detect bull trout/native char though numerous other salmonid and non-salmonid species were collected 13.

Bull Trout/ Native char - Bull trout/Dolly Varden in the Queets River have been identified as a distinct stock based on their geographic distribution.  They have been caught in the anadromous zone.  Both bull trout and Dolly Varden have been identified in the Queets River using the Haas bull trout/Dolly Varden species differentiation formula.  Queets River bull trout/Dolly Varden are native, maintained by wild production, and stock status is healthy.  Spawning times and locations are unknown7.

Cutthroat Trout—Matheny Creek currently supports naturally reproducing stocks of cutthroat trout.  The stock appears to be native with wild production, and includes both resident and anadromous populations1.  Resident cutthroat trout are found up to the headwaters, with the upper limits of fish use unidentified in most streams, and are assumed to be present in most streams with gradients less than 14 percent.  Anadromous cutthroat trout are assumed to be present throughout the anadromous reach, although abundance and areas of use are undefined2.

3.1.2 Water Quality

Washington State water quality standards list Matheny Creek as a Class AA stream for extraordinary water quality.  Water within this classification must have a pH between 6.5 and 8.5, temperature below 16 degrees Celsius, and a DO level greater than 9.5 milligrams per liter (mg/L).  Two temperature monitoring stations constitute the only water quality monitoring within Matheny Creek.  No information exists on the past water quality in Matheny Creek.

Temperature—At Risk.  Water temperature data was collected in 1992, 1993, and 1994.  The maximum water temperature in Matheny Creek exceeded 16 degrees Celsius on 47 days at RM 2.7 by as much as 5.4 degrees in 1992 and on 17 days by as much as 2.2 degrees in 1993.  The maximum water temperature exceeded 16 degrees Celsius on 28 days at RM 5.6 in 1992 and 4 days each in 1993 and 1994 by as much as 2.4 degrees, 0.9 degrees, and 0.7 degrees respectively.  

The lower unconfined reach of Matheny Creek are naturally low in riparian shade; therefore, increased temperatures observed at RM 2.7 have likely been affected in part by the past land management practices throughout the basin.  Portions of the South Fork Matheny Creek do not meet the target values for shade.  Therefore we assume that elevated water temperatures can occur at these locations too. Reduced shade, channel widening and reduced pool depths all contribute to the temperatures being elevated above natural levels.  Channel widening and riparian timber harvest have likely contributed to elevated water temperatures3.

Sediment/Turbidity—Properly Functioning.  There has been no formal monitoring for water clarity in the Matheny Watershed as of 19953.  However, visual observations have recorded for several years prior to 1995.  These visual observations suggest that the clarity of Matheny Creek water is generally very good.  Instances of cloudy water are generally of short duration, in direct response to heavy precipitation and/or rapid snowmelt3.  Relatively high stream gradients and stream velocities tend to transport fine sediments rapidly out of the Watershed, allowing rapid clearing of water.  Natural debris flows have historically been a major contributor of sediment in the Matheny system8.  

Chemical Contaminants and Nutrients—Properly Functioning.  No waters in the Matheny Creek watershed are listed on either the 1996 or the Proposed 1998 Washington State 303(d) listing4.

3.1.3 Habitat Access

Physical Barriers—At Risk.  With the exception of the mainstem of Matheny Creek to its confluence with the North Fork Matheny Creek and Twin Peak, all of the tributaries contain barriers to anadromous fish migration.  All of the main tributaries of the mainstem contain numerous very steep tributaries that intersect these channels at confluence angles greater than 70 degrees.  As a result debris flows accumulate at the stream junctions.  Debris flows in the Upper Matheny are thought to represent near-natural conditions.  In contrast, the Hook Branch has been severely impacted by debris flows deposition.  An 8-foot-tall waterfall blocks upstream migration in the Lower Fork Matheny Creek of anadromous fish.  Management activities have increased the rate and extent of debris flows.  A few culverts are noted on Matheny Creek, but do not seem to affect fish migration3.  

3.1.4 Habitat Elements

Substrate—Properly Functioning.  Deposition of fine sediment and embedding of cobble substrate was reported for Matheny Creek from RM 0.0 to RM 2.7.  This suggests that the spawning habitat in the lower reaches has been degraded.  Embeddedness from RM2.7 through RM 14.2 has probably changed little compared to historic conditions.  This segment is described as a bedrock gorge.  Substrate embeddedness in the Matheny Creek above RM 14.2 is characterized as variable, due to unstable headwall areas and gradients of less than 8 percent3.

Large Woody Debris—At Risk.  Matheny Creek averages 294 pieces of large woody debris (LWD) per mile, with an average of 57 pieces of large LWD per mile5.  LWD is thought to play a key roll in pool formation in the lower mainstem.  The role of LWD is not well understood in the confined segment of the mainstem between RM 2.7 and 14.2.  Debris flow is the primary mechanism for delivering LWD to the main tributary channels.

Pool Frequency and Quality—Properly Functioning.  Pool frequency on Matheny Creek meets the USFWS criteria (23 pools/mile given a wetted width of 20 to 30 feet).  There are an average 24 pools/mile throughout the Matheny system.

Large Pools—Properly Functioning.  No data address pool depth in the Matheny Creek watershed analysis; however, since LWD potential is good, pool frequency is properly functioning, fine sediment is readily transported, and pool quality is assumed to be properly functioning.  In the confined section of the mainstem, it is suspected that pool formation is a function of lateral bedrock confinement, rock projections, and boulders3.  Therefore it is assumed that the geology of this section of the mainstem naturally maintains deep pools.

Off-Channel Habitat—Properly Functioning.  The geology of the Matheny Watershed would not be expected to support off-channel habitat.  The mainstem and all of the tributary streams are located in confined channels.  Only the lowest 2.7 miles of the Matheny Creek channel is unconfined and supports off-channel habitat3.  The only off-channel habitat reported for this reach was between RM 0.75 and RM 1.25.

Refugia—At Risk.  Although not specifically addressed in the watershed analysis, the prevalence of confined, relatively high gradient channels, together with debris flows that tend to block fish migration, limits the refugia habitat3.  About 55 percent of the watershed has been harvested in the last 50 years10.

3.1.5  Channel Condition and Dynamics

Width/Depth Ratio—Properly Functioning.  Width-to-depth ratios on Matheny Creek range from 4.6 to 10.2, averaging 8.05.

Streambank Condition—At Risk.  Class 3 and 4 streamcourses in Matheny Creek are particularly sensitive to slope failure and erosion due to removal of riparian vegetation through timber harvest.  A total of 115 debris flow tracks and bank failures currently exist in the watershed3.

Floodplain Connectivity—Properly Functioning.  The geology of the majority of the Matheny Watershed is dominated by confined channels.  Thus we assume that associated floodplain habitat is limited or non-existent.  Low gradient stream reaches, interconnected wetlands, and secondary channels are present in the extreme lower reaches of the Matheny Creek3.  Very little of the timber adjacent to the channels is less than 15 years old.  Therefore there is good connectivity between aquatic and terrestrial habitats.

3.1.6  Flow/Hydrology

Peak/Base Flows—At Risk.  Changes in timing and magnitude of peak flows in the Matheny Creek watershed may result from removal of forest vegetation and from changes of surface water flow and subsurface water flow due to roads.  No data in the watershed analysis addresses base flow.  However, more than half (79 percent) of the existing vegetation in the Matheny Creek Watershed is in the mid- to late-seral stage.  Less than 20 percent of the vegetation is in the early-seral stage10. Accumulated sediment behind debris flows in the Middle Fork subwatershed causes subsurface flow in the Summer3.

Drainage Network Increase—Not Properly Functioning.  Roading in the Watershed began in the early 1950s with construction in the lower watershed and along Matheny Creek11.  Most of these roads were constructed in the 1950s and 1960s.  Presently there are 117 miles of existing road miles in the watershed, with a road density of 2.4 miles/square mile.  

3.1.7  Watershed Conditions

Road Density and Location—At Risk.  Road density in the Matheny Creek watershed ranges from 1.6 to 3.2 miles of road per square mile of drainage, averaging 2.4 miles of road per square mile of drainage3.  Roads lie on low, mid, and upper slope6.  Many of the roads were built on steep, unstable terrain.  Sidecast fills are inherently unstable.

Disturbance History—Not Properly Functioning.  Timber harvest is the most widespread disturbance in the Matheny Creek.  Clearcutting was the preferred method in the 1950s, when timber harvesting began.  A high level of forest fragmentation resulted from staggering cutting units so as not to exceed the National Forest Management Act size limitation of 60 acres3.  About 55 percent of the watershed has been harvested in the last 50 years10.

Riparian Reserves—At Risk.  Most of the riparian reserves are represented by the mid- to late-seral stages9.  Over 50 percent of the riparian reserves are in the late-seral stage (90+ years).  An additional 32 percent of the same are in the mid-seral stage (16 to 90 years).  Although timber harvest activities have contributed to fragmented riparian reserve habitat locally and some reaches lack shade naturally, most of the riparian reserves appear to be stocked with trees large enough to provide adequate shade for the streams.

Disturbance Regime—At Risk.  Insufficient data exist to quantify trends in habitat condition within Matheny Creek.  It has been suggested that the frequency, rate, and magnitude of sediment inputs from mass wasting and surface erosion are likely to be reduced from recent levels, but that these levels will remain above the natural range of variability for some time.  The habitat areas which remain most susceptible to degradation are the upper tributary drainages, which will continue to experience debris torrents, and the lower Matheny unconfined reach (below RM 2.7), where all the sediment is eventually routed12. 

Habitat condition should be entering a state of recovery because of the introduction of stricter regulations controlling harvest activities, reduced harvest levels, re-establishment and recovery of hillslope and riparian vegetation, and ongoing restoration efforts of culvert replacement, sidecast removal and road decommissioning.  These factors should reduce the risk and frequency of events or actions which would further degrade habitat quality.  Recovered riparian conditions and reduced mass wasting events should return the inputs of large wood and sediment to natural ranges.  An improving trend in fish habitat quality should then result12.

3.1.8  Subpopulation Characteristics within Subpopulation Watersheds

Subpopulation Size—Unknown.  

Growth and Survival—Unknown.  
Life History Diversity and Isolation—Unknown.  
Persistence and Genetic Integrity—Unknown.  

3.1.9  Species and Habitat

Species Integration/Habitat Conditions—At Risk.  Native char including Dolly Varden and bull trout are unknown in Matheny Creek at this time, but are known to be present in the Queets River1.  It is assumed that this pathway is at risk because of the lack of information (< 10 years data) about bull trout populations in Matheny Creek.

4.  ENDNOTES

23. Watershed Characterization Module.  In Matheny Creek Watershed Analysis, Quinault Ranger District, Olympic National Forest, USDA Forest Service, 1995.

24. Fish Populations Section in Past and Current Conditions Module.  In Matheny Creek Watershed Analysis, Quinault Ranger District, Olympic National Forest, USDA Forest Service, 1995.

25. Hydrologic Processes Section in Past and Current Conditions Module.  In Matheny Creek Watershed Analysis, Quinault Ranger District, Olympic National Forest, USDA Forest Service, 1995.

26. 1996 303(d) Listings and 1998 proposed 303(d) Listings from Washington State Department of Ecology website.  www.wa.gov/ecology/wq/303d/index.html.

27. Appendix ID - Fisheries.  Hankin and Reeves Level II (Version 6.0) methodology.  In Matheny Creek Watershed Analysis, Quinault Ranger District, Olympic National Forest, USDA Forest Service, 1995.

28. Map C-7.  Matheny Creek Watershed Analysis Transportation System.  In Matheny Creek Watershed Analysis, Quinault Ranger District, Olympic National Forest, USDA Forest Service, 1995.

29. 1998 Washington Salmonid Stock Inventory - Appendix:  Bull Trout and Dolly Varden.  Washington State Department of Fish and Wildlife.  July 1998.

30. Hillslope Process.  In Matheny Creek Watershed Analysis, Quinault Ranger District, Olympic National Forest, USDA Forest Service, 1995.

31. Appendix IF - Riparian.  In Matheny Creek Watershed Analysis, Quinault Ranger District, Olympic National Forest, USDA Forest Service, 1995.

10.
Appendix IE - Vegetation.  In Matheny Creek Watershed Analysis, Quinault Ranger District, Olympic National Forest, USDA Forest Service, 1995.

11.
Road Assessment Section in Past and Current Conditions Module.  In Matheny Creek Watershed Analysis, Quinault Ranger District, Olympic National Forest, USDA Forest Service, 1995.

12.
Aquatic Element Section in the Condition Trends Module.  In Matheny Creek Watershed Analysis, Quinault Ranger District, Olympic National Forest, USDA Forest Service, 1995.

13.
Matheny Creek Bull Trout Surveys. Corbett and Meyers, January 2000.   Unpublished report.
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1.  INTRODUCTION

The Salmon River Watershed analysis was conducted by the Quinault Indian Nation.  Consultants and representatives of the United Stated Geological Service and the Olympic National Forest assisted in the analysis.

Indicator ratings in the matrix were assigned using available data that was often qualitative and quantitative.  For parameters in the matrix that no data were available for, a call of properly functioning was established.  Where this is the case, it is documented in the narrative.

The Salmon River Watershed is approximately 31.9 mi2 in area, with slightly more than half of the watershed within the Tertiary sedimentary and volcanic rocks that form the rugged foothills of the western Olympic Mountains.  Downstream of the confluence of the North, Middle and South Forks of the Salmon River between RM 13 and 14, the Salmon River exits the foothills and is incised into the coastal piedmont formed primarily of Quaternary glacio-fluvial sediment.  The Salmon River joins the Queets River at RM 14.0 on the Queets River.  

The lower 1.3 miles (approx. 408 acres) of the Salmon River watershed is within the Olympic National Park (ONP).  Most of the watershed lies within the Quinault Reservation.  A total of 5,710 acres, mostly in the North and Middle Forks, is owned by the Olympic National Forest (USFS).  Approximately 3,000 acres, mostly in the lower Salmon River on the north side is owned by the Washington Department of Natural Resources (WDNR). 

2.  USFWS MATRIX FOR SALMON RIVER BULL TROUT

Table 1 - Salmon River Bull Trout Matrix.

	
	
	ENVIRONMENTAL BASELINE

	PATHWAYS
	INDICATORS
	Properly Functioning
	At Risk
	Not Properly Functioning

	Water Quality:
	Temperature
	
	X
	

	
	Sediment/Turbidity
	X
	
	

	
	Chemical Contaminants and Nutrients
	X
	
	

	Habitat Access:
	Physical Barriers
	North, 

Middle and South Forks
	Lower Salmon
	

	Habitat Elements:
	Substrate Embeddedness
	X
	
	

	
	Large Woody Debris
	X
	
	

	
	Pool Frequency and Quality 
	X
	
	

	
	Large Pools 
	North, South and Middle Forks 
	Lower Salmon
	

	
	Off-Channel Habitat
	X
	
	

	
	Refugia
	X
	
	

	Channel Condition 

and Dynamics:
	Width/Depth Ratio
	X
	
	

	
	Streambank Condition
	Middle, South Forks and Lower Salmon
	
	North Fork

	
	Floodplain Connectivity
	X
	
	

	Flow/Hydrology:
	Peak/Base Flows
	X
	
	

	
	Drainage Network Increase 
	
	
	X

	Watershed 

Conditions:
	Road Density and Location
	
	
	X

	
	Disturbance History
	X
	
	

	
	Riparian Reserves
	North and Middle Forks
	South Fork
	Lower Salmon

	
	Disturbance Regime
	North and Middle Forks
	South Fork 
	Lower Salmon

	Subpopulation Characteristics 

within Subpopulation 

Watersheds:
	Subpopulation Size
	
	Unknown
	

	
	Growth and Survival
	
	Unknown
	

	
	Life History Diversity and Isolation 
	
	Unknown
	

	
	Persistence and Genetic Integrity
	
	Unknown
	

	Species and Habitat:
	Species Integration/Habitat Conditions
	North and Middle Forks
	South Fork 
	Lower Salmon


Water Quality: 
Temperature:  At Risk.  The Salmon River is classed AA for water quality by the State of Washington.  Water temperatures shall not exceed 16 oC due to human actions (WAC 173-201).  Where water temperatures naturally exceed the standard, natural conditions become the standard.  While the Salmon River generally has good water quality, the low basin elevation may make attainment of the AA temperature standard difficult or impossible.  Water temperatures measured in 1997 and 1998 in the lower Salmon River exceeded 16 oC at times during summer periods.  While measured temperatures exceeded preferred temperatures for salmonids, they were generally below the sub-lethal range.  No information on water temperatures in the tributary streams (North Fork, Middle Fork, and South Fork) was presented in this analysis.  However, riparian shade levels are good in all sub-basins.  In the Lower Salmon River, riparian shading is naturally somewhat limited by the width of the stream channel.

Sediment/Turbidity:  Properly Functioning.  There are no available data on the percent of fines in the gravels of the Lower Salmon River where most of the anadromous fish spawn.   However, the gravels are clean, no embeddedness was reported, and turbidity was exceeded in the water quality parameters no more than 2 times per year since 1994.  There may be a high amount of turbidity at times in the North Fork subwatershed due to the numbers of failures within the geologic unit Thsr, or rhythmically fine-bedded deep marine sediments in this watershed.  Due to the steep terrain and channel gradient, fine sediment is quickly moved through the system to the Lower Salmon river and Queets drainage.

Chemical Contaminants and Nutrients:  Properly functioning.  No chemical contaminants and nutrient tests have been conducted at this watershed.  There are no agricultural, industrial, and other sources of chemical and nutrient pollution at this watershed.  The Quinault Indian Nation's Fish Culture Facility is not a source of any chemical byproduct or nutrient.  However, there have been occasional helicopter fertilizer application and some herbicide trial application within and near this watershed.  Nevertheless, the Salmon River, segments of the river, and their tributaries are not listed in the 1996 Washington State Section 303(d) list or proposed for listing in the 1998 Washington State Section 303(d) list for chemical and nutrient contamination.

Habitat Access: 

Physical Barriers

North, Middle, and South Forks:  Properly functioning.  No culverts that would cause a barrier to fish migration were identified in a comprehensive basin-wide survey.  The upstream limit of fish use in the basin has been identified by a basin-wide electro-fishing survey.  The upstream limit of anadromous fish use appears to be caused by steep gradients or natural waterfalls; the upstream limit of resident fish use appears to be caused by stream size and gradient.  

Lower Salmon:  At risk.  No bridges or culverts that block anadromous fish migration were identified on the mainstem, although two culverts on small tributary streams were identified as potential blockages.  There is some evidence that the weir/fish ladder/ overflow channel at the Salmon River Fish Culture Facility (RM 4) may block, or partially block, upstream migration of summer and fall Chinook.  Upstream migration of the other salmonid species in the Salmon River does not appear to be affected by this structure.  

Habitat Elements

Substrate:  Properly functioning.  The dominant substrate in the system is gravel or cobble.  Sediments of assorted sizes are clearly being delivered and transported through the stream system.    

Large Woody Debris:  Properly functioning.  There is not clear evidence that there has been a net reduction or increase in LWD levels from natural conditions.  While the historic record does document LWD removal efforts during the 1970s, it also documents addition of LWD to stream channels from landslides associated with roads and harvest units.

Pool Frequency and Quality:  Properly functioning.  Based on available information, there is no evidence that pool frequency has been affected by past management practices, and no evidence that habitat has been affected by changes in pool frequency.  

Large Pools: Properly functioning: North, Middle Fork and South Fork; At Risk: Lower Salmon River.  Based on available information, there is no evidence that pool depth has been affected by past management practices, and no evidence that habitat has been affected by changes in large pools. Residual pool depths were similar in reaches of similar size, and pool area appeared to be related to both level of LWD as well as to bedrock pool sections.  Even with fairly low levels of instream LWD, residual pool depths were fairly good in all three forks.  

However, in the Queets River, 70% of observed pools were associated with LWD jams, and theses pools were on average deeper than pools not formed by LWD.  Because of fairly good evidence that LWD levels are lower than their potential levels in the Salmon River, it is hypothesized that the area of LWD-associated pools, are fewer in the mainstem Salmon River than the potential.  It is, however, very likely that pool quality will be enhanced (greater pool depths, more in-stream cover) as numbers and size of in-stream large woody debris increase.  
Off-Channel Habitat: Properly functioning.  There is no evidence from the photo record or from field investigations that there has been a significant change from natural conditions in the amount and connectivity of off-channel habitats in this watershed.  

Refugia:  Properly functioning. The Lower Salmon River is connected with its riparian area and geologic floodplain.  The three forks are connected to their riparian areas and their intermittent floodplains.  Therefore, it is assumed that refugia potential exists and are properly functioning.  

Channel Condition and Dynamics

Width/Depth Ratio: Properly functioning.  There is no evidence from the photo record or historical information current conditions with respect to this parameter have changed from natural conditions.  

Streambank Condition:  North Fork: Not properly functioning 

Middle Fork, South Fork, and Lower Salmon River: Properly functioning.

Evidence from an extensive stream survey in the North Fork (Averill 1993) estimated that between 45% and 80% of streambanks were in unstable conditions, depending on which reach was surveyed.  Evidence from reconnaissance level surveys in the other three sub-watersheds found that streambank conditions were generally stable, and that bank erosion was not common.  Therefore, the properly functioning call was made since no data was available to indicate otherwise.  

Floodplain Connectivity:  Properly functioning.  No incising or aggrading channel segments was observed during reconnaissance surveys.  There is no evidence from the historical or photo record of land use actions, such as the construction of floodplain roads or railroads that would isolate off-channel or floodplain habitats from the main stream channels.  There is also no evidence from the photo record that floodplain connectivity has changed from natural conditions.  A “geologic floodplain” has been delineated for the Lower Salmon River.

Flow/Hydrology

Peak/Base Flows:  Properly Functioning.  Evidence from other streams in the Pacific Northwest suggests that the magnitude of peak and low flow regime changes as a result of roads and timber harvest may be fairly small.  However, this call has a high level of uncertainty because of the lack of basin-specific hydrologic information.

Drainage Network Increase:  Not Properly Functioning.  The detailed surveys of the drainage network that would be required to answer this question were outside of the scope of this analysis.  However based on the call for “Road Density and Location”, the not properly functioning call was made

Watershed Conditions

Road Density and Location:  Not Properly Functioning.  There are few valley bottom roads. Road density was calculated by the geographical information systems representative for the Quinault Indian Nation. . Many roads are currently being refitted with new culverts. An extensive culvert inventory found very few non-functioning culverts.  Potential road failures were identified in the Geology module of the Watershed Analysis.  Forest Service Roads 2120-030 and 2120-022 have been abandoned and are now too densely covered with new alder growth to pose a sediment delivery threat to the aquatic system.   Forest service road 2140-090 was decommissioned in 1999.  Road density is averaged for the entire watershed at over 3.0 miles/m2 .  It is felt that the watershed is approaching an “At Risk” to “Properly Functioning” call.    
Disturbance History:  Properly functioning..  In the late 1960's and 1970's there was extensive clear cut logging, however most of the riparian areas in the North, Middle and South Forks was protected due to regulations or inability to log the steep slopes to the streams.  Most of the watershed is now in an early to mid seral stage with trees mostly 30 to 40 years old.  Old growth occupies approximately 24.6% of the watershed.  

Riparian Reserves:  Lower Salmon River: Not Properly Functioning1...Riparian areas in the Lower Salmon River subwatershed have been significantly altered by past harvesting, especially those areas within the old Crane Creek and Queets logging units of the Q.I.R.  This corresponds roughly to mainstem segments 15-2 and 15-3, as well as tributaries feeding into these segments.  Past logging practices, lack of slash removal and lack of reforestation have contributed to slow regeneration.  Upriver from this, mainstem segments are in generally better condition, owing to riparian buffers left on former National Forest lands and current DNR lands.  Still, 42% of the riparian area is considered “poor” for LWD recruitment in this subwatershed, and 19% is below target shade values for shade, leading to a determination of Not Properly Functioning.

South Fork subwatershed:  At Risk1.  The South Fork has relatively intact riparian buffers of at least 100’ (each side of channel) along the mainstem.  Later seral stages dominate these areas, though broken in places by past harvests and road building.  However, a number of the tributaries with gradients less than 20% are in poor condition for both LWD and shade functions.  A total of 75% of the areas are in high potential for LWD recruitment and 79% are meeting or above target shade values. 

North Fork and Middle Fork subwatersheds:  Properly Functioning.  These sub-watersheds have large contiguous areas of undisturbed riparian areas along the main-stems and larger tributaries, owing to inaccessibility and riparian buffers.  Smaller, steeper tributaries (gradients greater than 20%) however, have seen harvest in their upper reaches.  Overall, 87% of the riparian areas of the North Fork and 85% of Middle Fork are providing high LWD recruitment potential.  Shade levels are equally high. is assigned to these subwatersheds.  On National Forest Lands, Riparian Reserves will likely continue to provide shading, large woody debris and bank stability for fish habitat1.

Disturbance Regime – Based on the description of current high quality riparian conditions, fish habitat and watershed processes described in the Watershed Analysis a Properly Functioning determination is made for the North Fork and Middle Forks.  In addition lands administered within the ONF boundary are being managed for Late Successional Reserve and Riparian Reserve.  Since timber harvest has been greatly reduced, road building minimized and roads decommissioned and stabilized, aquatic conditions should be stabilized and improving in the near future.  At Risk and Not Properly Functioning determinations were made for the South Fork and lower Salmon River respectively, due to the less stringent environmental management constraints particularly on state administered lands.

Subpopulation Characteristics within Subpopulation Watersheds

Subpopulation Size – Unknown.  Bull trout/Dolly Varden distribution in the Salmon River system is not known.   Bull trout/Dolly Varden in the Queets River have been identified as a distinct stock based on their geographic distribution.  They have been caught in the anadromous zone.  Both bull trout and Dolly Varden have been identified in the Queets River using the Haas bull trout/Dolly Varden species differentiation formula.  Queets River bull trout/Dolly Varden are native, maintained by wild production, and stock status is healthy.  Spawning times and locations are unknown2.  

Anadromous, fluvial and resident life history forms may all be present. Stock status is considered healthy (WDFW 1998).  Bull trout were found in the Queets River in ONP surveys in 1995, and all fish sampled were determined to be genetically bull trout.  US Fish & Wildlife Service (USF&WS) states that bull trout may occur in the vicinity of the Salmon River, but has no specific information (USFWS 1999a).  
Growth and Survival – Unknown.

Life History Diversity and Isolation – Unknown.

Persistence and Genetic Integrity – Unknown.

Species and Habitat:

Species Integration/Habitat Conditions - No population data exists for bull trout and Dolly Varden, so an assessment of population trends is not possible.  Based on the description of current high quality riparian conditions, fish habitat and watershed processes described in the Watershed Analysis a Properly Functioning determination is made for the North Fork and Middle Forks.  In addition lands administered within the ONF boundary are being managed for Late Successional Reserve and Riparian Reserve.  Since timber harvest has been greatly reduced, road building minimized and roads decommissioned and stabilized, aquatic conditions should be stabilizing, with an improving trend in the near future.  Recent stream temperature monitoring in 1999 and 2000 conducted by the Pacific Ranger District fisheries biologist, found summer base flow stream temperatures < 16 O C in the North and Middle Fork. At Risk and Not Properly Functioning determinations were made for the South Fork and lower Salmon River respectively, due to the less stringent environmental management constraints particularly on state administered lands.
3.  ENDNOTES

1. Riparian Module, In Salmon River Watershed Analysis, Quinault Indian Nation.

2. 1998 Washington Salmonid Stock Inventory - Appendix:  Bull Trout and Dolly Varden.  Washington State Department of Fish and Wildlife.  July 1998.
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1.  INTRODUCTION

The U.S. Forest Service (USFS) evaluated baseline environmental conditions of the Lake Quinault Frontal fifth-field watershed.  The evaluation method used is A Framework to Assist in Making Endangered Species Acts Determinations at the Bull Trout Subpopulation Watershed Scale (U.S. Fish and Wildlife Service, February 1998).  For this assessment, a determination of functioning, at risk, or not properly functioning was applied to this fifth-field watershed.
The Quinault Lake Frontal fifth-field watershed extends from Quinault River headwaters and tributary headwaters to the outlet of Lake Quinault.    Elevations range from Lake Quinault, which is 200 feet above sea level up to the upper valley where ridges and peaks range from 5000 to 7000 feet elevation. The Quinault Lake Frontal fifth-field watershed drains about 117,000 acres.  The Olympic National Park administers most of this land, approximately 75%.  Other owners include the Olympic National Forest (19%), the Quinault Indian Nation (4%), and private interests, which account for approximately 2% of the land base.

The Quinault Watershed Analysis (Quinault Indian Nation and Olympic National Forest, 1998) was used extensively in the baseline evaluation.  Portions of the Quinault Watershed Analysis that relate specifically to the Quinault Lake Frontal fifth-field watershed were used in this assessment.  This includes information found in the Mount Lawson/Enchanted Valley and Lake Quinault WAU’s (state delineated watershed analysis units).  Watershed analysis is an assessment of terrestrial, riparian, and aquatic reference conditions and current conditions through compilation of available data and follows requirements in the Ecosystem Analysis at the Watershed Scale, Federal Guide to Watershed Analysis (1995).  The Quinault Watershed Analysis also follows the Watershed Analysis Manual prepared by the Washington Department of Natural Resources (1995).  Other documents used in developing assessment components are referenced as endnotes in the text.

Indicator ratings in the matrix (Table 1 in Section 2) were assigned using available data that was often qualitative, rather than quantitative.  This qualitative data was interpreted to arrive at quantitative values that could be compared to ratings criteria.  Section 2 presents bull trout data and discusses the reasoning used to develop each pathway indicator rating.  Criteria may be adjusted for local conditions and processes, as described in the evaluation method (USFWS 1998).  This section provides justification for ratings where criteria for indicators appeared to be out of the range of natural conditions.  This section does not attempt to establish new criteria, but rather provides descriptions of local conditions and processes that directly influenced the indicator value.  For example, if recorded water temperatures fell into the not properly functioning category using USFWS criteria, but represented natural (historic) conditions, a rating of functioning was assigned.  References cited in the text are provided in Section 3.

2.  USFWS MATRIX FOR BULL TROUT

This is an evaluation of the Quinault Lake Frontal fifth-field watershed for bull trout through the use of the USFWS matrix.  This matrix (Table 1) was developed to document baseline environmental conditions in order to assist in determining the effects of individual or grouped actions for bull trout at the subpopulation and watershed scale.

Table 1 - Quinault Lake Frontal fifth-field watershed Bull Trout Matrix.

	
	
	ENVIRONMENTAL BASELINE

	PATHWAYS
	INDICATORS
	Properly Functioning
	At Risk
	Not Properly Functioning

	Water Quality:
	Temperature
	X
	
	

	
	Sediment/Turbidity
	X
	
	

	
	Chemical Contaminants and Nutrients
	 X
	
	

	Habitat Access:
	Physical Barriers
	
	
	X

	Habitat Elements:
	Substrate Embeddedness
	
	X
	

	
	Large Woody Debris
	
	X
	

	
	Pool Frequency and Quality 
	X
	
	

	
	Large Pools 
	
	X
	

	
	Off-Channel Habitat
	
	X
	

	
	Refugia
	X
	
	

	Channel Condition 

and Dynamics:
	Width/Depth Ratio
	X
	
	

	
	Streambank Condition
	X
	
	

	
	Floodplain Connectivity
	
	X
	

	Flow/Hydrology:
	Peak/Base Flows
	X
	
	

	
	Drainage Network Increase 
	X
	
	

	Watershed 

Conditions:
	Road Density and Location
	
	X
	

	
	Disturbance History
	X
	
	

	
	Riparian Reserves
	X
	
	

	
	Disturbance Regime
	X
	
	

	Subpopulation Characteristics 

within Subpopulation 

Watersheds:
	Subpopulation Size
	
	Unknown
	

	
	Growth and Survival
	
	Unknown
	

	
	Life History Diversity and Isolation 
	
	Unknown
	

	
	Persistence and Genetic Integrity
	
	Unknown
	

	Species and Habitat:
	Species Integration/Habitat Conditions
	X
	 
	


2.1  RATIONALE FOR PATHWAY INDICATOR RATINGS FOR BULL TROUT

2.1.1 Stock Definition, Origin, and Status

Bull Trout

Bull trout/Dolly Varden in the Quinault River as a whole have been identified as a distinct stock based on their geographic distribution1.  They have been caught in the anadromous zone of the river, in Quinault Lake, and in the two forks of the Quinault River above Quinault Lake.  Spawning times and locations are unknown.  Stock is native in origin, of wild production, and stock status is unknown1.
2.1.2 Water Quality

Temperature—Properly Functioning.   Given the minimal difference in landscape vegetative condition (primarily still in old-growth condition) between the current conditions and reference conditions in this watershed, it is unlikely that water temperatures have been impaired.  

Three stream sites within the watershed have been monitored for water temperature; in addition there is some water temperature data from Lake Quinault.  A summary of this data shows that water temperatures exceed 12( C but generally do not exceed 16( C for extended periods except in Lake Quinault in the summer2.  

	Monitoring Location
	Maximum Temperature
	Excursions >16(
	Data Period

	Quinault River RM 37.5
	10.5( – 16.5(
	1
	1995

	NF Quinault RM 6
	Max observed 13.5(
	0
	1965 - 1986

	Falls Creek RM 0.2
	16.3( - 18.0(
	Avg 3-9 per yr
	1992 - 1996

	Lake Quinault
	5.8( - 20( surface temps
	
	1989 - 1990


Sediment/Turbidity—Properly Functioning.  The Quinault Lake Tribs fifth-field watershed exhibits significant mass wasting signatures.  The dominant mass wasting process is erosion from debris torrents and shallow rapid failures; these two processes are followed by stream bank erosion.   These erosion processes lead to periods of heavy turbidity during winter freshets but it is unlikely that these are much changed over historic conditions since there has been little development and change in land use throughout most of the watershed.   Changes and past management actions in the Quinault River floodplain between Lake Quinault and the confluence of the Quinault River and the North Fork, may have affected stream bank stability.   Due to the establishment of homesteads with land-clearing and timber harvest of large conifers within the floodplain there may be altered channel migration rates and riverbank erosion.  If that is the case, there may be some minor increased turbidity and fine sediment over natural conditions.  It should be noted, however, that there is no available supporting evidence of significant changes … or other observations of increased rates of bank erosion3.  The determination of properly functioning for this indicator is based on the fact that overall natural erosion processes are high in the watershed and there has been minimal change in land use.

Chemical Contaminants and Nutrients—Properly Functioning.  Generally water quality in this fifth-field watershed is expected to meet the Washington State water quality standards for class AA (extraordinary) water.  Water quality measurements taken by the USGS at the North Fork Quinault River Gaging Station are expected to be quite representative of water quality in Mt Lawson and Enchanted Valley WAU’s and in tributary streams in the Quinault Lake WAU.

At North Fork Quinault River, USGS Gaging Station, water quality parameters were measured intermittently from 1965 through 1986 and provide a general overview of the water quality in the North Fork Quinault River.  Water temperatures are cool with a maximum observed temperature of 13.5o C from 222 samples (class AA standard <16o C).  Winter temperatures can be very cold, as indicated by a 0.5o C sample taken in March 1972.  Minimal turbidity sampling indicates clear water with values ranging from 0 to 5 NTU's in 18 measurements.  Dissolved oxygen was plentiful ranging from 9.7 mg/L to 15.2 mg/L for 183 samples (class AA standard >9.5 mg/L).  The water is neutral or slightly alkaline in pH with an average pH of 7.3 and a range of 6.2 to 8.4based on a total of 188 field samples  (class AA standard between 6.5 to 8.5).  Fecal coliform levels were quite low at this site, ranging from less than 1 to 58 colonies per 100 ml.  Class AA standards indicate that fecal coliform organisms shall not exceed a geometric mean value of 50-colonies/100 mL, and not more than 10 percent of all samples shall exceed 100-colonies/100 mL2.

Development in and around the Lake, including the towns of Quinault and Amanda Park, may add pollutants to Lake Quinault.  It is probable that leachates from septic systems are reaching the lake under some conditions.  A survey completed on the south shore lots … found that 65% of the septic systems on these lots were rated as medium or high potential to pollute ground or surface water2.  Fecal coliform levels may be increased over natural conditions but this is not established with existing data.  A determination of fecal coliform levels, and any fecal coliform contamination inputs and degree of contamination must be made before a determination of its effects on lake and fish productivity could be made.   At this time there is not a problem with eutrofication in the lake and any potential increase in nutrients is not expected to be at a level, which would increase the determination for this indicator to At Risk.

2.1.4 Habitat Access

Physical Barriers—Not Properly Functioning.  There are some culverts in the Quinault Lake Tribs fifth-field watershed that are known to be a barrier to upstream migration of salmonids at all flows and some culverts that are only partial barriers.  These culverts are primarily in the vicinity of Lake Quinault and on the loop road around the lake.  

2.1.5 Habitat Elements

Substrate Embeddedness—At Risk.  There is no information concerning substrate embeddedness in the Quinault Watershed Analysis.  The dominant substrate in six streams sampled within this watershed is generally gravel.  Sand sized sediment was relatively infrequent except Fox Creek, a low gradient system situated on a glacial terrace4.  Measurements of the concentration of fine sediment within spawning gravels are not available at this time.  Stream channelization and gravel removal has occurred in the river channel and floodplain and on several streams in the vicinity of the lake.  These are stream reaches on the valley terrace, which do not have the power to transport the substrate across the valley floor.  With the onset of development, standard practice was to use heavy equipment to dike the stream or remove the gravel in an effort to keep the stream from shifting channel locations.  Although this practice is infrequent at this time, it occasionally still occurs.  This operation occurs during the summer when flow is subsurface, there may be some increased incidence of fines from bank disturbance but this is generally low.  Valley roads have direct interaction with the river in several locations increasing potential of fine sediment inputs.   In addition timber harvest continues to occur within the riparian.  Based on professional judgment it is expected that substrate embeddedness could be rated Properly Functioning, however, based on a lack of data and the information displayed above a rating of At Risk is given.   
Large Woody Debris LWD—At Risk.  LWD in the mainstem channel and lake have been altered due to past management within the river and floodplain4.  Vegetation alteration began in the late 1800s directly attributed to homesteading.  Additional tree removal for commercial purposes began in the early 1900s and has continued to the present resulting in a reduced supply and recruitment of near channel wood.  In addition to the removal of riparian forests, there has also been removal and modification of in-channel wood.  This has occurred both for commercial purposes and also in an effort to reduce lateral excursion and channel movement across the floodplain.   The net result is a long-term effect on the amount of large wood in the channel with a subsequent reduction in interactions between the channel and large wood.  Questions remain on what the in-channel wood budget is for this system and what affects the above modifications have had on channel stability, floodplain function, sediment storage etc.  

It is expected that tributary streams are generally at near reference conditions for LWD except for those tributaries in the valley bottom below the forks of the river, which have been impacted by development.  
Pool Frequency and Quality —Properly Functioning.  Channel conditions are expected to be at near reference condition for this indicator especially for the upper mainstem and tributary streams.  Pool frequency in the upper mainstem reaches and in the tributary streams in this area are primarily influenced by channel gradient and confinement with frequent mass wasting and debris flows delivering sediment and LWD.  In the lower gradient reaches, bed morphology consists of pool-riffle reaches as well as plane-bed reaches of relatively constant slope.  The braided, gravel-bed channel in this area indicates a high sediment supply6.   Not withstanding the previous discussion on LWD, LWD is abundant and instrumental in the formation and development of mid channel and point bars leading to channel sinuosity, channel scour and pool development.   Tributaries overall, are in natural condition and have not been impacted by management actions.

Large Pools— At Risk.  There is limited information about large pools for the Quinault Lake Frontal fifth-field watershed4.   Data exists for some tributary streams, however the data is too limited to make an assessment for this indicator at the fifth field scale. The assessment is more qualitative than quantitative.  While land management activities in tributary streams have been minimal, disturbance has been concentrated along the flood plains and lower reaches of the tributaries and the mainstem, areas important to anadromous fish use.  This indicator is rated At Risk.  Mainstem river pools are generally simple scour pools with minimal cover; they are characterized by clean gravels and generally have little interaction with LWD except in logjam complexes.   

Off-Channel Habitat—At Risk.   Since European settlement, the floodplain of the Quinault River between Lake Quinault and the confluence the Quinault River and the North Fork has been subject to substantial human influence.  Establishment of homesteads and timber harvest has had indirect effects on off-channel habitat by altering channel-riparian interactions as well as affecting the quality of existing off-channel habitat.  In addition actions to limit channel migration with bank protection have reduced channel and floodplain interaction.  Bank protection measures include rock riprap, auto bodies and cabling trees.  Limiting channel migration may lead to a gradual decrease in the number and variety of side-channel and off-channel habitats.  It could be expected that newly formed side-channels will decrease while older off-channels will gradually fill with sediment or become disconnected from the main channel6.

Refugia—Properly Functioning.  Bull trout are found throughout the watershed.  Habitat is generally in good condition and provides for all freshwater life stages and is directly connected to the lake, lower river, estuary and ocean.  Since 94 percent of the fifth-field watershed is within Federal ownership, ONP and ONF9, it is well protected and will continue to provide valuable refugia.

2.1.6 Channel Condition and Dynamics

Width/Depth Ratio—At Risk.  No information concerning width-to-depth ratios is provided in the watershed analyses used in this assessment.  However, bank protection and channelization efforts are known to affect W/D Ratio.  It is uncertain what changes there may be in W/D ratios throughout this fifth-field watershed.  Much of the watershed, which has not been impacted by development, is expected to be unchanged over natural condition.

Streambank Condition—Properly Functioning.  The numeric's used to rate this indicator are not directly applicable to rating this fifth-field watershed.  The premise that streambank condition is properly functioning in natural systems will be used in making the determination for this indicator.  Tributary streams within this analysis area are generally in a natural condition and as such are considered to be Properly Functioning.  There may be short reaches of streams in the vicinity of Lake Quinault, which exhibit reduced channel stability due to development, but this is not a general condition.  For the mainstem river, stability may not be the best measure of streambank condition since lateral channel migration and channel avulsion are both commonly occurring natural channel processes in this system.  Bank hardening measures to protect roads and private landholdings if successful are likely to cause increased channel aggradation, more frequent overbank flooding and increased bank erosion in unprotected areas (not necessarily increased bank erosion over natural condition)7.  Off-channel habitat condition and floodplain connectivity are more at risk because of these actions than streambank condition.  

Floodplain Connectivity—At Risk.  Floodplain connectivity is primarily an issue with the mainstem of the Quinault River and in a few tributaries that enter the lake or river just upstream of the lake.   The Quinault River floodplain continues to be connected to off-channel habitats and riparian wetlands, but not at the level it was historically.  The removal and manipulation of LWD, timber harvest of large old-growth in the riparian, bank hardening, filling and the presence of bridges and roads have likely reduced some of the natural processes that promote floodplain interaction6.

2.1.7 Flow/Hydrology

Peak/Base Flows—Properly Functioning.  Since over 90% of the drainage area in this fifth-field watershed is in an undisturbed condition this indicator is rated Properly Functioning9.

Drainage Network Increase— Properly Functioning.  There has been a minimal increase in the drainage network for the Quinault Lake Frontal fifth-field watershed since most of the watershed is in a natural undisturbed condition.

2.1.8 Watershed Conditions

Road Density and Location— At Risk.  The At Risk determination is based on the adjacency and road-river interactions with the valley bottom North Shore and South Shore Roads.

Disturbance History—Properly Functioning.   At a watershed scale this indicator is considered to be Properly Functioning.  Based on information derived from the Vegetation Module in the Quinault Watershed Analysis less than 4 percent of the fifth-field watershed has been clearcut harvested9.  Portions of the watershed are at risk due to harvest within riparian areas. 

Riparian Reserves—Properly Functioning.  Riparian Reserves on NFS lands are generally intact and Properly Functioning this is also the condition of most riparian areas in the Quinault and Enchanted Valley WAU’s.  As discussed in previous sections there is a moderate loss of riparian function in areas above the lake where settlement, timber harvest and road construction have removed riparian vegetation. 

Disturbance Regime— Properly Functioning.  Based on information gathered in the Quinault Watershed Analysis primarily in the Channel Processes, Fish, Geology and Vegetation Modules it is my determination that natural processes are stable.  The Quinault Lake Frontal fifth-field watershed will continue to provide high quality habitat.  Floods, mass wasting events and channel shifts appear to be in accordance with historic values3,6,7.  Riparian areas that have been impacted by past timber harvest have the ability to recover and provide a higher level of function than they currently do.

2.1.9 Subpopulation Characteristics within Subpopulation Watersheds

Subpopulation Size— Unknown.  Lake Quinault and the Quinault River above the lake are known to support reproducing stocks of bull trout and Dolly Varden1.  The stocks are considered native and maintained by wild production.  There has been no estimate of subpopulation size.

Growth and Survival—Unknown
Life History Diversity and Isolation—Unknown.
Persistence and Genetic Integrity—Unknown.  There is little information on which to make a determination on this parameter.  However based on information from Leary and Allendorf, it appears that bull trout and Dolly Varden are sympatric within this fifth field and in the larger Olympic Peninsula and Puget Sound Area of Washington.  Genetic analysis of samples from the East Fork Quinault River has shown that both species exist and preliminary evidence shows no hybridization10.   

2.1.10 Species and Habitat

Species Integration/Habitat Conditions— Properly Functioning.  The presence of bull trout/native char in the watershed is well documented but is limited to the mainstem.  No information exists on native char utilizing the tributaries.  There is no quantitative information on the population sizes or trends.  Given the large percentage of land within the Olympic National Park and Wilderness designation, fish populations should be stable, subject to disturbances mainly from natural events.  However human caused disturbance along the mainstem flood plains, lake shore and lower reaches of some tributaries may have impacted populations in the past.

3.  ENDNOTES
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1.  INTRODUCTION

EA Engineering, Science, and Technology (EA) evaluated baseline environmental conditions of the Lower Quinault River watershed on the Olympic Peninsula in Washington for the U.S. Forest Service (USFS).  The evaluation method is A Framework to Assist in Making Endangered Species Acts Determinations at the Bull Trout Subpopulation Watershed Scale (U.S. Fish and Wildlife Service, February 1998).  For this assessment, a determination of functioning, at risk, or not properly functioning was applied to fifth-field watersheds.
The Lower Quinault River Watershed is located between Quinault Lake and the Pacific Ocean.  Its headwaters originate in the steep terrain of Quinault and Matheny Ridges and the broad coastal plain between the Pacific Ocean and the Olympic Mountains.  Elevations range from as high as 2,000 feet on Quinault Ridge to sea level.  The Quinault River generally flows west-southwest from Quinault Lake to the ocean.  The Lower Quinault River Watershed drains about 81,200 acres, most of which is administered by the Quinault Indian Nation.  Other owners include the Olympic National Forest, Olympic National Park, and private interests.

The Quinault Watershed Analysis (Quinault Indian Nation and Olympic National Forest, 1998) and the Boulder and Cook Watershed Analysis (1996), a joint effort of USFS, U.S. Geological Survey, U.S. Fish and Wildlife Service (USFWS), Bureau of Indian Affairs, Quinault Indian Nation, and Rayonier Timber Company were used in the evaluation.  Both watershed analyses are assessment of terrestrial, riparian, and aquatic reference conditions and current conditions through compilation of available data and follows requirements in the Ecosystem Analysis at the Watershed Scale, Federal Guide to Watershed Analysis (1995).  The Quinault Watershed Analysis also follows the Watershed Analysis Manual prepared by the Washington Department of Natural Resources (1995).  Other documents used in developing assessment components are referenced as endnotes in the text.

Indicator ratings in the matrix (Table 1 in Section 2) were assigned using available data that was often qualitative, rather than quantitative.  This qualitative data was interpreted to arrive at quantitative values that could be compared to ratings criteria.  Section 2 presents bull trout data and discusses the reasoning used to develop each pathway indicator rating.  Criteria may be adjusted for local conditions and processes, as described in the evaluation method (USFWS 1998).  This section provides justification for ratings where criteria for indicators appeared to be out of the range of natural conditions.  This section does not attempt to establish new criteria, but rather provides descriptions of local conditions and processes that directly influenced the indicator value.  For example, if recorded water temperatures fell into the not properly functioning category using USFWS criteria, but represented natural (historic) conditions, a rating of functioning was assigned.  References cited in the text are provided in Section 3.

2.  USFWS MATRIX FOR BULL TROUT

EA evaluated the Lower Quinault River watershed for bull trout through the use of the USFWS matrix.  This matrix (Table 1) was developed to document baseline environmental conditions in order to assist in determining the effects of individual or grouped actions at the bull trout subpopulation watershed scale.

Table 1 - Lower Quinault River Watershed Bull Trout Matrix.

