Dosewallips Watershed Narrative

WRIA 16.0442
Watershed Description
The Dosewallips River is located in east Jefferson County on the west side of Hood Canal.  The Dosewallips is one of the largest watersheds contributing to Hood Canal, draining 122 square miles and containing 28 miles of mainstem and 140 miles of tributary habitat (WDF 1975).  It is bounded on the north by Big Quilcene and Dungeness watersheds, and on the south by the Duckabush watershed.  The Dosewallips originates within the Olympic Mountains, flows east through steep terrain, and enters Hood Canal near the town of Brinnon.  The middle portion of the watershed lies within the basalt-rich Crescent formation, while various sandstone, siltstone, and slate bedrock formations predominate at the headwaters.  Relatively limited glacial and alluvial deposits occur along the lower 13 miles of the river.  Average annual discharge is 446 cfs (range 67-13,200 for the years 1931-1958) at RM 7.1.  There are two annual runoff peaks, one occurring November-February associated with winter rain, the other occurring in May-June associated with spring snowmelt (USFS 1999).

The lower 2.5 miles of river is fringed by a large floodplain that has been developed for agricultural and rural residential use.  Of all Hood Canal tributary deltas, the Dosewallips is second only to the Skokomish in size, historically occupying 444.6 acres (~1.8 km2) with a perimeter of 6.2 miles (9.9 km).  North of the river mouth numerous blind tidal sloughs (e.g. Walcott Slough) drain a large estuarine marsh.

The upper 60% of the Dosewallips watershed is undeveloped and protected within Olympic National Park, while the middle 30% of the basin is in Olympic National Forest.  As with other west Hood Canal watersheds, private land is concentrated along sensitive lower reaches of the river where use is dominated by pastureland, residential development, and clearcut logging.  Dosewallips State Park occupies land on the south side of the river near the mouth, and the town of Brinnon is located to the north within the floodplain-delta area.  Brinnon has no municipal water system; area residents derive domestic water supplies from individual wells, stream diversions, or shared community water sources.  Since 1956, the City of Port Townsend has maintained a permitted water right to continuously divert 50 cfs of water from the Dosewallips for municipal use, but this application has never been acted upon (USFS 1999).  Currently, DOE has an administrative closure on further surface water diversion for the July-October period.  Minimum flow criteria have been developed for the Dosewallips River but have not been formally adopted (Rushton 1985).  The river is classified as a AA surface flow waterbody by the state and is not listed on EPA’s 303(d) list of impaired and threatened waterbodies, though available ambient water quality data is limited (USFS 1999).

Historically, intensive timber harvest and fires have impacted the slopes of the middle and lower watershed.  Logging in the watershed began in 1859 using ox teams, and progressed to the use of railroads and splash dams near the turn of the century, which were replaced by trucks after 1920.  A splash dam built by the Sims Logging Company at the head of the Dosewallips canyon (RM 3.2) in 1917 was in operation for 9-10 years.  When water was released, most logs that had been accumulated behind the dam were flushed all the way to Hood Canal suggesting the erosive power of these releases was likely catastrophic for salmon and their habitat in the lower river.  Railroad logging of the watershed was extensive; the longest railroad line was built on the south side of the river from Brinnon upstream to approximately RM 10.2.  Most logging and road building on Forest Service land has occurred in the Rocky Brook subwatershed; between 1920 and 1990, 65% of this subwatershed was clearcut.  A landslide inventory based on historic and current aerial photos identified 128 slope failures that have occurred in the watershed since 1939.  Forty-five (35%) were road- or harvest-related with 42 (93%) of these occurring within Rocky Brook subwatershed (USFS 1999).  

While only 14% of the entire Dosewallips watershed has ever been harvested for timber, 80% of the lower river area (upstream to the confluence with Rocky Brook) has experienced forest harvest (which encompasses the range of summer chum; USFS 1999).  Beginning in the late 1800’s, the lower river valley (below RM 3.0) was converted from a forested floodplain, rich in LWD jams, side channels and active floodplain wetlands to a channelized river with adjacent pastureland (Amato 1996).  The subsequent construction of Highway 101 and development of Brinnon resulted in further wetland loss and degradation, severed the connection of numerous tidal channels to the river and/or Hood Canal, and reduced tidal circulation in the estuary.  Nearly 20% of the present-day riparian zone (by area) below RM 4.3 has been negatively impacted by recent land use (7% rural residences, 6% urban/commercial, 3% agriculture, and 3% forestry).

Summer Chum Distribution 
Natural barriers and high stream gradients limit summer chum to the lower 4.3 miles of the Dosewallips and most spawning occurs below RM 2.5.  