	
	
	ENVIRONMENTAL BASELINE

	PATHWAYS
	INDICATORS
	Properly Functioning
	At Risk
	Not Properly Functioning

	Water Quality:
	Temperature
	
	X
	

	
	Sediment/Turbidity
	
	X
	

	
	Chemical Contaminants and Nutrients
	 
	X
	

	Habitat Access:
	Physical Barriers
	X
	
	

	Habitat Elements:
	Substrate Embeddedness
	
	X
	

	
	Large Woody Debris
	
	
	X

	
	Pool Frequency and Quality 
	X
	
	

	
	Large Pools 
	
	X
	

	
	Off-Channel Habitat
	
	X
	

	
	Refugia
	
	X
	

	Channel Condition 

and Dynamics:
	Width/Depth Ratio
	
	X
	

	
	Streambank Condition
	
	X
	

	
	Floodplain Connectivity
	
	X
	

	Flow/Hydrology:
	Peak/Base Flows
	X
	
	

	
	Drainage Network Increase 
	
	X
	

	Watershed 

Conditions:
	Road Density and Location
	
	X
	

	
	Disturbance History
	
	
	X

	
	Riparian Reserves
	
	
	X

	
	Disturbance Regime
	
	X
	

	Subpopulation Characteristics 

within Subpopulation 

Watersheds:
	Subpopulation Size
	
	Unknown
	

	
	Growth and Survival
	
	Unknown
	

	
	Life History Diversity and Isolation 
	
	Unknown
	

	
	Persistence and Genetic Integrity
	
	Unknown
	

	Species and Habitat:
	Species Integration/Habitat Conditions
	
	X
	


2.1  RATIONALE FOR PATHWAY INDICATOR RATINGS FOR BULL TROUT

2.1.1  Stock Definition, Origin, and Status

Bull trout/Dolly Varden in the Lower Quinault River watershed as a whole have been identified as a distinct stock based on their geographic distribution1.  They have been caught in the anadromous zone of the river, in Quinault Lake, and in the two forks of the Quinault River above Quinault Lake.  Spawning times and locations are unknown.  Stock is native in origin, of wild production, and stock status is unknown1.

2.1.2  Assessment Scope

Portions of the Quinault Watershed Analysis that relate specifically to the Lower Quinault River watershed were used in this assessment.  Boulder Creek information presented in the Boulder and Cook Watershed Analysis was used in this report and separated as much as possible from Cook Creek information.

2.1.3  Water Quality

Temperature—At Risk.  Water temperatures in the Lower Quinault River are warm through much of the spring and into the fall months.  The water temperature at the beginning of the watershed reflects the warm surface water in Lake Quinault.  Lake Quinault stratifies thermally during the spring and summer months2.  Based on this information it appears that the warm temperatures in the Lower Quinault River are the direct result of natural processes.

The Quinault Indian Nation maintains two temperature monitoring sites on the mainstem river at the Highway 101 bridge (RM 33.0), and at the old Chow Chow bridge site (RM 7.5).  Data from 1995 and 1996 indicate that the water temperature exceeds 16.0° C approximately ninety days per year.  Temperatures in tributary streams appear to be cooler than the river.  The Boulder South Creek monitoring station is located near the mouth of Boulder South Creek at RM 0.0.  Data from the summers of 1995 and 1996 show this stream with cool summer temperatures with no temperatures greater than 16.0° C.  Daily average stream temperatures ranged from 8.9° C to 13.1° C during this two year period while the maximum temperature was 15.0° C.  

The present day composition of the riparian forest along the mainstem Quinault River is mostly small to medium-size hardwoods with occasional medium to large conifers.  The shade cast by these and other stands of trees was reported to be above or equal to the shade target for about 30 percent of the mainstem and below the shade target for less than 20 percent of the same.  The riparian canopy cove and associated shade is naturally low for more than 50 percent of the Lower Quinault River6.  Although portion of the riparian corridor for Boulder South have been altered, much of this riparian canopy for the lower portion of the creek is relatively intact, with much of the area in old-growth2.

Sediment/Turbidity—At Risk.  The Lower Quinault River watershed exhibits a low susceptibility to mass wasting; however, the amount of sediment in the water column has increased due to timber harvest-related slope failures3.  Increased turbidity in Lake Quinault has detrimental effects on salmonid production in the river below the lake until the suspended sediment settles out of the water column.  Because of small volume of sediment storage in tributary streams, most sediment likely travels downstream quickly and forms alluvial fans where the stream exits steep and confined valleys and enters the low gradient and unconfined floodplain of the Lower Quinault River.  The abrupt change in valley morphology at these transitions results in most coarse sediment (gravel and cobbles) being deposited and stored for long time periods in these alluvial fans.  Boulder Creek is susceptible to fine-sediment deposition in the lower-gradient reaches.  The bank material contains large quantities of fine sediment that the stream scours.  It is likely that logging and road construction have increased fine sediment transport to stream and river channels2.

Chemical Contaminants and Nutrients—At Risk.  Development in and around the town of Neilton, which is located in the Boulder Creek subwatershed, may add pollutants to tributary streams, although no monitoring has been done to verify this.  The village of Taholah at the mouth of the river may have a detrimental effect on water quality.  A fish processing plant, located on the lower river, discharges effluent into the river2.   Water from the hatchery in the Cook/Elk Creek watershed contains waste products from the fish as well as residues from products used to prevent or treat diseases 3.   However, large flows help dilute these contaminants and any other contaminants that may be discharged to the river.

2.1.4  Habitat Access

Physical Barriers—Properly Functioning.  There are bridges and culverts in the Lower Quinault River watershed, and occasional culvert or drainage failures.  No information is provided in the watershed analysis to suggest whether these failures affect fish migration4.

2.1.5  Habitat Elements

Substrate Embeddedness—At Risk.  There is no information concerning substrate embeddedness in the Quinault Watershed Analysis.  The dominant substrate in Boulder Creek is mostly gravels and cobbles.  Boulder Creek is susceptible to fine-sediment deposition in the lower-gradient reaches.  Measurements of the concentration of fine sediment within spawning gravels are not available at this time5.  The observed substrate was usually composed of gravel and cobble particles, which provide spawning gravel for large salmonids4.

Large Woody Debris LWD—Not Properly Functioning.  Removal of merchantable instream LWD was common earlier this century.  Until the late 1930s, the Lower Quinault River was a major transportation route for movement between Taholak and Lake Quinault.  Log jams were significant navigation hazards and impediments, and were constantly being modified or removed to facilitate passage7.  The tributary streams generally contain abundant LWD4.  Of ten sites rated, nine were rated as good and the tenth rated as fair.  The proportion of large LWD (i.e., > 20 inches in diameter) ranged from 2 to 36 percent.  Timber harvest to stream edges has resulted in reduced LWD recruitment.  The present day composition of the riparian forest along the mainstem Quinault River is mostly small to medium-size hardwoods with occasional medium to large conifers.  The near-term recruitment potential for LWD in the Lower Quinault River is low for 40 to 70 percent of the river6.  The LWD recruitment rate for tributary streams was low for more than 60 percent of the tributaries.

Pool Frequency and Quality —Properly Functioning.  Channel morphology in the mainstem typically consists of long pools separated by short riffles, although there are reaches that may be classified as plane-bed channels7.  Tributary streams appear to contain substantial pool habitat4.  In addition to LWD, channel processes such as scouring may be responsible for pool habitat. 

Large Pools—At Risk.  There is limited information about large pools for the Lower Quinault River watershed particularly the mainstem.  Stream cleaning in the Lower Quinault River often resulted in severe reduction in LWD with subsequent reductions in pool area and suitable rearing habitat4.  The tributary streams generally contain abundant pool habitat.  The habitat rating for pools in tributary streams indicates that about 65 percent of the pools inventoried provide good fish habitat.  

Off-Channel Habitat—At Risk.  The Quinault River between Lake Quinault and Pacific Ocean has a bankfull width of about 400 ft, and a low-flow width that is typically 100-200 ft.  The cannel meanders through the floodplain and low flows are primarily confined to a single channel, but at high flows, numerous side channels on the floodplain are likely to convey flow7.

The mainstem of the Lower Quinault River averages a gradient of less than 2 percent and contains substantial off-channel habitats and adjacent wetlands4.  The river, as well as the side channels, sloughs, and tributary mouths, are extensively used by anadromous salmonids.  Past riparian timber harvesting and naturally low shading likely reduced the quality of existing off-channel habitat.

There has been a long history of channel modification within the Quinault Watershed, probably dating to prior to European settlement.  Most early channel improvement activities were aimed at facilitating navigation through channelization and removal of logjams, or controlling bank erosion with bank protection.  Presently, most channel activities are centered on improving fish habitat, or locally, protecting property and structures from bank erosion7.

Refugia—At Risk.  Past and present timber harvest and related activities continue to impact riparian areas and water quality.

2.1.6  Channel Condition and Dynamics

Width/Depth Ratio—At Risk.  No information concerning width-to-depth ratios is provided in either watershed analyses used in this assessment.  However, observations of the effects of timber harvest in similar settings indicates that there has been changes in the quantity and character of LWD, local introduction of sediment from harvest areas and roads, and local changes in channel structure due to removal or addition of LWD or other in-channel structural elements7.  As a result, it is possible that the mainstem channel could become narrower and deeper than reference conditions.

Streambank Condition—At Risk.  Channel migration and avulsion occurring in the Lower Quinault River appear to be similar to historic conditions.  Streambanks along the Lower Quinault River where downcutting through the undifferentiated glacial drift deposits occurs are susceptible to slope instability3.  Streambank stability in tributaries may be inferred from the apparent stability of their channels.  However, historic riparian timber cutting, and stream cleanout which removed LWD that protected stream banks locally have likely increased the risk of stream bank failure.  

Floodplain Connectivity—At Risk.  Although floodplain connectivity is not specifically addressed in either watershed analyses several statements sprinkled throughout the Quinault Watershed Analysis suggest that the Lower Quinault River floodplain continues to be connected to off-channel habitats and riparian wetlands.  The removal of large log jams and presence of bridges and roads have likely reduced some of the natural processes that promote floodplain interaction.

2.1.7  Flow/Hydrology

Peak/Base Flows—Properly Functioning.  Discharge from the upper watershed above Quinault Lake is regulated naturally through the storage capacities of the lake, resulting in smaller peak discharges than would be typical for a drainage the size of the Quinault River8.

Drainage Network Increase—At Risk.  There was no data in either watershed analyses that quantified the road network in the Lower Quinault River watershed.  There is an extensive road system within the Quinault Indian Reservation for timber harvest activities.  A less intensive road system exists on the ridges above the lake9.  Based on this limed information is likely that at a minimum there has been a moderate increase in the drainage network for the Lower Quinault River watershed.

2.1.8  Watershed Conditions

Road Density and Location—At Risk.  Road density in the Lower Quinault River watershed was not reported.  Based on anecdotal information it appears that the watershed supports an extensive road system9.  Roads may inhibit return waterflow from major flooding events.

Disturbance History—Not Properly Functioning.  Much of the Lower Quinault River watershed has been harvested at least once and second rotational cutting is in progress.  The amount of timber that has been harvested in the Lower Quinault Watershed was not readily available; however, if the amount of late seral vegetation is equivalent to unharvested timber, then more than about 85 percent of this watershed has been harvested10.  Extensive stream cleanout had altered stream channel processes.

Riparian Reserves—Not Properly Functioning.  Timber harvest to the stream edges continued until 1988.  Riparian zone forest species, diversity, abundance, and size have been reduced as a result of logging operations since the 1920s6.

Disturbance Regime—At Risk.  The ability of the Lower Quinault River watershed to recover from disturbance has been impaired by high levels of timber cutting.  Floods and mass wasting events appear to be in accordance with historic values3,7.  The Lower Quinault River retains some  channel complexity, but is likely lower than historical levels.

2.1.9  Subpopulation Characteristics within Subpopulation Watersheds

The Quinault River reportedly contains reproducing resident stocks of bull trout; however, its presence has not been confirmed4.

Subpopulation Size—Unknown
Growth and Survival—Unknown
Life History Diversity and Isolation—Unknown.
Persistence and Genetic Integrity—Unknown. 

2.1.10  Species and Habitat

Species Integration/Habitat Conditions—At Risk.  Several resident and anadromous salmonids are known to utilize the Lower Quinault River including coho, chinook, chum, and pink salmon and steelhead and cutthroat trout.  Resident cutthroat trout have also been confirmed in tributary streams4.  Because the presence of bull trout has not been confirmed in the Lower Quinault River watershed it is not possible to assess the interaction between bull trout and other salmonids.  There is no population data on bull trout/native char in which to make an assessment of population trends.

3.  ENDNOTES

42. 1998 Washington Salmonid Stock Inventory – Appendix:  Bull Trout and Dolly Varden.  Washington Department of Fish and Wildlife.  July 1998.

43. Water Quality Module-Current Conditions.  In Quinault Watershed Analysis.  1998.  Quinault Indian Nation and Olympic National Forest, USFS.  January 1998.

44. Mass Wasting Module.  In Quinault Watershed Analysis.  1998.  Quinault Indian Nation and Olympic National Forest, USFS.  January 1998.

45. Fish Module.  In Quinault Watershed Analysis.  1998.  Quinault Indian Nation and Olympic National Forest, USFS.  January 1998.

46. Fish Module-Reference Conditions.  In Boulder and Cook Watershed Analysis.  1996.  U.S. Forest Service, U.S. Geological Survey, U.S. Fish and Wildlife Service, Bureau of Indian Affairs, Quinault Indian Nation, Washington State Department of Natural Resources, and Rayonier Timber Company.  May 1996.

47. Riparian Module.  In Quinault Watershed Analysis.  1998.  Quinault Indian Nation and Olympic National Forest, USFS.  January 1998.

48. Channel Processes and Morphology Module.  In Quinault Watershed Analysis.  1998.  Quinault Indian Nation and Olympic National Forest, USFS.  January 1998.

49. Hydrology Module.  In Quinault Watershed Analysis.  1998.  Quinault Indian Nation and Olympic National Forest, USFS.  January 1998.

50. Human Uses Module.  In Quinault Watershed Analysis.  1998.  Quinault Indian Nation and Olympic National Forest, USFS.  January 1998.

10.
Vegetation Module.  In Quinault Watershed Analysis.  1998.  Quinault Indian Nation and Olympic National Forest, USFS.  January 1998.
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1.  INTRODUCTION

EA Engineering, Science, and Technology (EA) evaluated baseline environmental conditions of the Cook and Elk Creeks watershed on the Olympic Peninsula in Washington for the U.S. Forest Service (USFS).  The evaluation method is A Framework to Assist in Making Endangered Species Acts Determinations at the Bull Trout Subpopulation Watershed Scale (U.S. Fish and Wildlife Service, February 1998).  For this assessment, a determination of functioning, at risk, or not properly functioning was applied to fifth-field watersheds.
The Cook and Elk Creek Watershed is south of the Lower Quinault River Watershed and shares a boundary with it.  Its headwaters originate in the steep terrain of Quinault Ridge and on the broad coastal plain between the Pacific Ocean and the Olympic Mountains.  Elevations range from as high as 2,000 feet on Quinault Ridge too less than 500 feet at the confluence with the Quinault River.  Cook Creek generally flows west to its confluence with the Quinault River.  Elk Creek generally flows northwest to Cook Creek.  The Cook and Elk Creeks Watershed drains about 29,500 acres, about half of which is administered by the Quinault Indian Nation.  The remainder of the watershed is administered by the Olympic National Forest and private landowners.  A small portion of the watershed is administered by the Washington State Department of Natural Resources.

Sources of data used in the evaluation include the Quinault Watershed Analysis (Quinault Indian Nation and Olympic National Forest, USFS, 1998) and the Boulder and Cook Watershed Analysis (1996), a joint effort of USFS, U.S. Geological Survey, U.S. Fish and Wildlife Service (USFWS), Bureau of Indian Affairs, Quinault Indian Nation, Washington State Department of Natural Resources, and Rayonier Timber Company.  Both watershed analyses are assessments of terrestrial, riparian, and aquatic reference conditions and current conditions through compilation of available data and follow requirements in the Ecosystem Analysis at the Watershed Scale, Federal Guide to Watershed Analysis (1995).  The Quinault Watershed Analysis also follows the Watershed Analysis Manual prepared by the Washington State Department of Natural Resources (1995).  Other documents used in developing analysis components are referenced as endnotes in the text.

Indicator ratings in the matrix (Table 1 in Section 2) were assigned using available data that was often qualitative, rather than quantitative.  This qualitative data was interpreted to arrive at quantitative values that could be compared to ratings criteria.  Section 2 presents bull trout data and discusses the reasoning used to develop each pathway indicator rating.  Criteria may be adjusted for local conditions and processes, as described in the evaluation method (USFWS 1998).  This section provides justification for ratings where criteria for indicators appeared to be out of the range of natural conditions.  This section does not attempt to establish new criteria, but rather provides descriptions of local conditions and processes that directly influenced the indicator value.  For example, if recorded water temperatures fell into the not properly functioning category using USFWS criteria, but represented natural (historic) conditions, a rating of functioning was assigned.  References cited in the text are provided in Section 3.

2.  USFWS MATRIX FOR BULL TROUT

EA evaluated the Cook and Elk Creeks watershed for bull trout through the use of the USFWS matrix.  This matrix (Table 1) was developed to document baseline environmental conditions in order to assist in determining the effects of individual or grouped actions at the bull trout subpopulation watershed scale.

Table 1. Cook and Elk Creeks Bull Trout Matrix.

	
	
	ENVIRONMENTAL BASELINE

	PATHWAYS
	INDICATORS
	Properly Functioning
	At Risk
	Not Properly Functioning

	Water Quality:
	Temperature
	
	X
	

	
	Sediment/Turbidity
	X
	
	

	
	Chemical Contaminants and Nutrients
	X
	X (Cook Cr. below hatchery)
	

	Habitat Access:
	Physical Barriers
	X (Elk Cr.)
	
	X (Cook Cr. below hatchery)

	Habitat Elements:
	Substrate Embeddedness
	X
	
	

	
	Large Woody Debris
	
	
	X

	
	Pool Frequency and Quality 
	
	X
	

	
	Large Pools 
	
	X
	

	
	Off-Channel Habitat
	
	X
	

	
	Refugia
	
	 
	X

	Channel Condition 

and Dynamics:
	Width/Depth Ratio
	
	X
	

	
	Streambank Condition
	X
	
	

	
	Floodplain Connectivity
	
	X
	

	Flow/Hydrology:
	Peak/Base Flows
	X
	X (Cook Cr. below hatchery)
	

	
	Drainage Network Increase 
	
	X
	

	Watershed 

Conditions:
	Road Density and Location
	
	X
	

	
	Disturbance History
	
	
	X

	
	Riparian Reserves
	
	
	X

	
	Disturbance Regime
	
	X
	

	Subpopulation Characteristics 

within Subpopulation 

Watersheds:
	Subpopulation Size
	
	Unknown
	

	
	Growth and Survival
	
	Unknown
	

	
	Life History Diversity and Isolation 
	
	Unknown
	

	
	Persistence and Genetic Integrity
	
	Unknown
	

	Species and Habitat:
	Species Integration/Habitat Conditions
	
	X
	


2.1  RATIONALE FOR PATHWAY INDICATOR RATINGS FOR BULL TROUT

2.1.1  Stock Definition, Origin, and Status

Surveys show Dolly Varden in Cook Creek, but whether this is an anadromous or resident population is not known1.  Cook Creek has not been surveyed for the presence of bull trout as of 19981.  Although Elk Creek was not specifically mentioned, Dolly Varden reportedly were found in suitable habitat throughout the Cook Creek watershed, including Elk Creek.  There was no reference to the current status of bull trout in Elk Creek.

2.1.2  Assessment Scope

Portions of the Quinault Watershed Analysis that deal specifically with the Cook and Elk Creeks watershed were used in this assessment.  Cook Creek information presented in the Boulder and Cook Watershed Analysis was used in this report and separated as much as possible from Boulder Creek information.

2.1.3  Water Quality

Washington State Water Quality Standards list the Quinault River and its tributaries as a AA stream for extraordinary water quality.  Water within this classification must have a pH between 6.5 and 8.5, temperature below 16 degrees Celsius, and a DO level greater than 9.5 milligrams per liter (mg/L).

Temperature—At Risk.  The Boulder and Cook Watershed Analysis concluded that reference conditions for water quality were likely very good.  Given the forest canopy and high ground water-surface water interactions, surface water was likely cool, and well oxygenated with a neutral pH.  Based on the work in old-growth forests on the west slope of the Olympic Mountains, it is likely that Cook Creek exceeded 16 degrees Celsius minimally on an annual basis.

The Quinault National Fish Hatchery is located on Cook Creek near the crossing of the Moclips Highway at river mile (RM) 4.5.  Cook Creek is the primary source of water for the hatchery.  The temperatures of all the hatchery water sources range from an average of 6 degrees Celsius in December to 12 degrees Celsius in July.  The slight variation in water temperature indicates the strong influence of ground water.  Grab samples from Cook Creek at RM 0.2 exceeded 16 degrees Celsius on at least two occasions in the summer of 1995.  Water temperatures recorded at the mouth of Cook Creek exceeded 16 degrees Celsius on 5 days in 1995 and 9 days in 19963.

There was no information in the Quinault Watershed Analysis about Elk Creek stream temperatures.  However, we can infer stream temperatures in Elk Creek and the upper reaches of Cook Creek from riparian shade data4.  From approximately 4,000 feet below the confluence with Skunk Creek to the confluence of the Quinault River, the main channel of Cook Creek falls below the shade target of 90 percent, ranging from 40 percent to 80 percent.  Some of this is due to naturally low canopy cover in areas of river meandering and wetlands; indeed, several of Cook’s tributaries originate in wetlands with naturally low shade levels.  Areas of the lower drainage however, appear to have been thinned in the riparian management zone (RMZ), leaving a lower canopy closure than what would be expected from natural conditions.  Only at elevations above 400 feet does the main channel (and Skunk Creek) meet target shade values.  For Skunk Creek, a headwater to Cook Creek, all Type 1 through Type 3 waters are above target shade requirements.  The lower one-quarter of Hathaway Creek meets the target shade requirements.  However, the upper three-quarters of Type 1-3 waters are below target, mostly due to natural conditions from wetlands.  Elk Creek is below the shade target of 90 percent up to the confluence with Red Creek.  Above this, the small hardwood stands are dense enough to provide nearly complete canopy closure for the main channel.  The upper reaches of tributaries tend to be below the shade target.  For Red Creek, a tributary of Elk Creek, good cover provided by dense, small stands, suggests that almost all of the Type 1-3 waters met the shade target of 90 percent.

Sediment/Turbidity—Properly Functioning.  There do not appear to be significant changes in sediment loading from reference conditions.  Total suspended solids are usually less than 1 milligram per liter.  Turbidity increases during high streamflows resulting from storm events, but there is no indication that this is a significant difference from historic processes9.

Chemical Contaminants and Nutrients—Properly Functioning .  No quantitative studies have been performed on contaminants in the Cook and Elk Creeks area above the hatchery.  The Neilton Water Cooperative, Meadowland Water Service, and the Quinault National Fish Hatchery on Cook Creek divert water for various purposes.  The water quality satisfies users in all three cases.  At Risk (lower Cook Cr.below hatchery).  Potential sources of contamination include hatchery effluent and indiscriminate trash dumping (including oil products).  The hatchery discharges water into Cook Creek downstream of its operations.  Water from the hatchery contains waste products from the fish as well as residues from products used to prevent or treat diseases.  The hatchery has used formaldehyde to retard fungal growth on the eggs.  It periodically uses formalin as a therapeutic treatment to prevent fungal growth on incubating eggs and to relieve ectoparasite infestations on the rearing fish.    However, large flows help by diluting any contaminants that might be present3.

2.1.4  Habitat Access

Physical Barriers—Not Properly Functioning .  Anadromous fish use in Cook Creek is limited compared to historic conditions.  Currently, fish migrate about 4.5 miles from the mouth of Cook Creek to the hatchery.  At the hatchery, an electric weir inhibits fish passage to the upstream reaches of Cook Creek. Anadromous salmonid production no longer occurs in Hathaway and Skunk Creeks due to the diversion at the hatchery weir.  The tributaries of Cook Creek below RM 4.5, Chow Chow Creek, Elk Creek, and Red Creek, probably contain naturally reproducing anadromous salmonids, plus an unknown number of fish straying from hatchery returns.  This indicator is rated Properly Functioning for these streams.  3.

2.1.5  Habitat Elements

Substrate Embeddedness—Properly Functioning.  There do not appear to be any significant changes from historic conditions.  The dominant substrate in the Cook and Elk Creeks watershed is mostly gravels and cobbles.  This is a size range that serves well as spawning gravel.

The actual quantity of sediment that passes from the steep reaches and into the low-gradient reaches is unknown, but probably small.  The low gradient reaches of streams in this watershed are deposition areas, and thus may be susceptible to deposition of fine sediments.  The bank material of these reaches contain large quantities of fine sediment that may be scoured by high flows and possibly retained in spawning gravels.  The low-gradient channels with source areas in steep terrain likely receive substantial inputs of sediment from upstream, but much of the coarse faction (gravel, cobbles, and boulders) is probably deposited in small alluvial fans where these streams exit steep unconfined valleys and enter low-gradient reaches1.

Large Woody Debris—Not Properly Functioning.  Total counts for large woody debris (LWD) indicate that there are about 48 pieces of LWD per 1,000 feet or 253 pieces per mile in Cook Creek10.  The large LWD (i.e., pieces >24 inches in diameter and 50 feet long) count for this same stretch of creek was between 5 and 6 pieces per 1,000 feet or about 30 pieces per mile.  Hatchery personnel have removed woody debris jams in Cook Creek below the hatchery to facilitate movement of hatchery-released fish.  Removal of LWD jams combined with harvest of riparian vegetation has reduced the quantity and size of wood available for LWD recruitment in lower Cook Creek.  There was no specific information about LWD for Elk Creek.  The recruitment potential for Cook and Elk Creeks is low in the near term4.

Pool Frequency and Quality —At Risk.  No pool counts were provided in either Watershed Analyses.  However, the percentage of stream surface area in pools was reported to be 29 percent in Cook Creek from RM 4.7 to RM 8.21.  Apparent reduction in percentage of surface area in pools from that which would be expected for reference condition may reflect decreases in LWD size, LWD removal, logging, road building, and vehicle use in the stream channel5. There is an average of 253 pieces of LWD per mile of stream possibly providing some pool cover. Less than half of the reaches meet target requirements for shade4.

Large Pools—At Risk.  Pools average 2.2 feet in depth.  The low gradient reaches of the streams in the Watershed are susceptible to deposition of fine sediments which can reduce pool volume, but the actual amount of sediment in the low-gradient reaches is probably small1.  

Off-Channel Habitat—At Risk.  Unconfined reaches of Cook Creek have adjacent wetlands and side channel habitat3.  However, historic cultural practices such as stream cleanout, riparian tree harvesting, beaver trapping, and roads have likely affected the quality and quantity of available off-channel habitat.  The weir at the hatchery limits upstream fish migration and therefore has reduced the amount of eventable off-channel habitat.

Refugia— Not Properly Functioning.  Refugia was not specifically addressed in either of the Watershed Analyses.  Most of the watershed is owned by the Quinault Indian Nation (40 percent), USFS (27 percent), and private landowners (32 percent).  A significant percentage of the forest has been harvested, burned, or subject to windthrow.  Only 3,690 acres (12 percent of the total) of timber is in the late seral stage6.  All of this timber is located above the anadromous zone and owned by the USFS.  Although, the unconfined reaches of Cook Creek reportedly have adjacent wetlands, and side channel habitat, the wier at the hatchery has reduced the amount of available habitat for anadromous fish in Cook Creek.  Simplification of channels due to removal of LWD jams and harvest of riparian vegetation negatively affects quality of refugia, particularly below the fish hatchery.

2.1.6  Channel Condition and Dynamics

Width/Depth Ratio—At Risk.  There is no information concerning width-to-depth ratios in either of the sources used in this assessment.  In addition, there is no known quantitative data indicating significant changes in channel processes or morphology in the Cook and Elk Creeks watershed.  However, qualitative observations in areas subject to timber harvest indicate that there have likely been:

· Changes in the quality and character of LWD;

· Local introduction of sediment from road and road culvert failures; and 

· Local changes in channel structure due to modification of in-channel structures such as LWD9.

Based on this information, it can be inferred that the width-depth ratio is greater than reference width-depth ratios.

Streambank Condition—Properly Functioning.  Some bank erosion is present at the confluence of Elk and Cook Creeks, but impact is lessened due to low topographic relief and coarse glacial deposits.  Vegetation usually covers channel side slopes and there appears to be little opportunity for bank erosion unless timber harvest or blowdown disturbs riparian corridors3.

Floodplain Connectivity—At Risk.  Unconfined reaches of Cook Creek reportedly have adjacent wetlands and side channel habitat3.  Although there was no information about the nature and extent of roads in riparian areas, it is likely that roads have limited the connectivity of the mainstem channel with side channels.

2.1.7  Flow/Hydrology

Peak/Base Flows—Properly Functioning.  Although there are a few indications that some hydrological changes may have occurred, neither source presents hard data that may be analyzed for trends.  Such data as is presented is applicable only to changes above the gaging station at the Lake Quinault outlet, which is located outside of the bounds of this watershed.  Use of surface water from Cook Creek for the hatchery water supply reportedly reduces instream flows in the area between the hatchery intake and the outflow.  Below the outflow, instream flows approximate natural levels due to return of water from the hatchery3.  This indicator is rated At Risk for the mainstem Cook Creek below the hatchery

Drainage Network Increase—At Risk.  There are 2.9 miles of road per square mile of area in the Cook and Elk Creeks watershed7.  This represents a moderate increase in the drainage network due to ditches associated with roads.  The affect the expanded drainage network may have on aquatic species was not specifically addressed in either Watershed Analyses.

2.1.8  Watershed Conditions

Road Density and Location—At Risk.  The average road density in the Cook and Elk Creeks watershed is 2.9 miles of road per square mile of drainage basin.  There are 2.85 miles of road per square mile of drainage in Cook Creek basin and 3.01 miles of road per square mile of drainage in Elk Creek basin7.  These road miles reflect only system roads and do not include temporary roads.  Most of the existing mainline roads consist of single lane, unsurfaced roads that follow former railroad grades.  Prior to road building, access to the watershed was nearly impossible due to dense vegetation, large amounts of downed timber and heavy brush11.  The extensive road network provides easy access to every part of the watershed.  This access has resulted in increased disturbance to fish and wildlife populations.  In contrast, it is thought that the road network has only slightly altered the flow path of groundwater and surface water and the amount of wetlands.  The limited impact is apparently related to the relatively permeable glacial soils in the watershed.

Disturbance History—Not Properly Functioning.  Timber management has been the major disturbance during this century1.  Although not specifically addressed in either Watershed Analyses, the Successional Stages and Forest Structure table for the Cook and Elk Creeks watershed suggests that over 75 percent of the watershed has been subject to clearcut timber harvest.  Other disturbance factors include fire (about 14,000 acres burned in the late 1800s and early 1900s) and wind (the south half of the watershed blew down in 1921)6.  Road construction and development (i.e., the town of Neilton) are also sources of disturbance.
Riparian Reserves—Not Properly Functioning.  Past and present logging activities have reduced forest species, diversity, abundance, and size in the riparian vegetation composition of streams and wetlands in these basins1.  Vegetation following logging consists of smaller diameter trees, mostly hardwoods along the mainstem reaches, although there are conifer/hardwood mixtures and conifers along some tributaries particularly in the upper reaches of Cook Creek.  As a result, recruitment potential for LWD is low.  In addition, riparian corridors do not meet shading requirements in more than half of the reaches4.

Disturbance Regime—At Risk.  There was no hard data in either watershed analyses that related to current or historic flows of the streams in the Cook and Elk Creeks watershed.  Old-growth vegetative cover historically limited surface-water runoff.  The huge crowns intercepted precipitation falling on the forest and allowed much of it to evaporate.  The trees also transpired much of the water that either fell to the forest floor directly or dripped from the canopy.  Additional water infiltrated into the moisture-holding litter and coarse woody debris, and then deeper to the water table.  Because these processes consumed most of the rainfall, little water remained for surface runoff.  As a consequence, peak storm flows and total annual flows were both smaller before the 1920s, when timber harvest began removing the old growth8.  Because a significant percentage of the timber in the Watershed is currently less than 80 years old, and is outside of the Olympic National Forest boundary where it is subject to less restrictive land management prescriptions, it will be a long time before the Watershed approaches a reference disturbance regime, if ever.  Simplification of channels due to removal of LWD jams and harvest of riparian vegetation negatively affects channel quality, particularly below the fish hatchery.

2.1.9  Subpopulation Characteristics within Subpopulation Watersheds

Subpopulation Size—Unknown.
Growth and Survival—Unknown.

Life History Diversity and Isolation—Unknown.
Persistence and Genetic Integrity—Unknown.
2.1.10  Species and Habitat

Species Integration/Habitat Conditions—At Risk.  The Cook and Elk Creeks watershed has not been surveyed for bull trout.  Data on bull trout/native char populations is lacking, and an assessment of population trends cannot be made.
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1.  INTRODUCTION

The U.S. Forest Service (USFS) evaluated baseline environmental conditions of the Middle Fork Satsop River watershed on the Olympic Peninsula in Washington.  The evaluation method is A Framework to Assist in Making Endangered Species Acts Determinations at the Bull Trout Subpopulation Watershed Scale (U.S. Fish and Wildlife Service, February 1998).  For this assessment, a determination of functioning, at risk, or not properly functioning was applied to fifth-field watersheds.

The headwaters of the Middle Fork Satsop River are in the southern Olympic Mountains.  The river flows in a southerly direction and joins the East Fork Satsop River approximately 11 miles north of the Satsop confluence with the Chehalis River which then flows into Grays Harbor.  The headwaters of the Middle Fork Satsop is USFS ownership, which is approximately a third of the watershed.  The remaining two thirds is private land, in which the Simpson Timber Company owns the majority of the land.

Watershed Analysis has not been conducted on the Middle Fork Satsop, and there is very little habitat data for this watershed.  

Indicator ratings in the matrix (Table 1 in Section 2) were assigned using available data that was often qualitative, rather than quantitative.  This qualitative data was interpreted to arrive at quantitative values that could be compared to ratings criteria.  Section 2 presents bull trout data and discusses the reasoning used to develop each pathway indicator rating.

2.  USFWS MATRIX FOR BULL TROUT

The USFS evaluated the Middle Fork Satsop River watershed for bull trout through the use of the USFWS matrix.  This matrix (Table 1) was developed to document baseline environmental conditions in order to assist in determining the effects of individual or grouped actions at the bull trout subpopulation watershed scale.

Table 1 - Middle Fork Satsop River Bull Trout Matrix

	
	
	ENVIRONMENTAL BASELINE

	PATHWAYS
	INDICATORS
	Properly Functioning
	At Risk
	Not Properly Functioning

	Water Quality:
	Temperature
	
	X
	

	
	Sediment/Turbidity
	
	
	X

	
	Chemical Contaminants and Nutrients
	X
	
	

	Habitat Access:
	Physical Barriers
	X
	
	

	Habitat Elements:
	Substrate Embeddedness
	
	
	X

	
	Large Woody Debris
	
	
	X

	
	Pool Frequency and Quality 
	
	
	X

	
	Large Pools
	
	
	X

	
	Off-Channel Habitat
	
	X
	

	
	Refugia
	
	
	X

	Channel Condition 

and Dynamics:
	Width/Depth Ratio
	
	X
	

	
	Streambank Condition
	
	X
	

	
	Floodplain Connectivity
	
	X
	

	Flow/Hydrology:
	Peak/Base Flows
	
	X
	

	
	Drainage Network Increase 
	
	
	X

	Watershed 

Conditions:
	Road Density and Location
	
	
	X

	
	Disturbance History
	
	
	X

	
	Riparian Reserves
	
	
	X

	
	Disturbance Regime
	
	
	X

	Subpopulation Characteristics 

within Subpopulation 

Watersheds:
	Subpopulation Size
	Unknown

	
	Growth and Survival
	Unknown

	
	Life History Diversity and Isolation 
	Unknown

	
	Persistence and Genetic Integrity
	Unknown

	Species and Habitat:
	Species Integration/Habitat Conditions
	At Risk


2.1  RATIONALE FOR PATHWAY INDICATOR RATINGS FOR BULL TROUT
2.1.1  Stock Definition, Origin, and Status

Bull trout have not been found in the upper Middle Fork Satsop River during recent USFS surveys.  The only salmonid species known to be present in the resident trout zone of the Middle Fork Satsop River are cutthroat trout and rainbow trout. 

Bull trout in the Grays Harbor/Chehalis River system have been identified as a distinct stock based on their geographic distribution.  They have been caught in the anadromous zone in spring and fall.  The stock is native, of wild production, and their status is unknown.  There is insufficient information to assign stock status with confidence.  The only information on this stock is anecdotal accounts from sport fishermen.  Snorkel surveys were conducted in the summer or 2000 in the upper watershed, on National Forest lands, no bull trout were observed.  Resident bull trout are unlikely to be present in upper reach of the Middle Fork Satsop River.  If bull trout are present in the watershed, they would have a higher probability of occurring in the lower anadromous reaches of the river. 
2.1.2  Water Quality

The Washington State Department of Ecology classified the Middle Fork Satsop River as Class AA - having extraordinary water quality.  Water within this classification must have a pH between 6.5 and 8.5, temperature below 16 degrees Celsius, and a DO level greater than 9.5 milligrams per liter (mg/L).

Temperature—At Risk.  USFS measured summer water temperatures in the upper Middle Fork Satsop Watershed in 2000.  Water temperature at 1 out of 3 monitoring stations reached 16 degrees Celsius, which occur for two days.  

Sediment/Turbidity—Not Properly Functioning.  There is no quantitative data about sediment/turbidity in the Middle Fork Satsop Watershed.  We assume this indicator is not properly function for the following reasons.  The upper watershed has been heavily harvested, and we assume the lower watershed is still continuing to be harvested and developed.  Due to the harvesting there is a high road density in the watershed.  The major sources of both fine and coarse sediment to streams in the watershed are road related landslides.  Erosion of roads is locally a significant source of fine sediment to streams in the watershed.  Increased fine sediment inputs are a concern in the Middle Fork Satsop Watershed.  

Chemical Contaminants and Nutrients—Properly Functioning.  All waters within the Middle Fork Satsop WAU are classified as AA-Extraordinary by Washington State Water Quality standards.

2.1.3  Habitat Access

Physical Barriers—Properly Functioning.  Natural chutes and falls are found throughout the watershed, particularly where transitions from rugged mountainous topography to gentler piedmont occur.  Based on professional, local knowledge the few culverts in high tributaries do not appear to affect fish passage.  

2.1.4  Habitat Elements

Overall, fish habitat within the watershed appears degraded from the historic condition.  

Substrate Embeddedness— Not Properly Functioning.  Because of the influence of geology on mass wasting, the propensity of sedimentary rocks to break down to suspendible sizes, and the high likelihood that annual floods are capable of mobilizing the streambed, fine sediment is both abundant and transient in the watershed.  Fine sediment is produced in significant quantity by large mainstem landslides and bank erosion, is transformed by attrition to sizes transported as suspended sediment, and is routed through the system quickly.  

Large Woody Debris—Not Properly Functioning.  Due to extensive harvest history and historical stream “clean out” efforts current levels of effective functioning in-channel large woody debris (LWD) is assumed to be lacking, particularly very large diameter LWD necessary to function properly in the mainstem and large tributary channels.  Past riparian timber harvest and mixed land-use in the lower Middle Fork Satsop affect both short- and long-term LWD recruitment.

Pool Frequency and Quality —Not Properly Functioning.  There is no data concerning pool frequency and quality in the watershed.    Because of the assumption of low in-channel LWD and increased sediment production pool frequency and quality was determined as not properly functioning.

Large Pools— Not Properly Functioning.  There is no data concerning pool depth in the watershed.  We assume there has been some impact because low in-channel LWD and increased sediment production may affect pool quality.  The power of the mainstem channels and regular long-duration rainstorms reportedly flush sediments from spawning gravel.

Off-Channel Habitat—At Risk.  There is no data concerning off-channel habitat in the watershed.  Prior to the 1960s, it was a fairly common practice to “straighten out” streams with heavy equipment.   The extent of these practices is unknown.

Refugia— Not Properly Functioning.  Most habitat appears to be at risk due to ongoing timber harvest activities.  Private industrial timber companies own most (61 percent) of the land in the watershed.  The Forest Service owns 33 percent of the land, of which none is in wilderness.  The lower two-thirds of the watershed was completely harvested by the early 1940s.  Most all of the upper one third of the watershed was logged by the early 1970s.  There is very little old growth in the watershed, all of which is owned by the Forest Service.  
2.1.5  Channel Condition and Dynamics

Width/Depth Ratio—At Risk.  There is no specific data collected about width/depth ratio for the Middle Fork Satsop.  However with the assumption that there has been an increase in coarse sediment load from an increase of management related mass wasting events, one would expect to see a widening of the stream channel at response reaches.

Streambank Condition—At Risk.  Decreased LWD has increased bank instability in Type 4 and 5 channels.  Much of the streambank erosion observed in the watershed can be attributed to mass wasting events or localized stream bed aggradation below regions of high mass wasting sediment input.  Past riparian timber harvest and mixed land-use in the lower Middle Fork Satsop may affect streambank stability.

Floodplain Connectivity—At Risk.  There is no site-specific data about floodplain connectivity in the Middle Fork Satsop River.  The northern third of the watershed is characterized by steep slopes drained by narrow v-shaped valleys.  In the middle third of the watershed relatively short but steep river and stream escarpments separate valley bottoms from uplands.  Riverine escarpments in the lower third of the watershed are generally gentle.  Anecdotal information about historic land use practices suggests a reduced linkage between stream channels and adjacent off-channel habitats.  County roads on the valley floor may restrict floodplain connectivity.  Past riparian timber harvest and mixed land-use in the lower Middle Fork Satsop may affect floodplain connectivity.  Prior to the 1960s, it was a fairly common practice to “straighten out” streams with heavy equipment where they posed a problem with culverts and trestles.

2.1.6  Flow/Hydrology

Peak/Base Flows—At Risk.  The numbers of stream discharges greater than the 5-year flow have increased from 1 to 10 events for the Satsop River in the past 65 years.  This trend is also evident in the 20-year running averages of the peak annual stream discharges recorded at the Satsop River stream gage.  The reason for the increase in the number of "large" peak flows is not clear and cannot be explained by changes in annual precipitation or management practices.  

Drainage Network Increase—Not Properly Functioning.  There has been a significant increase in the drainage network as a result of road construction.  The road density for the watershed is estimated to be about xxx miles/square mile of land.

2.1.7  Watershed Conditions

Road Density and Location—Not Properly Functioning.  Much of the Middle Fork Satsop has been heavily harvested, with a high concentration of roads.  Road densities have increased proportionally with second growth harvest due to ground-based systems, shorter yarding with cable systems, and truck-based logging.  

Disturbance History—Not Properly Functioning.  Given that very little of old growth timber is present in the watershed, we assume that more than 95 percent of the watershed has been harvested.  The first logging to occur in the Watershed was in the southern portion around the turn of the century.  Railroad logging began in the 1910s and was converted to truck logging in the mid-1940s.  The lower two-thirds of the watershed was completely harvested by the early 1940s.  Most of the remaining one third of the Watershed was harvested by the early 1970s.  Repeated wildfires occurred in the lower two-thirds of the Watershed and slash burning was used as a management tool from the 1960s through the 1980s.

Riparian Reserves—Not Properly Functioning.  When the lower two-thirds of the watershed was logged (1900-1930), the old-growth forest was removed, including the riparian areas, leaving bare land much of which was burned and not replanted.  In the upper one-third of the watershed most of the stands adjacent to the streams were also logged, although old-growth riparian leave strips are present along the upper mainstem of the Middle Fork Satsop River.  In the upper watershed, timber along the river corridor was selectively harvested with a few small clearcut patches.

Disturbance Regime—Not Properly Functioning.    None of the Habitat Elements evaluated were properly functioning.  Off-Channel Habitat is estimated to be At Risk and Substrate embeddedness, LWD, Pool Frequency and Quality, and Refugia are Not Properly Functioning.  There was no data available to rate the Large Pools element.  Because a significant percentage of this watershed (66 percent) will continue to be intensively managed for timber production and it will likely take a very long time for the stream channels and associated riparian forests to recover from past disturbances, it will likely take a long time before the Middle Fork Satsop Watershed natural processes are in equilibrium.

2.1.8  Subpopulation Characteristics within Subpopulation Watersheds

Subpopulation Size—Unknown
Growth and Survival—Unknown
Life History Diversity and Isolation—Unknown

Persistence and Genetic Integrity—Unknown
2.1.9  Species and Habitat

Species Integration/Habitat Conditions—At Risk.  Because there is little to no data on bull trout in Middle Fork Satsop, the “At Risk” determination was given.

3.  ENDNOTES

52. 1998 Washington Salmonid Stock Inventory – Appendix:  Bull Trout and Dolly Varden.  Washington Department of Fish and Wildlife.  July 1998.
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1.  INTRODUCTION

EA Engineering, Science, and Technology (EA) evaluated baseline environmental conditions of the West Satsop River watershed on the Olympic Peninsula in Washington for the U.S. Forest Service (USFS).  The evaluation method is A Framework to Assist in Making Endangered Species Acts Determinations at the Bull Trout Subpopulation Watershed Scale (U.S. Fish and Wildlife Service, February 1998).  For this assessment, a determination of functioning, at risk, or not properly functioning was applied to fifth-field watersheds.

The headwaters of the West Satsop River are in the southern Olympic Mountains.  The river flows in a southerly direction and joins the Middle Fork Satsop River approximately 5 miles north of the Middle Fork’s confluence with the Chehalis River which then flows into Grays Harbor.  The West Satsop Watershed is 28 miles long and ranges from 1 to 5 miles wide, draining an area of 60,065 acres (93.85 square miles).  Most of the West Satsop Watershed is divided amongst 3 large landowners:  Simpson Timber Company (39 percent), USFS (33 percent), and Weyerhaueser Company (22 percent).  The small remaining area is owned by a variety of private parties and the City of Montesano.

The West Satsop Watershed Analysis, produced jointly by Simpson Timber Company and Weyerhaueser Company, was used extensively in the evaluation.  The watershed analysis is an assessment of terrestrial, riparian, and aquatic reference conditions and current conditions through compilation of available data and follows requirements in the Standard Methodology for Conducting Watershed Analysis, Version 2.1 (Washington Forest Practices Board, Washington Department of Natural Resources, 1994).  Other documents used in developing assessment components are referenced as endnotes in the text.

Indicator ratings in the matrix (Table 1 in Section 2) were assigned using available data that was often qualitative, rather than quantitative.  This qualitative data was interpreted to arrive at quantitative values that could be compared to ratings criteria.  Section 2 presents bull trout data and discusses the reasoning used to develop each pathway indicator rating.  Criteria may be adjusted for local conditions and processes, as described in the evaluation method (USFWS 1998).  This section provides justification for ratings where criteria for indicators appeared to be out of the range of natural conditions.  This section does not attempt to establish new criteria, but rather provides descriptions of local conditions and processes that directly influenced the indicator value.  For example, if recorded water temperatures fell into the not properly functioning category using USFWS criteria, but represented natural (historic) conditions, a rating of functioning was assigned.  References cited in the text are provided in Section 3.

2.  USFWS MATRIX FOR BULL TROUT

EA evaluated the West Satsop River watershed for bull trout through the use of the USFWS matrix.  This matrix (Table 1) was developed to document baseline environmental conditions in order to assist in determining the effects of individual or grouped actions at the bull trout subpopulation watershed scale.

Table 1 - West Satsop River Bull Trout Matrix.

	
	
	ENVIRONMENTAL BASELINE

	PATHWAYS
	INDICATORS
	Properly Functioning
	At Risk
	Not Properly Functioning

	Water Quality:
	Temperature
	
	X
	

	
	Sediment/Turbidity
	
	X
	

	
	Chemical Contaminants and Nutrients
	X
	
	

	Habitat Access:
	Physical Barriers
	X
	
	

	Habitat Elements:
	Substrate Embeddedness
	
	X
	

	
	Large Woody Debris
	
	
	X

	
	Pool Frequency 
	
	
	X

	
	Pool Quality
	
	X
	

	
	Off-Channel Habitat
	
	X
	

	
	Refugia
	
	X
	

	Channel Condition 

and Dynamics:
	Width/Depth Ratio
	
	X
	

	
	Streambank Condition
	
	X
	

	
	Floodplain Connectivity
	
	X
	

	Flow/Hydrology:
	Peak/Base Flows
	X
	
	

	
	Drainage Network Increase 
	
	
	X

	Watershed 

Conditions:
	Road Density and Location
	
	
	X

	
	Disturbance History
	
	
	X

	
	Riparian Reserves
	
	
	X

	
	Disturbance Regime
	
	
	X

	Subpopulation Characteristics 

within Subpopulation 

Watersheds:
	Subpopulation Size
	Unknown

	
	Growth and Survival
	Unknown

	
	Life History Diversity and Isolation 
	Unknown

	
	Persistence and Genetic Integrity
	Unknown

	Species and Habitat:
	Species Integration/Habitat Conditions
	Unknown


2.1  RATIONALE FOR PATHWAY INDICATOR RATINGS FOR BULL TROUT

2.1.1  Stock Definition, Origin, and Status

Bull trout are not found in the West Satsop River according the 1998 Washington Salmonid Stock Inventory2.  Bull trout are not listed as a resident fish species in the watershed analysis1.  The only salmonid species known to be present in the resident trout zone of the West Satsop River are cutthroat trout with the exception of eastern brook trout and rainbow trout introduced into the Satsop Lakes1.

The West Satsop River flows into the Middle Fork Satsop River, which flows into the Chehalis River.  Bull trout in the Grays Harbor/Chehalis River system have been identified as a distinct stock based on their geographic distribution.  They have been caught in the anadromous zone in spring and fall.  The stock is native, of wild production, and their status is unknown.  There is insufficient information to assign stock status with confidence.  The only information on this stock is anecdotal accounts from sport fishermen2.  The basin has a relatively low gradient, which is not ideal for bull trout.
2.1.2  Subpopulation Characteristics within Subpopulation Watersheds

Subpopulation Size—Unknown.
Growth and Survival—Unknown.
Life History Diversity and Isolation—Unknown.

Persistence and Genetic Integrity—Unknown.
2.1.3  Water Quality

The Washington State Department of Ecology classified the West Satsop River as Class AA - having extraordinary water quality.  Water within this classification must have a pH between 6.5 and 8.5, temperature below 16 degrees Celsius, and a DO level greater than 9.5 milligrams per liter (mg/L).

Temperature—At Risk.  Simpson Timber Company measured summer water temperatures in the West Fork Satsop Watershed for one year in 1994.  Water temperature at 5 out of 10 monitoring stations exceeded the state water quality standard for temperature.  All five of these stations are located on non-National Forest land.  The maximum recorded temperatures for the five out-of-compliance stations ranged from 17.5 degrees Celsius to 22.2 degrees Celsius.  Two of the 5 monitoring stations that exceeded the state water quality standard for temperature are naturally susceptible to solar radiation (lower West Fork and lower Canyon River).  The lower West fork is over 150 feet wide with less than 1 percent shade.  The lower Canyon River is about 50 feet wide and has less than 50 percent shade3.  Temperature has been identified as a limiting factor in the mainstem West Fork Satsop River1.  Most streams in the watershed met target shade requirements (80 percent) or had stretches of confined bedrock channel that precluded canopy closure3.

Sediment/Turbidity—At Risk.  There are no quantitative data about sediment/turbidity in the West Satsop River Watershed Analysis.  We assume this indicator is at risk for the following reasons.  The major source of both fine and coarse sediment to streams in the Watershed is landslides.  Erosion of roads is locally a significant source of fine sediment to streams in the Watershed.  Increased fine sediment inputs are a concern in the West Satsop Watershed.  The Lower Upper Canyon and Middle West Satsop subwatersheds deliver road sediment at rates greater than background and have high erosion hazard ratings.  Roads in the West Fork Satsop, Swinging Bridge, Middle Upper Canyon, Upper Canyon, Middle West Ford Satsop, Lower Little, Save Creek, and Robertson subwatersheds will probably deliver enough sediment to streams to be observable as changes in channel characteristics, and may exceed water quality standards.  Roads in the Lower Still Creek, Upper Still Creek, West Fork Satsop Junction, Lower Canyon, Lower Upper Canyon, and Upper Little subwatersheds may deliver enough sediment to streams to be detectable by direct observation over long time periods.  Roads in the Five Mile Creek, Seven Mile Creek, Spoon Creek, Schafer Creek, Pederson Creek, and Satsop Lakes subwatersheds will probably not deliver detectable quantities of sediments to streams under the projected harvesting activities for the next five years.  Hillslope erosion unrelated to roads or landslides is very rare within this Watershed and generally not considered a concern10.

Chemical Contaminants and Nutrients—Properly Functioning.  All waters within the West Fork Satsop WAU are classified as AA-Extraordinary by Washington State Water Quality standards4.

2.1.4  Habitat Access

Physical Barriers—Properly Functioning.  Natural chutes and falls are found throughout the watershed, particularly where transitions from rugged mountainous topography to gentler piedmont occur.  Based on professional, local knowledge the few culverts in high tributaries do not appear to affect fish passage1.  However a survey protocol developed by the Forest Service for determining fish passage at culverts, will be conducted this summer in the West Satsop watershed, to validate fish passage 11.

2.1.5  Habitat Elements

Overall, anadromous fish habitat within the Watershed appears degraded from the historic condition.  From a sample of 17 segments, pool frequency ratings were fair for 8 (47 percent) segments and poor for 6 (35 percent) segments.  LWD frequency appears to be reduced throughout most of the watershed.  The qualitative ratings of fish habitat in the upper reaches of the watershed parallel the finding within the lower anadromous reach.

Substrate Embeddedness—At Risk.  Because of the influence of geology on mass wasing, the propensity of sedimentary rocks to break down to suspendible sizes, and the high likelihood that annual floods are capable of mobilizing the streambed, fine sediment is both abundant and transient in the Watershed.  Fine sediment is produced in significant quantity by large mainstem landslides and bank erosion, is transformed by attrition to sizes transported as suspended sediment, and is routed through the system quickly.  Although deposition of suspended sediment in the streambed occurs, the power of the mainstem channels and the regularity of long-duration rainstorms indicates that accumulations in spawning gravels are flushed out regularly by bed-mobilizing flows5.  Some streams in the West Satsop Watershed, including tributaries of the West Fork Satsop, Lower Still Creek, Upper Still Creek, Five Mile Creek, and Seven Mile Creek, tend to retain fine sediment due to stream gradients, channel confinement, and source materials.  Retention of fine sediment will degrade existing spawning gravels.  These same subwatersheds were found to have minimal existing spawning gravel1.

Large Woody Debris—Not Properly Functioning.  Large woody debris (LWD) abundance in channels of the Watershed was highly variable.  Although LWD counts may indicate adequate or near adequate LWD supply, effectively functioning LWD is lacking, particularly very large diameter LWD necessary to function properly in the mainstem and large tributary channels5.  Approximately one-third of the watershed exhibits poor long-term LWD recruitment characteristics.  There is a high recruitment potential for 27 percent of the Watershed and a moderate recruitment potential for 43 percent of the Watershed.  Past riparian timber harvest and mixed land-use in the lower West Satsop affect both short- and long-term LWD recruitment3.

Pool Frequency—Not Properly Functioning.  Many stream segments rated fair (47 percent) or poor (35 percent) for pool frequency1.  Pool forming LWD is relatively abundant in small streams, but relatively scarce in large streams5.  Low in-channel LWD and increased sediment production may affect pool frequency as well as pool quality4.

Pool Quality—At Risk.  There is no data concerning pool depth in the Watershed Analysis.  We assume there has been some impact because low in-channel LWD and increased sediment production may affect pool quality.  Although the Watershed Analysis discussed sediment deposition for the streambed, there was no discussion about sediment dynamics in pools.  The power of the mainstem channels and regular long-duration rainstorms reportedly flush sediments from spawning gravel5.

Off-Channel Habitat—At Risk.  Prior to the 1960s, it was a fairly common practice to “straighten out” streams with heavy equipment.  Cottonwood logs were tied to the riverbanks in the middle third of the watershed to stabilize riverbanks6.  The extent of these practices was not included in the Watershed Analysis.

Refugia—At Risk.  Refugia was not specifically addressed in the Watershed Analysis.  Most habitat appears to be at risk due to ongoing timber harvest activities.  Private industrial timber companies own most (61 percent) of the land in the Watershed.  The Forest Service owns 33 percent of the land, of which none is in wilderness4.  The lower two-thirds of the watershed was completely harvested by the early 1940s6.  Most all of the upper one third of the watershed was logged by the early 1970s.  Only 2,800 acres of old growth timber, all of which is owned by the Forest Service, is currently present in the Watershed.  Management allocations for National Forest land were not included in the Watershed Analysis.

2.1.6  Channel Condition and Dynamics

Width/Depth Ratio—At Risk.  The average width/depth ratio for all of the streams where measurement were provided was 155.

Streambank Condition—At Risk.  Decreased LWD has increased bank instability in Type 4 and 5 channels7.  Much of the streambank erosion observed in the Watershed can be attributed to mass wasting events or localized stream bed aggradation below regions of high mass wasting sediment input.  Past riparian timber harvest and mixed land-use in the lower West Satsop may affect streambank stability.

Floodplain Connectivity—At Risk.  There is no site-specific data about floodplain connectivity in the West Satsop River Watershed Analysis.  The northern third of the watershed is characterized by steep slopes drained by narrow v-shaped valleys.  In the middle third of the watershed relatively short but steep river and stream escarpments separate valley bottoms from uplands.  Riverine escarpments in the lower third of the watershed are generally gentle.  Anecdotal information about historic land use practices suggests a reduced linkage between stream channels and adjacent off-channel habitats.  County roads on the valley floor may restrict floodplain connectivity8.  Past riparian timber harvest and mixed land-use in the lower West Satsop may affect floodplain connectivity.  Prior to the 1960s, it was a fairly common practice to “straighten out” streams with heavy equipment where they posed a problem with culverts and trestles6.

2.1.7  Flow/Hydrology

Peak/Base Flows—Properly Functioning.  The number of stream discharges greater than the 5-year flow have increased from 1 to 10 events for the Satsop River in the past 65 years.  This trend is also evident in the 20-year running averages of the peak annual stream discharges recorded at the Satsop River stream gage.  The reason for the increase in the number of "large" peak flows is not clear and cannot be explained by changes in annual precipitation or management practices.  In an effort to determine whether the increasing trend in the peak flow series was related to timber harvest, the Satsop River stream gage record was compared to the stream gage record from the Skokomish River below Staircase Rapids, a nearby unmanaged watershed.  Examination of the data reveals that the stream discharge in the managed Satsop River watershed has remained constant relative to the of the unmanaged portion of the Skokomish River watershed.  This could be interpreted as an indication that management activities have not affected or have had a minimal effect on the peak flows in the Satsop River watershed4.

Drainage Network Increase—Not Properly Functioning.  There has been a significant increase in the drainage network as a result of road construction.  The road density for the Watershed is estimated to be about 4.78 miles/square mile of land10.

2.1.8  Watershed Conditions

Road Density and Location—Not Properly Functioning.  The only information in the Watershed Analysis about the number of miles of road in the watershed are presented graphically.  Interpretation of the graphs suggest that there are about 450 miles of road in the Watershed10.  Given that the watershed encompassed about 94 square miles, the road density is estimated to be about 4.78 miles per square mile.  Road densities have increased proportionally with second growth harvest due to ground-based systems, shorter yarding with cable systems, and truck-based logging6.  The road map in the Watershed Analysis suggests that the density of roads on National Forest land is greater than the road density on private land.

Disturbance History—Not Properly Functioning.  Given that 2,800 acres of old growth timber is present in the 60,065-acre watershed, we assume that more than 95 percent of the watershed has been harvested.  The first logging to occur in the Watershed was in the southern portion around the turn of the century6.  Railroad logging began in the 1910s and was converted to truck logging in the mid-1940s.  The lower two-thirds of the watershed was completely harvested by the early 1940s.  Most of the remaining one third of the Watershed was harvested by the early 1970s.  Repeated wildfires plagued the lower two-thirds of the Watershed and slash burning was used as a management tool from the 1960s through the 1980s.

More than half of the inventoried landslides in the Watershed occurred on landforms that dominate National Forest land7.  The source of most of these mass wasting events were the result of cutslopes and sidecast associated with roads.

Riparian Reserves—Not Properly Functioning.  When the lower two-thirds of the watershed was logged (1900-1930), the old-growth forest was removed, including the riparian areas, leaving bare land much of which was burned and not replanted.  In the upper one-third of the watershed most of the stands adjacent to the streams were also logged, although old-growth riparian leave strips are present in this area along the West Fork and Canyon River subwatersheds3.  In the upper watershed, timber along the river corridor was selectively harvested with a few small clearcut patches4.

Disturbance Regime—Not Properly Functioning.  Although there has been an increase in 5-year and 20-year discharge events in the West Satsop Watershed, when compared to a nearby unmanaged subwatershed stream discharge has remained constant over the years.  However, none of the Habitat Elements evaluated were properly functioning.  Substrate embeddedness, Off-Channel Habitat, and Refugia are estimated to be At Risk and LWD and Pool Frequency are Not Properly Functioning.  There was no data available to rate the Pool Quality element.  Because a significant percentage of this watershed (61 percent) will continue to be intensively managed for timber production and it will likely take a very long time for the stream channels and associated riparian forests to recover from past disturbances, it will likely take a long time before the West Satsop Watershed natural processes are in equilibrium.

2.1.9  Species and Habitat

Species Integration/Habitat Conditions—Unknown.
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1.  INTRODUCTION

EA Engineering, Science, and Technology (EA) evaluated baseline environmental conditions of the Upper Wynoochee River watershed on the Olympic Peninsula in Washington for the U.S. Forest Service (USFS).  The evaluation method is A Framework to Assist in Making Endangered Species Acts Determinations at the Bull Trout Subpopulation Watershed Scale (U.S. Fish and Wildlife Service February 1998).  For this assessment, a determination of functioning, at risk, or not properly functioning was applied to fifth-field watersheds.

The Wynoochee River flows in a southerly direction from its headwaters in the Olympic Mountains, through the Wynoochee Reservoir, to its confluence with Sylvia Creek just prior to flowing into the Chehalis River.  The Upper Wynoochee watershed drains approximately 79 square miles.  Approximately two-thirds of the Upper Wynoochee watershed is managed by the Forest Service, one-fourth is in private ownership, and the balance is administered by Olympic National Park.

The Upper Wynoochee Watershed Analysis, prepared by a team composed of USFS, Washington State Department of Fish and Wildlife, National Marine Fisheries Service, Quinalt Indian Nation, Northwest Indian Fisheries Commission, and Tacoma Public Utilities, was used extensively in this assessment.  The watershed analysis is an assessment of terrestrial, riparian, and aquatic reference conditions and current conditions through compilation of available data and follows requirements in A Federal Agency Guide for Pilot Watershed Analysis, Version 1.2 (1994) and Version 2.2 (1995).  The Upper Wynoochee Watershed Analysis also follows the Standard Methodology for Conducting Watershed Analysis Manual prepared by the Washington State Forest Practices Board (1993).  Other documents used in developing assessment components are referenced as endnotes in the text.

Indicator ratings in the matrix (Table 1 in Section 2) were assigned using available data that was often qualitative, rather than quantitative.  This qualitative data was interpreted to arrive at quantitative values that could be compared to ratings criteria.  Section 2 presents bull trout data and discusses the reasoning used to develop each pathway indicator rating.  Criteria may be adjusted for local conditions and processes, as described in the evaluation method (U.S. Fish and Wildlife Service [USFWS] 1998).  This section provides justification for ratings where criteria for indicators appeared to be out of the range of natural conditions.  This section does not attempt to establish new criteria, but rather provides descriptions of local conditions and processes that directly influenced the indicator value.  For example, if recorded water temperatures fell into the not properly functioning category using USFWS criteria, but represented natural (historic) conditions, a rating of functioning was assigned.  References cited in the text are provided in Section 3.

2.  USFWS MATRIX FOR BULL TROUT

EA evaluated the Upper Wynoochee River watershed for bull trout through the use of the USFWS matrix. This matrix (Table 1) was developed to document baseline environmental conditions in order to assist in determining the effects of individual or grouped actions at the bull trout subpopulation watershed scale.

Table 1 - Upper Wynoochee River Bull Trout Matrix.

	
	
	ENVIRONMENTAL BASELINE

	PATHWAYS
	INDICATORS
	Properly Functioning
	At Risk
	Not Properly Functioning

	Water Quality:
	Temperature
	
	X
	

	
	Sediment/Turbidity
	
	X
	

	
	Chemical Contaminants and Nutrients
	X
	
	

	Habitat Access:
	Physical Barriers
	
	
	X

	Habitat Elements:
	Substrate Embeddedness
	
	X
	

	
	Large Woody Debris
	
	
	X

	
	Pool Frequency 
	
	X
	

	
	Pool Quality
	
	X
	

	
	Off-Channel Habitat
	
	X
	

	
	Refugia
	
	X
	

	Channel Condition 

and Dynamics:
	Width/Depth Ratio
	
	
	X

	
	Streambank Condition
	
	X
	

	
	Floodplain Connectivity
	
	X
	

	Flow/Hydrology:
	Peak/Base Flows
	
	
	X

	
	Drainage Network Increase 
	
	
	X

	Watershed 

Conditions:
	Road Density and Location
	
	
	X

	
	Disturbance History
	
	
	X

	
	Riparian Reserves
	
	X
	

	
	Disturbance Regime
	
	
	X

	Subpopulation Characteristics 

within Subpopulation 

Watersheds:
	Subpopulation Size
	Unknown

	
	Growth and Survival
	Unknown

	
	Life History Diversity and Isolation 
	Unknown

	
	Persistence and Genetic Integrity
	Unknown

	Species and Habitat:
	Species Integration/Habitat Conditions
	
	
	X


2.1  RATIONALE FOR PATHWAY INDICATOR RATINGS FOR BULL TROUT

2.1.1  Stock Definition, Origin, and Status

Preliminary snorkel surveys did not detect bull trout in the mainstem and tributaries of the Upper Wynoochee River above the Wynoochee Reservoir1.  Presence of bull trout is uncertain and no protocol for presence/absence determination has been approved by USFWS.

The Wynoochee River flows into the Chehalis River, which does contain bull trout according to the 1998 Washington Salmonid Stock Inventory - Appendix Bull Trout and Dolly Varden (Washington Department of Fish and Wildlife, July 1998).  Bull trout have been caught in the anadromous zone of the Grays Harbor/Chehalis River system in spring and fall.  Bull trout in the Grays Harbor/Chehalis River system have been identified as a distinct stock based on their geographic distribution.  Spawning times and locations are unknown.  The stock is native, of wild production, and stock status is unknown.  The only information about this stock is anecdotal (i.e., accounts from sport fishermen)2.
2.1.2  Water Quality

The Washington State Department of Ecology classified the Wynoochee River and tributaries upstream from the reservoir as Class AA – having extraordinary water quality.  Water within this classification must have a pH between 6.5 and 8.5, temperatures below 16 degrees Celsius, and a DO level greater than 9.5 milligrams per liter (mg/L).  The Wynoochee River from its mouth to the National Forest boundary at RM 45.9 is classified as Class A Excellent.  Water within this classification must have a pH between 6.5 and 8.5, temperatures shall not exceed 18 degrees Celsius, and a DO level greater than 8.0 mg/L.

Temperature—At Risk.  There was no specific data for temperature for any of the subwatersheds reported in the Watershed Analysis.  Stream temperatures in the Wynoochee watershed are influenced by ambient air temperature, condition of riparian vegetation, groundwater, valley form, sediment deposition, and volume of water flowing in the channel.  Timber harvest in riparian areas has likely increased stream temperatures in some subwatersheds3.  Timber salvage in riparian areas has removed many near-stream trees in the Big Creek and Anderson Creek subwatersheds.  It is possible that stream temperatures could increase in the Save Creek subwatershed as a result of future near-stream timber harvest.

Water quality data was collected for the Wynoochee Reservoir between 1974 and 1981.  From June through September, the reservoir undergoes thermal stratification and slightly depressed DO levels are present in the hyplimnion.  Water temperatures during the summer range from 16 to 19.4 degrees Celsius at depth below 45 feet.  When the reservoir is stratified, DO levels 8.0 mg/L occur at various depths between elevations 720 and 640. 

Sediment/Turbidity—At Risk.  Streambank erosion from timber harvest and livestock use along riparian corridors have caused slight increases in fines within limited stream reaches.  Clearcutting increases storm flow and results in increased disturbance of streambed gravels used for salmon spawning3.

Chemical Contaminants and Nutrients—Properly Functioning.  No waterbodies within the watershed are listed on the Washington State Department of Ecology Section 303(d) listing3.

2.1.3  Habitat Access

Physical Barriers—Not Properly Functioning.  The Wynoochee Dam, at rivermile (RM) 51.8 above the confluence with the Chehalis River, is an anadromous fish barrier3.  The mainstem of the Wynoochee River is accessible to anadromous salmonids for 48 miles to the fish trap below the dam.  Fish are trucked around these 2 dams and released to continue their journey4.

2.1.4  Habitat Elements

Nearly all of the stream habitats in the analysis area are simplified (degraded) from historic conditions.  Habitats have been simplified through:

· Reduced recruitment of large woody debris.

· Removal of instream wood debris.

· Increased inputs of coarse and fine sediments.

· Road placement in or near stream channels or floodplains5.

Preliminary analysis suggests that five subwatersheds are in moderate condition with stable or improving trends in habitat quantity.  These subwatersheds are Save Creek, Anderson Creek, Middle Wynoochee River tributaries, Upper Wynoochee River, and Wynoochee Lake tributaries.  Five subwatersheds are in fair to poor condition with unstable or declining trends in habitat quality and quantity.  These subwatersheds are Trout Creek, Harris Creek, Big Creek, West Branch Wynoochee River, and the North Fork of the West Branch Wynoochee River.  The primary cause for this trend is a lag in recruitment of LWD from existing young conifer or deciduous riparian and/or upslope source areas along with decay of key pieces of LWD.  In addition, input of coarse and fine sediment are above what would be expected for natural levels and are still routing through the channel system.

Substrate Embeddedness—At Risk.  Substrate embeddedness is not specifically addressed in the watershed analysis.  However, embeddedness of spawning gravels may occur as a result of increased routing and in-channel storage of coarse and fine sediments from recent mass-wasting and surface erosional events5.  Debris torrents that have delivered sediment directly to streams has been documented for the Upper Wynoochee River, Trout Creek, and the West Branch Wynoochee subwatersheds.  Roads adjacent to streams are common throughout the Watershed and are known to regularly contribute sediment directly to streams7.

Large Woody Debris—Not Properly Functioning.  Reduced large woody debris (LWD) recruitment, removal and salvage of LWD, and decay of key pieces of LWD contribute to loss of fish habitat5.  LWD recruitment has been reduced by riparian timber harvest3.  Continued clearcut harvest at low elevations on private lands presents little opportunity for late successional forests to develop in adjacent riparian areas and wetlands6.

Pool Frequency—At Risk.  There is no readily available information specific to pools in this watershed.  General information about pools indicate that:

· Routing and in-channel storage of coarse and fine sediments from mass-wasting and surface erosional events result in decreased pool volume and increased pool spacing.  

· The effects are exacerbated by reduced LWD5.

Pool Quality—At Risk.  As above, specific information about pool quality in this watershed is not readily available.  Information presented in the Erosion Section of the Watershed Analysis suggests that increased sediment inputs as a result of timber harvest activities, including road building, has had a probable negative effect on pool quality by way of pool filling and aggredation7.  Timber harvest in riparian areas has likely increased water temperatures in pools in some watersheds3.

Off-Channel Habitat—At Risk.  Channel simplification due to limited LWD recruitment, past removal and salvage of instream LWD, and increased sedimentation negatively affects off-channel habitat5.

Refugia—At Risk.  Five of the ten subwatersheds are reported to provide little or limited off-channel and/or refugia habitat.  These subwatersheds include Middle Wynoochee River tributaries, Anderson Creek, Big Creek, Wynoochee Lake and tributaries, Upper Wynoochee River, and the West Branch Wynoochee River5.  In the Harris Creek subwatershed, little off-channel and/or high flow refugia is present; however, complex off-channel and tributary habitats likely provide winter refugia for mainstem Wynoochee fishes in lower Harris Creek.  There was no information about refugia for the Trout Creek subwatershed, but high peak flows are likely because a large percentage of the subwatershed is susceptible to rain-on-snow events.  There was no information about refugia for the North Fork of the West Branch of the Wynoochee River and Save Creek.

2.1.5  Channel Condition and Dynamics

Width/Depth Ratio—Not Properly Functioning.  No data in the watershed analysis address width-to-depth ratios.  The presence of the Wynoochee Dam and the associated fish trap has altered the width/depth ratio of the Wynoochee River.  As a result a five-mile segment of the river has been converted to a lake.  The Channel Disturbance Worksheet in Appendix 2.5 also indicates some changes in channel width, both widening and narrowing.  The notations suggest that these changes may be related to management activities.  The data was limited to the Upper Wynoochee, Big Creek, Middle Wynoochee, and Wynoochee Lakes subwatersheds.

Streambank Condition—At Risk.  Streambank erosion from timber harvest and livestock use along riparian corridors has caused slight increases in fines within limited stream reaches3.  Streambank erosion is an ongoing natural occurrence and a dominant source of sediments in the watershed7.

Floodplain Connectivity—At Risk.  No data in the watershed analysis address floodplain connectivity.  Water flow downstream of Wynoochee Reservoir is regulated by Wynoochee dam and may impact floodplain maintenance and connectivity.

2.1.6  Flow/Hydrology

Peak/Base Flows—Not Properly Functioning.  Runoff distribution similar to precipitation distribution characterizes the Upper Wynoochee River watershed analysis area.  Peak flows occur during the rainy season, October through March.  Retention time in the watershed is relatively short, and stream levels rise and fall rapidly.  Delayed runoff from snowmelt contributes to smaller peaks in May or June3.  Watersheds with both high road densities and high drainage densities are expected to be most sensitive to peak flow increases from roads.  Some streams are already extremely shallow during natural low flow and further lowering is detrimental to habitat quality3.

The Wynoochee dam is located a rivermile 51.8.  Wynoochee Lake extends about 4.4 miles upstream from the dam.  Mean annual inflow to the Wynoochee Reservoir is 535 cfs.  A high average monthly flow of 1,023 cfs occurs in December and a minimum average monthly flow of 138 cfs occurs in August.  Average monthly outflows from the dam range from 1,027 cfs in December to 199 cfs in August3.  The City of Aberdeen can use up to 74.9 percent of the Wynoochee Reservoir’s usable storage for water supply.  The remaining 25.1 percent of the reservoir’s storage is designated for fish enhancement to maintain minimum flows and irrigation demands.  Release of water impounded in Lake Wynoochee is controlled in order to minimize downstream flooding and augment natural low flows to benefit downstream water users and fisheries.

The Wynoochee River watershed has 738 water right entries4.

Drainage Network Increase—Not Properly Functioning.  With the exception of railroads, the Wynoochee Watershed was largely unroaded until the late 1940s10.  An extensive network of gravel roads has since been constructed throughout most of this watershed.  Road density ranges from as little as 2.15 miles/square mile in the Upper Wynoochee subwatershed to as much as 4.55 miles/square mile in the North Fork West Branch of the Wynoochee River subwatershed4.

2.1.7  Watershed Conditions

Road Density and Location—Not Properly Functioning.  Road density throughout the Upper Wynoochee watershed ranges from 2.15 to 4.55 miles of road per square mile of drainage, averaging about 3.73 miles of road per square mile of drainage.  All subwatersheds except the Upper Wynoochee River subwatershed had road densities greater than 2.5 miles of road per square mile of drainage3.  A road lies along the Wynoochee River nearly its entire length and an extensive network of logging roads exists in the watershed.

Disturbance History—Not Properly Functioning.  Timber harvest by clearcutting has been an important disturbance during this century6.  Extensive tractor skid roads are present throughout much of the area below the dam7.  The older disturbance regime of wildfires will continue to play an important role despite suppression efforts, and timber harvest should be viewed as an additional disturbance to the landscape.  The largest single human disturbance, however, has been the conversion of approximately 1,100 acres of forested habitat in the Upper Wynoochee watershed to a reservoir pool behind the Wynoochee Dam.  Aside from the reservoir, the Upper Wynoochee watershed has not been converted to non-forested or urban uses7.

The Wynoochee Recreation Area is a unique place that draws many thousands of recreationist year around10.  Heavy use occurs May through October and is concentrated on and around Wynoochee Lake.  As can be expected, there are many problems associated with high recreation use in such a remote area.  Trails within the watershed are often located adjacent to streams or rivers and in some cases in unstable soils where mass wasting can occur.  This erosion affects aquatic systems.  Contamination from human feces is a concern that will likely continue until proper sanitation occurs within the watershed.  Four wheel drive vehicles use also causes impacts to riparian zones and fisheries.
Riparian Reserves—At Risk.  Continued clearcut harvest at low elevations on private lands presents little opportunity for late-successional forests to develop6.  A large area of riparian habitat was destroyed by inundation due to Wynoochee Dam9.

Disturbance Regime—Not Properly Functioning.  Timber harvest activities are expected to continue into the future.  Continued clearcut harvest at low elevations on private lands presents little opportunity for late-successional forests to develop.  The older disturbance regime of wildfires will continue to play an important role despite suppression efforts, and timber harvest should be viewed as an additional disturbance to the landscape6.  Poor site productivity and sidecast road material have slowed vegetative recovery in the Upper Wynoochee watershed3.  The Wynoochee Dam will continue to have a major impact on aquatic and terrestrial resources throughout the watershed.  The dam and associated fish trap block anadromous fish from naturally accessing the upper reaches of the Wynoochee River and its tributaries.  It also has a dramatic effect on downstream fluvial processes.  The reservoir behind the dam also has eliminated habitat for terrestrial plants and animals.

2.1.8  Subpopulation Characteristics within Subpopulation Watersheds

Subpopulation Size—Unknown.
Growth and Survival—Unknown.

Life History Diversity and Isolation— Unknown.

Persistence and Genetic Integrity— Unknown.
2.1.9  Species and Habitat

Species Integration/Habitat Conditions—Not Properly Functioning.  Although there is no data available for bull trout in the Upper Wynoochee River it is assumed that this pathway is not properly functioning because of habitat degradation.  Of particular note is the preserve of the dams that block upstream fish migration.
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USFWS MATRIX FOR BULL TROUT

The Forest Service evaluated the East/West Fork Humptulips River watersheds for bull trout through the use of the USFWS matrix. This matrix (Table 1) was developed to document baseline environmental conditions in order to assist in determining the effects of individual or grouped actions at the bull trout subpopulation watershed scale.

Table 1 - East/West Fork Humptulips River Bull Trout Matrix.
	
	
	ENVIRONMENTAL BASELINE

	PATHWAYS
	INDICATORS
	Properly Functioning
	At Risk
	Not Properly Functioning

	Water Quality:
	Temperature
	E/W (ONF )
	E/W (below

 ONF)
	

	
	Sediment/Turbidity
	
	E/W
	

	
	Chemical Contaminants and Nutrients
	E/W
	
	

	Habitat Access:
	Physical Barriers
	E/W
	
	

	Habitat Elements:
	Substrate Embeddedness
	
	East Fork
	West Fork

	
	Large Woody Debris
	
	E/W (ONF)
	E/W (below

 ONF)

	
	Pool Frequency and Quality
	E/W (ONF)
	E/W (below

 ONF)
	

	
	Large Pools 
	
	E/W
	

	
	Off-Channel Habitat
	
	E/W
	

	
	Refugia
	
	
	E/W

	Channel Condition 

and Dynamics:
	Width/Depth Ratio
	
	E/W
	

	
	Streambank Condition
	
	E/W
	

	
	Floodplain Connectivity
	E/W
	
	

	Flow/Hydrology:
	Peak/Base Flows
	E/W
	
	

	
	Drainage Network Increase 
	
	
	E/W

	Watershed 

Conditions:
	Road Density and Location
	
	
	E/W

	
	Disturbance History
	
	
	E/W

	
	Riparian Reserves
	
	E/W (ONF)
	E/W (below

 ONF)

	
	Disturbance Regime
	
	E/W
	

	Subpopulation Characteristics 

within Subpopulation 

Watersheds:
	Subpopulation Size
	
	Unknown
	

	
	Growth and Survival
	
	Unknown
	

	
	Life History Diversity and Isolation 
	
	Unknown
	

	
	Persistence and Genetic Integrity
	
	Unknown
	

	Species and Habitat:
	Species Integration/Habitat Conditions
	
	E/W
	


1.  INTRODUCTION
The East and West Fork  Humptulips watersheds lie in the southwestern portion of the Olympic Peninsula and cover a combined area of 120 square miles.  Both rivers flow in a generally southwesterly direction, converging to form the Humptulips River, which flows into Grays Harbor, a Pacific Ocean inlet.  Elevations in the watersheds range from 200 - 4,500 feet. The headwaters of both originate in the Olympic Mountains.

The East and West Fork  Humptulips watersheds have 320 miles of perennial flowing streams.  Anadromous fish utilize 59 miles of stream, with resident salmonids found in and additional 168 miles of stream.  Most of the anadromous fish habitat is found in the mainstems, with anadromous fish migration limited by natural barriers into the tributaries.  Naturally reproducing stocks of chinook, chum, coho, steelhead and cutthroat trout are found in the system, as well as sculpins, mountain whitefish and Pacific lamprey.  Sockeye salmon have been sighted infrequently, and are not considered a distinct natrually reproducing stock.  There have been no known introductions of non-native species.

1.1 RATIONALE FOR PATHWAY INDICATOR RATINGS FOR BULL TROUT
1.1.1  Stock Definition,Origin and Status

Bull trout

  Native char have not been documened in the East and West Forks Humptulips watersheds but the WDF&W (1998) states that native char are found within  anadromous fish zones of  Chehalis/Grays Harbor system.  There is one anecdotal report of a native char being caught near Stevens Creek, located 5.5 miles downstream of the watershed boundary.


Cutthroat trout
  Sea-run and resident cutthroat trout occur throughout the mainstem and in many tributaries of the East and West Forks of the Humptulips watershed.  Cutthroat trout found within anadromous salmonid reaches are presumed to be sea-run.  Anecdotal information in the West Fork suggests that sea-run cutthroat trout are found up to the falls that blocks steelhead migration at RM 56.6.  There is no information on cutthroat trout distribution in the East Fork.  There is no information available on trout population size or population trends.    

1.1.2  Water Quality
Temperature - A determination of At Risk  was made for this indicator below the ONF boundary,  and a Properly Functioning was assigned in both watersheds above the ONF boundary.   Water temperatures varied widely within the watersheds during summer low flow.  Temperatures at some sites in the upper watershed were below 120 C 100 % of the time while temperaures near the junction of the East and West Forks was above 120 C 100 % of the time.  A risk analysis using fish growth as an indicator of fish health was used to rate the effects of sub-lethal temperatures on fish during summer.  The analysis found that summer temperatures in the East/West Forks created a risk to growth for steelhead and chinook, but not for coho.  This risk was greatest in the lowest portions of the East/West Forks, moderate in the middle portion of the East Fork and low everywhere else.  The Riparian Module analysis indicated that some areas have reduced shade levels through riparian harvest.  However overall water quality appeared to be good, with streams in the upper watershed at probable natural conditions.  The lower gradient, unconfined reaches in the mainstem and tributaries are more susceptible to increased heating from land management activities.  It will be necessary to make a site specific determination on affects to water quality for future projects. 1,2
Sediment / Turbidity - At Risk.  Inputs of fine sediment from roads were variable throughout the sub-basins of the East and West Forks, ranging from 43-242% above natural levels.  In addition the channel vulnerability to increases in fine sediment were variable due to the differing stream gradients and valley confinement.  In many of the higher gradient streams or stream reaches, fine sediments are flushed downstream, with little residual time or expected impact to spawning gravels. However in the lower gradient stream reaches deposition of fines would occur, possibly impacting spawning habitat.  Unlike other watersheds on the Olympic Peninsula that experience large sediment waves in response to natural disturbance, the E/W Humptulips have an unusually high chronic sediment supply punctuated by small episodic peaks in response to natural disturbances.  Mass wasting processes in response to forest management appear to increase the chronic sediment supply.  It will be necessary to make a site specific determination on affects to this indicator for future projects.   4, 5
Chemical Contaminents - Properly Functioning.  No information was presented in the watershed analysis to suggest that this indicator has been affected by land use activities in either watershed.

1.1.3  Habitat Access
Physical Barrier - Properly Functioning.  This indicator is considered Properly Functioning in both watersheds.   All known barriers to anadromous fish migration are associated with natural processes and geologic features.  Most of the tributaries have steep bedrock falls or chutes that limit anadromous fish migration to short segments near the mouths of tributaries.  O'Brien and Rainbow Creeks have fish ladders that were built to facilitate migration around culvert blockages in the streams.  A fishway on the mainstem East Fork provides access to the upper reaches of this stream. 1
1.1.4  Habitat Elements
Substrate Embeddedness -A determination of At Risk for this indicator was made in the East Fork and Not Properly Functioning  in the West Fork.  The Fish Module stated "habitat data from channel surveys on private ownership indicate that substrate embeddedness is relatively high at some salmon spawning sites (e.g. O'Brien Creek and West Fork; Table F-7) and relatively low at others (e.g. East Fork; Table F-7).  This variability is probably due to differences in sediment supply and channel type.  Most of the Flood Plain Migration and Low-gradient Pool/Riffle segments have relatvely high substrate embeddedness, which indicates these channel types are vulverable tofine sediment inputs."  These channel types contain the most spawning habitat due to the predominance of gravel in the streambed. 1
Large Woody Debris -  A determination of Not Properly Functioning was made for this indicator below the ONF boundary,  and an At Risk was assigned in both watersheds above the ONF boundary, based on information presented in the Fish, Riparian and Channel Modules.  LWD loading was considered high in all reaches surveyed on private and FS lands.  However logs less than 24"dbh constituted 84% and 89% of the LWD in surveyed reaches on FS and private lands respectively.  On private lands LWD <12" dbh, constituted 66% of the total LWD.  Large debris jams were rare in the lower river possibly as a legacy from the past practice of splash damming and the removal of large conifers in the riparian zone.  Near term LWD recruitment potential was lowest in the lower parts of both watersheds.  In the upper reaches of the mainstems unaffected by splash dams, some debris jams were present.   Riparian timber harvest has reduced near term LWD recruitment potential especially in private lands below the ONF boundary .  Approximately 66% of stream segments analyzed in the watershed were given a high or moderate hazard rating for LWD recruitment.  However Near Term LWD Recruitment Potential was rated as “good” in the upper portions of each watershed  due to the undisturbed  riparian stands. 1, 2, 5
Pool Frequency and Quality–  A determination of At Risk was made for this indicator below the ONF boundary,  and a Properly Functioning was assigned in both watersheds above the ONF boundary, based on information presented in the Fish Module.  In general the percentage of habitat area in pool type habitat was well represented in surveys conducted throughout the watersheds in the E/W Fork mainstems.  Some tributaries, such as Newbury Creek appeared to contain a low percentage of pool habitat.  No explanation was given for this.  The assessment was made of habitat within the anadromous fish zone only. 1
Large Pools – At Risk.  The number of deep pools (>3ft) varied throughout the watershed.  Deep pools were well represented in most reaches in the mainstems E/W Forks, with the tributaries generally having fewer deep pools.  An assumption of a decreased number of deep pools over reference or historic conditions was made due to the loss of Large Woody Debris and riparian harvest in the  mainstems and in tributaries. 1
Off Channel Habitat – At Risk.  The extent of  loss or change in off-channel habitat was not documented in the analysis.  However the Channel Module stated that during the period of time when splash dams were used to transport logs, dam operators frequently removed log jams that impeded log transport.  They theorized that the near absence  of side channels on the flood plains may have been a legacy from splash dams. 5  

Refugia – Not Properly Functioning – There was no information presented in any of the Modules that identified refugia habitat.  The Vegetation Module stated that on much of the private lands the trees have been harvested twice.  Vegetation patterns within the ONF boundary in the Upper West Fork subbasin continue to reflect mostly natural processes, but much of the valley bottoms are fagmented due to timber harvest. 6    With over 50,000 acres within the ONF ownership being managed as LSR and Wilderness, future conditions should provide refugia habitat in those portions of the watershed.  

1.1.5  Channel Conditions

Width/Depth Ratio / Streambank Condition– At Risk.  These 2 indicators were placed together since there was little information presented in the analysis to quantify the extent of changes in channel morphology and streambank erosion.  The Channel Module stated “A large number of splash dams were operated in the E/W Humptulips watershed for several decades near the turn of the century. These operations probably caused significant damage to channel morphology and substrate composition.  The absence of large debris jams in the mainstem, the sparse occurrence of side channels on the flood plain, and the long reaches of bare, eroding banks within the Terrace Confined GCU may be legacy effects from splash damming.” 5
Flood Plain Connectivity – Properly Functioning.   The analysis did not present any information to suggest that management activities have changed or altered flood plain connectivity.

1.1.6  Flow/Hydrology 
Peak/Base Flows - Properly Functioning.  This indicator was considered Properly Fucntioning for both the East and West Forks.   Overall hydrologic maturity for both watersheds was high.  79% of the watersheds are in hydrologically mature vegetation, with less than 3% in hydrologially immature condition.   An analysis of hydrologic maturity is based on the ability of the vegetative cover to store snow.  The greater the canopy crown closure of the forest, the less snow is stored on the hillslope and is available for runoff during large  precipiatation events.  The information indicated that increases in discharge have been negligably altered under the current forest vegetation.  There was no information presented in the analysis to suggest that base flows have been altered over natural conditions.  There are no water withdrawals in either watershed. 3

Drainage Network Increase – Not Properly Functioning .  This indicator was rated using the assumption that ditch lines associated with roads intercept sub-surface flow along the cut slope, as well as water running off the road surface. In effect they become intermittent stream channels, which can increase the rate and volume of water to the stream channel.  Due to the extensive road network in most subbasins this indicator was considered Not Properly Functioning.  7
1.1.7   Watershed Conditions

Road Density and Location – Not Properly Functioning.  Road densities ranged from 1.3 – 5.4 miles/m2  in the various sub-watersheds, averaging over 3 miles/m2    The roads analysis considered only FS roads for it’s analysis. The West Fork Upper and the East Fork Upper subbasins had road densities of 1.3 and 1.6 miles/m2  respectively.  Of the 212 miles of FS roads analyzed in the Public Works Module, over 150 miles were given a moderate or high aquatic impact rating. 7  
Disturbance History – Not Properly Functioning.  The Vegetation Module stated that on much of the private lands the trees have been harvested twice.  The only undisturbed old growth is found within the ONF boundary in the Upper West Fork subbasin, but much of this is fragmented due to timber harvest. along the valley bottoms.  A large number of splash dams were operated in the E/W Humptulips watershed for several decades near the turn of the century. These operations probably caused significant damage to channel morphology and substrate composition.  The absence of large debris jams in the mainstem, the sparse occurrence of side channels on the flood plain, and the long reaches of bare, eroding banks within the Terrace Confined GCU may be legacy effects from splash damming.”  Road densities ranged from 1.3 – 5.4 miles/m2  in the various sub-watersheds, averaging over 3 miles/square mile. Mass wasting processes in response to forest management appear to increase the chronic sediment supply.  5,6,7

Riparian Reserves -  A determination of Not Properly Functioning was made for this indicator in both watersheds below the ONF boundary, and an At Risk was assigned in both watersheds above the ONF boundary.  The high level of timber harvest on private lands (already harvesting second rotation) with limited riparian leave strips will push riparian recovery well into the future.  The only remaining old growth is found within the FS ownership.  With over 50,000 acres within the ONF being managed as Late Successional Reserve (LSR) and Wilderness, near future conditions will start to provide fully functioning riparian reserves in those portions of the watershed.  2,6
Disturbance Regime – At Risk. The likely, near future trend of sediment loading from road erosion across the entire E/W Humtulips watershed is one of a decreasing nature, as harvest levels decrease on state and private lands.  New Forest Practice rules require that substantial road maintenance be accomplished on county and private lands. The designation of almost all of the FS lands in Late Successional Reserve will allow this area to grow old forests again that will have complex structure and will eliminate edge effects in adjacent stands.  Timber management in LSR will be directed at managing young second growth stands and increasing diversity and additional structure, through thinning.  Roads on the FS road system will be decommissioned or stabilized.  As roads are closed road prisms will revegetate reducing surface erosion.  However, reduced road maintenance in response to declining budgets may result in an increase in mass wasting associated with roads in certain landforms. 5,6
1.1.8  Subpopulation Characteristics within Subpopulation Watersheds

Subpopulation  Size – Unknown.  Native char have not been documened in the East and West Forks Humptulips watersheds but the WDF&W (1998) states that native char are found within  anadromous fish zones of  Chehalis/Grays Harbor system.  There is one anecdotal report of a native char being caught near Stevens Creek, located 5.5 miles downstream of the watershed boundary.  The assessment team felt that the E/W Forks Humptulips does not support a native char population. 1
Growth and Survival – Unknown.

Life History Diversity and Isolation – Unknown.

Persistence and Genetic Integrity – Unknown.

1.1.9 Species and Habitat

Species Integration and Habitat Conditions – At Risk.  There is no data on bull trout/native char populations, so an assessment of population trends cannot be made.  Fish habitat conditions within the ONF will improve since timber harvesting and road building activities have decreased, and LSR and Riparian Reserve management constraints are applied.  Road stabilization and decommissioning will decrease mass wasting frequencies.  

3.  ENDNOTES

1
Fish Module.  In East/West Humptulips Watershed Analysis.  1999.  Rayonier and Olympic National Forest, USFS.  October 1999.
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Hydrology Module.  In East/West Humptulips Watershed Analysis.  1999.  Rayonier and Olympic National Forest, USFS.  October 1999.
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Synthesis Matrix.  In East/West Humptulips Watershed Analysis.  1999.  Rayonier and Olympic National Forest, USFS.  October 1999.
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Channel Module.  In East/West Humptulips Watershed Analysis.  1999.  Rayonier and Olympic National Forest, USFS.  October 1999.

6
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1.  INTRODUCTION
The U.S. Forest Service (USFS) evaluated baseline environmental conditions of the Upper North Fork Skokomish River watershed on the Olympic Peninsula in Washington.  Evaluation methods included the Matrix of Pathways and Indicators (National Marine Fisheries Service August 1996) and A Framework to Assist in Making Endangered Species Acts Determinations at the Bull Trout Subpopulation Watershed Scale (U.S. Fish and Wildlife Service February 1998).  For this baseline assessment, a determination of properly functioning, at risk, or not properly functioning was applied to fifth-field watersheds.
The North Fork Skokomish River is located in the southeastern corner of the Olympic Peninsula.  The Upper North Fork Skokomish fifth field includes the headwaters of the North Fork Skokomish River downstream to the Cushman Dam.  Lake Cushman is now a reservoir, following construction of the Cushman Dam by Tacoma City Light.  Large fluctuations in water level occur in the reservoir which is managed for power generation and flood control.  Water levels fluctation have inundated the lowere half-mile of the river above the reservoir.  
Indicator ratings in each matrix (Table 1 in Section 2 for salmonids, Table 2 in Section 3 for bull trout) were assigned using available data that was often qualitative, rather than quantitative.  This qualitative data was interpreted to arrive at quantitative values that could be compared to ratings criteria.  Sections 2.1 also discuss the reasoning used to develop each pathway indicator rating.  Criteria may be adjusted for local conditions and processes, as described in the evaluation method (National Marine Fisheries Service 1996; USFWS 1998).  These two sections provide justification for ratings where criteria for indicators appeared to be out of the range of natural conditions.  
2.  USFWS MATRIX FOR BULL TROUT
USFS evaluated the Upper North Fork Skokomish River watershed for bull trout through the use of the USFWS matrix.  This matrix (Table 1) was developed to document baseline environmental conditions in order to assist in determining the effects of individual or grouped actions at the bull trout subpopulation watershed scale.

Table 1 - Upper North Fork Skokomish River  Matrix.
	
	
	ENVIRONMENTAL BASELINE

	PATHWAYS
	INDICATORS
	Properly Functioning
	At Risk
	Not Properly Functioning

	Water Quality:
	Temperature
	X
	
	

	
	Sediment/Turbidity
	X
	
	

	
	Chemical Contaminants and Nutrients
	X
	
	

	Habitat Access:
	Physical Barriers
	
	
	X

	Habitat Elements:
	Substrate Embeddedness
	X
	
	

	
	Large Woody Debris
	X
	
	

	
	Pool Frequency and Quality 
	X
	
	

	
	Large Pools 
	X
	
	

	
	Off-Channel Habitat
	X
	
	

	
	Refugia
	X 
	
	

	Channel Condition 
and Dynamics:
	Width/Depth Ratio
	X
	
	

	
	Streambank Condition
	X
	
	

	
	Floodplain Connectivity
	X
	
	

	Flow/Hydrology:
	Peak/Base Flows
	
	X
	

	
	Drainage Network Increase 
	
	X
	

	Watershed 
Conditions:
	Road Density and Location
	
	X
	

	
	Disturbance History
	X
	
	

	
	Riparian Reserves
	X
	
	

	
	Disturbance Regime
	X
	
	

	Subpopulation Characteristics 
within Subpopulation 
Watersheds:
	Subpopulation Size
	X
	
	

	
	Growth and Survival
	
	Unknown
	

	
	Life History Diversity and Isolation 
	
	
	X

	
	Persistence and Genetic Integrity
	
	Unknown
	

	Species and Habitat:
	Species Integration/Habitat Conditions
	X
	
	


2.1  RATIONALE FOR PATHWAY INDICATOR RATINGS FOR BULL TROUT

2.1.1  Life History and Habitat Requirements
Bull trout in Lake Cushman have been identified as a distinct stock based on their geographic distribution.  This is an adfluvial stock.  Mature bull trout spawn in the North Fork Skokomish River above Lake Cushman from mid-September through mid-December.  Peak spawning generally occurs between mid-October and mid-November.  Electrofishing and night snorkel surveys have shown bull trout/Dolly Varden fry and older juveniles inhabit the mainstem North Fork Skokomish during the late summer months (Brenkman 1996 cited in WDFW 1998).  The Washington Department of Fish & Wildlife (WDFW) have determined the stock status of the  bull trout/Dolly Varden Lake Cushman population as healthy and believe that the reservoir provides good to excellent habitat and food base for the bull trout population (WDFW 1998).  
A second population may be isolated above Staircase Rapids RM 29.8, however recent evidence suggests the rapids may not be a migratory barrier during parts of the year (Brenkman 1996)

2.1.2  Water Quality
Temperature Data to define the natural temperature profile within the 5th field watershed is very limited.   Stream temperatures within the 5th field watershed naturally vary along the stream network, from headwater tributaries to the larger, wider mainstems. Factors such as canopy cover, aspect, stream gradient, valley confinement, ground water inflow, elevation and distance from headwaters can influence stream temperature   The Upper North Fork Skokomish was determined as Properly Functioning, due to the majority of the upper watershed being in the ONP, the riparian canopy is at natural or pristine conditions.

Sediment/Turbidity  The Upper North Fork Skokomish is determined as Properly Functioning, due to the majority of the upper watershed being in the ONP,the sediment regime being at natural conditions.  However, Lake Cushman does have high amounts of fine sediment found in the lower 0.5 mile above the reservoir which is caused by the fluctation water level of the reservoir (WDFW 1998).   

Chemical Contaminants and NutrientsProperly Functioning.  There are no indications of chemical contamination .  The North Fork Skokomish River watershed does not contain any water bodies on the 1996 Washington State 303(d) list.  
2.1.3  Habitat Access

Physical BarriersNotProperly Functioning.  Lake Cushman dam blocks fish migration between the Upper North Fork Skokomish and Skokomish River.  