Population Status
Summer chum population data only extends back to 1972 for the Dosewallips River.  During the 1970s, most escapements were over 1,000 spawners, extending up to over 3,000.  Escapement decreased during the 1980s to less than 100 spawners in some years and several hundred in other years.  In 1995 and 1996 escapement rose to almost 3000 and 7000, respectively, then declined again in 1997 to under 100 fish. 

Factors for Decline
Low channel complexity, estuarine habitat loss and degradation, riparian degradation, and freshwater wetland loss appear to be the principal factors associated with the decline of summer chum in the Dosewallips watershed. For a comparison of the limiting factors in this watershed to other watersheds, refer to Part Three - section 3.4, Tables 3.17 and 3.18.

• Low channel complexity - Spawning and incubation life stages, rated moderate-to-high impact. Much of the lower river below RM 3.0 has been simplified since the late 1800’s by the placement of riprap, dike construction, large woody debris removal, the scouring action of splash dam operation, and conversion of floodplain to pastureland and residential development.  As a result, the river has become isolated from its floodplain, reducing habitat diversity and complexity and likely reducing the availability of stable spawning gravels.  Recovery has been hampered by the loss of riparian forests, which supply LWD to the channel, and the continuing removal of LWD from the channel by area residents (Frissell 1998, T. Labbe, personal observation).  Although there are no habitat surveys for the lower mainstem, 1990 US Forest Service surveys of Rocky Brook Creek identified 23% of the habitat area in pools and 0.02 LWD pieces/m in the lower half mile of stream which indicate degraded habitat conditions (P. DeCillis, USFS, personal communication).  Additional surveyed reaches upstream also had poor habitat conditions (29% of habitat area in pools and 0.08 LWD pieces/m) While summer chum are not known to utilize Rocky Brook Creek, it is the largest tributary to the lower Dosewallips mainstem (entering at RM 3.6) and its degraded condition has important consequences for the supply of LWD and sediment to the lower river.

• Estuarine habitat loss and degradation - Juvenile rearing/migration life stage, rated moderate-to-high impact.  At least six diked areas, totaling 68.5 ac, now occupy 15.4% of the original summer chum rearing and migration habitat in the Dosewallips estuary.  Four tidegates appear to regulate or prevent tidal inundation in these diked areas, and one ditch or remnant dike 0.4 mi long attests to past attempts to further eliminate tidal inundation along the delta face.  Ten road causeways totaling 1.2 mi bisect or fringe the delta, the most deleterious of which is the cross-delta routing of Highway 101.  Construction of the highway, and the subsequent development that derived from it, essentially cut off most of the secondary tidal channel connectivity across the delta, in particular two major distributary channels that appear to have historically linked with the river higher in the delta.  Five identifiable fill areas associated with residential or agricultural development occupy 2.5 ac (0.6% of historical delta area).  One aquaculture or similar modification to the delta surface covers 2.9 ac (0.6%), but it is not evident whether this poses a significant loss of estuarine habitat function, which depends to a large degree on the scale and frequency of disturbance to important habitat areas such as eelgrass.

• Riparian degradation - Spawning and incubation life stages, rated moderate impact.  Logging of old-growth floodplain forests, river channelization, and the expansion of pasture and residential areas along the lower 3.0 miles of the river has reduced both the original extent of riparian forests and the potential for LWD recruitment to the channel.  Fifty-one percent of the forested buffer below RM 4.3 is dominated by small trees (<12 in dbh) and 41% is deciduous dominated, but 52% is mixed conifer and deciduous forest and 58% of the forested buffer is greater than 132 ft wide (all percentages by length).  An analysis of riparian LWD recruitment potential completed by the Olympic National Forest, (Quilcene Ranger District) as part of the Dosewallips Watershed Analysis also identified fair (28%, by stream length) to poor (40%) riparian conditions predominating along the entire length of the river mainstem.  In addition, the analysis found poor (91%, by stream length) riparian LWD recruitment potential along Rocky Brook Creek, indicating that LWD volumes in stream channels both in and above the zone of summer chum use will remain limited in the foreseeable future, unless mitigation occurs (USFS 1999).  For additional information about riparian data refer to Appendix Report 3.7.

• Floodplain loss - Spawning and incubation life stages, rated moderate impact.  As discussed above, the loss of floodplain forests, most of which were probably forested wetlands, likely reduced the amount and diversity of habitats and increased the impact of flood flows on mainstem channel habitat due to lost floodwater storage capacity.
Factors for Recovery
Like other west Hood Canal watersheds, the Dosewallips is remote from the development pressures of the Kitsap peninsula, and much of its headwaters are managed by public agencies with mandates for the conservation of indigenous species.  However, development pressures are highly concentrated in and around the lower 3.0 miles of river, where most summer chum use occurs.  Nonetheless, compared to other Hood Canal and eastern Strait of Juan de Fuca watersheds, prospects for the recovery of summer chum are good.  A general discussion of protection and restoration strategies for each habitat factor is found in Part Three  - section 3.4.4.2, toolkit.