2.1.4 Habitat Elements
Substrate Embeddednes  No measurements of substrate embeddeness have been made at the 5th field watershed scale.  The Upper North Fork Skokomish is determined as Properly Functioning, due to the majority of the upper watershed being in the ONP,the sediment regime being at natural conditions.  However, Lake Cushman does have high amounts of fine sediment and substrate embeddedness found in the lower 0.5 mile above the reservoir which is caused by the fluctation water level of the reservoir (WDFW 1998).   

Large Woody DebrisThe Upper North Fork Skokomish was determined as Properly Functioning, due to the majority of the upper watershed being in the ONP, and habitat conditions being at natural or pristine conditions.

Pool Frequency and Quality .  The Upper North Fork Skokomish was determined as Properly Functioning, due to the majority of the upper watershed being in the ONP, and habitat conditions being at natural or pristine conditions.

Pool Depth  The Upper North Fork Skokomish was determined as Properly Functioning, due to the majority of the upper watershed being in the ONP, and habitat conditions being at natural or pristine conditions.
Off-Channel Habitat  The Upper North Fork Skokomish was determined as Properly Functioning, due to the majority of the upper watershed being in the ONP, and habitat conditions being at natural or pristine conditions.  

Refugia  The Upper North Fork Skokomish was determined as Properly Functioning, due to the majority of the upper watershed being in the ONP, and habitat conditions being at natural or pristine conditions.

2.1.5  Channel Conditions and Dynamics
Width/Depth Ratio  The Upper North Fork Skokomish was determined as Properly Functioning, due to the majority of the upper watershed being in the ONP, and channel conditions being at natural or pristine conditions.

Streambank Condition  The Upper North Fork Skokomish was determined as Properly Functioning, due to the majority of the upper watershed being in the ONP, and channel conditions being at natural or pristine conditions.

Floodplain Connectivity  The Upper North Fork Skokomish was determined as Properly Functioning, due to the majority of the upper watershed being in the ONP, and channel conditions being at natural or pristine conditions.

2.1.6 Flow Hydrology
Peak/Base Flows  The majority of the Upper North Fork Skokomish is in the ONP, and riparian habitat conditions being at natural or pristine conditions.  However, because of the dam and it’s regulation of the water level of the reservoir, this indicator was assigned  an At Risk determination.

Drainage Network Increase.  The majority of the Upper North Fork Skokomish is in the ONP, and relatively unroaded.  However, small subdivisions and communities have been developed and are developing around Lake Cushman therefore At Risk determination was given.

2.1.7  Watershed Condition
Road Density and Location The majority of the Upper North Fork Skokomish is in the ONP, and relatively unroaded.  However, small subdivisions and communities have been developed and are developing around Lake Cushman therefore At Risk determination was given.

Disturbance HistoryAt Risk.  The Upper North Fork Skokomish was determined as Properly Functioning, due to the majority of the upper watershed being in the ONP, and habitat conditions being at natural or pristine conditions.
Riparian ReservesProperly Functioning.  Riparian vegetation throughout the upper watershed is intact. Recruitment potential for LWD in the watershed is at natural levels.  due to the majority of the upper watershed being in the ONP, and riparian habitat conditions being at natural or pristine conditions.

2.1.8  Subpopulation Characteristics within Subpopulation Watersheds

Subpopulation SizeProperly Functioning.  WDFW catergorizes the Lake Cushman population as healthy (WDFW 1998)
Growth and SurvivalUnknown.  There are no data available to make a statistically valid determination regarding growth and survival.   
Life History Diversity and Isolation Not Properly Functioning The Lake Cushman dam on the North Fork Skokomish River isolates the North Fork subpopulation from the South Fork subpopulation. An adfluvial life form is present, and a resident life forms may be present based on the bull trout distributions studies.  
Persistence and Genetic IntegrityUnknown.  Brook trout are present in many of the high lakes in the headwaters of the North Fork Skokomish.  Brook trout currently are most likely not a threat to bull trout due to their current distribution in the watershed.  However, brook trout may pose a greater threat in the future if they become established lower in the system.

2.1.9  Species and Habitat
Integration of Species and Habitat ConditionsProperly Functioning.  The Lake Cushman bull trout population is one a few population in the state in which it is believed to be healthy (WDFW 1998) additionally stream habitat utilized by this population almost is entirely in the ONP, in which habitat conditions are at natural or pristine conditions.
3.  ENDNOTES
1996 303(d) listings and 1998 proposed 303(d) listings from Washington State Department of Ecology website.  www.wa.gov/ecology/wq/303d/index.html.
Washington Salmonid Stock Inventory.  1998.  Appendix: Bull Trout and Dolly Varden.  Washington Department of Fish and Wildlife.
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1.  INTRODUCTION
EA Engineering, Science, and Technology (EA) evaluated baseline environmental conditions of the South Fork Skokomish River watershed on the Olympic Peninsula in Washington for the U.S. Forest Service (USFS).  Evaluation methods included the Matrix of Pathways and Indicators (National Marine Fisheries Service August 1996) and A Framework to Assist in Making Endangered Species Acts Determinations at the Bull Trout Subpopulation Watershed Scale (U.S. Fish and Wildlife Service February 1998).  For this baseline assessment, a determination of properly functioning, at risk, or not properly functioning was applied to fifth-field watersheds.
The South Fork Skokomish River is located in the southeastern corner of the Olympic Peninsula and is the largest tributary in the Hood Canal basin of Puget Sound.  The South Fork Skokomish River flows in a southeasterly direction and drains approximately 67,000 acres.  Approximately 80 percent of the basin is managed by the USFS, 13 percent is owned by Simpson Timber Company, 2 percent is managed by Olympic National Park, and the balance is owned by numerous individuals.  Several farms and a number of private residences are located in the Skokomish Valley.
Sources of data used in the evaluation include South Fork Skokomish Watershed Analysis (Olympic National Forest, USFS 1995) and South Fork Skokomish Watershed Analysis (Simpson Timber Company, 1996).  Both watershed analyses are assessments of terrestrial, riparian, and aquatic reference conditions and current conditions through compilation of available data and follow requirements in the Ecosystem Analysis at the Watershed Scale, Federal Guide to Watershed Analysis (1995) and the Watershed Analysis Manual prepared by the Washington Department of Natural Resources (1995).  The South Fork Skokomish Watershed Analysis was prepared by an interagency team consisting of the Olympic National Forest, Washington Department of Natural Resources, U.S. Fish and Wildlife Service (USFWS), and the Skokomish Tribe.  Stream surveys conducted according to the USDA Forest Service Stream Inventory Handbook for Region 6, Version 7.5 (USFS 1994), were used to provide details to module assessments contained within the watershed analysis.  Other documents used in developing assessment components are referenced as endnotes in the text.
Indicator ratings in each matrix (Table 1 in Section 2 for salmonids, Table 2 in Section 3 for bull trout) were assigned using available data that was often qualitative, rather than quantitative.  This qualitative data was interpreted to arrive at quantitative values that could be compared to ratings criteria.  Section 2 presents chinook salmon, coho salmon, and cutthroat data; bull trout data is presented in Section 3.  Sections 2.1 and 3.1 also discuss the reasoning used to develop each pathway indicator rating.  Criteria may be adjusted for local conditions and processes, as described in the evaluation method (National Marine Fisheries Service 1996; USFWS 1998).  These two sections provide justification for ratings where criteria for indicators appeared to be out of the range of natural conditions.  These sections do not attempt to establish new criteria, but rather provide descriptions of local conditions and processes that directly influenced the indicator value.  For example, if recorded water temperatures fell into the not properly functioning category using National Marine Fisheries Service (NMFS) or USFWS (salmonids or bull trout, respectively) criteria, but represented natural (historic) conditions, a rating of functioning was assigned.  References cited in the text are provided in Section 4.
2.  NMFS MATRIX FOR SALMONID SPECIES
EA evaluated the South Fork Skokomish River watershed for chinook salmon, summer chum, coho salmon, and cutthroat trout through the use of the NMFS Matrix.  This matrix (Table 1) was developed to document baseline environmental conditions in order to assist in determining the effects of individual or grouped actions at the watershed scale.

Table 1 - South Fork Skokomish River Salmonid Species Matrix.
	
	
	ENVIRONMENTAL BASELINE

	PATHWAYS
	INDICATORS
	Properly Functioning
	At Risk
	Not Properly Functioning

	Water Quality:
	Temperature
	
	X
	

	
	Sediment/Turbidity
	
	X
	

	
	Chemical Contaminants and Nutrients
	X
	
	

	Habitat Access:
	Physical Barriers
	X
	
	

	Habitat Elements:
	Substrate
	
	X
	

	
	Large Woody Debris
	
	
	X

	
	Pool Frequency
	
	X
	 

	
	Pool Quality
	
	X
	

	
	Off-Channel Habitat
	
	X
	

	
	Refugia
	
	
	X

	Channel Condition and Dynamics:
	Width/Depth Ratio
	
	X
	

	
	Streambank Condition
	
	
	X

	
	Floodplain Connectivity
	
	X
	 

	Flow/Hydrology:
	Peak/Base Flows
	
	X
	

	
	Drainage Network Increase
	
	
	X

	Watershed Conditions:
	Road Density and Location
	
	
	X

	
	Disturbance History
	
	X
	

	
	Riparian Reserves
	
	
	X


2.1  RATIONALE FOR PATHWAY INDICATOR RATINGS FOR SALMONIDS
2.1.1  Life History and Habitat Requirements
Chinook SalmonNow essentially extinct from the basin, spring-run chinook salmon migrate upriver in May through July1, 2.  Large pools (greater than 6 feet) with some form of cover are critical for adult holding habitat.  Spawning begins in late July, continues into early November, and occurs almost exclusively in the mainstem from rivermile (RM) 10 to an impassable falls at RM 23.
Summer- and fall-run chinook salmon enter the Skokomish River in September and October.  These stocks have a mixed origin with composite production3.  A stock of mixed origin is one that originates through hybridization of native and non-native fish or a previously native stock that has undergone substantial genetic alteration.  Composite production indicates that a stock is sustained by both wild and artificial (i.e., hatchery) production.  Preferred habitat for spawning includes mainstem glide habitat.  Fall-spawning chinook rely on cobble stability through the winter months for spawning success.  Peak spawning occurs in the mainstem up to RM 5.8 and in lower Vance Creek in late October.  The mainstem and lower Vance Creek also are primary habitat locations for all life stages.  Natural production appears to be stable, though coded wire tag recoveries indicate hatchery chinook stray into the system.  Chinook escapement in the Skokomish River system has ranged from 650 to 2,900 individuals3b.  
Coho SalmonCoho salmon spawn from late October through mid-January in the Skokomish River system.  The stock is of mixed origin with composite production3.  The South Fork Skokomish River provides critical spawning habitat for coho salmon1, although the canyon at RM 7 may be impassable to coho3.  Large-bodied fall-spawning species such coho salmon are more at risk due to limited habitat availability and its dynamic nature2.  Stock status is considered healthy, with an average escapement of 4,500 individuals3.
Cutthroat TroutResident trout populations appear to be secure2 and widespread4.  Unidentified trout (assumed to be either cutthroat or rainbow) have been observed above a series of falls at RM 231.  Resident cutthroat trout are spring spawners and use patches of small gravel.  Fry emerge in late spring and early summer to assume a life cycle totally dependent on their natal stream for all life requirements.  Pools are important for rearing habitat, and interstitial space among cobbles and boulders is important for winter rearing.  Trends in abundance for resident cutthroat trout is not well documented4.
Little is known about sea-run cutthroat trout.  Late winter through early spring spawning periods have been reported and average age at first spawning is 2 years.  Spawning gravel used by cutthroat is smaller than that used by coho salmon.  Freshwater residence time as juveniles varies considerably and pool habitat is vital.  Length of annual marine residence and patterns of marine migration are complex and poorly understood.  Historical accounts indicate that there has been a serious decline in numbers of sea-run cutthroat trout over the last 60 to 90 years4.
2.1.2  Water Quality
Temperature  At Risk.  Data to define the natural temperature profile within the 5th field watershed is very limited.   Stream temperatures within the 5th field watershed naturally vary along the stream network, from headwater tributaries to the larger, wider mainstems. Factors such as canopy cover, aspect, stream gradient, valley confinement, ground water inflow, elevation and distance from headwaters can influence stream temperature 23. Temperature monitoring conducted in the Quillayute watershed, documented that in paired watersheds,  one managed and one unmanaged, regardless of disturbance history,  summer base flow temperatures exceeded 600 F 22.  In general, stream temperatures during fall and winter salmon spawning, are well below 600 F.

An At Risk call was assigned after assessing field data collected during summer base flows and factoring in watershed scale disturbances.  Aerial photos from 1929 showed much of the watershed in its unmanaged state, with dense stands of conifer providing cover.  Out of 132.8 miles of channel analyzed from current aerial photos in the South Fork Skokomish River watershed, 84.7 miles (64 %) fell below target canopy cover5.  About 50% of that total were in stream reaches subject to natural processes that limit canopy cover.  Low water temperatures (<600 F) were recorded in several major tributaries such as Rock, Pine and Church Creeks.  Thermograph recordings of daily maximum stream temperatures during summer low flows have occasionally exceeded Wa. State Water Quality criteria for Class AA streams in Vance Creek.  Random temperature sampling in the mainstem of the Skokomish River recorded temperatures above 60F 5.  However segments of the  South Fork Skokomish River and lower Vance Creek have naturally low levels of canopy cover due to channel widening in an unconfined valley morphology.  Combined with the low elevation and channel gradient, these segments are naturally susceptible to seasonal temperature increases. 

Sediment/TurbidityAt Risk.  Turbidity is high during peak flow events where greater than 100 National Turbidity Units (NTU) have been recorded.  The SF Skokomish may have a naturally higher level of background turbidity due to the influence of snowpack in the headwaters, and erosion of glacial deposits in the valley bottoms.  Levels of fines in the substrate are considered low within certain reaches of the mainstem and in Vance Creek6, although other tributary streams throughout the watershed exhibit fining of the bed surface.  In-stream sediment sampling conducted in the lower mainstem and several major tributaries, quantified that percent of fine sediment in the gravel (<0.85mm) are at levels considered detrimental to egg survival. 1
Chemical Contaminants and NutrientsProperly Functioning.  There are no indications of chemical contamination .  The South Fork Skokomish River watershed does not contain any water bodies on the 1996 Washington State 303(d) list.  The lower reaches of the Skokomish River ( outside of the SF Skokomish watershed boundary ) are listed for fecal coliform levels above state water quality standards on the 1998 proposed Washington State 303(d) list7.
2.1.3  Habitat Access
Physical BarriersProperly Functioning.  Bedrock chutes, cascades and falls are natural channel obstructions to anadromous and resident fish migration in the mainstem and in a number of large tributaries.  A falls is a total blockage to anadromous fish migration at Rm 23.0 in the mainstem.  There are no known man made barriers to anadromous fish migration 1, 2.   This indicator is considered to be Properly Functioning.
2.1.4  Habitat Elements
SubstrateAt Risk.  No measurements of substrate embeddeness have been made at the 5th field watershed scale.  An analysis of watershed scale disturbances (increased frequency of mass wasting) relating to logging, road building and development indicate that inputs of fine sediment have increased over pre-settlement conditions,1  leading to an assumption of increased embeddedness in response reaches.  Various alluvial terrace streams are response reaches and therefore susceptible to sediment input and storage8.  In surveys for trout overwintering habitat conducted in Browns, Le Bar, Cedar, and Church Creeks, substantial interstitial habitat existed within coarse alluvial cobble and boulder beds.  In these reaches the interstitial spaces were considered as free of fine sediments 4.
In some reaches rearing habitat may be at risk due to substrate instability, rather than size class.  Substrate size classes range from cobble to gravel.  Cobble instability during chinook and chum incubation through the winter months is a high concern due to aggradation, wood removal, and channel straightening in lower Vance Creek, and a natural propensity for lateral channel migration 1.
Large Woody DebrisNot Properly Functioning.  A rating of Not Properly Functioning was assigned based on surveys of current in stream large woody debris (LWD) and riparian vegetation conditions.  Thirteen out of the 29 tributaries rated poor (adapted from the Wa. Forest Practices Board Table F-2, Indices of Resource Condition) for existing LWD9.  Instream LWD has been reduced in tributaries and the mainstem through past riparian timber harvesting, flood protection, firewood and improved fish passage.  The current riparian recruitment potential for LWD in the watershed is considered good in approximately 50% of the associated riparian areas1, though some stands are relatively young and may be decades away from providing significant wood input.
Pool Frequency - Quality At Risk.  An At Risk rating was given based on interpretation of the available data.  Based on stream surveys measurements, pool habitat in nine out of the 29 tributaries, comprised less than 30 percent of the total habitat.  In sixteen tribuatries, pool habitat comprised greater than 40 % of total habitat4.  Twenty-one out of the 29 tributaries were rated poor for pool spacing9 (adapted from the Wa. Forest Practices Board Table F-2, Indices of Resource Condition).  Unconfined, depositional reaches in Vance Creek, Brown Creek and other major tributaries, as well as sections of the mainstem, are highly sensitive to the lack of habitat forming structures such as LWD.  However pool frequency and depth are dependent not only on instream LWD and large structural elements such as boulders, but also on valley confinement, bed material and stream gradient10.  Within the mainstem SF Skokomish pool frequency was highly variable, due to channel morphology.  Reaches of the upper and mid mainstem with a confined channel and dominated by large boulders had adequate pool habitat.
Pool DepthAt Risk.  Information for assessing pool depth was collected from stream survey data.  In Rock Creek and Vance Creek high quality, deep pool habitat (> 3 meters) is well represented.  In general, most other major fish bearing tributaries were considered as containing insufficient deep pools. Most reaches of the mainstem were limited in deep pools, although it was noted that several reaches provide long deep holes for summer rearing and holding1. 
LWD acts as a scouring element.  Given that the current levels of instream LWD are low in depositional areas of the mainstem and tributaries, we can assume that this has resulted in a loss of pool frequency and depth.  In addition  increased inputs of fine and coarse sediment, related to management activities in the watershed, may have negetively affected pool depth in depositional reaches 1. 
Off-Channel HabitatAt Risk.  Off-channel habitat is naturally very low in the upper South Fork Skokomish watershed due to the valley geology which naturally confines  the channel.  Below the South Fork gorge (RM 7) and in Vance Creek, off-channel habitat has been lost through agricultural development and urbanization11.  Interstitial spaces are the dominant winter rearing and juvenile holding habitats.  Alluvial terrace tributaries and side channels in the upper watershed offer the only functional over-wintering habitat12.  The majority of chinook fry and all chum fry do not rely on over-wintering habitat because they out-migrate prior to winter high flows.
RefugiaNot Properly Functioning.  The South Fork Skokomish is classified by the Northwest Forest Plan as a Tier 1 Key watershed.  Fourteen reaches totaling approximately 84 miles have been designated as locally significant habitats13.  While portions of these are designated as refugia, containing elements of high quality habitat, the only intact, contiguous refugia is limited to the upper watershed above the anadromous barrier (RM 22.6)10, 11. 
2.1.5  Channel Conditions and Dynamics
Width/Depth RatioAt Risk.  Data on current width-to-depth ratios at the watershed scale is lacking. Ratios of width-to-depth can be naturally variable throughout the watershed, making it difficult to set a single criteria.10   Rosgen (1996) developed a descriptive stream classification system to describe a channel.   The system identifies 7 channel types of the following parameters: gradient, sinuosity, ratio of width to depth, confinement, and bed material.  Segments of the South Fork Skokomish River and selected lower tributary reaches are sediment transport limited (longer residence time), forming an alluvial valley morphology.  Changes in channel sediment storage in the mainstem were highly variable, as observed in aerial photo sequencing.  Inner gorge reaches of the mainstem exhibited little  or no change from unlogged conditions, over a period of approximately 80 years9.  Aerial photo analysis from 1929 through 1960, indicate some channel widening due to aggradation, in lower Vance Creek and the upper valley of the South Fork 11.
Streambank ConditionNot Properly Functioning.  Data on streambank stability at the 5th field watershed scale is lacking.  A Not Properly Functioning call was made based on an analysis of the variable natural erosional processes in the watershed and anthropogenic disturbances .  Debris flow processes in the upper watershed have scoured tributary channels. Bank erosion is considered a natural process in the lower South Fork Skokomish where stream segments flow through glacial deposits.  Lower Vance Creek has been constrained by diking and now runs along the south valley wall, undercutting glacial deposits.  Road placement too near the bank edge has been identified as accelerating bank erosion in other reaches of Vance Creek.  Timber harvest in riparian zones throughout the watershed has destabilized streambanks. Agricultural development has added to the destabilization and erosion of the lower floodplain.
Floodplain ConnectivityAt Risk.  Aerial photos and historical accounts document a change in floodplain function or connectivity in the lower mainstem Skokomish14 . Floodplain connectivity is adversely impacted by US Highway 101, bridges, roads, loss of riparian vegetation, and urbanization in the lower floodplain reaches10 ;  however much of  the loss is outside the SF Skokomish watershed and the National Forest boundary.  There may be a change in isolated areas of lower Vance Creek and the lower South Fork Skokomish River due to channelization and agricultural development. Although instream LWD has been reduced in several tributaries through past riparian timber harvesting reducing off-channel habitat, little development has occured affecting floodplain connectivity.  Changes within the SF Skokomish watershed affecting floodplain connectivity are considered minor. 
2.1.6  Flow Hydrology
Peak/Base FlowsAt Risk.  Twelve percent of vegetation in the watershed is classified as hydrologically immature15.  No significant changes in peak flow have been identified at this level of vegetation immaturity.  Low flow conditions in lower Vance Creek cause concern regarding  fish access and stranding.  Water percolates through the coarse gravel and cobble beds of the lower reaches and at times water ceases to flow through the Vance Creek channel.  Aggradation possibly increased by land use activities, has been identified as a possible mechanism exacerbating this condition.
Drainage Network IncreaseNot Properly Functioning.  Seventeen out of the 29 subbasins were determined to have a drainage network increase of 10 percent or greater; eleven had an increase of as much as 20 percent1.  The increase is associated with the high road density and associated ditching.
2.1.7  Watershed Condition
Road Density and LocationNot Properly Functioning.  Twelve subwatersheds have a road density greater than 3.0 miles per square mile of watershed area16.
Disturbance HistoryAt Risk.  Equivalent Clearcut Acres (ECA) were not calculated; however, based on immature hydrological stands (12 percent), ECA was assumed to be less than 15 percent.  Frequency of landslides in the watershed is estimated to have increased by 200 percent17 over pre-timber harvesting and road building times.
Riparian ReservesNot Properly Functioning.  Riparian vegetation throughout the watershed is intact, though stand ages may vary significantly, reflecting timber harvest patterns. Recruitment potential for LWD in the watershed is considered good in approximately half of the riparian areas analyzed1.  Limited agricultural development has caused some loss of connectivity in lower reaches of the watershed. Timber harvest in riparian zones throughout the watershed has destabilized streambanks.
3.  USFWS MATRIX FOR BULL TROUT
EA evaluated the South Fork Skokomish River watershed for bull trout through the use of the USFWS matrix.  This matrix (Table 2) was developed to document baseline environmental conditions in order to assist in determining the effects of individual or grouped actions at the bull trout subpopulation watershed scale.

Table 2 - South Fork Skokomish River Bull Trout Matrix.
	
	
	ENVIRONMENTAL BASELINE

	PATHWAYS
	INDICATORS
	Properly Functioning
	At Risk
	Not Properly Functioning

	Subpopulation Characteristics 
within Subpopulation 
Watersheds:
	Subpopulation Size
	
	Unknown
	

	
	Growth and Survival
	
	Unknown
	

	
	Life History Diversity and Isolation 
	
	Unknown
	

	
	Persistence and Genetic Integrity
	
	Unknown
	

	Water Quality:
	Temperature
	
	X
	

	
	Sediment/Turbidity
	
	X
	

	
	Chemical Contaminants and Nutrients
	X
	
	

	Habitat Access:
	Physical Barriers
	X
	
	

	Habitat Elements:
	Substrate Embeddedness
	
	X
	

	
	Large Woody Debris
	
	
	X

	
	Pool Frequency 
	
	X
	

	
	Pool Quality
	
	X
	

	
	Off-Channel Habitat
	
	X
	

	
	Refugia
	
	
	X

	Channel Condition 
and Dynamics:
	Width/Depth Ratio
	
	X
	

	
	Streambank Condition
	
	
	X

	
	Floodplain Connectivity
	
	X
	

	Flow/Hydrology:
	Peak/Base Flows
	
	X
	

	
	Drainage Network Increase 
	
	
	X

	Watershed 
Conditions:
	Road Density and Location
	
	
	X

	
	Disturbance History
	
	X
	

	
	Riparian Reserves
	
	
	X

	
	Disturbance Regime
	
	
	X

	Species and Habitat:
	Species Integration/Habitat Conditions
	
	
	X


3.1  RATIONALE FOR PATHWAY INDICATOR RATINGS FOR BULL TROUT

3.1.2  Life History and Habitat Requirements
Bull trout/Dolly Varden in the Upper South Fork Skokomish River have been identified as a distinct stock based on their geographic distribution.  Emigrating anadromous smolts have been observed, suggesting that both anadromous and resident life history forms are present.  A sample of 25 possible bull trout/Dolly Varden collected in the anadromous zone were all determined to be bull trout.  No bull trout/Dolly Varden have been observed in the resident zone21.
USFS surveys indicate that bull trout/Dolly Varden are found in the anadromous reaches of the South Fork and in Church, Pine, Cedar, LeBar, Brown, Rock, Flat, and Vance Creeks.  Stock origin is native and production type is wild.  The status (health) of these stocks are unknown21.  There appears to be no danger of interaction with brook trout because records indicate that brook trout stocking has not occurred.
Bull trout are intolerant of watershed disturbances.  Success as a population is dependent on LWD, channel stability, and stable cold temperatures.  Spawning period has not been documented, but is assumed to be from mid-September to December.  Spawning grounds have not been located.  Eggs incubate in gravels and cobbles for more than 200 days, which makes them particularly susceptible to injury from fine sediment depositions and/or bed movement1.
3.1.3  Subpopulation Characteristics within Subpopulation Watersheds

Subpopulation SizeUnknown.  There are no harvest, escapement, or run-size data for this stock.  The status of the stock is unknown.  The highest concentration of fish was found from the anadromous barrier at RM 25 downstream to the confluence with Church Creek at RM 21.5, though fish were found far down the system into Vance Creek21.
Growth and SurvivalUnknown.  There are no data available to make a statistically valid determination regarding growth and survival.  At least four size classes were represented in a sample of 25 fish21.  However since bull trout in the SF Skokomish are found within the anadromous reaches, enviromental factors affecting salmon should be presumed to be affecting bull trout growth and survival. 
Life History Diversity and IsolationUnknown.  Fluvial, anadromous and resident life forms may be present based on the bull trout distributions studied.  The population is considered a distinct stock21.  Emigrating anadromous smolts have been observed.  No bull trout have been observed within resident stream reaches within the SF Skokomish mainstem or major tributaries. Natural barriers on the mainstem and in the lower reaches of several fish bearing tributaries limits distribution to the anadromous fish reaches.  The Lake Cushman dam on the North Fork Skokomish River isolates the North Fork subpopulation from the South Fork subpopulation.

Persistence and Genetic IntegrityUnknown.  
3.1.4  Water Quality
TemperatureAt Risk.  Data to define the natural temperature profile within the 5th field watershed is very limited.   Stream temperatures within the 5th field watershed naturally vary along the stream network, from headwater tributaries to the larger, wider mainstems. Factors such as canopy cover, aspect, stream gradient, valley confinement, ground water inflow, elevation and distance from headwaters can influence stream temperature 23. Temperature monitoring conducted in the Quillayute watershed, documented that in paired watersheds,  one managed and one unmanaged, regardless of disturbance history,  summer base flow temperatures exceeded 600 C 22.  In general, stream temperatures during fall and winter salmon spawning, are well below 600 C.

An At Risk call was assigned after assessing field data collected during summer base flows and factoring in watershed scale disturbances.  Aerial photos from 1929 showed much of the watershed in its unmanaged state, with dense stands of conifer providing cover.  Out of 132.8 miles of channel analyzed from current aerial photos in the South Fork Skokomish River watershed, 84.7 miles (64 %) fell below target canopy cover5.  About 50% of that total were in stream reaches subject to natural processes that limit canopy cover.  Low water temperatures (<600 C) were recorded in several major tributaries such as Rock, Pine and Church Creeks.  Thermograph recordings of daily maximum stream temperatures during summer low flows have occasionally exceeded Wa. State Water Quality criteria for Class AA streams in Vance Creek.  Random temperature sampling in the mainstem of the Skokomish River recorded temperatures above 60F 5.  However segments of the  South Fork Skokomish River and lower Vance Creek have naturally low levels of canopy cover due to channel widening in an unconfined valley morphology.  Combined with the low elevation and channel gradient, these segments are naturally susceptible to seasonal temperature increases. 

Sediment/TurbidityAt Risk.  Turbidity is high during peak flow events where greater than 100 National Turbidity Units (NTU) have been recorded.  The SF Skokomish may have a naturally higher level of background turbidity due to the influence of snowpack in the headwaters, and erosion of glacial deposits in the valley bottoms.  Levels of fines in the substrate are considered low within certain reaches of the mainstem and in Vance Creek6, although other tributary streams throughout the watershed exhibit fining of the bed surface.  In-stream sediment sampling conducted in the lower mainstem and several major tributaries, quantified that percent of fine sediment in the gravel (<0.85mm) are at levels considered detrimental to egg survival. 1
Chemical Contaminants and NutrientsProperly Functioning.  There are no indications of chemical contamination .  The South Fork Skokomish River watershed does not contain any water bodies on the 1996 Washington State 303(d) list.  The lower reaches of the Skokomish River ( outside of the SF Skokomish watershed boundary ) are listed for fecal coliform levels above state water quality standards on the 1998 proposed Washington State 303(d) list7.
3.1.5  Habitat Access
Physical BarriersProperly Functioning.  Bedrock chutes, cascades and falls are natural channel obstructions to anadromous and resident fish migration in the mainstem and in a number of large tributaries.  A falls is a total blockage to anadromous fish migration at Rm 23.0 in the mainstem.  There are no known man made barriers to anadromous fish migration 1, 2.   This indicator is considered to be Properly Functioning.
3.1.6 Habitat Elements
SubstrateAt Risk.  No measurements of substrate embeddeness have been made at the 5th field watershed scale.  An analysis of watershed scale disturbances (increased frequency of mass wasting) relating to logging, road building and development indicate that inputs of fine sediment have increased over pre-settlement conditions,1  leading to an assumption of increased embeddedness in response reaches.  Various alluvial terrace streams are response reaches and therefore susceptible to sediment input and storage8.  In surveys for trout overwintering habitat conducted in Browns, Le Bar, Cedar, and Church Creeks, substantial interstitial habitat existed within coarse alluvial cobble and boulder beds.  In these reaches the interstitial spaces were considered as free of fine sediments 4.
In some reaches rearing habitat may be at risk due to substrate instability, rather than size class.  Substrate size classes range from cobble to gravel.  Cobble instability during chinook and chum incubation through the winter months is a high concern due to aggradation, wood removal, and channel straightening in lower Vance Creek, and a natural propensity for lateral channel migration 1.
Large Woody DebrisNot Properly Functioning.  A rating of Not Properly Functioning was assigned based on surveys of current in stream large woody debris (LWD) and riparian vegetation conditions.  Thirteen out of the 29 tributaries rated poor (adapted from the Wa. Forest Practices Board Table F-2, Indices of Resource Condition) for existing LWD9.  Instream LWD has been reduced in tributaries and the mainstem through past riparian timber harvesting, flood protection, firewood and improved fish passage.  The current riparian recruitment potential for LWD in the watershed is considered good in approximately 50% of the associated riparian areas1, though some stands are relatively young and may be decades away from providing significant wood input.
Pool Frequency - Quality At Risk.  An At Risk rating was given based on interpretation of the available data.  Based on stream surveys measurements, pool habitat in nine out of the 29 tributaries, comprised less than 30 percent of the total habitat.  In sixteen tribuatries, pool habitat comprised greater than 40 % of total habitat4.  Twenty-one out of the 29 tributaries were rated poor for pool spacing9 (adapted from the Wa. Forest Practices Board Table F-2, Indices of Resource Condition).  Unconfined, depositional reaches in Vance Creek, Brown Creek and other major tributaries, as well as sections of the mainstem, are highly sensitive to the lack of habitat forming structures such as LWD.  However pool frequency and depth are dependent not only on instream LWD and large structural elements such as boulders, but also on valley confinement, bed material and stream gradient10.  Within the mainstem SF Skokomish pool frequency was highly variable, due to channel morphology.  Reaches of the upper and mid mainstem with a confined channel and dominated by large boulders had adequate pool habitat.
Pool DepthAt Risk.  Information for assessing pool depth was collected from stream survey data.  In Rock Creek and Vance Creek high quality, deep pool habitat (> 3 meters) is well represented 1.  In general, most other major fish bearing tributaries were considered as containing sufficient deep pools 4.  Most reaches of the mainstem were limited in deep pools, although it was noted that several reaches provide long deep holes for summer rearing and holding1. 
LWD acts as a scouring element.  Given that the current levels of instream LWD are low in depositional areas of the mainstem and tributaries, we can assume  this has resulted in a reduction of pool frequency and depth.  In addition  increased inputs of fine and coarse sediment, related to management activities in the watershed, may have negetively affected pool depth in depositional reaches 1. 
Off-Channel HabitatAt Risk.  Off-channel habitat is naturally very low in the upper South Fork Skokomish watershed due to the valley geology which naturally confines  the channel.  Below the South Fork gorge (RM 7) and in Vance Creek, off-channel habitat has been lost through agricultural development and urbanization11.  Interstitial spaces are the dominant winter rearing and juvenile holding habitats 4.  Alluvial terrace tributaries and side channels in the upper watershed offer the only functional over-wintering habitat12.  
RefugiaNot Properly Functioning.  The South Fork Skokomish is classified by the Northwest Forest Plan as a Tier 1 Key watershed.  Fourteen reaches totaling approximately 84 miles have been designated as locally significant habitats13.  While portions of these are designated as refugia, containing elements of high quality habitat, the only intact, contiguous refugia is limited to the upper watershed above the anadromous barrier (RM 22.6)10, 11. 
3.1.7  Channel Conditions and Dynamics
Width/Depth RatioAt Risk.  Data on current width-to-depth ratios at the watershed scale is lacking. Ratios of width-to-depth can be naturally variable throughout the watershed, making it difficult to set a single criteria.10   Rosgen (1996) developed a descriptive stream classification system to describe a channel.   The system identifies 7 channel types of the following parameters: gradient, sinuosity, ratio of width to depth, confinement, and bed material.  Segments of the South Fork Skokomish River and selected lower tributary reaches are sediment transport limited (longer residence time), forming an alluvial valley morphology.  Changes in channel sediment storage in the mainstem were highly variable, as observed in aerial photo sequencing.  Inner gorge reaches of the mainstem exhibited little  or no change from unlogged conditions, over a period of approximately 80 years9.  Aerial photo analysis from 1929 through 1960, indicate some channel widening due to aggradation, in lower Vance Creek and the upper valley of the South Fork 11.
Streambank ConditionNot Properly Functioning.  Data on streambank stability at the 5th field watershed scale is lacking.  A Not Properly Functioning call was made based on an analysis of the variable natural erosional processes in the watershed and anthropogenic disturbances .  Debris flow processes in the upper watershed have scoured tributary channels. Bank erosion is considered a natural process in the lower South Fork Skokomish where stream segments flow through glacial deposits.  Lower Vance Creek has been constrained by diking and now runs along the south valley wall, undercutting glacial deposits.  Road placement too near the bank edge has been identified as accelerating bank erosion in other reaches of Vance Creek.  Timber harvest in riparian zones throughout the watershed has destabilized streambanks. Agricultural development has added to the destabilization and erosion of the lower floodplain.
Floodplain ConnectivityAt Risk.  Aerial photos and historical accounts document a change in floodplain function or connectivity in the lower mainstem Skokomish14 . Floodplain connectivity is adversely impacted by US Highway 101, bridges, roads, loss of riparian vegetation, and urbanization in the lower floodplain reaches10 ;  however much of  the loss is outside the SF Skokomish watershed and the National Forest boundary.  There may be a change in isolated areas of lower Vance Creek and the lower South Fork Skokomish River due to channelization and agricultural development. Although instream LWD has been reduced in several tributaries through past riparian timber harvesting reducing off-channel habitat, little development has occured affecting floodplain connectivity.  Changes within the SF Skokomish watershed affecting floodplain connectivity are considered minor. 
3.1.8 Flow Hydrology
Peak/Base FlowsAt Risk.  Twelve percent of vegetation in the watershed is classified as hydrologically immature15.  No significant changes in peak flow have been identified at this level of vegetation immaturity.  Low flow conditions in lower Vance Creek cause concern regarding  fish access and stranding.  Water percolates through the coarse gravel and cobble beds of the lower reaches and at times water ceases to flow through the Vance Creek channel.  Aggradation possibly increased by land use activities, has been identified as a possible mechanism exacerbating this condition.
Drainage Network IncreaseNot Properly Functioning.  Seventeen out of the 29 subbasins were determined to have a drainage network increase of 10 percent or greater; eleven had an increase of as much as 20 percent1.  The increase is associated with the high road density and associated ditching.
3.1.9  Watershed Condition
Road Density and LocationNot Properly Functioning.  Twelve subwatersheds have a road density greater than 3.0 miles per square mile of watershed area16.
Disturbance HistoryAt Risk.  Equivalent Clearcut Acres (ECA) were not calculated; however, based on immature hydrological stands (12 percent), ECA was assumed to be less than 15 percent.  Frequency of landslides in the watershed is estimated to have increased by 200 percent17 over pre-timber harvesting and road building times.
Riparian ReservesNot Properly Functioning.  Riparian vegetation throughout the watershed is intact, though stand ages may vary significantly, reflecting timber harvest patterns. Recruitment potential for LWD in the watershed is considered good in approximately half of the riparian areas analyzed1.  Limited agricultural development has caused some loss of connectivity in lower reaches of the watershed. Timber harvest in riparian zones throughout the watershed has destabilized streambanks.
3.1.10  Species and Habitat
Integration of Species and Habitat ConditionsNot Properly Functioning.  Elevated temperatures, reduced pool quality, and sediment input leading to habitat degradation are not contiguous; rather, these conditions are sporadically found throughout the watershed, resulting in low connectivity of quality habitat.  Linkage between management and effects to populations is uncertain based on current population numbers.  Past management activities, however, have been identified as influences on habitat conditions and connectivity.  Riparian timber harvest has decreased streamside shading and LWD recruitment potential, resulting in decreased instream LWD and increased water temperatures.
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1.  INTRODUCTION
EA Engineering, Science, and Technology (EA) evaluated baseline environmental conditions of the Hamma Hamma River watershed on the Olympic Peninsula in Washington for the USDA Forest Service (USFS).  Evaluation methods included the Matrix of Pathways and Indicators (National Marine Fisheries Service August 1996) and A Framework to Assist in Making Endangered Species Acts Determinations at the Bull Trout Subpopulation Watershed Scale (U.S. Fish and Wildlife Service February 1998).  For the baseline assessment, a determination of functioning, at risk, or not properly functioning was applied to fifth-field watersheds.
The Hamma Hamma River drains approximately 85 square miles on the east side of the Olympic Peninsula.  Elevations in the watershed range from The Brothers at 6,842 feet and Mount Washington at 6,255 feet to sea level at Hood Canal.  The river flows in an easterly direction from its headwaters in the Murdock Lakes in Olympic National Park to its mouth on the Hood Canal.  Approximately 40 percent is under USFS management, 20 percent is managed by Washington State Department of Natural Resources, 35 percent is within the boundaries of Olympic National Park and in the Mount Skokomish Wilderness Area.  Five percent is privately owned, in the productive low elevation areas near the river mouth 16.   Anadromous fish use is limted to @ 4 miles in the lower mainstem and Johns Creek; resident fish utilize almost 34 miles of habitat in the middle and upper mainstem and tributaries.  Several species of non-native cutthroat are found in the upper watershed within the resident fish zones.
The Hamma Hamma River and Hood Canal Tributaries Watershed Analysis (Olympic National Forest, USFS July 1997) was extensively used in was used extensively in the evaluation.  The watershed analysis is an assessment of terrestrial, riparian, and aquatic reference conditions and current conditions through compilation of available data and follows requirements in the Ecosystem Analysis at the Watershed Scale, Federal Guide to Watershed Analysis (1995) and the Watershed Analysis Manual prepared by the Washington Department of Natural Resources (1995).  The watershed analysis was an interagency effort that included the USDA Natural Resources Conservation Service, U.S. Environmental Protection Agency, U.S. Fish and Wildlife Service, Washington Department of Fish and Wildlife, Washington State Department of Resources, Washington State Department of Ecology, and the U.S. Forest Service.  Other documents used in developing assessment components are referenced as endnotes in the text.
Indicator ratings in the matrix (Table 1 in Section 2 for salmon and bull trout) were assigned using available data that was often qualitative, rather than quantitative.  This qualitative data was interpreted to arrive at quantitative values that could be compared to ratings criteria.  Section 2 presents chinook salmon, summer-run chum salmon and bull trout data.  Section 2.1  also discusses the reasoning used to develop each pathway indicator rating.  Criteria may be adjusted for local conditions and processes, as described in the evaluation method (National Marine Fisheries Service [NMFS] 1996; U.S. Fish and Wildlife Service [USFWS] 1998).  This section provides justification for ratings where criteria for indicators appeared to be out of the range of natural conditions.  These sections do not attempt to establish new criteria, but rather provide descriptions of local conditions and processes that directly influenced the indicator value.  For example, if recorded water temperatures fell into the not properly functioning category using NMFS or USFWS (salmonids or bull trout, respectively) criteria, but represented natural (historic) conditions, a rating of functioning was assigned.  References cited in the text are provided in Section 3.
2.  NMFS/USFWS (modified) MATRIX FOR SALMON and BULL TROUT 
EA evaluated the Hamma Hamma River watershed for chinook salmon, summer-run chum salmon, and bull trout through the use of the NMFS Matrix.  This matrix (Table 1) was developed to document baseline environmental conditions in order to assist in determining the effects of individual or grouped actions at the watershed scale.
Table 1 - Hamma Hamma River Salmon / Bull Trout Matrix.
	