Recovery of summer chum in the Dosewallips watershed requires:

• Protection and restoration of the lower 3.0 miles of river mainstem and associated riparian floodplain habitats.  Properties in the lower floodplain should be targeted for acquisition or conservation easements from willing landowners, and conifers replanted in the riparian zone.  This sensitive lower river area should also be examined for potential placement of engineered logjams to enhance channel complexity and stabilize spawning gravels for summer chum.  The proximity and number of private residences in this lower river area also creates a potential for harassment and poaching, which needs further investigation (Frissell 1998).

• Restoration of full tidal action to the various extant and failed diked wetlands across the delta.  Numerous tidal channels north of the river mouth could be reconnected to the river and/or Hood Canal, which would restore valuable summer chum rearing habitat.

Strength of Evaluation and Information Needs
Very little habitat research or survey data exists for the Dosewallips River, although it represents one of the larger, more pristine watersheds in Washington with high salmon production potential.  A U.S. Forest Service watershed analysis has been completed for the Dosewallips. Most of the conclusions presented here are based on observations of current habitat conditions in the watershed and knowledge gained from historical research and habitat studies conducted in other similar watersheds, such as the Big Quilcene watershed.  The strength of the evaluation is thus rated moderate to low due to the lack of site-specific field studies.  Information needs include:

1. Habitat surveys of the lower river.

2. An assessment of channel stability as it relates to spawning and incubation life stages.

3. A study of impacts to estuarine rearing potential from road causeway constrictions (necessarily involving multiple estuaries under various degrees of impact).
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Duckabush Watershed Narrative

WRIA 16.0351
Watershed Description
The Duckabush River is located in east Jefferson County on the west side of Hood Canal.  The Duckabush watershed is over 75 square miles in area and contains 25 miles of mainstem and 91 miles of tributary habitat (WDF 1975).  It is bounded on the north by the Dosewallips and on the south by the Hamma Hamma watersheds.  The river originates in the Olympic mountains, flows east through rugged terrain, and enters Hood Canal approximately four miles south of the town of Brinnon.  As in the Dosewallips watershed, various sandstone, siltstone, and slate bedrock formations predominate at the headwaters while the lower two-thirds of the watershed lies within the basalt-rich Crescent formation.  Limited alluvial deposits are found along the lower 6 miles of river.  Average annual discharge is 411 cfs (range 46-9,240 for the years 1939-1996) at RM 4.9.  There are two annual runoff peaks, one occurring in November-February associated with winter rain, the other occurring in May-June associated with spring snowmelt (USFS 1998).  The Duckabush enters Hood Canal over a broad 291.6-acre (1.2 km2) estuarine delta with minimal development impacts excepting those associated with Highway 101.

The upper 80% of the watershed is protected in Olympic National Park and the Brothers Wilderness (Olympic National Forest).  Timber extraction is the dominant land use in the lower watershed, on both National Forest and private lands.  Timber harvest on lands now under National Forest ownership began in the 1900’s.  Webb Logging Company of Brinnon, Washington built a logging railroad up the Duckabush and logged most of lower and middle portions of the watershed in the early 1900’s.  Before the construction of the logging railroad, timber was harvested as far upstream as Collins Campground (RM 5.5) and floated downstream to Hood Canal.  There is limited evidence that early loggers may have employed splash damming in the Duckabush (USFS 1998).  The WDF Stream Improvement Division removed logjams and dynamited falls in the river between 1955 and 1970 with the goal of improving fish passage (Amato 1996).  More recently, dense recreational homesite development has occurred along the lower 1.5 miles of the floodplain.

The Washington Department of Ecology maintains an administrative closure on issuance of further surface water rights for the July-October period, and minimum flow criteria have been developed for the Duckabush River but have not been formally adopted (Rushton 1985).  The loss of LWD and development on the floodplain has confined the river to a single channel and reduced channel complexity.  Overall road density in the watershed is low (0.6 mi/mi2), but moderately high road densities in the lower Duckabush (2.2 mi/mi2) subwatershed (which encompasses the range of summer chum) has contributed to mass wasting (USFS 1998).  A landslide inventory based on historic and current aerial photos identified 191 slope failures that have occurred in the watershed since 1939, 133 (70%) of which were located within the lower half of the watershed.  At least 65 (34%) were road- or harvest-related and 148 (78%) were estimated to have delivered sediment to stream channels (USFS 1998).  As in other Hood Canal watersheds, road causeways impact the Duckabush estuary, disrupting tidal circulation, and impeding fish access to productive marsh and slough habitats.  Nearly 25% of the riparian zone (by area) below RM 3.0 is now developed (12% urban/commercial, 9% rural residences, and 3% roads/dikes).