	
	ENVIRONMENTAL BASELINE

	PATHWAYS
	INDICATORS
	Properly Functioning
	At Risk
	Not Properly Functioning

	Water Quality:
	Temperature
	
	X
	

	
	Sediment/Turbidity
	
	X
	

	
	Chemical Contaminants and Nutrients
	X
	
	

	Habitat Access:
	Physical Barriers
	X
	
	

	Habitat Elements:
	Substrate Embeddedness
	
	X
	

	
	Large Woody Debris
	
	X
	 

	
	Pool Frequency 
	
	X
	

	
	Pool Quality
	
	X
	

	
	Off-Channel Habitat
	
	X
	

	
	Refugia
	
	X (BT)
	X  (SAL)

	Channel Condition 
and Dynamics:
	Width/Depth Ratio
	
	X
	

	
	Streambank Condition
	
	X
	

	
	Floodplain Connectivity
	X
	
	

	Flow/Hydrology:
	Peak/Base Flows
	X
	
	

	
	Drainage Network Increase 
	
	X
	

	Watershed 
Conditions:
	Road Density and Location
	
	X
	

	
	Disturbance History
	
	
	X

	
	Riparian Reserves
	
	
	X

	
	(BT)  Disturbance Regime
	
	
	X

	Species and Habitat:
	(BT)   Integration of Species and Habitat Conditions
	
	X
	 

	Subpopulation Characteristics 
within Subpopulation 
Watersheds:
	(BT)  Subpopulation Size
	UNKNOWN
	
	

	
	 (BT) Growth nad Survival
	UNKNOWN
	
	

	
	(BT)  Life History Diversity and Isolation
	UNKNOWN
	
	

	
	(BT)  Persistence and Genetic Integrity
	UNKNOWN
	
	


2.1  RATIONALE FOR PATHWAY INDICATOR  RATINGS FOR SALMON AND BULL TROUT
2.1.1  Stock Definition, Origin, and Status
Chinook Salmon - Chinook salmon are found in the mainstem of the Hamma Hamma River up to approximately rivermile (RM) 2.0, and  in the lower 1.8 miles of John Creek.  Chinook spawn from late September through October.  Eggs laid in the fall hatch in the early spring.  As juveniles grow, they gradually move out into swifter water, smolting to enter the marine environment after approximately a year and a half1.  This stock is of mixed origin with composite production and its status is considered healthy, although of weak escapement2.  A stock of mixed origin is one that originates through hybridization of native and non-native fish or a previously native stock that has undergone substantial genetic alteration.  Composite production indicates that a stock is sustained by both wild and artificial (i.e., hatchery) production.  Escapement for Hood Canal chinook salmon has ranged from a high of 4,537 in 1971 to a low of 292 in 1981; 1991 escapement was 1,8232.
Summer-run Chum Salmon - Chum salmon occupy the lowest portion of the Hamma Hamma River mainstem1.  Summer run chum spawn primarily below RM 1.8 in the mainstem and below RM 0.3 in Johns Creek.  Summer-run chum stocks spawn from early September through late October.  They emerge from the gravel from late December through early March when they reach 30-35 mm.  Outmigration begins in March and continues through April.  Summer-run chum salmon stocks in the Hamma Hamma River are a native stock with wild production; their status is considered critical due to chronically low escapement.  Hood Canal summer-run chum salmon escapement has fallen from a high of nearly 44,000 fish in 1968 to approximately 700 in 19912.
2.1.2  Water Quality
Temperature - Properly Functioning.   In the Hood Canal summer chum recovery plan  water temperature in the Hamma Hamma River was not considered as an impact to summer chum 16. U.S. Geologic gaging station temperature data is lacking; however, forest practices have reduced some overstory canopy through portions of the basin, which can lead to an increase water temperature9.  The watershed contains no waters listed on the Washington State 1996 303(d) listing or the Proposed 1998 303(d) listing4, indicating compliance with state water quality temperature criterion.
Sediment/Turbidity - At Risk.  Inferences of increased fines in the streambed  were made based on information supplied in the watershed analysis.  Timber harvest on steep slopes and along riparian corridors has led to increased slope erosion and sedimentation5.  Forest practices along riparian corridors have increased fine sediment production1.   The  summer chum habitat recovery plan  identified that significant aggradation and increased sediment delivery has occurred in Johns Creeks due to forest practices 16.   Johns Creek drainage is entirely outside the National Forest  boundary.  An aerial photo analysis of sources of surface erosion within the ONF boundary, documented that erosional features associated with timber harvest management have increased sediment production and delivery to the stream channel over what might be found under unmanaged conditions 5 .  
Chemical Contaminants and Nutrients - Properly Functioning.   The watershed contains no waters listed on the Washington State 1996 303(d) listing or the Proposed 1998 303(d) listing4, indicating compliance with state water quality criterion.
2.1.3  Habitat Access
Physical Barriers - Properly Functioning.  A steep cascade at RM 2.0 limits most anadromous fish migration except for steelhead; a falls at RM 2.7 is a complete blockage.  Most fish distribution is likely the same as in historical times, defined by geologic barriers for anadromous species and steep headwater reaches for resident species1.  Low summer flows in John Creek also affect salmon production3.
2.1.4  Habitat Elements
Substrate - At Risk.  Measurements of embeddedness are not available at the watershed or reach scale.  Inferences of increased embeddedness were made due to documented changes in sediment input.  There is little description of substrate in the watershed analysis; however, an at risk rating was assigned due to potentially high levels of sedimentation  in Johns Creek and an increased frequency of slides along the mainstem at @RM 2.0, below the Forest boundary.  An assessment of historical and current aerial photos over a 60 year period documented  changes in erosional and stream channel  features, within the National Forest boundary and the overall Hamma Hamma watershed.  A direct relationship was noted  between increased mass wasting and forest practices.  Large inputs of sediment resulted in stream channel widening in certain response reaches 3,5.  
Large Woody Debris - At Risk.  Large woody debris (LWD) averaged 14.3 pieces over 24 inches in diameter between RM 6.4 and 14.38.  Lack of LWD in some stream reaches today is a result of intense logging activity and related fires since the 1850s, as well as the Washington Department of Fisheries Stream Improvement Division streamcleaning efforts from 1951 through 19711.  A lower recruitment potential exists due to the replacement of conifers with hardwoods after cross-riparian logging9.  Portions of the watershed (outside the ONF boundary) with industrial and private ownership rated fair to poor for large woody debris (LWD) recruitment potential, with a neutral trend for future change.  Forty-eight percent of the forested buffer below RM 3.3 is composed of small (12'' dbh) trees and 45% is dominated by medium sized (12-20'' dbh) trees.
Pool Frequency - At Risk.  Simplification of channels, removal of LWD, and sedimentation place pool frequency at risk1.  Pool formation and maintenance are reach-specific and variable depending channel confinement, gradient and roughness 7.  Below RM 1.5, stream gradient becomes moderate to low.  Surveys conducted by the USFWS in the anadromous reaches of the Hamma Hamma River found pools constitute approximately half the available aquatic habitat.  Within the resident fish reaches of the mainstem (RM 6.4 and 14.3) and Jefferson and Washington Creeks, percent pool habitat was about 20% of total habitat area 8 .   This lower percent pool habitat would be consistent with the higher gradient of most of the middle and upper Hamma Hamma and its major tributaries. Only several short reaches of the mainstem were identified as response (<2% gradient) reaches.
Pool Quality - At Risk.  No quantitative information was available to assess pool depth.  Some assumptions of a reach specific changes in pool depth were made based on riparian harvest, instream removal of LWD, and increased sedimentation due to land management activities 1.  Below RM 1.5, stream gradient becomes moderate, with occasional deep pools3.  While the percent pool habitat was considered fair,  loss of large "key pieces" LWD is believed to be a significant missing component in forming and maintaining pools 16 .  Higher gradient (transport) reaches of the mainstem and tributaries, with boulder and bedrock controls would be less affected by decreased LWD.  In these transport reaches sediment is more efficiently routed through, thereby having less effect on pool volume. 
Off-Channel Habitat - At Risk.  Off-channel habitat is widely variable throughout the Hamma Hamma River watershed due to channel confinement and valley landforms7.  Aerial photo analysis indicates that within the Forest boundary off-channel habitat was historically very limited.  An overall simplification of habitats has occurred in the intensively managed lower river through non-forest uses and livestock access within riparian areas.  Side channels and secondary channels in the lower river have been lost through pastures, dikes, and other constraints.  Historical records indicate some loss of side channels in the lower most reaches of the mainstem 16 .
Refugia - Lack of quality refugia is noted in the watershed analysis. For summer  chum and chinook salmon  Not Properly Functioning was assigned for this indicator, due to their limited distribution in the lower 2.7 miles of  mainstem and Johns Creek.   Simplification of channels, removal of LWD, and increased sedimentation, along with rural and agricultural development, have eliminated refugia habitat within the anadromous reach.    While bull trout are not known to exist in the Hamma Hamma  watershed a presumption of presence is made 15.  Based on life history needs and habitat preferences, bull trout are more likely to be found above the anadromous barriers and throughout the upper watershed.  Thirty-five percent of the upper watershed is in Wilderness designation and National Park.  An At Risk call was made for bull trout due to the refugia habitat found within their range.  
2.1.5  Channel Conditions and Dynamics
Width/Depth Ratio - At Risk.  Data on current width-to-depth ratios at the watershed or reach scale is lacking.  Ratios of width-to-depth can be naturally variable throughout the watershed, making it difficult to set a single criteria.   Rosgen (1996) developed a descriptive stream classification system to describe a channel.   The system identifies 7 channel types of the following parameters: gradient, sinuosity, ratio of width to depth, confinement, and bed material.   The Hamma Hamma River is not directly connected to valley walls in wide valley bottom areas, and stream character is controlled by the nature of the valley bottom deposits and the adjacent riparian zone, more than by adjacent hillslope processes.10   These processes lead to a naturally high variability in channel types.  Aerial photo analysis is inconclusive as to changes in response reaches of the mainstem relating to post settlement disturbances.  No pre-harvest baseline information is available for comparison, as the first aerial photographs were taken in 193910.  Outside of the ONF boundary aggradation resulting from forest management in Johns Creek was identified as a concern .  Aggradation would result in a change channel geometry.
Streambank Condition - At Risk.  Streambank erosion is a naturally occurring and dominant source of sediments; however, riparian timber harvest may destabilize streambanks to a far greater degree than natural conditions5.  Below the ONF boundary, livestock access in the lower reaches of the river may also be a contributing factor to streambank destabilization .
Floodplain Connectivity - At Risk.  No bank armoring or channel management activities are noted within the Forest boundary, although there are some dikes and pastures in the lower reaches of the river.  Loss of wetlands and seasonally wet areas connected to the channel system may affect off-channel habitats1.  Most of the floodplain in the lower 1.5 miles of river has been converted to agricultural uses 16.
2.1.6  Flow/Hydrology
Peak/Base Flows - Properly Functioning.  Peak and base flows appear to have changed little, according to data from the U.S. Geologic Survey gaging station, located near Eldon,  for the years 1952 to 1979  11.  Similar flow patterns exist between average daily streamflows for the Hamma Hamma River and the Duckabush River, a watershed of similar size6.  Naturally occurring low summer base flows are a concern for salmon production in Johns Creek.
Drainage Network Increase - At Risk.  Lower Hamma Hamma River is moderately sensitive to peak flow increases from road systems due to both an increased road density (2.4 miles of road per square mile of drainage) and a high drainage density (4.4 miles of stream per square mile of drainage)6,11.
2.1.7  Watershed Conditions
Road Density and Location - At Risk.  Road densities in sub-watershed of the Hamma Hamma range from 0.3 to 2.5 miles of road per square mile of drainage, averaging 2.1 miles per square mile6,11.
Disturbance History - At Risk.  The Hamma Hamma watershed has a historical fire regime that has been interrupted by fire management policies and timber harvest5.  Extensive clearcutting has been practiced in portions of the basin and continues.  Approximately 66,000 acres of timber have been cut or burned in the Hamma Hamma River watershed since 1900, nearly half of that in the years 1920-193912.  Although the basin is not heavily populated, there is some development and agriculture in the lower reaches6  outside of the ONF boundary.  Thirty four percent of the watershed is in the Olympic National Park and Wilderness areas.
Riparian Reserves - Not Properly Functioning.  Riparian clearcutting has been allowed in the past.  Approximately 15 percent of mass wasting events are shallow landslides adjacent to streams and  river corridors, which may be attributable to loss of root strength from timber harvest.  Some riparian areas continue to erode faster than vegetation can become established5.
Disturbance Regime - Not Properly Functioning.  Timber harvesting, rural and agricultural development, road building, riparian alteration, increased sediment  production and fire frequency have affected watershed processes in the Hamma Hamma watershed.  Approximately 66,000 acres of timber have been cut or burned in the Hamma Hamma River watershed since 1900, nearly half of that in the years 1920-193912 .  However 35% of the watershed still remains in Wilderness and National Park designation.
2.1.8  Subpopulation Characteristics within Subpopulation Watersheds
Subpopulation Size - Unknown.  Bull trout have not been documented as existing in the Hamma Hamma River1, 13, 14  The Washington Dept. of Fish and Wildlife did not list the Hamma Hamma River as a bull trout-bearing stream15.  Some very preliminary bull trout surveys were conducted by the USFS above the anadromous barrier at RM. 2.7, but did not detect presence.
Growth and Survival - Unknown.  Altered and degraded environmental  conditions facing resident fish  as a result of land management activities, above the anadromous barrier at RM 2.7, may be assumed to be affecting bull trout.  Information on the status of resident trout populations is lacking. 
Life History Diversity and Isolation - Unknown - The Hamma Hamma River above the falls has a number of tributaries accessible to migrating resident fish.  No known man made barriers are present.  Falls and cascades within the mainstem  limit the extent of migration in the mainstem to isolated segments. In addition steep gradients into and within the major tributaries limit intermingling of resident fishes.   
Persistence and Genetic Integrity - Unknown.  Several exotic trout species have been introduced into the high lakes of the Hamma Hamma watershed, though none of the identified species are known to interbreed with bull trout.
Integration of Species and Habitat Conditions - At Risk.  Overall habitat conditions may be better in the middle and upper Hamma Hamma watershed above the anadromous reaches, due to the percentage of watershed in the ONP and Wilderness areas.  No man made barriers inhibit resident fish migration between the mainstem and tributaries.  Riparian management under the NWFP will improve and protect water quality.  Restoration focusing on roads will reduce massive inputs of fine and course sediment over time, though time frames for recovery are purely speculative. 
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1.  INTRODUCTION
EA Engineering, Science, and Technology (EA) evaluated baseline environmental conditions of the Duckabush River watershed on the Olympic Peninsula in Washington for the USDA Forest Service (USFS).  Evaluation methods included the Matrix of Pathways and Indicators (National Marine Fisheries Service August 1996) and A Framework to Assist in Making Endangered Species Acts Determinations at the Bull Trout Subpopulation Watershed Scale (U.S. Fish and Wildlife Service February 1998).  For this assessment, a determination of functioning, at risk, or not properly functioning was applied to fifth-field watersheds.
The Duckabush Watershed Analysis (Hood Canal Ranger District, Olympic National Forest, USFS 1998) was extensively used in the evaluation.  The watershed analysis is an assessment of terrestrial, riparian, and aquatic reference conditions and current conditions through compilation of available data and follows requirements in the Ecosystem Analysis at the Watershed Scale, Federal Guide to Watershed Analysis (1995).  Other documents used in developing assessment components are referenced as endnotes in the text.
Indicator ratings in each matrix (Table 1 in Section 2 for salmonids, Table 2 in Section 3 for bull trout) were assigned using available data that was often qualitative, rather than quantitative.  This qualitative data was interpreted to arrive at quantitative values that could be compared to ratings criteria.  Section 2 presents chinook salmon, summer-run chum salmon, coho salmon, and cutthroat trout data; bull trout data is presented in Section 3.  Sections 2.1 and 3.1 discuss the reasoning used to develop each pathway indicator rating.  Criteria may be adjusted for local conditions and processes, as described in the evaluation method (National Marine Fisheries Service [NMFS] 1996; U.S. Fish and Wildlife Service [USFWS] 1998).  These two sections provide justification for ratings where criteria for indicators appeared to be out of the range of natural conditions.  These sections do not attempt to establish new criteria, but rather provide descriptions of local conditions and processes that directly influenced the indicator value.  For example, if recorded water temperatures fell into the not properly functioning category using NMFS or USFWS (salmonids or bull trout, respectively) criteria, but represented natural (historic) conditions, a rating of functioning was assigned.  References cited in the text are provided in Section 4.
2. NMFS MATRIX FOR SALMONID SPECIES

EA evaluated the Duckabush River watershed for chinook salmon, summer-run chum salmon, coho salmon, and cutthroat trout through the use of the NMFS Matrix.  This matrix (Table 1) was developed to document baseline environmental conditions in order to assist in determining the effects of individual or grouped actions at the watershed scale.
Table 1 - Duckabush River Salmonid Species Matrix.
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	X
	

	
	Chemical Contaminants and Nutrients
	X
	
	

	Habitat Access:
	Physical Barriers
	X
	
	

	Habitat Elements:
	Substrate
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2.1  RATIONALE FOR PATHWAY INDICATOR RATINGS FOR SALMONIDS
2.1.1  Stock Definition, Origin, and Status
Chinook Salmon¾Summer- and fall-run chinook salmon are found in the mainstem of the Duckabush River up to approximately rivermile (RM) 10.21.  Chinook spawn from late September through October.  Eggs laid in the fall hatch in the early spring.  As juveniles grow, they gradually move out into swifter water, entering the marine environment as subyearlings2.  This stock is of mixed origin with composite production.  A stock of mixed origin is one that originates through hybridization of native and non-native fish or a previously native stock that has undergone substantial genetic alteration.  Composite production indicates that a stock is sustained by both wild and artificial (i.e., hatchery) production.  The Duckabush River stock has extremely weak escapements3, and is regarded as at high risk of extinction4.  Fall-run chinook return to Duckabush River at a rate of 100 to 200 individuals per year5.
Summer-run Chum Salmon¾Chum salmon occupy the lowest 3 miles (approximately) of the Duckabush River mainstem1.  Summer-run chum stocks spawn from early September through late October.  They emerge from the gravel from late December through early March when they reach 30-35 mm.  Outmigration begins in March and continues through April.  Summer-run chum stocks in the Duckabush River are a native stock with wild production.  Stock status is considered critical due to chronically low escapement; escapement averages have fallen from a high of approximately 43,000 in 1968 to 700 in 1991 for the entire Hood Canal genetic stock3.
Coho Salmon¾Coho salmon are distributed throughout the river to RM 7.05.  Spawning occurs from November to early January3.  The eggs hatch in 8 to 12 weeks and fry emerge from the gravel 4 to 10 weeks later.  After a year in fresh water, smolting begins in preparation for going to sea.  Coho salmon usually return in 2 years to their native streams to spawn1.  Stock is of mixed origin with wild production.  Stock status is considered depressed due to short-term severe declines3.  Coho salmon escapement was estimated to be 1,250 individuals in 19765; in 1989, escapement was approximately 100 individuals3.
Cutthroat Trout¾Little is know about the status of cutthroat trout in Hood Canal.  Small sea-run cutthroat trout populations are present in most small creeks along with coho salmon1.
2.1.2  Assessment Scope
The Duckabush River watershed lies on the eastern side of the Olympic Peninsula, between the Dosewallips River to the north and the Hamma Hamma River to the south.  The watershed drains approximately 50,000 acres, flowing easterly from its headwaters on Mount Duckabush at 5,996 feet elevation to the mouth of the river on Hood Canal near Brinnon, at sea level.  Approximately 29,000 acres (fifty-eight percent) of the Duckabush River watershed are within the boundary of the Olympic National Park and 8000 acres (15 percent) are within the  the Brothers Wilderness Area, and are therefore considered to be in reference (historic) condition.  Of the remainder, 15 percent is managed by the USFS,  10 percent is under private ownership, and 2 percent is managed by Washington State Department of Natural Resources.  Almost all acreage within the  FS boundary outside of the Brothers Wilderness is in Late Successional Reserve (LSR).
Anadromous fish migration is limited by geologic barriers to the lower 10.2 miles of the Duckabush River mainstem and 3.0 miles of the Murhut Creek1.  Between RM 7.0 and 10.0, Duckabush River is very steep and contains numerous falls and cascades that inhibit fish migration5.  Anadromous fish habitat is found in 13.2 miles of stream while resident fish habitat is found in 61 miles of stream. 
2.1.3  Water Quality
Temperature¾Properly Functioning.  With nearly three-quarters of the  watershed managed as National Park or Wilderness Area,  the Duckabush River provides high quality water.  The watershed contains no waters listed on the Washington State 1996 303(d) listing or the Proposed 1998 303(d) listing6, indicating compliance with state water quality temperature criterion.
Sediment/Turbidity¾At Risk.  Snowpack and highly unstable landforms in the upper watershed (within the ONP) tend to provide a naturally higher level of turbidity/sediment delivery to the mainstem 11,13. Approximately 78 percent of all known erosional features in the watershed may deliver some quantity of sediment to stream channels.   Analysis of 1939-1993 aerial photos indicated that changes in channel dimensions in the middle watershed may be related to natural high sediment supply from streambanks and hillsides, since no management has occured in this portion of the watershed.  However 76% of erosional features in Murhut Creek were directly related to timber harvest activities 13. 
Chemical Contaminants and Nutrients¾Properly Functioning.  The Duckabush River is  classified as AA-Extraordinary in water quality by the State of Washington7.  The watershed contains no waters listed on the Washington State 1996 303(d) listing or the Proposed 1998 303(d) listing6.
2.1.4  Habitat Access
Physical Barriers¾Properly Functioning.  Anadromous fish passage does not appear to have changed from historical conditions. Water velocities in a steep gradient between RM 3.5 and 4.5 prevent upstream migration of chum salmon, and numerous falls and cascades occur between RM 7.0 and 10.0 that limit anadromous fish passage5.
2.1.5  Habitat Elements
Substrate¾At Risk.  No measurements of substrate embeddedness exist for the watershed.  Exceptional gravel quality exists in the lower few miles of accessible stream area.    Within the river section between RM 4.5 and 7.5, moderate gradients exist, affording patch gravel spawning habitat, interspersed with coarse rubble and boulders5.  Some inferences on substrate quality can be made from an analysis of erosional and mass wasting features.  Downstream of Murhut Creek substrate embeddedness may have increased over natural levels due to management activities.
A landslide analysis of historic and current aerial photos documented a 191 landslides in the watershed since 1939.  Of those over 70% were in the lower watershed, of which 34% were road or harvest related 18.   
Large Woody Debris¾At Risk.   Past timber harvest, fires, streamcleaning, salvage logging, and selective removal of cedar from riparian areas and stream channels in the lower 6 miles have negatively impacted large woody debris (LWD) loading in the lower Duckabush River1.   The  Washington Department of Fisheries Stream Improvement Division removed LWD jams from the Duckabush between 1951 through 1971 to improve fish passage 8.  Approximately 40 percent of the Lower Duckabush River is rated good in terms of near-term LWD recruitment potential.  Approximately 33 percent of Murhut Creek and Cliff Creek are rated good for near-term LWD recruitment potential1.  With nearly three-quarters of the Duckabush River watershed in National Park or Wilderness Areas, riparian vegetation should should have a high LWD recruitment potential.
Pool Frequency¾At Risk.  Lower stream gradients in the Duckabush River, particularly from RM 6.0 downstream, are conducive to LWD loading, that leads to pool formation9.   Past timber harvest, streamcleaning,  and selective removal of cedar from riparian areas in the lower 6 miles have negatively impacted LWD loading1.   Limited habitat surveys have been conducted in the Duckabush watershed to quantify pool habitat.  Surveys conducted by the USFWS between RM 0.2 - 2.3 found 31% pools  by habitat area.  Extensive spawning riffles in the lower 3.5 miles of the river are occasionally separated by pools5.  Pool frequency, depth, and spacing are dependent not only on instream LWD but on other large structural elements such as boulders, stream gradient, and channel confinement 9.  Channel morphology varies above RM 4.5; in transport reaches the stream channel is controlled by bedrock,  large boulders and coarse rubble,  interspersed through moderate to steep gradient falls, and cascades, 5 .  Above Murhut Creek (RM 7.0) interspersed are low gradient response reaches are within the Wilderness and National Park with no or minimal land management activities.  These response reaches are considered to be in reference conditon.
Pool Quality¾At Risk.  There are no habitat surveys of the Duckabush River to document pool depth and quality.  Although nearly three-quarters of the Duckabush River watershed is in National Park or Wilderness Areas, which are considered to be in reference condition, decreased instream LWD and increased sediment routed in the lower 6.0 miles of the Duckabush  may have negatively impacted pool depth and quality.  Pool frequency, depth, and spacing are dependent not only on instream LWD but on other large structural elements such as boulders, stream gradient, and channel confinement 9.  Channel morphology varies above RM 4.5; in transport reaches the stream channel is controlled by bedrock,  large boulders and coarse rubble,  interspersed through moderate to steep gradient falls, and cascades, 5 .  Above Murhut Creek (RM 7.0) interspersed are low gradient response reaches are within the Wilderness and National Park with no or minimal land management activities.  These response reaches are considered to be in reference conditon 10.
Off-Channel Habitat¾Properly Functioning.   The river channel is stable and well confined throughout most of its length.  The steep terrain of the valley precludes salmon production in all but the lower most portions of the river.  Present limiting factors are the natural terrain of the area, primarily steep gradients that limit access to salmon5. Development, past logging practices and highway development may have limited side channel formation18.
Refugia¾At Risk.  Nearly three-quarters of the Duckabush River watershed is in National Park or Wilderness Areas, of which the majority of acreage is considered to be in reference  condition. While these segments of the watershed are above anadromous fish barriers and may not function as refugia for anadromous fish, they do function as refugia for resident fish species.  In additon they provide a source of cold, clean water and LWD for downstream anadromous reaches.
2.1.6  Channel Conditions and Dynamics
Width/Depth Ratio¾At Risk.  Data on width/depth ratios are unknown at the watershed or reach scale.  Some inferences on changes in channel geometry are made based on aerial photo analysis at the reach scale.  Based on aerial photograph interpretation, channel segments in Brothers Wilderness and Olympic National Park seem to show the most variable pattern in width changes since 1939.  A trend toward increasing width in lower segments, below RM 7.0,  parallels point bar development and building of sinuosity.  Though increases in width are expected to reflect increases in coarse sediment storage and are often considered a negative trend for aquatic habitat, the resulting increase in sinuosity may not be indicative of deteriorating instream habitat10.  The highest degree of change in channel width was noted within mainstem reaches in the upper watershed National Park boundaries.   The current trend toward widening in the lower watershed may reflect natural variability as sediment is routed through the system 10.  
Streambank Condition¾At Risk.  Based on aerial photograph interpretation, a trend toward increasing width in lower segments  parallels point bar development and building of sinuosity10.  Aerail photo analysis showed a trend towards increasing from the 1960's to 1993.  The increase in sinuosity would result in increased streambank erosion.  The analyst was unable to determine the causes of these changes in channel width in the lower river.
Floodplain Connectivity¾Properly Functioning.  The lower reaches near Hood Canal are developed with sporadic houses and small communities.  Channel controls such as straightening and bank hardening are not apparent above Segment 2, approximately ¾ mile from mouth of the river10.  Recent subdivision and recreational home development along the lower ½ mile of the river has had some impact on floodplain connectivity5.  Based on aerial photo analysis there is no indication of loss of flood plain connectivity in rest of the watershed  10. 
2.1.7  Flow/Hydrology
Peak/Base Flows¾Properly Functioning.  There appears to be little change in peak and base flows as indicated by U.S. Geologic Survey gaging station records for the years 1939 through 1996.  The gaging station is located near the mouth of the Duckabush River, near the town of Brinnon11.  Stream flows are regulated by the Dept. of Ecology through a closure on issuance of further surface water rights during July-October 18 .
Drainage Network Increase¾At Risk.  The high drainage density of 4.0 miles of stream per square mile of drainage within the Lower Duckabush and Murhut Creek subbasins increases the sensitivity of these areas to peak flows.  Drainage density for the Duckabush River watershed as a whole averages 2.9 miles of stream per square mile of drainage7.
2.1.8  Watershed Conditions
Road Density and Location¾Properly Functioning.  Road densities throughout the watershed average 0.6 miles of road per square mile of drainage, due to the large percentage  of the Duckabush River watershed in National Park and Wilderness Areas.  Only 2 subbasins contain roads:  Murhut Creek has a road density of 0.8 miles of road per square mile of drainage and Lower Duckabush has a road density of 2.2 miles of road per square mile of drainage 18.  Major recreational access roads lie along stream corridors and there are logging access roads throughout the lower watershed.  
Disturbance History¾At Risk.  The Duckabush watershed has a historical fire regime that has been interrupted by fire management policies and timber harvest.  The last major fire occurred in 1929, burning approximately 13,000 acres12.  Land management practices have altered the frequency, rate, and magnitude of fire, floods, and mass wasting13.  There appears to be an increased incidence of fires in conjunction with European settlement14.  Most of the timber harvest activity and associated roading occurs in Murhut and Cliff Creeks.  Although the basin is not heavily populated, there is some development and agriculture in the lower reaches.  Most disturbance is limited to development near the mouth of the Duckabush River.  However nearly three-quarters of the Duckabush River watershed is in National Park or Wilderness Areas.
Riparian Reserves¾At Risk.  Riparian forest species diversity, abundance, and size is reduced in comparison to reference conditions.  Timber harvest has likely caused the most adverse impacts to riparian areas15.  Past timber harvest, salvage logging, and selective removal of cedar from riparian areas  in the lower 8 miles of the watershed, have affected the physical and biological funtioning of the riparian areas.  Remote areas in the upper portion of the watershed remain unchanged by human activity and serve as riparian refugia15.  Most of the timber harvest activity and associated roading in the National Forest has occured in Murhut Creek and lower Duckabush sub-watersheds.  Approx. 27,000 acres of 39,000 forested acres in the watershed are in stands older than 145 years 12.
3.  USFWS MATRIX FOR BULL TROUT
EA evaluated the Duckabush River watershed for bull trout through the use of the USFWS matrix.  This matrix (Table 2) was developed to document baseline environmental conditions in order to assist in determining the effects of individual or grouped actions at the bull trout subpopulation watershed scale.
Table 2 - Duckabush River Bull Trout Matrix.
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3.1  RATIONALE FOR PATHWAY INDICATOR RATINGS FOR BULL TROUT
3.1.1  Stock Definition, Origin, and Status - Unknown
3.1.2  Subpopulation Characteristics within Subpopulation Watersheds
Subpopulation Size¾Unknown.  Bull trout are not found in the Duckabush River1, 16, 17.  The 1998 Washington Salmonid Stock Inventory - Appendix Bull Trout and Dolly Varden (Washington Department of Fish and Wildlife, July 1998) does not list the Duckabush River as a bull trout-bearing stream.  No information exists whether anecdotal or otherwise that documents the existence of native char in the Duckabush watershed.
Growth and Survival¾Unknown.  A population existing from the headwaters downstream to  the anadromous barrier at RM 7.0, would be within the ONP and Brothers Wilderness management areas, and should be in healthy condition.  A population existing downstream of the barrier, would be subject to the same dgraded habitat conditions as salmon and steelhead.    
Life History Diversity and Isolation¾Unknown.  Should native char inhabit the Duckabush watershed, it is possible that 2 distinct populations could exist in the mainstem.  One above and one below the anadromous barriers at RM 7.0.  However above the anadromous barrier there are numerous falls and cascades possibly isolating populations between these geologic features.  Most tributaries are too steep to have migration into and out of the mainstem.
Persistence and Genetic Integrity¾Unknown.   Anecdotal information suggests Eastern brook trout have been identified in the mainstem and headwaters lakes.  Any interactions are unknown.
3.1.3  Water Quality
Temperature¾Properly Functioning.  With nearly three-quarters of the  watershed managed as National Park or Wilderness Area,  the Duckabush River provides high quality water.  The watershed contains no waters listed on the Washington State 1996 303(d) listing or the Proposed 1998 303(d) listing6, indicating compliance with state water quality temperature criterion.
Sediment/Turbidity¾At Risk.  Snowpack and highly unstable landforms in the upper watershed (within the ONP) tend to provide a naturally higher level of turbidity/sediment delivery to the mainstem 11,13. Approximately 78 percent of all known erosional features in the watershed may deliver some quantity of sediment to stream channels.   Analysis of 1939-1993 aerial photos indicated that changes in channel dimensions in the middle watershed may be related to natural high sediment supply from streambanks and hillsides, since no management has occured in this portion of the watershed.  However 76% of erosional features in Murhut Creek were directly related to timber harvest activities 13. 
Chemical Contaminants and Nutrients¾Properly Functioning.  The Duckabush River is  classified as AA-Extraordinary in water quality by the State of Washington7.  The watershed contains no waters listed on the Washington State 1996 303(d) listing or the Proposed 1998 303(d) listing6.
3.1.4  Habitat Access
Physical Barriers¾Properly Functioning.  Anadromous fish passage does not appear to have changed from historical conditions. Water velocities in a steep gradient between RM 3.5 and 4.5 prevent upstream migration of chum salmon, and numerous falls and cascades occur between RM 7.0 and 10.0 that limit anadromous fish passage5.
3.1.5  Habitat Elements
Substrate¾At Risk.  No measurements of substrate embeddedness exist for the watershed.  Exceptional gravel quality exists in the lower few miles of accessible stream area.    Within the river section between RM 4.5 and 7.5, moderate gradients exist, affording patch gravel spawning habitat, interspersed with coarse rubble and boulders5.  Some inferences on substrate quality can be made from an analysis of erosional and mass wasting features.  Downstream of Murhut Creek substrate embeddedness may have increased over natural levels due to management activities.
A landslide analysis of historic and current aerial photos documented a 191 landslides in the watershed since 1939.  Of those over 70% were in the lower watershed, of which 34% were road or harvest related 18.   
Large Woody Debris¾At Risk.   Past timber harvest, fires, streamcleaning, salvage logging, and selective removal of cedar from riparian areas and stream channels in the lower 6 miles have negatively impacted large woody debris (LWD) loading in the lower Duckabush River1.   The  Washington Department of Fisheries Stream Improvement Division removed LWD jams from the Duckabush between 1951 through 1971 to improve fish passage 8.  Approximately 40 percent of the Lower Duckabush River is rated good in terms of near-term LWD recruitment potential.  Approximately 33 percent of Murhut Creek and Cliff Creek are rated good for near-term LWD recruitment potential1.  With nearly three-quarters of the Duckabush River watershed in National Park or Wilderness Areas, riparian vegetation should should have a high LWD recruitment potential.
Pool Frequency¾At Risk.  Lower stream gradients in the Duckabush River, particularly from RM 6.0 downstream, are conducive to LWD loading, that leads to pool formation9.   Past timber harvest, streamcleaning,  and selective removal of cedar from riparian areas in the lower 6 miles have negatively impacted LWD loading1.   Limited habitat surveys have been conducted in the Duckabush watershed to quantify pool habitat.  Surveys conducted by the USFWS between RM 0.2 - 2.3 found 31% pools  by habitat area.  Extensive spawning riffles in the lower 3.5 miles of the river are occasionally separated by pools5.  Pool frequency, depth, and spacing are dependent not only on instream LWD but on other large structural elements such as boulders, stream gradient, and channel confinement 9.  Channel morphology varies above RM 4.5; in transport reaches the stream channel is controlled by bedrock,  large boulders and coarse rubble,  interspersed through moderate to steep gradient falls, and cascades, 5 .  Above Murhut Creek (RM 7.0) interspersed are low gradient response reaches are within the Wilderness and National Park with no or minimal land management activities.  These response reaches are considered to be in reference conditon.
Pool Quality¾At Risk.  There are no habitat surveys of the Duckabush River to document pool depth and quality.  Although nearly three-quarters of the Duckabush River watershed is in National Park or Wilderness Areas, which are considered to be in reference condition, decreased instream LWD and increased sediment routed in the lower 6.0 miles of the Duckabush  may have negatively impacted pool depth and quality.  Pool frequency, depth, and spacing are dependent not only on instream LWD but on other large structural elements such as boulders, stream gradient, and channel confinement 9.  Channel morphology varies above RM 4.5; in transport reaches the stream channel is controlled by bedrock,  large boulders and coarse rubble,  interspersed through moderate to steep gradient falls, and cascades, 5 .  Above Murhut Creek (RM 7.0) interspersed are low gradient response reaches are within the Wilderness and National Park with no or minimal land management activities.  These response reaches are considered to be in reference conditon 10.
Off-Channel Habitat¾Properly Functioning.   The river channel is stable and well confined throughout most of its length.  The steep terrain of the valley precludes salmon production in all but the lower most portions of the river.  Present limiting factors are the natural terrain of the area, primarily steep gradients that limit access to salmon5. Development, past logging practices and highway development may have limited side channel formation18.
Refugia¾At Risk.  Nearly three-quarters of the Duckabush River watershed is in National Park or Wilderness Areas, of which the majority of acreage is considered to be in reference  condition. While these segments of the watershed are above anadromous fish barriers and may not function as refugia for anadromous fish, they do function as refugia for resident fish species.  In additon they provide a source of cold, clean water and LWD for downstream anadromous reaches.
3.1.6  Channel Conditions and Dynamics
Width/Depth Ratio¾At Risk.  Data on width/depth ratios are unknown at the watershed or reach scale.  Some inferences on changes in channel geometry are made based on aerial photo analysis at the reach scale.  Based on aerial photograph interpretation, channel segments in Brothers Wilderness and Olympic National Park seem to show the most variable pattern in width changes since 1939.  A trend toward increasing width in lower segments, below RM 7.0,  parallels point bar development and building of sinuosity.  Though increases in width are expected to reflect increases in coarse sediment storage and are often considered a negative trend for aquatic habitat, the resulting increase in sinuosity may not be indicative of deteriorating instream habitat10.  The highest degree of change in channel width was noted within mainstem reaches in the upper watershed National Park boundaries.   The current trend toward widening in the lower watershed may reflect natural variability as sediment is routed through the system 10.  
Streambank Condition¾At Risk.  Based on aerial photograph interpretation, a trend toward increasing width in lower segments  parallels point bar development and building of sinuosity10.  Aerail photo analysis showed a trend towards increasing from the 1960's to 1993.  The increase in sinuosity would result in increased streambank erosion.  The analyst was unable to determine the causes of these changes in channel width in the lower river.
Floodplain Connectivity¾Properly Functioning.  The lower reaches near Hood Canal are developed with sporadic houses and small communities.  Channel controls such as straightening and bank hardening are not apparent above Segment 2, approximately ¾ mile from mouth of the river10.  Recent subdivision and recreational home development along the lower ½ mile of the river has had some impact on floodplain connectivity5.  Based on aerial photo analysis there is no indication of loss of flood plain connectivity in rest of the watershed  10. 
3.1.7  Flow/Hydrology
Peak/Base Flows¾Properly Functioning.  There appears to be little change in peak and base flows as indicated by U.S. Geologic Survey gaging station records for the years 1939 through 1996.  The gaging station is located near the mouth of the Duckabush River, near the town of Brinnon11.  Stream flows are regulated by the Dept. of Ecology through a closure on issuance of further surface water rights during July-October 18 .
Drainage Network Increase¾At Risk.  The high drainage density of 4.0 miles of stream per square mile of drainage within the Lower Duckabush and Murhut Creek subbasins increases the sensitivity of these areas to peak flows.  Drainage density for the Duckabush River watershed as a whole averages 2.9 miles of stream per square mile of drainage7.
3.1.8  Watershed Conditions
Road Density and Location¾Properly Functioning.  Road densities throughout the watershed average 0.6 miles of road per square mile of drainage, due to the large percentage  of the Duckabush River watershed in National Park and Wilderness Areas.  Only 2 subbasins contain roads:  Murhut Creek has a road density of 0.8 miles of road per square mile of drainage and Lower Duckabush has a road density of 2.2 miles of road per square mile of drainage 18.  Major recreational access roads lie along stream corridors and there are logging access roads throughout the lower watershed.  
Disturbance History¾At Risk.  The Duckabush watershed has a historical fire regime that has been interrupted by fire management policies and timber harvest.  The last major fire occurred in 1929, burning approximately 13,000 acres12.  Land management practices have altered the frequency, rate, and magnitude of fire, floods, and mass wasting13.  There appears to be an increased incidence of fires in conjunction with European settlement14.  Most of the timber harvest activity and associated roading occurs in Murhut and Cliff Creeks.  Although the basin is not heavily populated, there is some development and agriculture in the lower reaches.  Most disturbance is limited to development near the mouth of the Duckabush River.  However nearly three-quarters of the Duckabush River watershed is in National Park or Wilderness Areas.
Riparian Reserves¾At Risk.  Riparian forest species diversity, abundance, and size is reduced in comparison to reference conditions.  Timber harvest has likely caused the most adverse impacts to riparian areas15.  Past timber harvest, salvage logging, and selective removal of cedar from riparian areas  in the lower 8 miles of the watershed, have affected the physical and biological funtioning of the riparian areas.  Remote areas in the upper portion of the watershed remain unchanged by human activity and serve as riparian refugia15.  Most of the timber harvest activity and associated roading in the National Forest has occured in Murhut Creek and lower Duckabush sub-watersheds.  Approx. 27,000 acres of 39,000 forested acres in the watershed are in stands older than 145 years 12.
3.1.9 Species and Habitat – Unknown
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Dosewallips River Watershed

Baseline Environmental Assessment
Matrix Baseline Habitat Conditions
In February of 1998, the National Marine Fisheries Service (NMFS) proposed the Puget Sound Chinook and the Hood Canal Summer Chum as threatened under the Endangered Species Act.  Both of these species inhabit the Dosewallips River (Table 2.6C).  The NMFS has developed a tool for assessing current, or baseline, environmental condition for certain indicators of habitat function.  The result of the assessment characterizes the indicators as: functioning appropriately, functioning at risk or functioning at unacceptable risk.  This tool is commonly referred to as the ``Matrix.''  The U.S. Fish and Wildlife Service (USFWS) modified the matrix by adding indicators needed for analysis of  bull trout, a species proposed for listing within the Puget Sound region in June of 1998.  The bull trout baseline information was determined jointly in a training session involving the US Fish and Wildlife Service, U.S. Forest Service and the Olympic National Park.  While not much time was available for the effort, it was a collaborative effort representing many professional opinions familiar with the watershed.  The matrix establishes the baseline conditions and then evaluates the effects of a proposed action on the relevant indicators.  This analysis will only review the baseline conditions since this document does not propose a particular action.  See Tables 1, 2, 3, 4, and the following discussion.
USFWS
Table 1 - Dosewallips River - Bull Trout Matrix Population and Environmental Baselines
	
	
	ENVIRONMENTAL BASELINE

	PATHWAYS
	INDICATORS
	Properly Functioning
	At Risk
	Not Properly Functioning

	Subpopulation Characteristics
	Subpopulation size
	
	
	

	
	Growth and Survival
	
	
	

	
	Life History Diversity and Isolation
	
	
	

	
	Persistence and Genetic Integrity
	
	
	

	Water Quality
	Temperature
	X
	
	

	
	Sediment
	X
	
	

	
	Chemical Contaminants/Nutrients
	X
	
	

	Habitat Access
	Physical Barriers
	X
	
	

	Habitat Elements
	Substrate Embeddedness
	X
	X(Rocky)
	

	
	Large Woody Debris
	
	X
	

	
	Pool Frequency and Quality
	
	X
	

	
	Large Pools
	
	X
	

	
	Off-Channel Habitat
	
	X
	

	
	Refugia
	
	X
	

	Channel Condition and Dynamics
	Wetted Width/Max Depth Ratio
	
	
	

	
	Streambank Condition
	
	X
	

	
	Flood plain Connectivity
	X
	
	

	Flow/Hydrology
	Change in Peak/Base Flows
	X
	
	

	
	Drainage Network Increase
	
	X
	

	Watershed Conditions
	Road Density and Location
	
	X
	

	
	Disturbance History
	
	X
	

	
	Riparian Conservation Areas
	
	X
	

	
	Disturbance Regime
	
	X
	

	Integration of Species and Habitat Condition
	
	
	X
	


3.1.1  Stock Definition, Origin, and Status
Bull trout have not been documented in the Dosewallips watershed, but the habitat is favorable.  Although there have been reports of bull trout seen in the Dosewallips River, none have been caught and none have been seen in snorkeling surveys.  One Dolly Varden/bull trout was caught in the Dosewallips River; however, some anglers confuse the juveniles of brook trout and Dolly Varden/bull trout.  This catch was reported through the voluntary creel program in Olympic National Park which was conducted above the anadromous barrier of the falls at RM 15.  
3.1.2  
Subpopulation SizeUnknown.  Historical sightings (ca 1970's) of native char were reported above the fall to the Olympic National Park fish biologist by the trail crew, a source the biologist considers credible (J. Meyers, personal communication).  This is the only known report in the drainage.  Snorkel surveys by the Park have shown no bull trout.  There is no catch record of native char in the lower river.
Growth and Survival - Unknown
Life History Diversity and Isolation- Unkown
Persistence and Genetic Integrity - Unknown.
Water Quality

Temperature - Properly Funtioning.
According to Washington State DOE records for samples taken from 1959-74 and 1993-94 at station 16DO70 in Brinnon the mean temperature was 8.6 degrees Celsius with a maximum of 15.5 degrees (WSDOE, 1998).  The maximum WAC limit is 16.0 degrees.  The Dosewallips is known for its cold water.  While certain parameters are not suitable for bull trout life stages, professional judgement is that the watershed is functioning appropriately.
Sediment - Properly Fuctioning.
The significance of locating transport and deposition reaches is more pertinent to sediment as opposed to LWD due to the character of the headwater valleys.  The many branches of the drainage that make up the headwaters are narrow, often narrower than the length of wood within the stream or in the riparian zones.  The net result is that wood from the headwaters, despite being in a transport reach, does not travel far from its recruitment site and therefore contributes little to downstream LWD concentrations.
Analysis of the riparian condition within and between transport reaches allows the connectivity to be ascertained.  The connectivity is dependent upon the location of unstable slopes and large woody debris relative to these reaches.  Streams that, by nature, have intermediate low gradient or response reaches have less tendency to transport material all the way downstream as opposed to streams whose response reach is limited to the lowest most reach.
Determining whether unstable slope areas and, to some extent, LWD recruitment sites are in transport or depositional areas can help us establish the degree of potential positive or negative impact to downstream habitat.  This information can also prioritize and locate restoration efforts as well as avoid potential future degradation.
For the higher elevation spawners such as bull trout, sediment is not considered to be a significant factor since they utilize the upper reaches subject to more natural conditions (interagency group's professional judgment).  The fish utilizing the lower portions of the river would be more subject to the sediment generated from bank erosion due to the road, stream side development and lowland clearcuts (author's professional judgment).
Even though there are no specific measurements.  Professional judgement indicates that the watershed is functioning appropriately for the sediment parameter.
Chemical contaminants/nutrients - Properly Fuctioning
According to Washington State DOE records (WSDOE, 1998), levels of suspended solids, total persulfate nitrogen, soluble phosphorous, turbidity, and other measurements indicate low levels of contamination (see aquatic function section).  There are no 303D designated reaches.  This indicator is functioning appropriately.
Habitat Access
Physical Barriers - Properly Fuctioning
Besides the occasional culvert along Forest Service road 2610 that may block less than 50 feet of habitat, the only significant human caused barriers are at 5 separate culvert crossings in the Rocky Brook sub-drainage (see restoration recommendations).  These do not affect bull trout or any other fish under analysis in the matrix.  Professional judgement indicates that this indicator is functioning appropriately.
Habitat Elements
Substrate embeddedness - 
The Rocky Brook drainage is functioning At Risk, while the rest of the drainage is Properly Fuctioning based on the local knowledge of the author.
Large Woody Debris (LWD) - At Risk
The concentration of LWD may have been sporadic over the last two centuries given the relatively frequent natural and human-caused disturbances.  The river was used as a means of transporting logs downstream (Bailey, 1997).  A splash dam was built at the upstream end of the gorge near the Rocky Brook confluence.  It is reasonable to assume that much of the stream side future large woody debris was extracted during these historic logging periods, likely affecting today's LWD loading. In recent decades, logs have routinely been taken out of rivers as a matter of course for water diversion concerns and/or financial opportunity. At least one log  jam has been removed from the river (Bailey, pers. comm.).  The instream wood and intact riparian zone throughout the watersheds provide hydraulic control for stream bed stability, thereby withstanding high flow events with less damage than we see today.  The interagency group determined the LWD indicator to be functioning at risk.
Pool Frequency and Quality - At Risk
Pool creation above the six mile bridge is dominated by boulders while LWD is the major structure below this point.  The lower mile or so of the river adjacent to the town of Brinnon and the state park is characterized by larger log jams defining the course of the river and creating the pools in wider flood plain.  Due to the lack of LWD in the lower river, the interagency group determined the pool frequency and quality indicator to be functioning at risk.
Large Pools -  At Risk
Due to lack of LWD in the lower river, the interagency group's professional judgment puts the large wood indicator under functioning at risk.
Off -Channel Habitat -  At Risk
Off-channel habitat is of importance to salmonids residing in the river over winter due to the need for refuge from high flows.  The glacial nature of the valley provides few low gradient tributaries for overwintering.  Rocky Brook, Gamm Creek and two other unnamed tributaries are the only off-channel habitat areas known to the author within the anadromous portions of the stream.  A total of four overwintering ponds have been built, three off of Gamm Creek and one off an unnamed tributary, to address this apparent lack of overwintering habitat for coho and steelhead. For fish needing overwintering habitat, this indicator is functioning at risk.  For fish not residing in the river for rearing (chum and pink salmon) the author considers it to be functioning appropriately.
Refugia  - At Risk
The extent of habitat connectivity within a watershed is mirrored by the degree of downstream consequences from a ground disturbing upstream activity.  For example, intensive logging and road construction likely has contributed to increased runoff, sedimentation, and bedload instability in the lower watersheds.  A recent timely publication by Chris Frissell for the Point No Point Treaty Council entitled Landscape Refugia for the Conservation of Pacific Salmon in Selected River Basins of the Olympic Peninsula on Hood Canal, Washington identifies refugia within the Dosewallips River basin (see restoration section of this report).  Given this report, refugia for all species are considered functioning at risk.
Channel Condition and Dynamics
Width/Depth Ratio
This information is unknown.
Streambank Condition -  At Risk
The interagency group gave this indicator a functioning at risk rating given the rip rapped bank at Elkhorn campground, whose alteration would benefit a healthier river dynamic, and bank protection projects along private lands.
Flood plain Connectivity - Properly Functioning
Given the assumption that there is likely less LWD in the river now as compared to historical conditions, there was likely more frequent interaction between the streams and their flood plains than there is today.  However, there is no evidence of a lack of connectivity and the group considers this indicator to be functioning appropriately.
Flow/Hydrology

Change in Peak/Base Flows -  At Risk
Changes in flow regime are typified by greater extremes in summer and winter that reduces the productive capacity.  Extreme low flows in summer result in stressful temperature increases and stranding of fish.  Extreme high flows in winter can flush out juveniles and produce an environment that reduces suitable holding areas for returning adult spawners.  Increased sediment can suffocate eggs in the gravel and increased aggredation associated with high energy flows can scour redds, killing the eggs.
According to the hydrology section of this report, the flows have been relatively stable.  This indicator is functioning appropriately.
Increase in Drainage Network - At Risk
The drainage network increase for this fifth field watershed is placed in the functioning at risk category by the interagency group primarily due to the extensive roading in the Rocky Brook sub-drainage.
Watershed Conditions

Road Density and Location - At Risk
Along the mainstem the most significant affect is likely the Dosewallips River Road (FS Road 2610) which runs along and in places constricts the river.  The extensive roading in the Rocky Brook drainage affects the aquatic system also. This indicator is functioning at risk.
Table 2 - Road Miles per Square Mile
	Subwatershed
	Road Miles
	Watershed Sq. Miles
	Road Miles/ Square Mile

	Turner and Walker
Head Waters Dosewallips
Silt Creek
Hidden and Twin Creeks
West Fork Dosewallips
Upper Dosewallips
Middle Dosewallips
Rocky Brook
Lower Dosewallips
Total
	25
0
0
0
0
4
15
33
18
95
	5.4
15.8
13.8
10.2
20.1
18.1
21.9
8.9
7.4
121.6
	4.6
0
0
0
0
.2
.7
3.7
2.4
.78


Disturbance History - At Risk
Over the last 80 years, there has been clearcut harvest within the watershed ranging from 330 acres per decade in the 1950's to 3,031 acres in the 1980's.  There is currently 3,304 acres under 20 years of age.  Within the National Forest, the harvest has been concentrated in the Rocky Brook drainage.  This is approximately 5% of the subwatershed for total equivalent clearcut area.  The lower watershed has been extensively clearcut on private land.  There is 29% of Late Successional Old Growth within the watershed.  The group considers this indicator to be functioning at risk.
Riparian Conservation Areas/Riparian Reserves - At Risk
Riparian Areas for fish bearing streams under the Northwest Forest Plan (NWFP) are defined as 300 feet or a distance equivalent to two site potential tree heights, whichever is farther, until site specific analysis justifies a reason to change those parameters.  While those default distances are still in place, this designation does not preclude activity in the riparian area.  The objective within the reserves is to maintain the Aquatic Conservation Strategy of the NWFP.  Given that the road is entirely within the riparian reserve and the little protection afforded in the lowlands, the group assigned ``functioning at risk'' to this indicator.
Disturbance Regime - At Risk
Most of the affect on the Dosewallips has been in the areas of  logging and associated roading, urbanization, recreation and associated roading.  Most of the logging has occurred in the lower watershed  south of the river on private land and in the Rocky Brook sub-watershed on National Forest Land.  Two campgrounds, one  Forest Service and one Park Service, are located on the river bank.  One Forest Service Campground was abandoned in 1981 due to damage from changes in river course.  The author considers this indicator functioning at risk because the road and streamside developments and condition of the Rocky Brook sub-drainage do not allow for completely stable processes.
Integration of species and Habitat Condition (bull trout) - At Risk
If bull trout are present, it is not expected that, for those indicators functioning at risk, full recovery will occur within five years.  The author considers this indicator to be functioning at risk for bull trout.
Chinook Salmon-Summer/fall-run chinook distribution extends to the falls at rivermile (RM) 15 just upstream of the National Forest/National Park boundary.  Summer/fall-run chinook in this system spawn from late September through October1.  Eggs laid in the fall hatch in the early spring.  As juveniles grow, they gradually move out into swifter water, smolts entering the marine environment after approximately a year and a half.  Hood Canal summer/fall-run chinook stock is of mixed origin with composite production and stock status is considered healthy due to strong returns to the Skokomish River.  The Dosewallips River stock has extremely weak escapements1, however, and is regarded as at high risk of extinction3.  A stock of mixed origin is one that originates through hybridization of native and non-native fish or a previously native stock that has undergone substantial genetic alteration.  Composite production indicates that a stock is sustained by both wild and artificial (i.e., hatchery) production.
The Dosewallips River is believed to have historically supported a spring chinook run2.  By 1991, however, the stock was described as a remnant4 and at high risk of extinction3, and by 1993 was not listed as one of the disputed spring chinook stocks1.
Summer-run Chum Salmon-Chum salmon spawn in the lowest 4.5 miles of the Dosewallips River mainstem.  Summer-run chum stocks spawn from early September through late October.  They emerge from the gravel from late December through early March when they reach 30-35 mm.  Outmigration begins in March and continues through April.  Summer-run chum stocks in the Dosewallips River are a native stock with wild production; stock status is considered critical due to chronically low escapement1.  Hood Canal summer-run chum stocks are at moderate risk of extinction3.
1.
1992 Washington State Salmon and Steelhead Stock Inventory.  1993.  Washington Department of Fisheries, Washington Department of Wildlife, and Western Washington Treaty Indian Tribes.
2.·
Lichatowich, J.  1993.  The status of Pacific salmon stocks in the Quilcene Ranger District.  Quilcene Ranger District, Olympic National Forest, USDA Forest Service.
3.

Nehlsen, W., J.E. Williams, and J.A. Lichatowich.  1991.  Pacific salmon at the crossroads:  Stocks at risk from California, Oregon, Idaho, and Washington.  Fisheries Vol. 16, No. 2, pp 4-21.
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Table 3 - Chinook, Summer run chum Population and Environmental Baselines

	
	
	ENVIRONMENTAL BASELINE

	PATHWAYS
	INDICATORS
	Properly Functioning
	At Risk
	Not Properly Functioning

	Water Quality
	Temperature
	X
	
	

	
	Sediment
	
	X
	

	
	Chemical Contaminants/Nutrients
	X
	
	

	Habitat Access
	Physical Barriers
	X
	
	

	Habitat Elements
	Substrate Embeddedness
	X
	
	

	
	Large Woody Debris
	
	X
	

	
	Pool Frequency
	
	X
	

	
	Pool Quality
	
	X
	

	
	Off-Channel Habitat
	
	X
	

	
	Refugia
	
	X
	

	Channel Condition and Dynamics
	Width/Max Depth Ratio
	Unknown
	
	

	
	Streambank Condition
	
	X
	

	
	Flood plain Connectivity
	X
	
	

	Flow/Hydrology
	Peak/Base Flows
	X
	
	

	
	Drainage Network Increase
	
	X
	

	Watershed Conditions
	Road Density and Location
	
	X
	

	
	Disturbance History
	
	X
	

	
	Riparian Reserves
	
	X
	


Temperature - Properly Functioning
According to Washington State DOE records for samples taken from 1959-74 and 1993-94 at station 16DO70 in Brinnon the mean temperature was 8.6 degrees Celsius with a maximum of 15.5 degrees (WSDOE, 1998).  The maximum WAC limit is 16.0 degrees.  The Dosewallips is known for its cold water.  While certain parameters are not suitable for bull trout life stages, professional judgement is that the watershed is functioning appropriately.
Sediment - At Risk
The significance of locating transport and deposition reaches is more pertinent to sediment as opposed to LWD due to the character of the headwater valleys.  The many branches of the drainage that make up the headwaters are narrow, often narrower than the length of wood within the stream or in the riparian zones.  The net result is that wood from the headwaters, despite being in a transport reach, does not travel far from its recruitment site and therefore contributes little to downstream LWD concentrations.
Analysis of the riparian condition within and between transport reaches allows the connectivity to be ascertained.  The connectivity is dependent upon the location of unstable slopes and large woody debris relative to these reaches.  Streams that, by nature, have intermediate low gradient or response reaches have less tendency to transport material all the way downstream as opposed to streams whose response reach is limited to the lowest most reach.
Determining whether unstable slope areas and, to some extent, LWD recruitment sites are in transport or depositional areas can help us establish the degree of potential positive or negative impact to downstream habitat.  This information can also prioritize and locate restoration efforts as well as avoid potential future degradation.
For the higher elevation spawners such as bull trout, sediment is not considered to be a significant factor since they utilize the upper reaches subject to more natural conditions (interagency group's professional judgment).  The fish utilizing the lower portions of the river would be more subject to the sediment generated from bank erosion due to the road, stream side development and lowland clearcuts (author's professional judgment).
Even though there are no specific measurements.  Professional judgement indicates that the watershed is functioning appropriately for the sediment parameter.
Chemical contaminants/nutrients - Properly Functioning
According to Washington State DOE records (WSDOE, 1998), levels of suspended solids, total persulfate nitrogen, soluble phosphorous, turbidity, and other measurements indicate low levels of contamination (see aquatic function section).  There are no 303D designated reaches.  This indicator is functioning appropriately.
Habitat Access
Physical Barriers - Properly Functioning
Besides the occasional culvert along Forest Service road 2610 that may block less than 50 feet of habitat, the only significant human caused barriers are at 5 separate culvert crossings in the Rocky Brook sub-drainage (see restoration recommendations).  These do not affect bull trout or any other fish under analysis in the matrix.  Professional judgement indicates that this indicator is functioning appropriately.
Habitat Elements
Substrate embeddedness
The Rocky Brook drainage is functioning At Risk , while the rest of the drainage is Properly Functioning appropriately based on the local knowledge of the author.
Large Woody Debris (LWD) - At Risk
The concentration of LWD may have been sporadic over the last two centuries given the relatively frequent natural and human-caused disturbances.  The river was used as a means of transporting logs downstream (Bailey, 1997).  A splash dam was built at the upstream end of the gorge near the Rocky Brook confluence.  It is reasonable to assume that much of the stream side future large woody debris was extracted during these historic logging periods, likely affecting today's LWD loading. In recent decades, logs have routinely been taken out of rivers as a matter of course for water diversion concerns and/or financial opportunity. At least one log  jam has been removed from the river (Bailey, pers. comm.).  The instream wood and intact riparian zone throughout the watersheds provide hydraulic control for stream bed stability, thereby withstanding high flow events with less damage than we see today.  The interagency group determined the LWD indicator to be functioning at risk.
Pool Frequency and Quality -  At Risk
Pool creation above the six mile bridge is dominated by boulders while LWD is the major structure below this point.  The lower mile or so of the river adjacent to the town of Brinnon and the state park is characterized by larger log jams defining the course of the river and creating the pools in wider flood plain.  Due to the lack of LWD in the lower river, the interagency group determined the pool frequency and quality indicator to be functioning at risk.
Large Pools -  At Risk
Due to lack of LWD in the lower river, the interagency group's professional judgment puts the large wood indicator under functioning at risk.
Off -Channel Habitat -  At Risk
Off-channel habitat is of importance to salmonids residing in the river over winter due to the need for refuge from high flows.  The glacial nature of the valley provides few low gradient tributaries for overwintering.  Rocky Brook, Gamm Creek and two other unnamed tributaries are the only off-channel habitat areas known to the author within the anadromous portions of the stream.  A total of four overwintering ponds have been built, three off of Gamm Creek and one off an unnamed tributary, to address this an apparent lack of overwintering habitat for coho and steelhead. For fish needing overwintering habitat, this indicator is functioning at risk.  For fish not residing in the river for rearing (chum and pink salmon) the author considers it to be functioning appropriately.
Refugia -  At Risk
The extent of habitat connectivity within a watershed is mirrored by the degree of downstream consequences from a ground disturbing upstream activity.  For example, intensive logging and road construction likely has contributed to increased runoff, sedimentation, and bedload instability in the lower watersheds.  A recent timely publication by Chris Frissell for the Point No Point Treaty Council entitled Landscape Refugia for the Conservation of Pacific Salmon in Selected River Basins of the Olympic Peninsula on Hood Canal, Washington identifies refugia within the Dosewallips River basin (see restoration section of this report).  Given this report, refugia for all species are considered functioning at risk.
Channel Condition and Dynamics
Width/Depth Ratio
This information is unknown.
Streambank Condition -  At Risk
The interagency group gave this indicator a functioning at risk rating given the rip rapped bank at Elkhorn campground, whose alteration would benefit a healthier river dynamic, and bank protection projects along private lands.
Flood plain Connectivity - Properly Functioning 
Given the assumption that there is likely less LWD in the river now as compared to historical conditions, there was likely more frequent interaction between the streams and their flood plains than there is today.  However, there is no evidence of a lack of connectivity and the group considers this indicator to be functioning appropriately.
Flow/Hydrology
Change in Peak/Base Flows - Properly Functioning
Changes in flow regime are typified by greater extremes in summer and winter that reduces the productive capacity.  Extreme low flows in summer result in stressful temperature increases and stranding of fish.  Extreme high flows in winter can flush out juveniles and produce an environment that reduces suitable holding areas for returning adult spawners.  Increased sediment can suffocate eggs in the gravel and increased aggredation associated with high energy flows can scour redds, killing the eggs.
According to the hydrology section of this report, the flows have been relatively stable.  This indicator is functioning appropriately.
Increase in Drainage Network - At Risk
The drainage network increase for this fifth field watershed is placed in the functioning at risk category by the interagency group primarily due to the extensive roading in the Rocky Brook sub-drainage.
Watershed Conditions
Road Density and Location - At Risk
Along the mainstem the most significant affect is likely the Dosewallips River Road (FS Road 2610) which runs along and in places constricts the river.  The extensive roading in the Rocky Brook drainage affects the aquatic system also. This indicator is functioning at risk.
Table 4 - Road Miles per Square Mile
	Subwatershed
	Road Miles
	Watershed Sq. Miles
	Road Miles/Square Mile

	Turner and Walker
Head Waters Dosewallips
Silt Creek
Hidden and Twin Creeks
West Fork Dosewallips
Upper Dosewallips
Middle Dosewallips
Rocky Brook
Lower Dosewallips
Total
	25
0
0
0
0
4
15
33
18
95
	5.4
15.8
13.8
10.2
20.1
18.1
21.9
8.9
7.4
121.6
	4.6
0
0
0
0
.2
.7
3.7
2.4
.78


Disturbance History - At Risk
Over the last 80 years, there has been clearcut harvest within the watershed ranging from 330 acres per decade in the 1950's to 3,031 acres in the 1980's.  There is currently 3,304 acres under 20 years of age.  Within the National Forest, the harvest has been concentrated in the Rocky Brook drainage.  This is approximately 5% of the subwatershed for total equivalent clearcut area.  The lower watershed has been extensively clearcut on private land.  There is 29% of Late Successional Old Growth within the watershed.  The group considers this indicator to be functioning at risk.
Riparian Conservation Areas/Riparian Reserves - At Risk
Riparian Areas for fish bearing streams under the Northwest Forest Plan (NWFP) are defined as 300 feet or a distance equivalent to two site potential tree heights, whichever is farther, until site specific analysis justifies a reason to change those parameters.  While those default distances are still in place, this designation does not preclude activity in the riparian area.  The objective within the reserves is to maintain the Aquatic Conservation Strategy of the NWFP.  Given that the road is entirely within the riparian reserve and the little protection afforded in the lowlands, the group assigned ``functioning at risk'' to this indicator.
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1.  INTRODUCTION
EA Engineering, Science, and Technology (EA) evaluated baseline environmental conditions of the Big Quilcene River watershed on the Olympic Peninsula in Washington for the USDA Forest Service (USFS).  Evaluation methods included the Matrix of Pathways and Indicators (National Marine Fisheries Service August 1996) and A Framework to Assist in Making Endangered Species Acts Determinations at the Bull Trout Subpopulation Watershed Scale (U.S. Fish and Wildlife Service February 1998).  For the baseline assessment, a determination of functioning, at risk, or not properly functioning was applied to fifth-field watersheds.
Primary sources of data used in the evaluation include the Big Quilcene Watershed Analysis (Olympic National Forest, USFS 1994) and Salmon and Steelhead Habitat Inventory and Assessment Project:  Big Quilcene Watershed (Draft Report), Point No Point Treaty Council (1997).  These two reports are assessments of terrestrial, riparian, and aquatic reference conditions and current conditions through compilation of available data, and follow the requirements in the Ecosystem Analysis at the Watershed Scale, Federal Guide to Watershed Analysis (1995).  The watershed analysis was prepared by an interagency team consisting of the Olympic National Forest, Washington State Department of Natural Resources, Washington State Department of Fish and Wildlife, U.S. Fish and Wildlife Service (USFWS), Washington State Department of Ecology, Point No Point Treaty Council, and the City of Port Townsend.  Other documents used in developing analysis components are referenced as endnotes in the text.
Indicator ratings in each matrix (Table 1 in Section 2 for salmonids, Table 2 in Section 3 for bull trout) were assigned using available data that was often qualitative, rather than quantitative.  This qualitative data was interpreted to arrive at quantitative values that could be compared to ratings criteria.  Section 2 presents summer-run chum salmon, coho salmon and cutthroat trout data; bull trout data is presented in Section 3.  Sections 2.1 and 3.1 also discuss the reasoning used to develop each pathway indicator rating.  Criteria may be adjusted for local conditions and processes, as described in the evaluation method (National Marine Fisheries Service [NMFS] 1996; USFWS 1998).  These two sections provide justification for ratings where criteria for indicators appeared to be out of the range of natural conditions.  These sections do not attempt to establish new criteria, but rather provide descriptions of local conditions and processes that directly influenced the indicator value.  For example, if recorded water temperatures fell into the not properly functioning category using NMFS or USFWS (salmonids or bull trout, respectively) criteria, but represented natural (historic) conditions, a rating of functioning was assigned.  References cited in the text are provided in Section 4.

2.  NMFS MATRIX FOR SALMONID SPECIES
EA evaluated the Big Quilcene River watershed for summer-run chum salmon, chinook salmon, coho salmon and cutthroat trout through the use of the NMFS Matrix.  This matrix (Table 1) was developed to document baseline environmental conditions in order to assist in determining the effects of individual or grouped actions at the watershed scale.

Table 1 - Big Quilcene River Salmonid Matrix.
	
	
	ENVIRONMENTAL BASELINE

	PATHWAYS
	INDICATORS
	Properly Functioning
	At Risk
	Not Properly Functioning

	Water Quality:
	Temperature
	X
	
	

	
	Sediment/Turbidity
	 
	X
	

	
	Chemical Contaminants and  Nutrients
	X
	
	

	Habitat Access:
	Physical Barriers
	
	
	X

	Habitat Elements:
	Substrate
	
	X
	

	
	Large Woody Debris
	
	
	X

	
	Pool Frequency
	
	X
	 

	
	Pool Quality
	
	X
	

	
	Off-Channel Habitat
	
	
	X

	
	Refugia
	
	
	X

	Channel Condition and Dynamics:
	Width/Depth Ratio
	
	X
	

	
	Streambank Condition
	
	
	X

	
	Floodplain Connectivity
	
	
	X

	Flow/Hydrology:
	Peak/Base Flows
	
	
	X

	
	Drainage Network Increase
	
	X
	

	Watershed Conditions:
	Road Density and Location
	
	
	X

	
	Disturbance History
	
	
	X

	
	Riparian Reserves
	
	
	X


The Big Quilcene River watershed comprises 53,016 acres and includes the Big Quilcene River and all streams draining Mount Walker south to and including Marple and Jackson Creeks.  From its headwaters on the southeast slopes of Buckhorn Mountain and the northeast mountain slopes in the vicinity of Camp Mystery and Marmot Pass at elevations near 6,000 feet, the Big Quilcene River flows in an easterly direction to empty into Quilcene Bay at sea level.  The total mainstem length is 19 miles, with combined tributary lengths of 80 miles.  Approximately 52 percent of the watershed area is managed by the Olympic National Forest, 27 percent is within Buckhorn Wilderness Area, 12 percent is privately owned (including municipal ownership), 7 percent is under the management of Washington State Department of Natural Resources, and 2 percent is within Olympic National Park boundaries.  The Big Quilcene is a Tier II Key Watershed under the NWFP.

2.1  RATIONALE FOR PATHWAY INDICATOR RATINGS FOR SALMONIDS
2.1.1  Stock Definition, Origin, and Status
Chinook - The presence or documentation of any native summer/fall runs of chinook in the Big Quilcene watershed is not mentioned in the following documents:  Salmon and Steelhead Stock Inventory (SASSI, 1992), The Status of Pacific Salmon Stocks in the Quilcene  Ranger District  (Lichatowich, 1993) and Status Review of Chinook Salmon from Washington, Idaho, Oregon and California (NOAA, 1998).  In Williams (1975), mention is made of chinook in the Big Quilcene.  The Quilcene National Fish Hatchery has been in operation since 1911.  The BQWA fish module reported that eggs were taken from the small fall spawning populations in the Little and Big Quilcene Rivers and Duckabush River.  Egg takes were limited so chinook eggs from other basins were imported.
Summer-run Chum SalmonSummer-run chum salmon spawn in the Big Quilcene River from mid-September through late October1.  Summer-run chum spawn up to rivermile (RM) 2.8, the location of the Quilcene National Fish Hatchery.  Primary spawning grounds are in the first mile of the Big Quilcene River.  The early (summer) run is native stock with wild production.  Stock status is critical due to chronically low escapement2.  Although there are no escapement figures specific to the Big Quilcene River, Hood Canal escapement has fallen from a high of nearly 44,000 fish in 1968 to approximately 700 in 19911.
C2.1.2  Water Quality
TemperatureProperly Functioning.  Annual high water temperatures recorded at the fish hatchery range from 62 to 64F4.  Temperatures recorded from 1983 to present indicate that temperatures are suitable year-round for fish habitat and reproduction3.  Riparian zones, channel geometry, and streamflows have been altered in the lower watershed, which is the main spawning ground for chum salmon.  Riparian zones have been cleared for agriculture and development, which reduces streamside shade.  The stream has also widened due to aggradation, exposing a greater surface area to solar radiation.  Streamflows during the warmest months have been reduced due to water withdrawals5.

The effectiveness of dominant factors influencing water temperature (i.e., shade, stream width, flow) have been altered in the lower 2 miles of the Big Quilcene River, representing  the  probability that water temperatures have increased over the natural or reference condition.  However there is no indication that temperatures are a limiting factor on salmon productivity in the lower several miles of the mainstem 18.

Eighty percent of the riparian zones in the upper watershed are at or above target shade levels6.  Temperatures in the upper watershed are assumed to be near-reference conditions, based on high gradients, confined channels that provide a topographic control on solar radiation input, and good riparian canopy.  In addition the upper watershed lies within designated Wilderness.

Sediment/TurbidityAt Risk.  No quantitative information on fine sediment was available on watershed or reach scale.  Some inferrences on increased levels of fine sediments in the spawning gravels may can be made based on documentation of aggradation in the lower several miles of the mainstem Big Quilcene, relating to land management activities and rural development. Habitat surveys conducted from RM 4-9 indicate that cobble and small boulder were dominant substrate.  Fine sediment was limited to sheltered locations behind large roughness elements8.

Chemical Contaminants and NutrientsProperly Functioning.  The City of Port Townsend samples the Big Quilcene River yearly for inorganic contaminants, volatile organics, pesticides, polychlorinated biphenyls (PCB), and herbicides; and quarterly for nitrates and trihalomenthanes.  All tests indicate the river water is of very high quality9.  
2.1.3  Habitat Access
Physical BarriersNot Properly Functioning.  A gorge between RM 4.8 and 7.4 contains several cascades and falls that are believed to be anadromous fish barriers8.  The Quilcene National Fish Hatchery was built at the confluence of the Big Quilcene River and Penny Creek in 1911.  An electronic weir, operated as part of the hatchery operations, limits passage of certain fish species from late spring to December at RM 2.4.  Fish passage in Penny Creek is also blocked by hatchery structures.  Additional 3.0 miles of anadromous habitat might be made available if the hatchery blockages were removed.  A culvert on USFS Road 3057 in Penny Creek subwatershed has also been identified as a possible barrier to fish passage3.
2.1.4  Habitat Elements
SubstrateAt Risk.  A rating of at risk is assigned due to cobble instability rather than size and distribution of bed substrate.  Cobbles and small boulders dominate bed substrate in mid and upper reaches of the Big Quilcene River; cobbles and gravel dominate lower stretches7.  Strands of fine sediment accumulate behind roughness elements and in locally sheltered locations8.

Chum salmon prefer spawning in the lower 2 miles of the river.  Of these 2 miles, 1.1 miles have been diked and/or armored with riprap.  Chum salmon favor spawning between the dikes because the gravel is easily dug out to form redds11; however, dikes and bank armoring increase frequency and periodicity of bed mobilization, resulting in greater scour of redds3.  Some level of aggradation has occured in the lower mainstem possibly increasing embeddedness.  Higher gardient reaches in the mainstem above RM 7, are transport reaches, which route sediment through to the lower watershed.  Embeddedness would most likely be lower in the higher gradient resident fish reaches of the mainstem and tributaries. 
Large Woody DebrisNot Properly Functioning.  Wood removal activities in the lowest 2 miles of the river greatly reduced wood debris.  The Washington Dept. of Fisheries stream improvement division and local landowners removed wood from the channel after the 1960's 18.  Fifty-two pieces larger than 24 inches in diameter and 50 feet long were recorded in the first 7 miles.  Tributaries in the upper subwatersheds above the anadromous zone averaged five pieces of large woody debris (LWD) per mile7.
Nearly 50 percent of riparian zones analyzed in the lower watershed area (Penny and Spencer Creeks and the lower Quilcene River) rated poor for LWD recruitment potential6.  Seventy-eight percent of riparian zones in the upper subwatersheds rated good; 10 percent rated poor.
Pool FrequencyAt Risk.  Pool frequency and quality have been reduced by LWD removal and streambed channelization in the lower watershed.  Historical information suggests that the lower 5 miles of the Big Quilcene River contained good levels of LWD and frequent pool habitat     18.  The first 7 miles of the Big Quilcene River average 12 pools per mile.  The pool-to-riffle ratio is 18:7712.
Pool frequency in the upper Big Quilcene River, Townsend Creek, and Tunnel Creek fell well below criteria for properly functioning with 17, 23, and 10 pools per mile, respectively12, but this may be more of a reflection of channel gradient, confinement and bed material, than a response to LWD loading.  Upper reaches of these subwatersheds lie within wilderness designation and are considered in reference condition.
Pool QualityAt Risk.  LWD and pool quality are closely linked in the lower Big Quilcene River13.  A proportionate decrease in large pools occurs when LWD is removed from the lower watershed.  A drop in pool quality is indicated by the pool-to-riffle ratio of 18:77.  The Big Quilcene River does contain deep pools with residual depths averaging >3 feet from RM 4 - 9 12.  Overall the number of deep pools has been reduced corresponding to channel simplification and reduced LWD loading in the lower mainstem 18.  
Off-Channel HabitatNot Properly Functioning.  The highest level of potential natural off-channel habitat is in the lowest 2 miles of the Big Quilcene River, where elevational gradients decrease and multiple channels can develop in the floodplain.  An estimated 2 miles of side channel habitat has been lost in the lowest reaches of the river due to diking, levees, and LWD removal activities3.  Twenty-four Washington State Department of Fish and Wildlife permits have been issued to modify the lower reach:  11 for gravel removal and dredging, 10 for bank protection, and 3 for wood removal11.
RefugiaNot Properly Functioning.  No refugia exists within the anadromous zone.  Limited  refugia for resident populations may exist in the upper watershed within the wilderness designation .
2.1.5  Channel Conditions and Dynamics
Width/Depth RatioAt Risk.  Although there are no historical measurements of width-to-depth ratios for comparison to present conditions, an analysis of aerial photos from the 1940s to present shows an increase in width in the lower 5 miles of the mainstem primarily due to aggradation8.  The Big Quilcene River mouth has a serious gravel aggradation situation and channel shifting has occurred at least twice during the past 15 years1.  Habitat surveys conducted from the ONF boundary upstream, indicate that  ratios of channel width/depthare within parameters that are representative of more confined, higher gradient streams. 
Streambank ConditionNot Properly Functioning.  Approximately 400 feet of streambank in the lower reach has extensive erosion on both sides.  Channel bank reinforcement of riprap is evident throughout the lower 3 miles.  Diking and levees in the lower reaches have replaced natural channel banks3.  The Big Quilcene River mouth has a serious gravel aggradation situation and channel shifting has occurred at least twice during the past 15 years1.
Floodplain ConnectivityNot Properly Functioning.  The largest natural floodplain is in the lower 2 miles where gradients and valley confinement decrease.  An estimated 2 miles of side channel and floodplain access has been lost in the lower 2 miles of the river due to diking, levees, and dredging activities3.
2.1.6  Flow/Hydrology
Peak/Base FlowsNot Properly Functioning.  Two diversions significantly reduce baseflow:  Port Townsend city water supply and the National Fish Hatchery.  The City of Port Townsend removes water at RM 9.4.  Historically, this removal eliminated all surface water during low flows at that location.  The city currently releases water voluntarily for fisheries and the downstream fish hatchery.  The Big Quilcene National Fish Hatchery diverts water at RM 3.1 for hatchery operations.  Although most of the water is returned to the channel, reduced instream flow in the bypass reach has occurred in the past8.
Summer-run chum spawning coincides with low flow conditions.  Between 1981 and 1990, the channel was dry for periods ranging between 12 and 92 days per year.  The channel was dry during most of the summer chum spawning period in 1985 through 1989.  Cooperative efforts now increase downstream flow for improved spawning habitat, although flows remain diminished throughout the spawning period8.

The rain-on-snow zone is most susceptible to changes in peak flow.  Peak flow assessment for this area found very little change in streamflow from reference conditions.  Eleven percent of the basin is in hydrologically immature stands13.
Drainage Network IncreaseAt Risk.  The direction of surface water runoff flow from roads and where that runoff ends up is unknown in the developed portion of the watershed.  The uncertainty of where runoff from developed areas goes led to an at risk rating.
The upper watersheds of the Big Quilcene River, Townsend Creek, and Tunnel Creek are most susceptible to runoff alterations due to road construction.  The highest drainage density and precipitation are found in these areas.  Road densities are 1.37, 0.077, and 0.041 miles of road per square mile of drainage, respectively.  It is unlikely that there has been an increase in the drainage network at this level of road development.

Three subwatersheds in the lower half of Big Quilcene River have road densities greater than 4.0 miles of road per square mile of drainage.
2.1.7  Watershed Condition
Road Density and LocationNot Properly Functioning.  The Big Quilcene River watershed averages 2.7 miles of road per square mile.  Three out of the 11 subwatersheds have road densities greater than 4.0 miles of road per square mile; 4 have greater than 3.0 miles of road per square mile.
Disturbance HistoryNot Properly Functioning.  It has been found that there is a 140 percent increase in sediment if road densities exceed 4.0 miles of road per square mile and an 80 percent increase if road densities exceed 3.0 miles of road per square mile.  Landslides in the Big Quilcene River watershed have increased an average of 1.8 times over natural background rates.  Mass wasting surfaces along the mainstem below RM 10 have increased 100 percent over reference; the frequency of debris avalanches in the inner gorge has changed from approximately 20 to 50 years to approximately 2 to 5 years14.
Riparian ReservesNot Properly Functioning.  Riparian zones in the upper watershed are functioning with few openings and good connectivity, based on LWD recruitment potential, streamside shading, and wilderness management.  Riparian zone vegetation in the lower watershed has been extensively removed for drainage, levee and dike development, and agriculture development15.
3.  USFWS MATRIX FOR BULL TROUT
EA evaluated the Big Quilcene River watershed for bull trout through the use of the USFWS matrix.  This matrix (Table 2) was developed to document baseline environmental conditions in order to assist in determining the effects of individual or grouped actions at the bull trout subpopulation watershed scale.

Table 2 - Big Quilcene River Bull Trout Matrix.
	
	
	ENVIRONMENTAL BASELINE

	PATHWAYS
	INDICATORS
	Properly Functioning
	At Risk
	Not Properly Functioning

	Subpopulation Characteristics 
within Subpopulation 
Watersheds:
	Subpopulation Size
	
	
	

	
	Growth and Survival
	
	
	

	
	Life History Diversity and Isolation 
	
	
	

	
	Persistence and Genetic Integrity
	
	
	

	Water Quality:
	Temperature
	X
	
	

	
	Sediment/Turbidity
	 
	X
	

	
	Chemical Contaminants and Nutrients
	X
	
	

	Habitat Access:
	Physical Barriers
	
	
	X

	Habitat Elements:
	Substrate Embeddedness
	
	X
	

	
	Large Woody Debris
	
	
	X

	
	Pool Frequency 
	
	X
	 

	
	Pool Quality
	
	X
	

	
	Off-Channel Habitat
	
	
	X

	
	Refugia
	
	
	X

	Channel Condition 
and Dynamics:
	Width/Depth Ratio
	
	X
	 

	
	Streambank Condition
	
	
	X

	
	Floodplain Connectivity
	
	
	X

	Flow/Hydrology:
	Peak/Base Flows
	
	
	X

	
	Drainage Network Increase 
	
	X
	

	Watershed 
Conditions:
	Road Density and Location
	
	
	X

	
	Disturbance History
	
	
	X

	
	Riparian Reserves
	
	
	X

	
	Disturbance Regime
	
	X
	

	Species and Habitat:
	Species Integration/Habitat Conditions
	
	
	


3.1  RATIONALE FOR PATHWAY INDICATOR RATINGS FOR BULL TROUT

3.1.1  Stock Definition, Origin, and Status
Neither SASSI1 nor the Federal Register16 indicate the presence of bull trout/Dolly Varden in the Quilcene Basin.  The Quilcene National Fish Hatchery has documented fish trapped in the facility's weirs since the early 1900s; there are no records of bull trout/Dolly Varden presence2.  Snorkel and electrofishing surveys failed to identify any bull trout/Dolly Varden in the Big Quilcene River watershed17.
3.1.2  Subpopulation Characteristics within Subpopulation Watersheds

Subpopulation SizeUnknown .
Growth and Survival Unknown

Life History Diversity and IsolationUnknown.  .
Persistence and Genetic IntegrityUnknown.
3.1.3  Water Quality
TemperatureProperly Functioning.  Annual high water temperatures recorded at the fish hatchery range from 62 to 64F4.  Temperatures recorded from 1983 to present indicate that temperatures are suitable year-round for fish habitat and reproduction3.  Riparian zones, channel geometry, and streamflows have been altered in the lower watershed, which is the main spawning ground for chum salmon.  Riparian zones have been cleared for agriculture and development, which reduces streamside shade.  The stream has also widened due to aggradation, exposing a greater surface area to solar radiation.  Streamflows during the warmest months have been reduced due to water withdrawals5.

The effectiveness of dominant factors influencing water temperature (i.e., shade, stream width, flow) have been altered in the lower 2 miles of the Big Quilcene River, representing  the  probability that water temperatures have increased over the natural or reference condition.  However there is no indication that temperatures are a limiting factor on salmon productivity in the lower several miles of the mainstem 18.

Eighty percent of the riparian zones in the upper watershed are at or above target shade levels6.  Temperatures in the upper watershed are assumed to be near-reference conditions, based on high gradients, confined channels that provide a topographic control on solar radiation input, and good riparian canopy.  In addition the upper watershed lies within designated Wilderness.

Sediment/TurbidityAt Risk.  No quantitative information on fine sediment was available on watershed or reach scale.  Some inferrences on increased levels of fine sediments in the spawning gravels may can be made based on documentation of aggradation in the lower several miles of the mainstem Big Quilcene, relating to land management activities and rural development. Habitat surveys conducted from RM 4-9 indicate that cobble and small boulder were dominant substrate.  Fine sediment was limited to sheltered locations behind large roughness elements8.

Chemical Contaminants and NutrientsProperly Functioning.  The City of Port Townsend samples the Big Quilcene River yearly for inorganic contaminants, volatile organics, pesticides, polychlorinated biphenyls (PCB), and herbicides; and quarterly for nitrates and trihalomenthanes.  All tests indicate the river water is of very high quality9.  
3.1.4  Habitat Access
Physical BarriersNot Properly Functioning.  A gorge between RM 4.8 and 7.4 contains several cascades and falls that are believed to be anadromous fish barriers8.  The Quilcene National Fish Hatchery was built at the confluence of the Big Quilcene River and Penny Creek in 1911.  An electronic weir, operated as part of the hatchery operations, limits passage of certain fish species from late spring to December at RM 2.4.  Fish passage in Penny Creek is also blocked by hatchery structures.  Additional 3.0 miles of anadromous habitat might be made available if the hatchery blockages were removed.  A culvert on USFS Road 3057 in Penny Creek subwatershed has also been identified as a possible barrier to fish passage3.
3.1.5 Habitat Elements
SubstrateAt Risk.  A rating of at risk is assigned due to cobble instability rather than size and distribution of bed substrate.  Cobbles and small boulders dominate bed substrate in mid and upper reaches of the Big Quilcene River; cobbles and gravel dominate lower stretches7.  Strands of fine sediment accumulate behind roughness elements and in locally sheltered locations8.

Chum salmon prefer spawning in the lower 2 miles of the river.  Of these 2 miles, 1.1 miles have been diked and/or armored with riprap.  Chum salmon favor spawning between the dikes because the gravel is easily dug out to form redds11; however, dikes and bank armoring increase frequency and periodicity of bed mobilization, resulting in greater scour of redds3.  Some level of aggradation has occured in the lower mainstem possibly increasing embeddedness.  Higher gardient reaches in the mainstem above RM 7, are transport reaches, which route sediment through to the lower watershed.  Embeddedness would most likely be lower in the higher gradient resident fish reaches of the mainstem and tributaries. 
Large Woody DebrisNot Properly Functioning.  Wood removal activities in the lowest 2 miles of the river greatly reduced wood debris.  The Washington Dept. of Fisheries stream improvement division and local landowners removed wood from the channel after the 1960's 18.  Fifty-two pieces larger than 24 inches in diameter and 50 feet long were recorded in the first 7 miles.  Tributaries in the upper subwatersheds above the anadromous zone averaged five pieces of large woody debris (LWD) per mile7.
Nearly 50 percent of riparian zones analyzed in the lower watershed area (Penny and Spencer Creeks and the lower Quilcene River) rated poor for LWD recruitment potential6.  Seventy-eight percent of riparian zones in the upper subwatersheds rated good; 10 percent rated poor.
Pool FrequencyAt Risk.  Pool frequency and quality have been reduced by LWD removal and streambed channelization in the lower watershed.  Historical information suggests that the lower 5 miles of the Big Quilcene River contained good levels of LWD and frequent pool habitat     18.  The first 7 miles of the Big Quilcene River average 12 pools per mile.  The pool-to-riffle ratio is 18:7712.
Pool frequency in the upper Big Quilcene River, Townsend Creek, and Tunnel Creek fell well below criteria for properly functioning with 17, 23, and 10 pools per mile, respectively12, but this may be more of a reflection of channel gradient, confinement and bed material, than a response to LWD loading.  Upper reaches of these subwatersheds lie within wilderness designation and are considered in reference condition.
Pool QualityAt Risk.  LWD and pool quality are closely linked in the lower Big Quilcene River13.  A proportionate decrease in large pools occurs when LWD is removed from the lower watershed.  A drop in pool quality is indicated by the pool-to-riffle ratio of 18:77.  The Big Quilcene River does contain deep pools with residual depths averaging >3 feet from RM 4 - 9 12.  Overall the number of deep pools has been reduced corresponding to channel simplification and reduced LWD loading in the lower mainstem 18.  
Off-Channel HabitatNot Properly Functioning.  The highest level of potential natural off-channel habitat is in the lowest 2 miles of the Big Quilcene River, where elevational gradients decrease and multiple channels can develop in the floodplain.  An estimated 2 miles of side channel habitat has been lost in the lowest reaches of the river due to diking, levees, and LWD removal activities3.  Twenty-four Washington State Department of Fish and Wildlife permits have been issued to modify the lower reach:  11 for gravel removal and dredging, 10 for bank protection, and 3 for wood removal11.
RefugiaNot Properly Functioning.  No refugia exists within the anadromous zone.  Limited  refugia for resident populations may exist in the upper watershed within the wilderness designation .
3.1.6  Channel Conditions and Dynamics
Width/Depth RatioAt Risk.  Although there are no historical measurements of width-to-depth ratios for comparison to present conditions, an analysis of aerial photos from the 1940s to present shows an increase in width in the lower 5 miles of the mainstem primarily due to aggradation8.  The Big Quilcene River mouth has a serious gravel aggradation situation and channel shifting has occurred at least twice during the past 15 years1.  Habitat surveys conducted from the ONF boundary upstream, indicate that  ratios of channel width/depthare within parameters that are representative of more confined, higher gradient streams 12. 
Streambank ConditionNot Properly Functioning.  Approximately 400 feet of streambank in the lower reach has extensive erosion on both sides.  Channel bank reinforcement of riprap is evident throughout the lower 3 miles.  Diking and levees in the lower reaches have replaced natural channel banks3.  The Big Quilcene River mouth has a serious gravel aggradation situation and channel shifting has occurred at least twice during the past 15 years1.
Floodplain ConnectivityNot Properly Functioning.  The largest natural floodplain is in the lower 2 miles where gradients and valley confinement decrease.  An estimated 2 miles of side channel and floodplain access has been lost in the lower 2 miles of the river due to diking, levees, and dredging activities3.
3.1.7  Flow/Hydrology
Peak/Base FlowsNot Properly Functioning.  Two diversions significantly reduce baseflow:  Port Townsend city water supply and the National Fish Hatchery.  The City of Port Townsend removes water at RM 9.4.  Historically, this removal eliminated all surface water during low flows at that location.  The city currently releases water voluntarily for fisheries and the downstream fish hatchery.  The Big Quilcene National Fish Hatchery diverts water at RM 3.1 for hatchery operations.  Although most of the water is returned to the channel, reduced instream flow in the bypass reach has occurred in the past8.
Summer chum spawning coincides with low flow conditions.  Between 1981 and 1990, the channel was dry for periods ranging between 12 and 92 days per year.  The channel was dry during most of the summer chum spawning period in 1985 through 1989.  Cooperative efforts now increase downstream flow for improved spawning habitat, although flows remain diminished throughout the spawning period8.

The rain-on-snow zone is most susceptible to changes in peak flow.  Peak flow assessment for this area found very little change in streamflow from reference conditions.  Eleven percent of the basin is in hydrologically immature stands13.
Drainage Network IncreaseAt Risk.  The direction of surface water runoff flow from roads and where that runoff ends up is unknown in the developed portion of the watershed.  The uncertainty of where runoff from developed areas goes led to an at risk rating.
The upper watersheds of the Big Quilcene River, Townsend Creek, and Tunnel Creek are most susceptible to runoff alterations due to road construction.  The highest drainage density and precipitation are found in these areas.  Road densities are 1.37, 0.077, and 0.041 miles of road per square mile of drainage, respectively.  It is unlikely that there has been an increase in the drainage network at this level of road development.

Three subwatersheds in the lower half of Big Quilcene River have road densities greater than 4.0 miles of road per square mile of drainage.
3.1.8  Watershed Condition
Road Density and LocationNot Properly Functioning.  The Big Quilcene River watershed averages 2.7 miles of road per square mile.  Three out of the 11 subwatersheds have road densities greater than 4.0 miles of road per square mile; 4 have greater than 3.0 miles of road per square mile.
Disturbance HistoryNot Properly Functioning.  It has been found that there is a 140 percent increase in sediment if road densities exceed 4.0 miles of road per square mile and an 80 percent increase if road densities exceed 3.0 miles of road per square mile.  Landslides in the Big Quilcene River watershed have increased an average of 1.8 times over natural background rates.  Mass wasting surfaces along the mainstem below RM 10 have increased 100 percent over reference; the frequency of debris avalanches in the inner gorge has changed from approximately 20 to 50 years to approximately 2 to 5 years14.
Riparian ReservesNot Properly Functioning.  Riparian zones in the upper watershed are functioning with few openings and good connectivity, based on LWD recruitment potential, streamside shading, and wilderness management.  Riparian zone vegetation in the lower watershed has been extensively removed for drainage, levee and dike development, and agriculture development15.
Disturbance RegimeNot Properly Functioning.  Three subwatersheds in the lower half of Big Quilcene River have road densities greater than 4.0 miles of road per square mile of drainage.  Landslides in the Big Quilcene River watershed have increased an average of 1.8 times over natural background rates.  Mass wasting surfaces along the mainstem below RM 10 have increased 100 percent over reference; the frequency of debris avalanches in the inner gorge has changed from approximately 20 to 50 years to approximately 2 to 5 years14.  Channel bank reinforcement of riprap is evident throughout the lower 3 miles.  Diking and levees in the lower reaches have replaced natural channel banks3.  Approximately 400 feet of streambank in the lower reach has extensive erosion on both sides.
3.1.9  Species and Habitat
Integration of Species and Habitat ConditionsUnknown. 
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1.
INTRODUCTION
EA Engineering, Science, and Technology (EA) evaluated baseline environmental conditions of the Little Quilcene River watershed on the Olympic Peninsula in Washington for the USDA Forest Service (USFS).  Evaluation methods included the Matrix of Pathways and Indicators (National Marine Fisheries Service August 1996).  For this assessment, a determination of functioning, at risk, or not properly functioning was applied to fifth-field watersheds.
The Little Quilcene River flows in a southeasterly direction from its headwaters near Mount Townsend to its mouth in Quilcene Bay on Hood Canal.  The majority of the Little Quilcene River watershed appears to be in private ownership, although a small portion may be in the Buckhorn Wilderness Area.

Stream survey data for reaches 2, 3, and 4 of the upper Little Quilcene River (Upper Little Quilcene Stream Survey Management, Olympic National Forest, Region 6, USFS August 1991) was used extensively in the assessment.  Other documents used in developing assessment components are referenced as endnotes in the text.
Indicator ratings in each matrix (Table 1 in Section 2 for salmonids) were assigned using available data.  Section 2 presents summer-run chum salmon, coho salmon, and cutthroat trout data; bull trout data is presented in Section 3.  Sections 2.1 discuss the reasoning used to develop each pathway indicator rating.  Criteria may be adjusted for local conditions and processes, as described in the evaluation methods (National Marine Fisheries Service [NMFS] 1996).  These two sections provide justification for ratings where criteria for indicators appeared to be out of the range of natural conditions.  These sections do not attempt to establish new criteria, but rather provide descriptions of local conditions and processes that directly influenced the indicator value.  For example, if recorded water temperatures fell into the not properly functioning category using NMFS (salmon) criteria, but represented natural (historic) conditions, a rating of functioning was assigned.  References cited in the text are provided in Section 4.
2.  NMFS MATRIX FOR SALMONID SPECIES
EA evaluated the Little Quilcene River watershed for summer-run chum salmon, coho salmon, and cutthroat trout through the use of the NMFS Matrix.  This matrix (Table 1) was developed to document baseline environmental conditions in order to assist in determining the effects of individual or grouped actions at the watershed scale.

Table 1 - Little Quilcene Salmonid Species Matrix.

	
	
	ENVIRONMENTAL BASELINE

	PATHWAYS
	INDICATORS
	Properly Functioning
	At Risk
	Not Properly Functioning

	Water Quality:
	Temperature
	X
	
	

	
	Sediment/Turbidity
	X
	
	

	
	Chemical Contaminants and Nutrients
	X
	
	

	Habitat Access:
	Physical Barriers
	X
	
	

	Habitat Elements:
	Substrate
	
	X
	

	
	Large Woody Debris
	
	X
	

	
	Pool Frequency
	
	X
	

	
	Pool Quality
	
	
	X

	
	Off-Channel Habitat
	
	
	X

	
	Refugia
	
	
	X

	Channel Condition and Dynamics:
	Width/Depth Ratio
	
	X
	

	
	Streambank Condition
	X
	
	

	
	Floodplain Connectivity
	
	X
	

	Flow/Hydrology:
	Peak/Base Flows
	
	X
	

	
	Drainage Network Increase
	
	Data Gap
	

	Watershed Conditions:
	Road Density and Location
	X
	
	

	
	Disturbance History
	
	X
	

	
	Riparian Reserves
	
	X
	


2.1  RATIONALE FOR PATHWAY INDICATOR RATINGS FOR SALMONIDS
2.1.1  Stock Definition, Origin, and Status
Summer-run Chum SalmonSummer-run chum salmon spawn in the lower mile of the Little Quilcene River1.  Spawning occurs from mid-September through mid-October.  The stock is native with wild production and status is critical due to chronically low escapements2.  Escapement figures for Little Quilcene River range from a high of approximately 2,200 in 1978 to a low of nearly zero in 1985; in 1996 escapement was approximately 50.  Fish harvests between 1991 and 1996 removed an average of 2.5 percent of the summer-run chum salmon returning to Hood Canal, compared with an average of 71 percent between 1980 and 19893.
Coho SalmonCoho salmon use all accessible mainstem areas to approximately rivermile (RM) 6.6, as well as the lower reaches of Howe, Ripley, and Leland Creeks1.  A steep cascade at RM 6.6 limits anadromous migration4.  Spawning occurs from early November through late December2.  Interbreeding between the selected hatchery stock of the Big Quilcene River and the native stock of the Little Quilcene River could reduce the productivity of the native stock4.  Stock is of mixed origin, with wild production.  A stock of mixed origin is one that originates through hybridization of native and non-native fish or a previously native stock that has undergone substantial genetic alteration.  Composite production indicates that a stock is sustained by both wild and artificial (i.e., hatchery) production.  Stock status is considered depressed due to chronically low escapement2.  Peak coho salmon counts vary from a high of nearly 100 fish per mile in 1974 to a low of only a few fish per mile in 1985 and 19904.

Cutthroat TroutBoth resident and anadromous populations of coastal cutthroat trout are present in the Big Quilcene watershed and it is assumed that cutthroat trout in the Little Quilcene River watershed follow similar patterns.  Cutthroat trout are unique among Pacific salmonids because they spawn more than once.  Big Quilcene cutthroat trout populations must be considered to be of mixed origin due to outplanting of a variety of cutthroat species since the 1920s, both sea-run and resident.  There are also reports of hybridization with introduced rainbow trout.  Anadromous populations are considered to be of special concern within their range due to dramatic declines in abundance and a lack of data on population dynamics5.  Puget Sound cutthroat trout populations are listed as at moderate risk of extinction due to widespread declines6.

Assessment Scope

Because so little of the Little Quilcene River is on National Forest Land, there is little data available for assessment.  Parameter assessments for chum salmon are based on stream surveys from USFS that cover only the portions of the river under its jurisdiction (reaches 2, 3, and 4 of the upper Little Quilcene River).  The stream survey reports no fish present in this stream.

2.1.3  Water Quality
TemperatureProperly Functioning.  Although the Little Quilcene River was listed on the 1996 Washington State 303(d) listing as at hazard for water temperatures, it does not appear on the Proposed 1998 Washington State 303(d) listing7.  Temperatures in the 3 reaches surveyed varied from mid-40F to mid-50F8.

Sediment/TurbidityProperly Functioning.  The watershed contains no waters listed on the Washington State 1996 303(d) listing or the Proposed 1998 303(d) listing7, other than temperature in 1996 as indicated above.

Chemical Contaminants and NutrientsProperly Functioning.  The watershed contains no waters listed on the Washington State 1996 303(d) listing or the Proposed 1998 303(d) listing7, other than temperature in 1996 as indicated above.

2.1.4  Habitat Access
Physical BarriersProperly Functioning.  A steep cascade at RM 6.6 limits anadromous migration4.  Five falls and one chute are noted as natural barriers8.
2.1.5  Habitat Elements
SubstrateAt Risk.  Boulders, patch gravel, and cobble are the dominant substrates1, 8.  The Little Quilcene River is a confined high gradient stream that transports fine sediments down to response reaches near its mouth on the Hood Canal9.  Reach 2 contains embedded gravels and portions of reach 3 are noted as embedded in the Form C Comments Summary8.

Large Woody DebrisAt Risk.  Reach 2 contains an average of 95 pieces of large woody debris (LWD) per mile.  Reach 3 contains an average of 80 pieces of LWD per mile.  Reach 4 contains approximately 13 pieces of LWD per mile and a large quantity of brush (315 pieces per mile).  The confined high gradient portions of the Little Quilcene River are conducive to retention of LWD9.  The watershed has been extensively logged, but much is well reforested.  Most of the streambank cover is deciduous and forms a dense canopy over the stream throughout most of its length, except for the lower 2 miles where there are numerous home sites and a few farms near the town of Quilcene1.
Pool FrequencyAt Risk.  The Little Quilcene River contains relatively few pools1.  Reaches 2, 3, and 4 contain 20, 27, and 15 pools per mile respectively8.  The confined high gradient portions of the Little Quilcene River are not conducive to the development of pool habitat9.
Pool QualityNot Properly Functioning.  Residual pool depths for reaches 2, 3, and 4 are 1.6, 1.7, and 1.2 feet8.  The confined high gradient portions of the Little Quilcene River are not conducive to the development of pool habitat9.
Off-Channel HabitatNot Properly Functioning.  The river channel is stable and shows little evidence of meandering or eroding throughout its length, with the exception of a channelized section at RM 0.9.  Land use in the lower two miles of the watershed includes numerous home sites and a few farms near the town of Quilcene1.  The upper watershed is limited in off-channel habitat development by its underlying geology9.
RefugiaNot Properly Functioning.  None of the Little Quilcene River watershed is within any National Park or Wilderness Area boundaries that might retain refugia.  The watershed has been extensively harvested; the uppermost watershed has most recently logged1.
2.1.6  Channel Conditions and Dynamics
Width/Depth RatioAt Risk.  Width-to-depth ratios calculated from data in the stream survey average 10.48.  The river channel is stable and shows little evidence of meandering or eroding throughout its length, with the exception of a channelized section at RM 0.91.  The geologically confined conditions of the upper watershed and the urban and agricultural development of the lower watershed limit natural width/depth development9.
Streambank ConditionProperly Functioning.  The river channel is stable and shows little evidence of meandering or eroding throughout its length, with the exception of a channelized section at RM 0.9.  Most of the streambank cover is deciduous and forms a dense canopy over the stream throughout most of its length1.
Floodplain ConnectivityAt Risk.  The river channel is stable and shows little evidence of meandering or eroding throughout its length, with the exception of a channelized section at RM 0.9.  Land use in the lower two miles of the watershed includes numerous home sites and a few farms near the town of Quilcene1.  The upper watershed is limited in off-channel habitat development by its underlying geology9.
2.1.7  Flow/Hydrology
Peak/Base FlowsAt Risk.  At the time of the stream survey (mid-August 1991), reach 2 was reported to flow at 13 cubic feet per second and reach 3 at nearly 8 cubic per second8.  Low summer flows are a natural limiting factor for salmon production on the Little Quilcene River and a water diversion for the City of Port Townsend at RM 7.1 can aggravate the effects of natural low flows1.  There is little evidence of changes in peak flow, based on aerial photograph anaylsis.
Drainage Network IncreaseNo data is available to address drainage network increase.
2.1.8  Watershed Conditions
Road Density and LocationProperly Functioning.  Road density for the entire watershed is 0.96 miles of road per square mile of drainage10.  Most roads appear to be concentrated in the lower 2 miles of the Little Quilcene River drainage, near the town of Quilcene.  U.S. Highway 101 also crosses the river near its mouth.
Disturbance HistoryAt Risk.  The watershed has been extensively harvested, but much is well reforested1.  Approximately 15 percent of the Little Quilcene watershed has been harvested10.  The upper watershed has received the most logging activity.  Land use in the lower 2 miles includes numerous home sites and a few farms near the town of Quilcene1.
Riparian ReservesAt Risk.  Analysis of aerial photographs shows riparian corridors to be vegetated nearly the entire length of the National Forest portion of the Little Quilcene River.  However, the lower portions of the river under private ownership have been heavily logged and the lowest 2 miles of the river are impacted by urban and agricultural development9.  The watershed has been continuously disturbed by timber harvest and development since approximately 192010, a condition that will continue into the future9.
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1.  INTRODUCTION
EA Engineering, Science, and Technology (EA) evaluated baseline environmental conditions of the Discovery Bay Tributaries watershed on the Olympic Peninsula in Washington for the USDA Forest Service (USFS).  Evaluation methods included the Matrix of Pathways and Indicators (National Marine Fisheries Service August 1996) and A Framework to Assist in Making Endangered Species Acts Determinations at the Bull Trout Subpopulation Watershed Scale (U.S. Fish and Wildlife Service February 1998).  For the baseline assessment, a determination of functioning, at risk, or not properly functioning was applied to fifth-field watersheds.
The Snow Creek and Salmon Creek Watershed Analysis (Olympic National Forest, USFS 1996) was used extensively in preparing this report.  The watershed analysis is an assessment of terrestrial, riparian, and aquatic reference conditions and current conditions through compilation of available data and follows requirements in the Ecosystem Analysis at the Watershed Scale, Federal Guide to Watershed Analysis (1995) and the Watershed Analysis Manual (Washington Department of Natural Resources 1995).  The Snow Creek and Salmon Creek Watershed Analysis was prepared by a team from the Olympic National Forest Supervisors Office and the Quilcene Ranger District.  Stream surveys conducted according to the USDA Forest Service Stream Inventory Handbook for Region 6, Version 7.5 (USFS 1994) were used to provide details to module assessments contained within the watershed analysis.  Other documents used in developing assessment components are referenced as endnotes in the text.
Indicator ratings in the matrix (Table 1 in Section 2 for salmonids) were assigned using available data that was often qualitative, rather than quantitative.  This qualitative data was interpreted to arrive at quantitative values that could be compared to ratings criteria.  Section 2 presents summer-run chum salmon, coho salmon, and cutthroat trout data .  Section 2.1 also discusses the reasoning used to develop each pathway indicator rating.  Criteria may be adjusted for local conditions and processes, as described in the evaluation method (National Marine Fisheries Service 1996; USFWS 1998).  These two sections provide justification for ratings where criteria for indicators appeared to be out of the range of natural conditions.  These sections do not attempt to establish new criteria, but rather provide descriptions of local conditions and processes that directly influenced the indicator value.  For example, if recorded water temperatures fell into the not properly functioning category using National Marine Fisheries Service (NMFS) or USFWS (salmonids or bull trout, respectively) criteria, but represented natural (historic) conditions, a rating of functioning was assigned.  References cited in the text are provided in Section 3.
2.  NMFS MATRIX (Modified) FOR SALMONID SPECIES
EA evaluated the Discovery Bay Tributaries watershed for summer-run chum salmon, coho salmon, and cutthroat trout through the use of the modified NMFS Matrix.  This matrix (Table 1) was developed to document baseline environmental conditions in order to assist in determining the effects of individual or grouped actions at the watershed scale.
Table 1 - Discovery Bay Tributaries Salmonid Species Matrix.
	
	
	ENVIRONMENTAL BASELINE

	PATHWAYS
	INDICATORS
	Properly Functioning
	At Risk
	Not Properly Functioning

	Water Quality:
	Temperature
	
	
	X

	
	Sediment/Turbidity
	
	X
	

	
	Chemical Contaminants and Nutrients
	X
	
	

	Habitat Access:
	Physical Barriers
	X
	 
	

	Habitat Elements:
	Substrate
	
	X
	

	
	Large Woody Debris
	
	
	X

	
	Pool Frequency
	
	
	X

	
	Pool Quality
	
	X
	

	
	Off-Channel Habitat
	
	
	X

	
	Refugia
	
	
	X

	Channel Condition and Dynamics:
	Width/Depth Ratio
	
	X
	

	
	Streambank Condition
	
	
	X

	
	Floodplain Connectivity
	
	
	X

	Flow/Hydrology:
	Peak/Base Flows
	
	
	X

	
	Drainage Network Increase
	
	X
	

	Watershed Conditions:
	Road Density and Location
	
	
	X

	
	Disturbance History
	
	
	X

	
	Riparian Reserves
	
	
	X

	
	(BT) Disturbance Regime
	
	
	

	Subpopulations Characteristics
	(BT) Subpopulation Size
	
	
	

	
	(BT) Growth and Survival
	
	
	

	
	(BT) Life History Diversity and Isolation
	
	
	

	
	(BT) Persistence and Genetic
 Integrity
	
	
	


Analysis Area
The Discovery Bay Tributaries lie in the northeast corner of the Olympic Peninsula and drain approximately 40 square miles.  The two major tributaries in this system are Snow Creek and Salmon Creek, neither of which is designated as a Key watershed in the Northwest Forest Plan.  The headwaters of Snow Creek and Salmon Creek lie on the eastern face of Mount Zion and both streams flow northeasterly into the southern tip of Discovery Bay.  At one time Snow Creek emptied into Salmon Creek just upstream of Discovery Bay.  The lower 0.6 miles of the creek was moved to the eastern edge of the valley and a new channel dredged.  Elevations in the watershed range from 4,273 feet at the peak of Mount Zion to sea level at Discovery Bay.  Approximately 31 percent is managed by Olympic National Forest, 27 percent is administered by the Washington State Department of Natural Resources, and 42 percent is privately owned.  The largest area of agricultural use is in the lower Snow Creek valley through which both Snow and Salmon Creeks flow.
2.1  RATIONALE FOR PATHWAY INDICATOR RATINGS FOR SALMONIDS
·
Stock Definition, Origin, and Status
Summer-Run Chum Salmon - Discovery Bay summer-run chum salmon spawn from early September through mid-October, in the lowermost sections of Snow Creek and in Salmon Creek.  In Snow Creek the majority of  summer chum spawn below Uncas Road at @ RM1.5; however there have been reports that spawning has occurred up to RM 3.0.  In Salmon Creek the majority of spawning occurs to RM 0.7, with spawning reported up to approximately RM 2.  They tend not to pass anadromous barriers easily passed by other salmon.  Anadromous habitat on Snow Creek is limited by a waterfall at RM 7.5.  Eggs hatch in January or February and remain in the gravel to 2 to 3 months.  Fry then swim directly to saltwater, remaining there 3 to 5 years before returning as adults to spawn1.
Discovery Bay summer-run chum salmon are a distinct genetic stock, considered to be a native stock with wild production.  Stock status is considered critical, based on short-term severe decline in escapement.  Escapement levels were below 300 in 1989-19912.
Coho Salmon - Discovery Bay coho salmon spawn in accessible areas of most streams in this watershed that have year-round flows3.  Spawning occurs in late October through mid-February, primarily in Snow Creek and Salmon Creek2.  The eggs hatch in 8 to 12 weeks and the fry emerge from the gravel 4 to 10 weeks after hatching, depending on water temperature.  After a year in fresh water, smolting begins in preparation to go to sea.  Coho remain at sea for 2 to 5 years before returning to their natal stream to spawn.
All coho populations from streams entering Discovery Bay are considered one stock, of mixed origin with wild production2.  A stock of mixed origin is one that originates through hybridization of native and non-native fish or a previously native stock that has undergone substantial genetic alteration.  Stock status is considered critical due to short-term severe declines in escapement as evidenced by Snow Creek trap counts.  Escapement numbers are unknown; however, trap counts on Snow River range from 3 to 830 individuals over the years 1978-19951.
Cutthroat Trout - Sea-run cutthroat populations in Snow River and Salmon Creek are naturally small.  Anadromous cutthroat trout enter Snow River and Salmon Creek in winter or spring to spawn.  Resident salmonids sympatric with anadromous cutthroat trout may displace or replace anadromous stocks if the sea-run stocks decline.  Sea-run cutthroat trout rear in Snow River and Salmon Creek for 1 to 3 years before smolting and migrating into Discovery Bay1.
Resident cutthroat trout spawning behavior is similar to other trout species.  Each fish may spawn up to five times during its life.  Eggs hatch in 6 to 8 weeks and fry begin to feed about 2 weeks after hatching1.
Puget Sound cutthroat trout populations are of special concern due to widespread declines in abundance4.  Fewer than 25 adults were trapped annually in Snow River from 1975 through 1985, and fewer than 80 adults were trapper annually during the same time period in Salmon Creek.
2.1.2  Water Quality
Temperature - Not Properly Functioning.  In Snow Creek, average water temperature in August is 63°F and in September, 61°F; highs may reach 71°F in July and August and 68°F in September.  Water temperatures taken in Salmon Creek by Jefferson County in 1994 are too few to be conclusive; however, the highest temperatures recorded were in the 65°- 67° range, in July5.   Crocker Lake warms significantly in summer, resulting in several degrees temperature difference in Andrews Creek, upstream and downstream of the lake5.  These temperature recordings were taken well below the Forest boundary in the highly developed agricultural and private forestlands.  The percent shade cover for mainstems and tributaries in  Snow Creek and Salmon Creek is higher within the National Forest Boundary, except in the south fork of Snow Creek1,8
Sediment/Turbidity - At Risk.  Substrate sampled in chum spawning areas in Snow Creek found an average of 17 percent fines (<0.85mm); substrate sampling in Salmon Creek averaged 13 percent fines(<0.85mm), both within a range considered detrimental to egg survival.  The Puget Sound Basin Team rated the lower watershed streambanks as in poor condition due to development and livestock access.  
Chemical Contaminants and Nutrients - Properly Functioning.  Although tests conducted by both Washington State Departments of Health and Ecology found no water quality problems, fecal coliform testing in 1988 and 1989 found bacterial levels that exceed state standards, outside the Forest boundary.  In 1994, Snow Creek contributed approximately 80 percent of the fecal coliform bacteria in Discovery Bay, which were associated with agricultural practices and rural development 5.  There are no waters in the Discovery Bay Tributaries listed on the 1996 Washington State 303(d) list or the 1998 proposed Washington State 303(d) list7.
2.1.3  Habitat Access
Physical Barriers - Properly Functioning.  Culverts  on Forest Service Road 2850 above the anadromous barriers, may limit resident fish passage.  A log jam, one mile above West Uncas Road on Salmon Creek, has been made passable for fish to access more habitat.  Anadromous fish migration is limited by a falls at rivermile (RM) 4.9 on Snow Creek; and at Rm 2.0 on Salmon Creek, where increased stream gradient creates a natural migration barrier 1, 3.
2.1.4  Habitat Elements
Substrate - At Risk.  There are  measurements of substrate embeddedness at the watershed scale.  Concerns over substrate habitat are focused on aggradation and bed mobility, leading to redd scour during high flows in the lower reaches utilized by summer chum in  Salmon and Snow Creek  1, 15.  
Nearly all stream reaches in the upper watershed are considered transport reaches.  Outside the National Forest boundary, the gradient rapidly drops to less than 2 percent.  In these depositional, low gradient reaches of both Snow and Salmon Creek,  increased substrate embeddedness  may be inferred, from present day documentation of increased aggradation.  Changes in the channels capacity to route sediment may be a result of channel re-routing, bank hardening and loss of channel complexity from changes in LWD, especially in Snow Creek.  Sources of increased sediment in Salmon Creek are unknown. 15.  The Puget Sound Basin Team found the bed of Andrews Creek to be filled with sand and gravel due to unstable streambanks and frequent erosional surfaces.  Several feet of sediment have accumulated in lower Snow Creek since the Washington Department of Transportation discontinued dredging Discovery Bay estuary in 1980.  The rerouting of Houck Creek has resulted in hillslope erosion and sedimentation.  
Large Woody Debris - Not Properly Functioning.  Habitat surveys have quantified current low levels of instream wood relating to timber harvesting, agricultural development and flood control 15.  There are 2.6 pieces of large woody debris (LWD) per 100 meters in the lowest half mile of Snow River; LWD increases to an average of approximately 7 pieces per 100 meters further upstream1.  Fifty-eight percent of riparian areas rated good for LWD recruitment.  Only 20 percent of associated riparian zones in Salmon Creek contain good LWD recruitment potential8.  Most riparian regeneration from timber harvest in the 1960s is red alder, which does not provide for persistent, long-term LWD recruitment1.  However when riparian  vegetation type and LWD recruitment potenial were assessed on streams within the National Forest Boundary, as compared to overall stream conditions on all ownerships, we find on average, a  100% increase in conifer and a 34% increase in LWD recruitment potenial 8.   
Pool Frequency - Not Properly Functioning.  Information at the watershed scale on pool formation and frequency is limited.  Any attempt at a qualitative assessment  must be tempered by an understanding of the high variability in the valley geology and topography, which can directly affect pool formation .  Reduced pool habitat area and a reduced pool frequency in the lower portions of Snow Creek were directly related to low levels of instream LWD, and considered as a moderate impact to summer chum 15.  Pools comprise 19 percent of stream habitat in the upper segments (bedrock controlled) of  lower Snow Creek and 47 percent in the lower valley (alluvial deposits).  The lower Snow, Salmon and Andrews Creeks have been channelized, straightened, bank-hardened and diked, resulting in a reduction in pools formed at bends, bank cuts, or related bed forms10.  This combined with a loss of a LWD as a scour element, has resulted in a decrease in pool habitat .  Limited surveys conducted in the lower Salmon Creek showed a low pool frequency (4.8cw/pool) and percent pool habitat (37%)15 .
Pool Quality - At Risk.  Within the watershed a highly variable geology, and high stream gradients affect pool formation and depth.  In some reaches of the watershed natural bedrock controls and boulders, control scour and pool formation.  7.5 miles of habitat surveys documented pool depths ranging from 0.7 meter to 1.4 meters in Snow Creek.  Primary pool forming structures were identified in each segment surveyed.  As gradient increased bed material and geology were identified as the primary habitat forming structures; in the lower valley LWD became the primary pool forming structures 1.  Loss of riparian vegetation from agricultural development and timber harvest contributes to stream degradation 5.  Lack of LWD as a scour element would affect pool depth in the lower, response reaches of both streams. Water temperatures in pool habitat may increase as a result of limited canopy cover in the agricultural portions of the watershed 15.  Riparian shading within the Forest Boundary was higher than on non-federal segments  of the watershed 8.  High sediment loads may reduce pool volumes over time1.  
Off-Channel Habitat - Not Properly Functioning.  Most of the lower reaches of the watershed had been channelized by 1939.  At one time Snow Creek emptied into Salmon Creek just upstream of Discovery Bay.  The lowest 0.6 miles of Snow Creek was moved - and  has been channelized, straightened, and bank hardened.  Snow Creek no longer joins Salmon Creek except during high water events11.  Andrews Creek has also been straightened and diked, resulting in decreased periods of inundation to adjacent wetlands.  Increased flows downstream of Crocker Lake have very likely affected channel morphology10.  A loss of log jams have resulted in decreased side channel  development15.
Refugia - Not Properly Functioning.  The entire Discovery Bay Tributaries watershed has been impacted by either fire, logging activities, and agriculture development; there is essentially no remaining refugia benefitting summer run chum salmon1.
2.1.5  Channel Conditions and Dynamics
Width/Depth Ratio - At Risk.  There is no information available describing width-to-depth ratios at the watershed or reach scale.  An At Risk call was assigned due to aggradation and high sediment loading in the lower reaches of both streams.  Accounts of channelization and rerouting, stream bank hardening and bedload accumulation have altered the channel geometry, particularly in Snow Creek and Andrews Creek 15.  Historically, there was probably greater pool frequency and  pool depth than under current conditions and less bedload storage 10.
Streambank Condition - Not Properly Functioning.  Timber harvesting has destabilized streambanks through vegetation removal.  Bare and eroding conditions occur on 50 to 75 percent of streambanks in the system, even though there may be canopy present12.  Andrews Creek streambanks are very unstable, with many erosional surfaces.  The rerouting of Houck Creek has resulted in hillslope erosion and sedimentation.  Activities such as road crossings, active work in stream channels, livestock grazing, and increased runoff due to development often increase bank erosion10.
Floodplain Connectivity - Not Properly Functioning.  There were probably many more secondary channels and interconnected wetlands throughout the floodplain area historically; however, most of the lower reaches of the system had been channelized by 1939.  The lowest 0.6 miles of Snow River has been channelized, straightened, and bank hardened.  Snow Creek no longer joins Salmon Creek except during high water events.  Andrews Creek has also been straightened and diked, resulting in decreased periods of inundation to adjacent wetlands.  Increased flows downstream of Crocker Lake have very likely affected channel morphology 10, 15.
2.1.6  Flow/Hydrology
Peak/Base Flows - Not Properly Functioning.  The Puget Sound Basin Team estimates that in the event of a 10-year flood, flood peaks would be 25 percent greater under current conditions than under mature forest cover.  Base flow throughout the system has been impacted by the rerouting of Houck Creek, the channelization/separation of Snow Creek and Salmon Creek near Discovery Bay, the addition of Andrews Creek into Snow Creek, and other similar projects.  A U.S. Geological Survey gaging station at RM 3.9 noted upstream agricultural diversions13. Extreme low flows in summer may also limit fish passage and cause stranding.
Drainage Network Increase - At Risk.  Roads and road crossings can expand the stream channel network, through active ditches which carry runoff  to the "natural" stream channel.  Within the Snow and Salmon Creek watersheds the stream channel network averages 3.7 miles of stream per square mile of  watershed.   Combined with a high road density ( 4.1 miles of road / mile 2  of  watershed) we may infer some increase in the drainage network 13.   Andrews Creek historically flowed into the Little Quilcene River, but was diverted to flow into Snow Creek, increasing the Snow Creek watershed area by 30 percent.  
2.1.7  Watershed Conditions
Road Density and Location - Not Properly Functioning.  Road density averages 4.1 miles of road per square mile of drainage in the Snow Creek subbasin and 5.1 miles of road per square mile of drainage in Salmon Creek subbasin13.
Disturbance History - Not Properly Functioning.  The Discovery Bay Tributaries watershed has been heavily impacted by timber harvest, fire, rural development and agricultural uses;  particularly  outside the National Forest Boundary, in stream reaches heavily utilized by summer chum salmon.  The lower reaches of Snow Creek have been channelized and bank-hardened.  Snow Creek has been severed from Salmon Creek and channelized to a separate outlet into Discovery Bay.  Andrews Creek has been rerouted, straightened, and channelized.  Houck Creek has been rerouted10.
Riparian Reserves - Not Properly Functioning.  Throughout the watershed, 48 percent of the riparian areas have less than 70 percent cover.  Seventy to 80 percent of riparian zone vegetation is in second growth that is 20 to 80 years old.  Riparian reserves in the upper watershed are fragmented due to timber harvest.  Rural development and agricultural pratices have affected riparian functions in the lower watershed.  Much of Andrews Creek has been harvested to the creek edge; 23 percent of Andrews Creek retains 20 percent or less cover8.
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1.  INTRODUCTION
EA Engineering, Science, and Technology (EA) evaluated baseline environmental conditions of the Sequim Bay Tribs. / Jimmycomelately Creek watershed on the Olympic Peninsula in Washington for the USDA Forest Service (USFS).  Evaluation methods included the Matrix of Pathways and Indicators (National Marine Fisheries Service August 1996) and A Framework to Assist in Making Endangered Species Acts Determinations at the Bull Trout Subpopulation Watershed Scale (U.S. Fish and Wildlife Service February 1998).  For this assessment, a determination of functioning, at risk, or not properly functioning was applied to fifth-field watersheds.
The Jimmycomelately Stream Survey (Michael A. Donald, 1990) and stream surveys done by the USDA Forest Service in 1998 were used extensively in the matrix analysis.  The Jimmycomelately drainage was surveyed using the Hankin-Reeves methodology to assess fish habitat.  Stream surveys include the mainstem and tributaries and are conducted according to the USDA Forest Service Stream Inventory Handbook for Region 6, Version 7.5 (USFS 1994).  Other documents used in developing assessment components are referenced as endnotes in the text.
Indicator ratings in the matrix (Table 1 in Section 2 for salmonids) were assigned using available data that was often qualitative, rather than quantitative.  This qualitative data was interpreted to arrive at quantitative values that could be compared to ratings criteria.  Section 2 presents summer-run chum salmon data.  Section 2.1  discusses the reasoning used to develop each pathway indicator rating.  Criteria may be adjusted for local conditions and processes, as described in the evaluation method (National Marine Fisheries Service 1996; USFWS 1998).  This section provides justification for ratings where criteria for indicators appeared to be out of the range of natural conditions.  These sections do not attempt to establish new criteria, but rather provide descriptions of local conditions and processes that directly influenced the indicator value.  For example, if recorded water temperatures fell into the not properly functioning category using National Marine Fisheries Service (NMFS) or USFWS criteria, but represented natural (historic) conditions, a rating of functioning was assigned.  References cited in the text are provided in Section 3.
  T2.  MODIFIED NMFS MATRIX FOR SALMONID SPECIES

EA evaluated the Jimmycomelately River watershed for summer-run chumsalmon, through the use of the NMFS Matrix. This matrix (Table 2) was developed to document baseline environmental conditions in order to assist in determining the effects of individual or grouped actions at the bull trout subpopulation watershed scale.

Table 2 - Jimmycomelately Creek Summer chum Matrix.
	
	
	ENVIRONMENTAL BASELINE

	PATHWAYS
	INDICATORS
	Properly Functioning
	At Risk
	Not Properly Functioning

	Water Quality:
	Temperature
	X
	
	

	
	Sediment/Turbidity
	
	X
	

	
	Chemical Contaminants and Nutrients
	X
	
	

	Habitat Access:
	Physical Barriers
	X
	
	

	Habitat Elements:
	Substrate Embeddedness
	
	X
	

	
	Large Woody Debris
	
	
	X

	
	Pool Frequency 
	X
	
	

	
	Pool Quality
	
	X
	

	
	Off-Channel Habitat
	
	
	X

	
	Refugia
	
	
	X

	Channel Condition 
and Dynamics:
	Width/Depth Ratio
	
	X
	

	
	Streambank Condition
	
	X
	

	
	Floodplain Connectivity
	
	 
	X

	Flow/Hydrology:
	Peak/Base Flows
	X
	
	

	
	Drainage Network Increase 
	 
	X 
	

	Watershed 
Conditions:
	Road Density and Location
	
	X
	

	
	Disturbance History
	
	
	X

	
	Riparian Reserves
	
	
	X

	
	(BT) Disturbance Regime
	
	
	

	Subpopulation Characteristics 
	(BT) Subpopulation Size
	
	
	

	
	(BT) Growth and Survival
	
	
	

	
	(BT) Life History Diversity and Isolation 
	
	
	

	
	(BT) Persistence and Genetic Integrity
	
	
	

	Species and Habitat:

	(BT) Integration of Species and Habitat Conditions
	
	
	


2.1  RATIONALE FOR PATHWAY INDICATOR RATINGS FOR SALMONIDS
2.1.1  Stock Definition, Origin, and Status
Summer-run Chum SalmonJimmycomelately Creek supports the only summer-run chum salmon population in Sequim Bay 1.  Sequim Bay summer-run chum salmon stocks have not declined as severely as those in Discovery Bay 2.  Adult chum salmon enter the river in early September to mid-October and spawn in the lower mile of the mainstem.  Stock is native with wild production.  Stock status is depressed, based on a short-term severe decline in escapement since 1990.  Escapements have ranged from a high of 1,127 in 1988 to a low of 63 in 19901.  In the 1990's escapements dropped, with 61 spawners or less returning in 3 of the last 5 years 18 .
Chinook salmon were not identified as utilizing the  Jimmycomelately watershed.  Fall coho, winter steelhead and resident and anadromous cutthroat trout are found in the watershed. 2, 3 
Assessment Scope

The Jimmycomelately Creek watershed drains 12,321 acres on the north end of the Olympic Peninsula.  The West Fork of Jimmycomelately Creek flows east from headwaters in the Olympic Mountains to join the East Fork, which flows west from its headwaters on privately-owned land, to form the stream's mainstem.  The two forks meet at approximately rivermile (RM) 2.6 of the mainstem, then flow north to Sequim Bay on the Straits of Juan de Fuca.  Elevations range from Mount Zion at 3,750 feet to sea level at Sequim Bay.  The majority of the watershed (10,542 acres) is managed by the Olympic National Forest, with a few exceptions:  the first mile of the mainstem and a portion of the upper East Fork are privately owned, and the second mile of the mainstem is managed by the State of Washington Department of Natural Resources.  A natural barrier to anadromous fish passage exists in the form of a falls at rivermile (RM) 1.9 6.  
2.1.3  Water Quality
TemperatureProperly Functioning.  In general, Jimmycomelately Creek (JCL) is a relatively confined, moderate to steep gradient stream with well vegetated riparian areas providing adequate stream shading.  In the lower reach, at about RM 1.5, the valley is wider and the stream channel less confined.  Agricultural and rural development have had more of an impact on riparian vegetation in this reach.  Maximum stream temperatures recorded  in the mainstem JCL, during September - October 1998 habitat surveys, ranged from 49-53  F.  Temperatures taken in tributaries feeding the mainstem were within a similar range.  Stream temperatures taken during the 1990 surveys recorded maximum temperatures of 55 F in the lower mainstem 4.   
Sediment/TurbidityAt Risk.  Extensive stream habitat surveys conducted in 1990 and 1998 provided enough photographic and quantitative information to indicate that hillslope failures associated with the FS 2850 (Woods Road) in the lower 1.7 miles of mainstem have contributed  to increasing fines in spawning gravels in this lower mainstem reach.  Wolman pebble counts taken in several cross sections of the lower mainstem showed fine  bed material constituted a large percentage of the substrate composition 8.  An at risk rating seems appropriate considering the probable impacts from road failures and logging activity upstream, and development in the lower reaches10.  

Chemical Contaminants and NutrientsProperly Functioning.  There are no waters in the Jimmycomelately Creek watershed listed on the 1996 Washington State 303(d) list or the 1998 proposed Washington State 303(d) list11.

2.1.4  Habitat Access
Physical BarriersProperly Functioning.   There are no man-made barriers in the mainstem of the river7.  An impassable falls at RM 1.9 is the upper limit of anadromous fish migration 6 . There is some documentation of possible migration barriers in the resident fish reaches of the East Fork tributary.  Box culverts at several road crossings in the system appear to be undersized, causing deposition of sediment on the upstream side and a possible migration barrier during low flows12.
2.1.5  Habitat Elements
SubstrateAt Risk.  No measurements of substrate embeddedness were taken within the JCL watershed.  Wolman pebble counts and ocular estimates of dominant substrate size indicated that in most reaches gravel and cobble predominated, with some localized deposition of  sand.  A higher percentage of sand was found in the depositional reaches of the lower mainstem and associated with a marsh in the headwaters of the East Fork tributary 8.  In general the higher gradient reaches of the mainstem and East Fork trib. can efficiently transport sediment.  Based on these findings we may infer some increase in the level of embeddedness in the lower 1-2 miles of mainstem JCL, related to both natural fluvial processes and forest management, roads and agricultural development.  Diking and channel constraints in the lower 1.0 mile have probably reduced the channels ability to effectively transport sediment 18.
Large Woody DebrisNot Properly Functioning.  A comparison of  data between 1990 and 1998 habitat surveys documents the limited amount of large size/diameter class wood in all reaches and tributaries surveyed.  There is an average of 9 pieces per mile of large woody debris (LWD) greater than 24" diameter and longer than 50 feet in @ 5 surveyed miles of the mainstem JCL.  However brush, defined as LWD >12" diameter and 25 ' length, was well represented throughout the watershed 8 .  This would seem to be representative of the current riparian vegetation, which is predominantly second growth conifer and hardwoods.  Future LWD recruitment potential, as determined by aerial photograph analysis, appears adequate but is still decades away from providing larger diameter wood 13.
Pool FrequencyProperly Functioning.  Pool frequency is high throughout the mainstem and all tributaries surveyed, indicating that pool formation is controlled by the valley landforms and geology, as well as the large amount of smaller diameter woody debris ( on average >140 pieces/mile ).  Numerous pools are available below RM 1.9.  There are > 70 pools per mile on average throughout the watershed8.  Stream channels are well-canopied, providing shade for temperature control 13.   Temperatures taken during stream surveys indicate cool temperatures in pool habitat 7,8 .
Pool QualityAt Risk.  Very few deep pools were found throughout the JCL watershed, given the high pool frequency in all reaches.   Residual pool depths averaged just over 1 foot in the mainstem JCL 8.  There is some positive correlation between total LWD and deep pools  (>3')  in Reach 3 between RM 2.5-3.75; however this reach is the highest gradient, most confined reach in the mainstem JCL, with numerous cascades and falls, indicating the important role of valley landforms in pool formation.   There are a limited number of deep pools in the lower gradient, depositional reach of JCL (below RM 1.7).  The streambed in this reach would be more responsive to inputs of large diameter LWD, in forming deep pools.  Pool formation appears to be controlled by numerous smaller pieces of LWD in this reach, which are highly unstable 8.
Off-Channel HabitatNot Properly Functioning.  The floodplain of the lowest portion of the watershed is developed, with structures in place to reinforce or armor banks7.  At least 22 percent of the lower basin is currently managed for residential, agricultural, or commercial purposes14.  The lower channel of JCL was removed from its original location and placed in an artificial channel in the early part of the century 18.  U.S. Highway 101 crosses Jimmycomelately Creek near its mouth, constricting the channel.  The valley morphology and geology naturally constrain side channel development through much of the mid and upper watershed.  A confined channel, with underlying bedrock and steep gradients occurs above the falls at RM 1.9.  The stream becomes shallow near the headwaters in the meadows and high elevation farmland of the Palo Alto Valley.  The East Fork tributary originates from a marsh which may have been created by FS road constrictions 6.  
RefugiaNot Properly Functioning.   Anadromous salmonids utilize the lower 1.9 miles of mainstem JCL.  There is essentially no refugia habitat benefitting salmon.  The first mile of the river is in private ownership and is highly developed for residential, commercial, and agricultural purposes.  The second mile, below the falls, is state-owned, and managed for timber production.   None of the watershed is within the National Park or Wilderness Area boundaries.  A analysis of aerial photographs reveals extensive timber harvesting in the upper watershed within state lands and the National Forest boundary 13.  Very little of the riparian vegetation remains in old growth timber.
2.1.6  Channel Conditions and Dynamics
Width/Depth RatioAt Risk.  In general width/depth ratio measurements taken during the 1998 stream surveys 8 fall within expected parameters for the valley landforms and channel classification types 19 .  However documentation of alterations in the lower mile of mainstem JCL due to diking, roads and channel relocation have  resulted in streambed aggradation and have altered the channel geometry 18,13 . 
Streambank ConditionAt Risk.  An At Risk determination was made  based on qualitative information from stream habitat surveys  .  Descriptive information on streambank condition suggested that land uses, such as agricultural and rural development in the lower 1.5 and riparian timber harvesting and roading throughout most of the watershed may be contributing to streambank erosion.   Streambank susceptibility to erosion was strongly dependent on channel geology and valley landform.  Where larger bed materials and bedrock are present stream banks were more stable.  In addition the heavy floods of 1997 were partly responsible for some of the steambank erosion observed 8 .
Floodplain ConnectivityNot Properly Functioning.  The floodplain of the lowest portion of the river is developed, with structures in place to reinforce or armor banks7.  At least 22 percent of the lower basin is currently managed for residential, agricultural, or commercial purposes14.     U.S. Highway 101 crosses Jimmycomelately Creek near its mouth, constricting the channel.  Subestuarine diking, filling and log storage have reduced historic delta 
2.1.7  Flow/Hydrology
Peak/Base FlowsProperly Functioning.  Water is removed from lower Jimmycomelately Creek for dust abatement and other purposes7, which exacerbates naturally low summer flows.  Summer flows during one year of record reached a minimum of 1 cubic foot per second 6.  Water quantity was identified as a low impact for summer chum in a recent summer chum habitat recovery plan 18 .
Drainage Network IncreaseAt Risk.  An At Risk determination was made based on the moderate road density in the watershed, which has led to an increase in the active channel length 15.
2.1.8  Watershed Conditions
Road Density and LocationAt Risk.  Road density in the watershed is moderate , at  2.7 miles of road per square mile of drainage area 7.   An At Risk determination was made due to the location rather than density.  Forest Service Road 2850, 2855 and 2840 run parallel to the mainstem  and tributaries, possibly providing a nearby source for fine sediment from surface erosion runoff 13.   U.S. Highway 101 crosses Jimmycomelately Creek near its mouth, affecting floodplain functioning.  Several slides, identified along the FS 2850 road, were a direct source of fine and course sediment input to the mainstem JCL 13 .
Disturbance HistoryNot Properly Functioning.  Extensive timber harvesting has occurred in the upper portion of the watershed.  Greater than 40 percent of the forested area within National Forest boundaries has been harvested 15.  At least 22 percent of the lower basin is currently managed for residential, agricultural, or commercial purposes 14.  The lower channel of JCL was removed from its original location and placed in an artificial channel in the early part of the century 18.
Riparian ReservesNot Properly Functioning.  In general, most riparian areas in the watershed are well vegetated with a mix of hardwoods, conifers and shrubs.  However age and size classes vary widely, reflecting the affects of timber harvesting within the riparian areas. Within the mainstem JCL, the lower mile is privately owned and highly developed, with a wide floodplain dominated by grasses, sedges and red alder .  The riparian vegetation has been substantially modified by adjoining landowners 8.  Only 34% of the riparian area in the lower 1.5 miles is forested 18.    In some reaches of the mainstem > seventy-one percent of the near stream riparian vegetation is deciduous 7.    Interspersed throughout the watershed are stands of older second growth conifer.  Overall near term or current LWD recruitment potential appears low, in terms of providing the larger, more stable "key pieces" of organic debris.
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1.  INTRODUCTION
The U.S. Forest Service (USFS) evaluated baseline environmental conditions of the Dungeness River watershed on the Olympic Peninsula in Washington.  Evaluation methods included the Matrix of Pathways and Indicators (National Marine Fisheries Service August 1996) and A Framework to Assist in Making Endangered Species Acts Determinations at the Bull Trout Subpopulation Watershed Scale (U.S. Fish and Wildlife Service February 1998).  For this baseline assessment, a determination of functioning, at risk, or not properly functioning was applied to fifth-field watersheds.
The Dungeness Watershed Analysis (Olympic National Forest September 1995), was used extensively in the baseline evaluation.  Watershed analysis is an assessment of terrestrial, riparian, and aquatic reference conditions and current conditions through compilation of available data and follows requirements in the Ecosystem Analysis at the Watershed Scale, Federal Guide to Watershed Analysis (1995).  The Dungeness Watershed Analysis was prepared by an interagency team consisting of the Olympic National Forest, Washington State Department of Fish and Wildlife, U.S. Fish and Wildlife Service (USFWS), Jamestown S'Klallam Tribe, Olympic National Park, Clallam County Department of Community Development, and U.S. Natural Resources Conservation Service.  Other documents used in developing assessment components are referenced as endnotes in the text.
Indicator ratings in the matrix (Table 1 in Section 2) were assigned using available data that was often qualitative, rather than quantitative.  This qualitative data was interpreted to arrive at quantitative values that could be compared to ratings criteria.  Section 2 presents chinook salmon, summer-run chum salmon, and bull trout data.  Sections 2.1 discusses  the reasoning used to develop each pathway indicator rating.  Criteria may be adjusted for local conditions and processes, as described in the evaluation method (National Marine Fisheries Service [NMFS] 1996; USFWS 1998).  This section provides justification for ratings where criteria for indicators appeared to be out of the range of natural conditions.  These sections do not attempt to establish new criteria, but rather provide descriptions of local conditions and processes that directly influenced the indicator value.  For example, if recorded water temperatures fell into the not properly functioning category using NMFS or USFWS (salmonid or bull trout, respectively) criteria, but represented natural (historic) conditions, a rating of functioning was assigned.  References cited in the text are provided in Section 3.
2. MODIFIED NFMS / USFWS MATRIX FOR SALMON and BULL TROUT
The USFS evaluated the Dungeness River watershed for chinook salmon, summer rum chum salmon and bull trout through the use of a modified NMFS/USFWS matrix.  This matrix (Table 1) was developed to document baseline environmental conditions in order to assist in determining the effects of individual or grouped actions.

Table 1 - Dungeness River - Chinook, summer chum and bull trout Matrix.
	
	
	ENVIRONMENTAL BASELINE

	PATHWAYS
	INDICATORS
	Properly Functioning
	At Risk
	Not Properly Functioning

	Water Quality:
	Temperature
	UD, GW
	LD
	

	
	Sediment/Turbidity
	 GW, UD
	UD 
(Gold Cr)
	LD

	
	Chemical Contaminants and Nutrients
	UD, GW
	LD
	

	Habitat Access:
	Physical Barriers
	LD, UD, GW
	
	

	Habitat Elements:
	Substrate Embeddedness
	GW, UD
	UD 
(Gold Cr)
	LD

	
	Large Woody Debris
	GW, UD 
	UD
(Gold Cr)
	LD

	
	Pool Frequency 
	GW, UD
	
	LD

	
	Pool Quality
	GW, UD
	
	LD

	
	Off-Channel Habitat
	UD, GW
	
	LD

	
	Refugia
	UD, GW
	UD 
(Gold Cr) 
	LD

	Channel Condition 
and Dynamics:
	Width/Depth Ratio
	GW, UD

	UD 
(Gold Cr) 
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2.1  RATIONALE FOR PATHWAY INDICATOR RATINGS FOR BULL TROUT

2.1.1  Stock Definition, Origin, and Status
Chinook SalmonSpring- and summer-run chinook salmon spawn from rivermile (RM) 3 to 18.8 in the mainstem of the Dungeness River and in the lower 5.1 miles of Grey Wolf1.  These are considered a single chinook stock although spawning times are slightly different.  Peak spawning in the upper section of spawning area in the river is August 20 through September 8, while peak spawning in the lower reaches is from August 27 through October 8 2.  Chinook salmon remain in the river approximately 12 months following emergence from the gravel.
The stock is native, with a wild origin.  Stock status of both spring- and summer-run chinook salmon is considered critical based on chronically low escapement levels.  Water diversion for agricultural use is considered to be a major contributor to the decline of Dungeness River spring-run chinook salmon stocks.  Captive broodstock/recovery programs for spring-run chinook salmon are in place on the Dungeness River3.  Escapement averages 206 individuals1.

A fall spawning stock of chinook salmon is not recognized by the Washington Department of Fish and Wildlife4.

Summer-Run Chum SalmonNo official sources  have identified a distinct summer chum salmon run in the Dungeness River1, 4, 5,  though anecdotal information and tribal surveys indicate summer run chum do spawn in the Lower Dungeness River, possibly asfar upstream as RM 10.8.  Since 1987, from 1 to 60 summer chum were observed during annual pink salmon surveys 6, 19.

Bull Trout - Bull trout/Dolly Varden in the Dungeness River and Gray Wolf Rivers  have been identified as a distinct stock based on their geographic distribution.  Anadromous, fluvial, and resident life history forms may be present.  Stocks are native and maintained by wild production.  Two distinct stocks have been identified in the Dungeness River:  the Lower Dungeness River stock ( includes the Gray Wolf) and the Upper Dungeness stock, upstream of the falls at Gold Creek16.  Stock status is tentatively considered healthy for the Lower Dungeness/Gray Wolf and Upper Dungeness River stocks.  
Bull trout have been confirmed at RM 16 of the Lower Dungeness River and at RM 1.0 in the Gray Wolf River watershed.   Native char captured by WDF&W biologists at these locations were identified as both bull trout and Dolly Varden.
In 1996, 5 char were collected at the Dungeness Hatchery, in the Lower Dungeness River at RM 10.8, while WDF&W personnel were spawning coho salmon.  The char were identified as bull trout using the linear discriminant function of Haas and McPhail (1991) 16.
Electrofishing in four randomly selected sections in the Upper Dungeness River, above the anadromous barrier at RM 18.7, (above the confluence of Gold Creek), from RM 26 - 29 yielded a total of 127 bull trout/Dolly Varden.  Densities averaged 0.78 fish/m.  Hook and line sampling was conducted along the same four miles of the river; 56 native char were caught and released over a 7.5 hour period 16.
The separate stocks inhabit stretches of river with significant differences in habitat quality.  The Lower Dungeness River subpopulation resides in altered or degraded habitat, while the resident subpopulation above Gold Creek Falls resides in near-pristine habitat conditions.  Approximately 90 percent of the Upper Dungeness watershed  is within the Buckhorn Wilderness Area or Olympic National Park.  Riparian zones in the upper mainstem maintain an 87 percent conifer component, with 91 percent of the total area ranked as good9 for LWD recruitment.  Freshwater habitat in the upper mainstem above anadromous barriers is nearly pristine16.
2.1.2  Assessment Methodology

The Dungeness River watershed lies in the northeast corner of the Olympic Peninsula, flowing north from its headwaters in the snowfields on the southeast face of Mount Mystery to the Straits of Juan de Fuca.  Elevations range from the peak of Mount Constance at 7,743 feet to sea level at the mouth of the river.  The Dungeness River watershed encompasses approximately 180,000 acres, of which approximately 30 percent is privately owned.  Much of the privately held land is in large holdings for timber production.  Approximately 25 percent is managed by Olympic National Park, 20 percent is in Olympic National Forest, 15 percent lies within Buckhorn Wilderness Area, and 10 percent is administered by the Washington State Department of Natural Resources.  The National Forest Boundary ends at about RM 13 on the mainstem Dungeness River in the Lower Dungeness Watershed.
The Dungeness River watershed has been delineated into 3 seperate 5th field watersheds: the Lower Dungeness (LD), the Upper Dungeness (UD) and Gray Wolf (GW).  For the purposes of this exercise the Environmental baseline (Table 1), and Section 2.1 will contain determinations and rationale for the 3 watersheds.  The decision to do this as composite exercise lies in the connectivity of physical processes between watersheds, fish species utilization across watershed boundaries and the juxtaposition of watersheds exhibiting almost a full spectrum of land management uses and philosophies.
For example the Lower Dungeness watershed contains 56 square miles of rural and agricultural development.  Whereas approximately 95 percent of the Grey Wolf watershed lies within the Buckhorn Wilderness or Olympic National Park in a naturally funtioning condition.
2.1.3  Water Quality
Temperature Within the various 5th field watersheds, valley form influences stream temperatures.  The Upper Dungeness River and the middle - upper portions of the Lower Dungeness River, to RM 10, are confined channels, with narrow valley hill slopes and close in riparian vegetation, providing shade that keeps  water temperatures cool. The Upper Dungeness met target shade levels except for Gold Creek, possibly reflecting the extensive timber harvest in that tributary9.  The Gray Wolf River mainstem appears to have a wider valley bottom providing naturally lower levels of shading, though the tributaries are steep and well shaded. 
Water temperatures contributed from the Upper Dungeness and Gray Wolf are considered close to or near natural conditions.  Average temperatures  monitored in August, at RM 18 downstream to RM 10.8, showed minor increases in water temperature, from 11oC to <12 oC.  Several miles below the ONF boundary, from RM 10.8 to RM 1.0, temperatures increased more rapidly per length of channel compared to up-river locations.  Water temperature increases downstream reflect the dramatic change in valley form,  as the river flows through unconfined alluvial fan deposits with little or no protective shade.  Substanial irrigation diversions occur from this point downstream, and may  increase water temperatures21 .  Loss of riparian vegetation in the lower river have reduced stream shading9  .  At the river mouth temperatures have been recorded as high as 65F.   A determination of Properly Functioning was made for the Upper Dungeness and Gray Wolf watersheds and and At Risk call was made for the Lower Dungeness.
Sediment/Turbidity Both Alpine and Continental   glaciation have shaped the landform features of the Dungeness basin.   The Upper Dungeness and Gray Wolf headwaters
contain steep slopes and shallow soils, resulting in chronic sediment production.  These are natural processes, in areas unaffected by management activities. 
Another result of Alpine and Continental glaciation are the "glacial lake" deposits.  These deposits are prone to slope failure and contain fine sediments (clays and silts).   Gold Creek in the Upper Dungeness watershed contains some of the most widespread deposits of this material.   Gold Creek was one of the more heavily harvested tributaries within the National Forest boundary.   A number of large slides have occured in the Gold Creek drainage at RM 18.8 in past decades, and continue to deliver high levels of fine sediment to the system.   However  historical aerial photo analysis showed Gold Creek to have been a naturally active area of mass wasting.  The steep, higher gradient upper basin very effectively transports fine and coarse sediments downstream, till lower gradients and reduced stream flows reduce the transport capacity and deposition results 21.
The Dungeness River  produces naturally high  levels of turbidity during winter storms and spring/summer glacial melt.   The Gray Wolf River remains minimally impacted by management activities, though it has active  geologic features.   Underlying glacial lake (glacio-lacustrine) deposits naturally produce turbid water condtions, when streams flow through disturbed or erodible soils21.    Based on the assessment of past and present conditions a determination of Properly Functioning was made for the Gray Wolf and for the Upper Dungeness watersheds, and an At Risk call was made for Gold Creek in the Upper Dungeness .  
No quantitative  information was presented in the WA specifically identifying problems related to elevated levels of fines in spawning gravels.  The Lower Dungeness was considered Not Properly Functioning  based on the level of urban, rural and agriculural development, below the Olympic National Forest (ONF) boundary, and its impact on sediment transport and deposition in the Dungeness River below RM 10.  The reviewer made an assumption that a portion of the increased bedload deposited consisted of fine sediments 7.  
Chemical Contaminants and Nutrients  There are no waters in Upper Dungeness River or Gray Wolf River watersheds  listed on the 1996 Washington State 303(d) list or included on the 1998 Proposed Washington State 303(d) list for chemical or bacterial contaminants12.  However, several small tributaries such as Matriotti Creek and Johnson Creek, which deliver water via a ditch connected in the Lower Dungeness watershed, is on the 1996 list.  The Dungeness Watershed Analysis/Water Quality module cited several studies which raised concerns over groundwater contamination from rural/agricultural development in the Lower Dungeness River watershed.   A determination of Properly Funtioning was made for the Upper Dungeness River and Gray Wolf River watersheds. 

 An At Risk determination was made for the Lower Dungeness River watershed based on fecal choliform contamination in several small creeks.
2.1.4  Habitat Access
Physical Barriers No artificial barriers prevent fish migration in any of the 3 watersheds.  Anadromous fish migration is limited upstream by natural falls and gradient barriers.  A determination of Properly Functioning was assigned to all three watersheds. 
2.1.5  Habitat Elements
Substrate This indicator was assessed based on concerns over substrate stability, not substrate size or composition.  In the Lower Dungeness watershed, the mainstem Dungeness River has aggraded with coarse sediment11.  Redd monitoring found that 75 percent of the redds scoured or were buried to damaging depths13.  Chinook and pink salmon redds in the Dungeness River below RM 10.8 are largely unsuccessful because this stretch scours deeply at even moderate flows.  Bed instability and substrate armoring after spawning reduce the chances for egg-to-alevin survival8.   Substrate from the mouth of the river to RM 10 is characterized as rubble and cobble10.  Bridges on Highway 101 and the old Olympic Highway constrict floodplain channels, leading to aggradation8.

In the Lower Dungeness Not Properly Functioning was assigned to this indicator. 
There is no indication that substrate embeddedness has been altered from natural conditions in the Gray Wolf River.  While Gold Creek is  a chronic source of sediment in the Upper Dungeness, due to stream gradient and its proximity to the watershed boundary, sediment is effectively transported downstream limiting its affect within the Upper Dungeness.  A determination of Properly Functioning was made for the Gray Wolf and for the Upper Dungeness watersheds, and an At Risk call was made for Gold Creek and the downstream portion  of the Upper Dungeness .  
Large Woody Debris-  Limited timber harvest has occured in the Gray Wolf watershed.  Only 1.4 % of the watershed has been logged; a fraction of that amount has been in riparian reserves.  Harvest has been concentrated in the lower most portion of the watershed, and along ridges. Due to the extensive amount of contiguous acres,  which remain unchanged through land management activities, current  in channel LWD loading is considered to be at  natural levels, as is the current and future LWD recruitment potenial of the riparian vegetation9,20 .  This indicator is considered  Properly Functioning in the Gray Wolf watershed.  
Approximately 10% of the Upper Dungeness watershed has been harvested, primarily within the Gold Creek and Sleepy Hollow sub-watersheds and  with the mainstem downstream20.  Gold Creek has experienced a higher rate of harvest, when seperated from the total acres harvested in all sub watersheds.  Thirty-nine % of the Gold Creek sub-watershed has been harvested, leading to increased riparian harvest.  Upstream and above the anadromous migartion barrier at RM 18.8, there is a large, contiguous  number of stream miles with unlogged riparian vegetation.  Any depletion of in stream LWD and  reduced riparian LWD recruitment, would for the most part be limited to the Gold Creek and lower mainstem portions of the watershed, within the anadromous fish reach 9,20.  Habitat utilized by a fluvial population of bull trout, found in the watershed above Gold Creek, would probably be unaffected.  fectively transported downstream limiting its affect within the Upper Dungeness.  A determination of Properly Functioning was made for the Upper Dungeness watershed, and an At Risk call was made for Gold Creek and the downstream portion  of the Upper Dungeness .  
In the Lower Dungeness watershed and within the ONF boundary, several sub-watersheds have experienced extensive timber harvest.  However riparian LWD recruitment potential remains good in Canyon Creek and the upper mainstem Dungeness River.   Below the ONF boundary, along privately owned lands, instream LWD is most deficient.  Alterations in the lower 10.8 miles of the Dungeness River,  accompanying rural and agricultural development is well documented in a number of studies cited in the Watershed Analysis.  The Lower Dungeness River watershed  encompasses habitat utilized by chinook salmon, bull trout and summer chum.  Historically removal of LWD and log jams was a feature of flood control activities.  Stable log jams are now scarce throughout the lower manistem 19 .   LWD riparian recruitment potenial along most of the lower mainstem was considered as "good" on only 2% of its length  9 .  Wood debris counts in the lower watershed from FS habitat surveys rated LWD presence as very limited and scarce.  In some reaches the number of pieces LWD were high, but were comprised mostly of small diameter hardwoods 7.  A determination of Not Properly Functioning was made for the Lower Dungeness watershed.
Pool Frequency/Pool Quality  In the Gray Wolf and Upper Dungeness watersheds landform, geology and  channel structural elements such as boulders, are responsible for pool formation.  No quantitative data was available for the Upper Dungeness and Gray Wolf watersheds.  Information presented in the Dungeness River Watershed Analysis did not indicate that any of the potential negative impacts associated with timber harvesting and road building have affected pool formation in the Upper Dungeness watershed.  Even though Gold Creek is cited as a source of chronic sediment delivery, the majority of the erosion is attributed to "natural" processes 21 .  Due to the minimal land management acitvities in the Gray Wolf  watershed, and the large, unmanaged, intact area of the Upper Dungeness watershed,  a determination of Properly Functioning was made for these indicators in both watersheds.  
Pools in the lower watershed form on the outside of meander bends and around LWD.  Past channel straightening, diking and wood removal to control flooding, has altered pool-forming processes.  Channel surveys indicate that 8 of the lower 10 miles lack pool habitat9.  Large stable log jams would have provided the structural elements for deep pool formation.  Accumulations of fine sediment  in the lower gradient reaches of the  Dungeness, can reduce pool volume, negatively affecting pool quality. The limited amount of forested riparian buffers will be unable to provide LWD for future recruitment, and pool formation19.   A determination of  Not Properly Functioning was made for the Lower Dungeness Watershed.
Off-Channel Habitat  The most abundant natural off-channel habitat was probably found in the lower 10 miles of the river, where gradients and channel confinement decrease as the river leaves the mountainous terrain 21.  Portions of the lower river valley are characteristic of an alluvial fan, with highly erodable stream banks that allow the river to laterally migrate and meander.   Side channels could freely form in these reaches at abandoned meander bends.   A combination of diking, levees, and water withdrawals in the lower watershed has reduced off-channel habitat formation and access.  Not Properly Functioning was assigned to this indicator for the Lower Dungeness watershed. 
The naturally steep, confined valleys, where the river is actively downcutting, prevents side channel development in the Upper Dungeness and Gray Wolf watersheds.  A determination of  Properly Functioning was made for the upper two watersheds. 
Refugia  Summer rum chum salmon, chinook salmon and bull trout all utilize the Lower Dungeness River watershed.  Unfortunately the lower river is the the reach most impacted by and most susceptible to human alteration19 .  No areas are designated as refugia in the Lower Dungeness watershed, with the possible exception of habitat found upstream within the ONF .  A list of extensive alterations in  the Lower Dungeness River watershed is provided in the Water Quality/Quantity and Fisheries Modules.  Some trends noted were: the lower 10.8 miles of river are extremely degraded; instream flows are becoming insufficient to support fish resources; water rights exceed actual flows and biological recommendations; many residences in the Sequim - Dungeness basin depend on wells for water, further affecting the water table; the channel is confined in the lower river with levees and dikes affecting the rivers ability to efficiently transport sediments, flood onto the floodplain, and naturally change course21.  While  Not Properly Functioning  is assigned to this indicator for the  Lower Dungeness River watershed, it is good to remember that there is connectivity to the Gray Wolf watershed for bull trout and chinook populations of the lower river.   Summer chum, due to their habitat preferences, will continue to be the most severely impacted salmonids in the Lower Dungeness watershed. 
While some timber harvest activity has occured in the Upper Dungeness River watershed, especially in Gold Creek and the mainstem river, the concentration of activity and its effects would most likely be felt downstream in the Lower Dungeness watershed.  An anadromous barrier at RM 18.9, isolates the fluvial bull trout population from the anadromous fishes, which utilize only the lower most portion of this watershed.  In the Upper Dungeness River watershed, above RM 24,  large numbers of bull trout were captured and sampled by the WDF&W, and the habitat is considered pristine16 .   Over 27,000 acres are within the Buckhorn Wilderness and the Olympic National Park and remain roadless.  Almost all the remaining acres (18,000) are in Late Successional Reserve (LSR).  Limited access to the upper watershed above the anadromous barrier and restrictive fish regualtions should keep this watershed as a prime refugia for bull trout.  A determination of Properly Functioning was made for the Upper Dungeness watershed, and an At Risk call was made for Gold Creek and the downstream portion  of the Upper Dungeness .  
Less than 1.5% of the Gray Wolf River watershed has been logged, with activity mostly confined to the lower portion of the watershed20 .  Road densities are < 0.3 mile/mile2 of  watershed area.  Development is limited to the Dungeness Forks Campground, located at the confluence of the Dungeness and Gray Wolf Rivers.  A foot and pack animal trail follows the Gray Wolf River upstream, with a log stringer bridge located at RM 4.  A trail in the Slab Camp drainage intercepts the Gray Wolf trail at RM 5.  Over 46,000 contiguous acres of the watershed are in the Olympic National Park and Buckhorn Wilderness, remaining in a natural state, providing cold, clean water for salmonids.  Limited access and restrictive fishing regulations should keep this watershed as prime refugia habitat.  The Gray Wolf River watershed is considered Properly Funtioning for bull trout and chinook salmon.
2.1.6  Channel Conditions and Dynamics
Width/Depth RatioThe geomorphology of the basin  varies from the steep, confined valleys of the upper basin, to the wider, lower gradient alluvial valley below RM 10. Channel geometry, or width/depth ratios would naturally vary with changes in valley morphology.  The USGS stream gaging station at RM 11.8 recorded a change in channel geometry at the gage site in the 1960's,  indicating increased sediment transport from upstream.  In the 1990's the channel geometry at the gage site had returned to what are considered pre-disturbance conditions.  However agricultural, rural and urban development, below RM. 10, have altered the rivers ability to effectively transport sediment, resulting in sections of aggradation, channel widening and  braiding.  Five bridges cross the Dungeness River in the lower valley.  The bridges act as constrictions, reducing stream flow velocity, causing sediment to be deposited upstream of the bridges, and raising the streambed.  The aggraded streambed may cause the channel to meander or braid.   Increasing the stream bed elevation can cause increased flooding.  Dikes and rip-rap in the lower river have been built to control flooding, by containing the river.  These structures reduce the rivers ability to flood onto the floodplain and deposit its sediment load.  This sediment load is now deposited in the river channel7,8,21 .  A rating of
Not Properly Functioning was assigned in the Lower Dungeness River.
The Gray Wolf River watershed is considered to be in reference condition.  The bridge was not considered constrictive21 .  The Gray Wolf River watershed is considered Properly Funtioning for bull trout and chinook salmon. 
There is no indication of change in the Upper Dungeness River watershed, except in Gold Creek where significant mass wasting occurred in the late 1960's.  It is assumed that management activities exacerbated unstable conditions in a deep seated failure.  A determination of Properly Functioning was made for the Upper Dungeness watershed, and an At Risk call was made for Gold Creek and the downstream portion  of the Upper Dungeness.  
Streambank ConditionAt Risk.   Aggradation is of high concern in the lower 10 miles of the Dungeness River.  Rip-rapping, diking and channel constrictions result in lateral channel migration and stream bank erosion. Stream surveys indicate a high incidence of bank erosion from RM 4 through RM 6.  Bank sloughing was noted at RM 107.   Rural and agricultural development in the lower river have removed riparian vegetation which provides bank stability19 .   Not Properly Functioning was assigned in the Lower Dungeness River for this indicator.  
Photo analysis of the  upper Gold Creek sub-watershed showed that streambank erosion was still active. There is no indication that any management activities are affecting stream bank erosion in any other parts of the Upper Dungeness watershed.  Given the large number of acres in LSR, Wilderness and Olympic National Park, a determination of Properly Functioning was made for the Upper Dungeness watershed, and an At Risk call was made for Gold Creek and the downstream portion  of the Upper Dungeness .  
 Erosional processes in the Gray Wolf watershed are considered to be at natural levels.  Properly Functioning was assigned to this indicator. 
Floodplain Connectivity There are several miles of levees and 4.4 miles of dikes in the lower watershed.  Five diversions remove water from the system, reducing baseflow and access to side channels6.  Dikes and rip-rap in the lower river have been built to control flooding, by containing the river.  These structures reduce the rivers ability to flood onto the floodplain and deposit its sediment load.  This sediment load is now deposited in the river channel8,21 .  Not Properly Functioning was assigned to this indicator for the Lower Dungeness watershed. 
The naturally steep, confined valleys, where the river is actively downcutting, prevents significant floodplain development in the Upper Dungeness and Gray Wolf watersheds.  A determination of  Properly Functioning was made for the upper two watersheds. 
2.1.7 Flow/Hydrology
Peak/Base FlowsPrecipitation in the Dungeness Basin  is generally low due to the rain shadow effect of the Olympic Mountains and this contributes to naturally low flows in summer.  Snowpack contributes to water quantity through melting and rain-on-snow events.  This melted water then infiltrates streams and tributaries which feed the  Dungeness River.  There is excellent long term data on stream flows from the USGS gaging site at RM 11.821.   Five diversions, provide water for the ditches of 5 irrigation companies and 4 districts, in the lower 10 miles of the river.  Water rights exceed water supply during low flows; however, users have never exercised the right to remove the entire allocation.    Water diversion for agricultural use is considered to be a major contributor to the decline of Dungeness River spring-run chinook salmon stocks3. This indicator is considered  Not Properly Functioning in the Lower Dungeness River watershed. 
There is naturally little storage capacity in the upper Dungeness Basin, due to landform and geology.  There is no indication that management activities have altered any hydrologic processes in the Upper Dungeness River and Gray Wolf River watersheds.  This indicator is considered to be  Properly Functioning in these to watersheds.
Drainage Network IncreaseThe Gray Wolf River watershed has an extremely low number of road miles.  While trails may have some effect on sub-surface intercept and delivery there is no information to support any effects related to hiking trails.   In the Upper Dungeness River watershed, Gold Creek has the highest road density.  A survey of all sub-watersheds showed a fairly low number of stream crossings/mile. This indicator is considered to be Properly Functioning in these to 2 watersheds, with an At Risk  determination for Gold Creek and the downstream portion  of the Upper Dungeness .  
High road densities in the Lower Dungeness River watershed, combined with the high number of paved road miles led to a determination of Not Properly Functioning in this watershed.  The Dungeness River Watershed Analysis did not address the effects of storm water management in the rural/urban areas.  The extensive irrigation network of 97 miles was considered as a factor in decreasing stream flows.
2.1.8 Watershed Conditions
Road Density and LocationRoad density in the Gray Wolf river watershed is less than 0.3 miles of road/mile2 of watershed area.  This indicator is considered  Properly Functioning in the Gray Wolf River.
Within the Upper Dungeness River watershed there are 27,000 acres in the Buckhorn Wilderness and Olympic National Park which are roadless.  Several sub-watersheds have road densities < 1.0 mile of road/mile2 of watershed area.  Gold Creek has a more extensive road system reflecting the high rate of harvest in that drainage.   The Gold Creek sub-watershed has >2.5 miles road/mile2 of watershed area.  Most of the roads appear to be located mid-slope and ridge top, with some valley bottom roads associated with the East Crossing Campground.  There are several miles of trail, outside of the Wilderness area that are open to ATV's.  A determination of Properly Functioning was made for the Upper Dungeness watershed, and an At Risk call was made for Gold Creek and the downstream portion  of the Upper Dungeness .  
Three out of four sub-watersheds within the ONF boundary have >2.5 miles road/mile2 of watershed area.   Road density is greater than 5 miles road/mile2 in several sub-watersheds within the Lower Dungeness River watershed and outside the National Forest boundary.  These calculations included roads  in urban and rural areas and not associated with managed forest lands.  The effects of paved surfaces and run-off were not assessed in the analysis. A determination of Not Properly Functioning for this indicator in  Lower Dungeness River watershed.  
Disturbance History Throughout this baseline evaluation the reviewer has documented the extensive alterations for human use in the Lower Dungeness watershed.  European settlement commenced in the 1800's.  Rural and agricultural lands occupy 56 square miles of the lower watershed.  There are 604 small farms and 34 commercial farms.  Private woodlots make up 13 square miles; land under conversion from forest or agriculture to residential made up 4 square miles.  Urban areas within the watershed cover 410 acres19 .  A determination of Not Properly Functioning for this indicator in  Lower Dungeness River watershed. 
Less than 1.5% of the Gray Wolf River watershed has been logged, with activity mostly confined to the lower portion of the watershed20 .  Road densities are < 0.3 mile/mile2 of  watershed area.  Development is limited to the Dungeness Forks Campground, located at the confluence of the Dungeness and Gray Wolf Rivers.  A foot and pack animal trail follows the Gray Wolf River upstream, with a log stringer bridge located at RM 4.  A trail in the Slab Camp drainage intercepts the Gray Wolf trail at RM 5.  Over 46,000 contiguous acres of the watershed are in the Olympic National Park and Buckhorn Wilderness. The Gray Wolf River watershed is considered Properly Functioning.
While some timber harvest activity (<10%) has occurred in the Upper Dungeness River watershed, especially in Gold Creek and the mainstem river, the concentration of activity and its effects would most likely be felt downstream in the Lower Dungeness watershed.  An anadromous barrier at RM 18.9, isolates the fluvial bull trout population from the anadromous fishes, which utilize only the lower 1.5 miles of this watershed.  Over 27,000 acres are within the Buckhorn Wilderness and the Olympic National Park and remain roadless and have never been logged.  Almost all the remaining acres (18,000) are in Late Successional Reserve (LSR).  Limited access to the upper watershed above the anadromous barrier (RM18.7) and restrictive fish regulations should keep this watershed as a prime refugia for bull trout.  A determination of Properly Functioning was made for the Upper Dungeness watershed, and an At Risk call was made for Gold Creek and the downstream portion  of the Upper Dungeness.  Summer chum are not found in this watershed.
Riparian Reserves  Riparian areas in the Lower Dungeness watershed have been significantly altered by human development.  Vegetation is fragmented by other land uses such as dikes, homes and agriculture.  Where vegetation does exist it is a mix of small diameter hardwoods and conifers19.  Above the ONF boundary at RM 13.3  there are large intact stands in the riparian reserve.  80% of the vegetation is considered good for LWD recruitment in this reach Not Properly Functioning for this indicator in  Lower Dungeness River watershed. 
Within the Gray Wolf and Upper Dungeness watersheds large contiguous acres of undisturbed riparian reserves will continue to provide shading, large woody debris and bank stability for optimum fish habitat.  The exception is Gold Creek where 39% of the riparian reserves have been harvested20 .  A determination of Properly Functioning was made for the Upper Dungeness watershed, and an At Risk call was made for Gold Creek and the downstream portion  of the Upper Dungeness .  
Disturbance Regime Alpine and continental glaciation have shaped the Dungeness Basin.  The highly erodible glacial deposits and steep mountain valleys produce large amounts of sediment which are transported to the lower valley.  The Dungeness Basin has experienced large, intense  fires 3 times in the last 700 years, at approximate intervals of 200 years, with more frequent but smaller fires on a regular basis in the highlands.  For many decades following these large scale fires,  large inputs of fine and coarse sediment  and woody debris were supplied to the stream system20 .  Water quantity is driven by climate, with indications that current climate conditions are dryer.  Precipitation was higher in the 1800's suggesting large floodflows prior to the 1900's 21 .  Conditions in the Gray Wolf watershed will continue to function at pre-settlement conditions, subject to changes in climate.  Fire suppression policies by the ONP and ONF may return wildfire frequencies to a more natural level.  The major use of this watershed will be for hiking and camping in a wilderness setting.  This indicator is considered  Properly Functioning in the Gray Wolf River for bull trout and chinook.
Disturbance in the Upper Dungeness watershed will be mostly controlled by the same processes affecting the Gray Wolf watershed.  With 27,000 acres in Wilderness and the Olympic National Park, over 60% of the watershed remains unroaded and un-managed.  Recreation will be the major activity in the form of hiking and camping.  The remainder of the watershed is in LSR, where minimal timber management activities will occur.  Road densities are low overall (except in Gold Creek), but will decrease as more roads are decommissioned.  Gold Creek is naturally unstable, due to large glacial lake deposits, but the legacy of harvesting and roading in this sub-watershed may take decades to return to natural conditions.  The effects of disturbances in Gold Creek will not effect bull trout in the Upper Watershed, but may have some negative effect on chinook.  A determination of Properly Functioning was made for the Upper Dungeness watershed, and an At Risk call was made for Gold Creek and the downstream portion  of the Upper Dungeness .  
The majority of forested lands within the ONF in the Lower Dungeness River watershed are designated as Late Successional Reserve, and will undergo limited timber harvesting, primarily in the form of  thinnings.  Riparian Reserves are designed to protect aquatic habitat, and protect unstable soils from mass wasting.  Outside the Forest boundary it is expected that timber harvest and land conversions are will continue.  Urban growth  in the Lower Dungeness River watershed is expected to continue indefinitely, as large farms are sold and broken into sub-divisions, further impacting water resources in the valley.   Hydrologic functioning and sediment transport will continue to be affected by human alterations in the lower watershed.  Dikes, levees, and bridge constrictions will continue to cause streambed aggradation, and streambed instability affecting fish productivity.  Continued urban growth will increase the potential for pollution.  A rating of Not Properly Functioning assigned to this indicator in the  Lower Dungeness River watershed for summer chum. bull trout and chinook. 
2.1.9  Subpopulation Characteristics within Subpopulation Watersheds

Subpopulation Size The most complete data available to this reviewer on fish numbers and size classes for bull trout/Dolly Varden is from WDF&W surveys in the Upper Dungeness watershed, above the falls at RM 18.817 .  Native char appeared to be well represented at a density of almost 0.8 fish/meter sampled.  While very limited  information on native char is available for the Gray Wolf watershed, given the nearly unmanaged state of the watershed and unaffected habitat, a determination of Properly Functioning was made for this indicator in both watersheds.
Bull trout have been captured in the Lower Dungeness River watershed.  Anglers report that bull trout/Dolly Varden were historically common and widespread from the lower to upper watershed.  They report that they are still widespread but greatly reduced in numbers17.  A rating of Not Properly Functioning assigned to this indicator in the  Lower Dungeness River watershed due to the reduced numbers of other salmonids in this watershed. 
Growth and Survival - Growth and survival in the Upper Dungeness watershed and the Gray Wolf watersheds of native char, is assumed to be at a level consistent with the watersheds carrying capacity.   Based on the evaluation of habitat indicators and disturbance history in these 2 watersheds a rating of  Properly Functioning is assigned to this indicator . 
Based on the assessment of the severely degraded habitat in the lower 10.8 miles of the Dungeness River and due to the reduced numbers of other salmonids in this watershed. a rating of Not Properly Functioning assigned to this indicator in the Lower Dungeness River watershed.  
Life History Diversity and Isolation Unknown. Based on fish distribution throughout the watershed, the migratory form may be present1.  No identified intervening human factors reduce connectivity between subpopulations.  The Dungeness River flows into the Straits of Juan De Fuca, and connectivity to adjacent watersheds and subpopulations via the Straits is possible but undetermined.
Persistence and Genetic Integrity  Natural barriers have always inhibited  connectivity between the two Upper Dungeness River watershed subpopulations.  Possible connectivity between the Lower Dungeness subpopulation and other anadromous populations is possible, as bull trout could easily migrate between the Lower Dungeness and the Gray Wolf watersheds, and the lower portion of the Upper Dungeness River watershed.  A rating of Properly Functioning is assigned to this indicator in the three Dungeness River watersheds.
2.1.10  Species and Habitat
Species Integration and Habitat Conditions While few studies relate past and ongoing management activities to impacts on the Dungeness River bull trout/Dolly Varden subpopulation, several studies have related degraded habitat conditions to the decline of salmon stocks 1, 6, 8, 13.  Habitat conditions in the lower river are severely degraded.  These findings relating habitat conditions to salmon stock declines are assumed to be applicable to the Lower Dungeness River bull trout/Dolly Varden subpopulation.  A rating of Not Properly Functioning assigned to this indicator in the  Lower Dungeness River watershed.
While the Upper Dungeness watershed is accessible to anadromous fish for 1.5 miles, a  falls at RM 18.8 blocks fish migration upstream.  Native char  were located up to RM 29 .
Habitat conditions affecting  bull trout/Dolly Varden subpopulations in the upper basin watersheds are, for the most part, in pristine condition.  Conditions in the Gray Wolf are considered pristine and have been well documented in the baseline narrative.  A determination of Properly Functioning was made for this indicator in both watersheds.
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1.  INTRODUCTION
EA Engineering, Science, and Technology (EA) evaluated baseline environmental conditions of the Big Quilcene River watershed on the Olympic Peninsula in Washington for the USDA Forest Service (USFS).  Evaluation methods included the Matrix of Pathways and Indicators (National Marine Fisheries Service August 1996) and A Framework to Assist in Making Endangered Species Acts Determinations at the Bull Trout Subpopulation Watershed Scale (U.S. Fish and Wildlife Service February 1998).  For the baseline assessment, a determination of functioning, at risk, or not properly functioning was applied to fifth-field watersheds.
Primary sources of data used in the evaluation include the Big Quilcene Watershed Analysis (Olympic National Forest, USFS 1994) and Salmon and Steelhead Habitat Inventory and Assessment Project:  Big Quilcene Watershed (Draft Report), Point No Point Treaty Council (1997).  These two reports are assessments of terrestrial, riparian, and aquatic reference conditions and current conditions through compilation of available data, and follow the requirements in the Ecosystem Analysis at the Watershed Scale, Federal Guide to Watershed Analysis (1995).  The watershed analysis was prepared by an interagency team consisting of the Olympic National Forest, Washington State Department of Natural Resources, Washington State Department of Fish and Wildlife, U.S. Fish and Wildlife Service (USFWS), Washington State Department of Ecology, Point No Point Treaty Council, and the City of Port Townsend.  Other documents used in developing analysis components are referenced as endnotes in the text.
Indicator ratings in each matrix (Table 1 in Section 2 for salmonids, Table 2 in Section 3 for bull trout) were assigned using available data that was often qualitative, rather than quantitative.  This qualitative data was interpreted to arrive at quantitative values that could be compared to ratings criteria.  Section 2 presents summer-run chum salmon, coho salmon and cutthroat trout data; bull trout data is presented in Section 3.  Sections 2.1 and 3.1 also discuss the reasoning used to develop each pathway indicator rating.  Criteria may be adjusted for local conditions and processes, as described in the evaluation method (National Marine Fisheries Service [NMFS] 1996; USFWS 1998).  These two sections provide justification for ratings where criteria for indicators appeared to be out of the range of natural conditions.  These sections do not attempt to establish new criteria, but rather provide descriptions of local conditions and processes that directly influenced the indicator value.  For example, if recorded water temperatures fell into the not properly functioning category using NMFS or USFWS (salmonids or bull trout, respectively) criteria, but represented natural (historic) conditions, a rating of functioning was assigned.  References cited in the text are provided in Section 4.

2.  NMFS MATRIX FOR SALMONID SPECIES
EA evaluated the Big Quilcene River watershed for summer-run chum salmon, chinook salmon, coho salmon and cutthroat trout through the use of the NMFS Matrix.  This matrix (Table 1) was developed to document baseline environmental conditions in order to assist in determining the effects of individual or grouped actions at the watershed scale.

Table 1 - Big Quilcene River Salmonid Matrix.
	
	
	ENVIRONMENTAL BASELINE

	PATHWAYS
	INDICATORS
	Properly Functioning
	At Risk
	Not Properly Functioning

	Water Quality:
	Temperature
	X
	
	

	
	Sediment/Turbidity
	 
	X
	

	
	Chemical Contaminants and  Nutrients
	X
	
	

	Habitat Access:
	Physical Barriers
	
	
	X

	Habitat Elements:
	Substrate
	
	X
	

	
	Large Woody Debris
	
	
	X

	
	Pool Frequency
	
	X
	 

	
	Pool Quality
	
	X
	

	
	Off-Channel Habitat
	
	
	X

	
	Refugia
	
	
	X

	Channel Condition and Dynamics:
	Width/Depth Ratio
	
	X
	

	
	Streambank Condition
	
	
	X

	
	Floodplain Connectivity
	
	
	X

	Flow/Hydrology:
	Peak/Base Flows
	
	
	X

	
	Drainage Network Increase
	
	X
	

	Watershed Conditions:
	Road Density and Location
	
	
	X

	
	Disturbance History
	
	
	X

	
	Riparian Reserves
	
	
	X


The Big Quilcene River watershed comprises 53,016 acres and includes the Big Quilcene River and all streams draining Mount Walker south to and including Marple and Jackson Creeks.  From its headwaters on the southeast slopes of Buckhorn Mountain and the northeast mountain slopes in the vicinity of Camp Mystery and Marmot Pass at elevations near 6,000 feet, the Big Quilcene River flows in an easterly direction to empty into Quilcene Bay at sea level.  The total mainstem length is 19 miles, with combined tributary lengths of 80 miles.  Approximately 52 percent of the watershed area is managed by the Olympic National Forest, 27 percent is within Buckhorn Wilderness Area, 12 percent is privately owned (including municipal ownership), 7 percent is under the management of Washington State Department of Natural Resources, and 2 percent is within Olympic National Park boundaries.  The Big Quilcene is a Tier II Key Watershed under the NWFP.

2.1  RATIONALE FOR PATHWAY INDICATOR RATINGS FOR SALMONIDS
2.1.1  Stock Definition, Origin, and Status
Chinook - The presence or documentation of any native summer/fall runs of chinook in the Big Quilcene watershed is not mentioned in the following documents:  Salmon and Steelhead Stock Inventory (SASSI, 1992), The Status of Pacific Salmon Stocks in the Quilcene  Ranger District  (Lichatowich, 1993) and Status Review of Chinook Salmon from Washington, Idaho, Oregon and California (NOAA, 1998).  In Williams (1975), mention is made of chinook in the Big Quilcene.  The Quilcene National Fish Hatchery has been in operation since 1911.  The BQWA fish module reported that eggs were taken from the small fall spawning populations in the Little and Big Quilcene Rivers and Duckabush River.  Egg takes were limited so chinook eggs from other basins were imported.
Summer-run Chum SalmonSummer-run chum salmon spawn in the Big Quilcene River from mid-September through late October1.  Summer-run chum spawn up to rivermile (RM) 2.8, the location of the Quilcene National Fish Hatchery.  Primary spawning grounds are in the first mile of the Big Quilcene River.  The early (summer) run is native stock with wild production.  Stock status is critical due to chronically low escapement2.  Although there are no escapement figures specific to the Big Quilcene River, Hood Canal escapement has fallen from a high of nearly 44,000 fish in 1968 to approximately 700 in 19911.
C2.1.2  Water Quality
TemperatureProperly Functioning.  Annual high water temperatures recorded at the fish hatchery range from 62 to 64F4.  Temperatures recorded from 1983 to present indicate that temperatures are suitable year-round for fish habitat and reproduction3.  Riparian zones, channel geometry, and streamflows have been altered in the lower watershed, which is the main spawning ground for chum salmon.  Riparian zones have been cleared for agriculture and development, which reduces streamside shade.  The stream has also widened due to aggradation, exposing a greater surface area to solar radiation.  Streamflows during the warmest months have been reduced due to water withdrawals5.

The effectiveness of dominant factors influencing water temperature (i.e., shade, stream width, flow) have been altered in the lower 2 miles of the Big Quilcene River, representing  the  probability that water temperatures have increased over the natural or reference condition.  However there is no indication that temperatures are a limiting factor on salmon productivity in the lower several miles of the mainstem 18.

Eighty percent of the riparian zones in the upper watershed are at or above target shade levels6.  Temperatures in the upper watershed are assumed to be near-reference conditions, based on high gradients, confined channels that provide a topographic control on solar radiation input, and good riparian canopy.  In addition the upper watershed lies within designated Wilderness.

Sediment/TurbidityAt Risk.  No quantitative information on fine sediment was available on watershed or reach scale.  Some inferrences on increased levels of fine sediments in the spawning gravels may can be made based on documentation of aggradation in the lower several miles of the mainstem Big Quilcene, relating to land management activities and rural development. Habitat surveys conducted from RM 4-9 indicate that cobble and small boulder were dominant substrate.  Fine sediment was limited to sheltered locations behind large roughness elements8.

Chemical Contaminants and NutrientsProperly Functioning.  The City of Port Townsend samples the Big Quilcene River yearly for inorganic contaminants, volatile organics, pesticides, polychlorinated biphenyls (PCB), and herbicides; and quarterly for nitrates and trihalomenthanes.  All tests indicate the river water is of very high quality9.  
2.1.3  Habitat Access
Physical BarriersNot Properly Functioning.  A gorge between RM 4.8 and 7.4 contains several cascades and falls that are believed to be anadromous fish barriers8.  The Quilcene National Fish Hatchery was built at the confluence of the Big Quilcene River and Penny Creek in 1911.  An electronic weir, operated as part of the hatchery operations, limits passage of certain fish species from late spring to December at RM 2.4.  Fish passage in Penny Creek is also blocked by hatchery structures.  Additional 3.0 miles of anadromous habitat might be made available if the hatchery blockages were removed.  A culvert on USFS Road 3057 in Penny Creek subwatershed has also been identified as a possible barrier to fish passage3.
2.1.4  Habitat Elements
SubstrateAt Risk.  A rating of at risk is assigned due to cobble instability rather than size and distribution of bed substrate.  Cobbles and small boulders dominate bed substrate in mid and upper reaches of the Big Quilcene River; cobbles and gravel dominate lower stretches7.  Strands of fine sediment accumulate behind roughness elements and in locally sheltered locations8.

Chum salmon prefer spawning in the lower 2 miles of the river.  Of these 2 miles, 1.1 miles have been diked and/or armored with riprap.  Chum salmon favor spawning between the dikes because the gravel is easily dug out to form redds11; however, dikes and bank armoring increase frequency and periodicity of bed mobilization, resulting in greater scour of redds3.  Some level of aggradation has occured in the lower mainstem possibly increasing embeddedness.  Higher gardient reaches in the mainstem above RM 7, are transport reaches, which route sediment through to the lower watershed.  Embeddedness would most likely be lower in the higher gradient resident fish reaches of the mainstem and tributaries. 
Large Woody DebrisNot Properly Functioning.  Wood removal activities in the lowest 2 miles of the river greatly reduced wood debris.  The Washington Dept. of Fisheries stream improvement division and local landowners removed wood from the channel after the 1960's 18.  Fifty-two pieces larger than 24 inches in diameter and 50 feet long were recorded in the first 7 miles.  Tributaries in the upper subwatersheds above the anadromous zone averaged five pieces of large woody debris (LWD) per mile7.
Nearly 50 percent of riparian zones analyzed in the lower watershed area (Penny and Spencer Creeks and the lower Quilcene River) rated poor for LWD recruitment potential6.  Seventy-eight percent of riparian zones in the upper subwatersheds rated good; 10 percent rated poor.
Pool FrequencyAt Risk.  Pool frequency and quality have been reduced by LWD removal and streambed channelization in the lower watershed.  Historical information suggests that the lower 5 miles of the Big Quilcene River contained good levels of LWD and frequent pool habitat     18.  The first 7 miles of the Big Quilcene River average 12 pools per mile.  The pool-to-riffle ratio is 18:7712.
Pool frequency in the upper Big Quilcene River, Townsend Creek, and Tunnel Creek fell well below criteria for properly functioning with 17, 23, and 10 pools per mile, respectively12, but this may be more of a reflection of channel gradient, confinement and bed material, than a response to LWD loading.  Upper reaches of these subwatersheds lie within wilderness designation and are considered in reference condition.
Pool QualityAt Risk.  LWD and pool quality are closely linked in the lower Big Quilcene River13.  A proportionate decrease in large pools occurs when LWD is removed from the lower watershed.  A drop in pool quality is indicated by the pool-to-riffle ratio of 18:77.  The Big Quilcene River does contain deep pools with residual depths averaging >3 feet from RM 4 - 9 12.  Overall the number of deep pools has been reduced corresponding to channel simplification and reduced LWD loading in the lower mainstem 18.  
Off-Channel HabitatNot Properly Functioning.  The highest level of potential natural off-channel habitat is in the lowest 2 miles of the Big Quilcene River, where elevational gradients decrease and multiple channels can develop in the floodplain.  An estimated 2 miles of side channel habitat has been lost in the lowest reaches of the river due to diking, levees, and LWD removal activities3.  Twenty-four Washington State Department of Fish and Wildlife permits have been issued to modify the lower reach:  11 for gravel removal and dredging, 10 for bank protection, and 3 for wood removal11.
RefugiaNot Properly Functioning.  No refugia exists within the anadromous zone.  Limited  refugia for resident populations may exist in the upper watershed within the wilderness designation .
2.1.5  Channel Conditions and Dynamics
Width/Depth RatioAt Risk.  Although there are no historical measurements of width-to-depth ratios for comparison to present conditions, an analysis of aerial photos from the 1940s to present shows an increase in width in the lower 5 miles of the mainstem primarily due to aggradation8.  The Big Quilcene River mouth has a serious gravel aggradation situation and channel shifting has occurred at least twice during the past 15 years1.  Habitat surveys conducted from the ONF boundary upstream, indicate that  ratios of channel width/depthare within parameters that are representative of more confined, higher gradient streams. 
Streambank ConditionNot Properly Functioning.  Approximately 400 feet of streambank in the lower reach has extensive erosion on both sides.  Channel bank reinforcement of riprap is evident throughout the lower 3 miles.  Diking and levees in the lower reaches have replaced natural channel banks3.  The Big Quilcene River mouth has a serious gravel aggradation situation and channel shifting has occurred at least twice during the past 15 years1.
Floodplain ConnectivityNot Properly Functioning.  The largest natural floodplain is in the lower 2 miles where gradients and valley confinement decrease.  An estimated 2 miles of side channel and floodplain access has been lost in the lower 2 miles of the river due to diking, levees, and dredging activities3.
2.1.6  Flow/Hydrology
Peak/Base FlowsNot Properly Functioning.  Two diversions significantly reduce baseflow:  Port Townsend city water supply and the National Fish Hatchery.  The City of Port Townsend removes water at RM 9.4.  Historically, this removal eliminated all surface water during low flows at that location.  The city currently releases water voluntarily for fisheries and the downstream fish hatchery.  The Big Quilcene National Fish Hatchery diverts water at RM 3.1 for hatchery operations.  Although most of the water is returned to the channel, reduced instream flow in the bypass reach has occurred in the past8.
Summer-run chum spawning coincides with low flow conditions.  Between 1981 and 1990, the channel was dry for periods ranging between 12 and 92 days per year.  The channel was dry during most of the summer chum spawning period in 1985 through 1989.  Cooperative efforts now increase downstream flow for improved spawning habitat, although flows remain diminished throughout the spawning period8.

The rain-on-snow zone is most susceptible to changes in peak flow.  Peak flow assessment for this area found very little change in streamflow from reference conditions.  Eleven percent of the basin is in hydrologically immature stands13.
Drainage Network IncreaseAt Risk.  The direction of surface water runoff flow from roads and where that runoff ends up is unknown in the developed portion of the watershed.  The uncertainty of where runoff from developed areas goes led to an at risk rating.
The upper watersheds of the Big Quilcene River, Townsend Creek, and Tunnel Creek are most susceptible to runoff alterations due to road construction.  The highest drainage density and precipitation are found in these areas.  Road densities are 1.37, 0.077, and 0.041 miles of road per square mile of drainage, respectively.  It is unlikely that there has been an increase in the drainage network at this level of road development.

Three subwatersheds in the lower half of Big Quilcene River have road densities greater than 4.0 miles of road per square mile of drainage.
2.1.7  Watershed Condition
Road Density and LocationNot Properly Functioning.  The Big Quilcene River watershed averages 2.7 miles of road per square mile.  Three out of the 11 subwatersheds have road densities greater than 4.0 miles of road per square mile; 4 have greater than 3.0 miles of road per square mile.
Disturbance HistoryNot Properly Functioning.  It has been found that there is a 140 percent increase in sediment if road densities exceed 4.0 miles of road per square mile and an 80 percent increase if road densities exceed 3.0 miles of road per square mile.  Landslides in the Big Quilcene River watershed have increased an average of 1.8 times over natural background rates.  Mass wasting surfaces along the mainstem below RM 10 have increased 100 percent over reference; the frequency of debris avalanches in the inner gorge has changed from approximately 20 to 50 years to approximately 2 to 5 years14.
Riparian ReservesNot Properly Functioning.  Riparian zones in the upper watershed are functioning with few openings and good connectivity, based on LWD recruitment potential, streamside shading, and wilderness management.  Riparian zone vegetation in the lower watershed has been extensively removed for drainage, levee and dike development, and agriculture development15.
3.  USFWS MATRIX FOR BULL TROUT
EA evaluated the Big Quilcene River watershed for bull trout through the use of the USFWS matrix.  This matrix (Table 2) was developed to document baseline environmental conditions in order to assist in determining the effects of individual or grouped actions at the bull trout subpopulation watershed scale.

Table 2 - Big Quilcene River Bull Trout Matrix.
	
	
	ENVIRONMENTAL BASELINE

	PATHWAYS
	INDICATORS
	Properly Functioning
	At Risk
	Not Properly Functioning

	Subpopulation Characteristics 
within Subpopulation 
Watersheds:
	Subpopulation Size
	
	
	

	
	Growth and Survival
	
	
	

	
	Life History Diversity and Isolation 
	
	
	

	
	Persistence and Genetic Integrity
	
	
	

	Water Quality:
	Temperature
	X
	
	

	
	Sediment/Turbidity
	 
	X
	

	
	Chemical Contaminants and Nutrients
	X
	
	

	Habitat Access:
	Physical Barriers
	
	
	X

	Habitat Elements:
	Substrate Embeddedness
	
	X
	

	
	Large Woody Debris
	
	
	X

	
	Pool Frequency 
	
	X
	 

	
	Pool Quality
	
	X
	

	
	Off-Channel Habitat
	
	
	X

	
	Refugia
	
	
	X

	Channel Condition 
and Dynamics:
	Width/Depth Ratio
	
	X
	 

	
	Streambank Condition
	
	
	X

	
	Floodplain Connectivity
	
	
	X

	Flow/Hydrology:
	Peak/Base Flows
	
	
	X

	
	Drainage Network Increase 
	
	X
	

	Watershed 
Conditions:
	Road Density and Location
	
	
	X

	
	Disturbance History
	
	
	X

	
	Riparian Reserves
	
	
	X

	
	Disturbance Regime
	
	X
	

	Species and Habitat:
	Species Integration/Habitat Conditions
	
	
	


3.1  RATIONALE FOR PATHWAY INDICATOR RATINGS FOR BULL TROUT

3.1.1  Stock Definition, Origin, and Status
Neither SASSI1 nor the Federal Register16 indicate the presence of bull trout/Dolly Varden in the Quilcene Basin.  The Quilcene National Fish Hatchery has documented fish trapped in the facility's weirs since the early 1900s; there are no records of bull trout/Dolly Varden presence2.  Snorkel and electrofishing surveys failed to identify any bull trout/Dolly Varden in the Big Quilcene River watershed17.
3.1.2  Subpopulation Characteristics within Subpopulation Watersheds

Subpopulation SizeUnknown .
Growth and Survival Unknown

Life History Diversity and IsolationUnknown.  .
Persistence and Genetic IntegrityUnknown.
3.1.3  Water Quality
TemperatureProperly Functioning.  Annual high water temperatures recorded at the fish hatchery range from 62 to 64F4.  Temperatures recorded from 1983 to present indicate that temperatures are suitable year-round for fish habitat and reproduction3.  Riparian zones, channel geometry, and streamflows have been altered in the lower watershed, which is the main spawning ground for chum salmon.  Riparian zones have been cleared for agriculture and development, which reduces streamside shade.  The stream has also widened due to aggradation, exposing a greater surface area to solar radiation.  Streamflows during the warmest months have been reduced due to water withdrawals5.

The effectiveness of dominant factors influencing water temperature (i.e., shade, stream width, flow) have been altered in the lower 2 miles of the Big Quilcene River, representing  the  probability that water temperatures have increased over the natural or reference condition.  However there is no indication that temperatures are a limiting factor on salmon productivity in the lower several miles of the mainstem 18.

Eighty percent of the riparian zones in the upper watershed are at or above target shade levels6.  Temperatures in the upper watershed are assumed to be near-reference conditions, based on high gradients, confined channels that provide a topographic control on solar radiation input, and good riparian canopy.  In addition the upper watershed lies within designated Wilderness.

Sediment/TurbidityAt Risk.  No quantitative information on fine sediment was available on watershed or reach scale.  Some inferrences on increased levels of fine sediments in the spawning gravels may can be made based on documentation of aggradation in the lower several miles of the mainstem Big Quilcene, relating to land management activities and rural development. Habitat surveys conducted from RM 4-9 indicate that cobble and small boulder were dominant substrate.  Fine sediment was limited to sheltered locations behind large roughness elements8.

Chemical Contaminants and NutrientsProperly Functioning.  The City of Port Townsend samples the Big Quilcene River yearly for inorganic contaminants, volatile organics, pesticides, polychlorinated biphenyls (PCB), and herbicides; and quarterly for nitrates and trihalomenthanes.  All tests indicate the river water is of very high quality9.  
3.1.4  Habitat Access
Physical BarriersNot Properly Functioning.  A gorge between RM 4.8 and 7.4 contains several cascades and falls that are believed to be anadromous fish barriers8.  The Quilcene National Fish Hatchery was built at the confluence of the Big Quilcene River and Penny Creek in 1911.  An electronic weir, operated as part of the hatchery operations, limits passage of certain fish species from late spring to December at RM 2.4.  Fish passage in Penny Creek is also blocked by hatchery structures.  Additional 3.0 miles of anadromous habitat might be made available if the hatchery blockages were removed.  A culvert on USFS Road 3057 in Penny Creek subwatershed has also been identified as a possible barrier to fish passage3.
3.1.5 Habitat Elements
SubstrateAt Risk.  A rating of at risk is assigned due to cobble instability rather than size and distribution of bed substrate.  Cobbles and small boulders dominate bed substrate in mid and upper reaches of the Big Quilcene River; cobbles and gravel dominate lower stretches7.  Strands of fine sediment accumulate behind roughness elements and in locally sheltered locations8.

Chum salmon prefer spawning in the lower 2 miles of the river.  Of these 2 miles, 1.1 miles have been diked and/or armored with riprap.  Chum salmon favor spawning between the dikes because the gravel is easily dug out to form redds11; however, dikes and bank armoring increase frequency and periodicity of bed mobilization, resulting in greater scour of redds3.  Some level of aggradation has occured in the lower mainstem possibly increasing embeddedness.  Higher gardient reaches in the mainstem above RM 7, are transport reaches, which route sediment through to the lower watershed.  Embeddedness would most likely be lower in the higher gradient resident fish reaches of the mainstem and tributaries. 
Large Woody DebrisNot Properly Functioning.  Wood removal activities in the lowest 2 miles of the river greatly reduced wood debris.  The Washington Dept. of Fisheries stream improvement division and local landowners removed wood from the channel after the 1960's 18.  Fifty-two pieces larger than 24 inches in diameter and 50 feet long were recorded in the first 7 miles.  Tributaries in the upper subwatersheds above the anadromous zone averaged five pieces of large woody debris (LWD) per mile7.
Nearly 50 percent of riparian zones analyzed in the lower watershed area (Penny and Spencer Creeks and the lower Quilcene River) rated poor for LWD recruitment potential6.  Seventy-eight percent of riparian zones in the upper subwatersheds rated good; 10 percent rated poor.
Pool FrequencyAt Risk.  Pool frequency and quality have been reduced by LWD removal and streambed channelization in the lower watershed.  Historical information suggests that the lower 5 miles of the Big Quilcene River contained good levels of LWD and frequent pool habitat     18.  The first 7 miles of the Big Quilcene River average 12 pools per mile.  The pool-to-riffle ratio is 18:7712.
Pool frequency in the upper Big Quilcene River, Townsend Creek, and Tunnel Creek fell well below criteria for properly functioning with 17, 23, and 10 pools per mile, respectively12, but this may be more of a reflection of channel gradient, confinement and bed material, than a response to LWD loading.  Upper reaches of these subwatersheds lie within wilderness designation and are considered in reference condition.
Pool QualityAt Risk.  LWD and pool quality are closely linked in the lower Big Quilcene River13.  A proportionate decrease in large pools occurs when LWD is removed from the lower watershed.  A drop in pool quality is indicated by the pool-to-riffle ratio of 18:77.  The Big Quilcene River does contain deep pools with residual depths averaging >3 feet from RM 4 - 9 12.  Overall the number of deep pools has been reduced corresponding to channel simplification and reduced LWD loading in the lower mainstem 18.  
Off-Channel HabitatNot Properly Functioning.  The highest level of potential natural off-channel habitat is in the lowest 2 miles of the Big Quilcene River, where elevational gradients decrease and multiple channels can develop in the floodplain.  An estimated 2 miles of side channel habitat has been lost in the lowest reaches of the river due to diking, levees, and LWD removal activities3.  Twenty-four Washington State Department of Fish and Wildlife permits have been issued to modify the lower reach:  11 for gravel removal and dredging, 10 for bank protection, and 3 for wood removal11.
RefugiaNot Properly Functioning.  No refugia exists within the anadromous zone.  Limited  refugia for resident populations may exist in the upper watershed within the wilderness designation .
3.1.6  Channel Conditions and Dynamics
Width/Depth RatioAt Risk.  Although there are no historical measurements of width-to-depth ratios for comparison to present conditions, an analysis of aerial photos from the 1940s to present shows an increase in width in the lower 5 miles of the mainstem primarily due to aggradation8.  The Big Quilcene River mouth has a serious gravel aggradation situation and channel shifting has occurred at least twice during the past 15 years1.  Habitat surveys conducted from the ONF boundary upstream, indicate that  ratios of channel width/depthare within parameters that are representative of more confined, higher gradient streams 12. 
Streambank ConditionNot Properly Functioning.  Approximately 400 feet of streambank in the lower reach has extensive erosion on both sides.  Channel bank reinforcement of riprap is evident throughout the lower 3 miles.  Diking and levees in the lower reaches have replaced natural channel banks3.  The Big Quilcene River mouth has a serious gravel aggradation situation and channel shifting has occurred at least twice during the past 15 years1.
Floodplain ConnectivityNot Properly Functioning.  The largest natural floodplain is in the lower 2 miles where gradients and valley confinement decrease.  An estimated 2 miles of side channel and floodplain access has been lost in the lower 2 miles of the river due to diking, levees, and dredging activities3.
3.1.7  Flow/Hydrology
Peak/Base FlowsNot Properly Functioning.  Two diversions significantly reduce baseflow:  Port Townsend city water supply and the National Fish Hatchery.  The City of Port Townsend removes water at RM 9.4.  Historically, this removal eliminated all surface water during low flows at that location.  The city currently releases water voluntarily for fisheries and the downstream fish hatchery.  The Big Quilcene National Fish Hatchery diverts water at RM 3.1 for hatchery operations.  Although most of the water is returned to the channel, reduced instream flow in the bypass reach has occurred in the past8.
Summer chum spawning coincides with low flow conditions.  Between 1981 and 1990, the channel was dry for periods ranging between 12 and 92 days per year.  The channel was dry during most of the summer chum spawning period in 1985 through 1989.  Cooperative efforts now increase downstream flow for improved spawning habitat, although flows remain diminished throughout the spawning period8.

The rain-on-snow zone is most susceptible to changes in peak flow.  Peak flow assessment for this area found very little change in streamflow from reference conditions.  Eleven percent of the basin is in hydrologically immature stands13.
Drainage Network IncreaseAt Risk.  The direction of surface water runoff flow from roads and where that runoff ends up is unknown in the developed portion of the watershed.  The uncertainty of where runoff from developed areas goes led to an at risk rating.
The upper watersheds of the Big Quilcene River, Townsend Creek, and Tunnel Creek are most susceptible to runoff alterations due to road construction.  The highest drainage density and precipitation are found in these areas.  Road densities are 1.37, 0.077, and 0.041 miles of road per square mile of drainage, respectively.  It is unlikely that there has been an increase in the drainage network at this level of road development.

Three subwatersheds in the lower half of Big Quilcene River have road densities greater than 4.0 miles of road per square mile of drainage.
3.1.8  Watershed Condition
Road Density and LocationNot Properly Functioning.  The Big Quilcene River watershed averages 2.7 miles of road per square mile.  Three out of the 11 subwatersheds have road densities greater than 4.0 miles of road per square mile; 4 have greater than 3.0 miles of road per square mile.
Disturbance HistoryNot Properly Functioning.  It has been found that there is a 140 percent increase in sediment if road densities exceed 4.0 miles of road per square mile and an 80 percent increase if road densities exceed 3.0 miles of road per square mile.  Landslides in the Big Quilcene River watershed have increased an average of 1.8 times over natural background rates.  Mass wasting surfaces along the mainstem below RM 10 have increased 100 percent over reference; the frequency of debris avalanches in the inner gorge has changed from approximately 20 to 50 years to approximately 2 to 5 years14.
Riparian ReservesNot Properly Functioning.  Riparian zones in the upper watershed are functioning with few openings and good connectivity, based on LWD recruitment potential, streamside shading, and wilderness management.  Riparian zone vegetation in the lower watershed has been extensively removed for drainage, levee and dike development, and agriculture development15.
Disturbance RegimeNot Properly Functioning.  Three subwatersheds in the lower half of Big Quilcene River have road densities greater than 4.0 miles of road per square mile of drainage.  Landslides in the Big Quilcene River watershed have increased an average of 1.8 times over natural background rates.  Mass wasting surfaces along the mainstem below RM 10 have increased 100 percent over reference; the frequency of debris avalanches in the inner gorge has changed from approximately 20 to 50 years to approximately 2 to 5 years14.  Channel bank reinforcement of riprap is evident throughout the lower 3 miles.  Diking and levees in the lower reaches have replaced natural channel banks3.  Approximately 400 feet of streambank in the lower reach has extensive erosion on both sides.
3.1.9  Species and Habitat
Integration of Species and Habitat ConditionsUnknown. 
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