Summer Chum Distribution 
A series of cascades between RM 3.5 and 4.5 confine summer chum to the lower river.  Most summer chum spawning occurs in the lower 2.2 miles.  

Population Status
Escapement estimates shows the Duckabush falling from levels in the thousands in the 1970’s to less than 100 spawners in the 1980’s.  In the 1990’s, escapement estimates increased to the low hundreds, still substantially less than the 1970’s.

Factors for Decline
Low channel complexity, estuarine habitat loss and degradation, riparian degradation, and freshwater wetland loss appear to be the principal factors associated with the decline of summer chum in the Duckabush watershed. For a comparison of the limiting factors in this watershed to other watersheds, refer to Part Three - section 3.4, Tables 3.17 and 3.18.

• Low channel complexity - Spawning and incubation life stages, rated moderate-to-high impact.  The channel in the lower river appears to have been greatly simplified since the late 1800’s by the scouring action of splash damming, large woody debris removal, and conversion of floodplain to pastureland and residential development.  As a result, habitat diversity and complexity has been reduced (e.g. side channels, deep holding pools, and stable spawning gravels).  A 1992 U.S. Fish and Wildlife Service survey from RM 0.2-2.3 found 31% of habitat area in pools and sparse woody debris, which indicate degraded habitat conditions (Tabor et al. 1993).

• Subestuarine habitat loss and degradation - Juvenile rearing/migration life stage, rated moderate impact. Two diked areas totaling 3.9 acres occupy 2.8% of the original 291.6 acres of estuarine delta habitat; these diked areas are located at the northern edge of the delta in association with residential development adjacent to a small distributary channel.  An estimated 0.2 acres (0.1%) of the historic delta area has been filled and two ditches or remnant dikes with a total length of 0.3 mi are evident in the delta. Five roads traverse the delta at various locations, the most obvious of which is Highway 101.  The total length of these road segments is 0.4 mi but, as in the Hamma Hamma and other Hood Canal estuaries, these relatively short road causeways represent a major disruption to tidal circulation and fish movement across emergent wetlands in the mid-reaches of the delta.

• Riparian degradation - Spawning and incubation life stages, rated moderate impact. Logging of old growth floodplain forest and conversion to pasture and residential areas has greatly reduced the potential for LWD recruitment to the channel.  The forested buffer below RM 3.0 is dominated by medium-sized (12-20 in dbh) trees (66%) and, to a lesser degree, small (<12 in dbh) trees (32%).  As in the Dosewallips, mixed conifer and deciduous forests predominate (57%) in the riparian zone, and 59% of the forested buffer is >132 ft in width (all percentages by length).  By comparison, another analysis of riparian LWD recruitment potential along both the mainstem river and tributaries in the lower Duckabush watershed identified approximately 36% of riparian forests in poor condition, 11% in fair condition, and 53% in good condition (USFS 1998).  These data suggest that riparian forests are currently degraded, and that near-term LWD volumes in stream channels both in and above the zone of summer chum use will remain limited in the foreseeable future, unless mitigation occurs.

• Floodplain loss - Spawning and incubation life stages, rated moderate impact. As discussed above, the loss of floodplain forests, most of which were probably forested wetlands, likely reduced the amount and diversity of habitats available to summer chum during freshwater life stages.

Factors for Recovery
Like other west Hood Canal watersheds, the Duckabush is remote from the development pressures of the Kitsap peninsula, and much of its headwaters are managed by public agencies with mandates for the conservation of indigenous species.  As a result, prospects for the recovery of summer chum are good.

Recovery of summer chum in the Duckabush watershed requires:

• Protection and restoration of riparian floodplain habitat along the lower 2.5 river miles.  Properties in the lower floodplain should be targeted for acquisition or conservation easements from willing landowners, and conifers replanted in the riparian zone.  This sensitive lower river area should also be examined for potential placement of engineered logjams to enhance channel complexity and stabilize spawning gravels for summer chum.

• Restoration of a natural tidal distributary channel system across the waist of the estuarine delta through reduction of the impact from the Highway 101 road causeway.  Rerouting or refitting of the Highway 101 road causeway across the delta would be required to significantly restore natural tidal circulation and juvenile salmon movement across or residence in the delta.  One of the diked areas in the northern delta represents a viable opportunity for restoration of juvenile summer chum foraging habitat through the dike removal and recovery of full tidal inundation.

Strength of Evaluation and Information Needs
Very little research has been conducted on fish habitats of the Duckabush watershed, although it represents one of the larger, more pristine watersheds in Washington with a high salmon production potential.  Only recently, a U.S. Forest Service watershed analysis was completed.  Only cursory habitat survey data exists for the lower Duckabush River (Tabor et al. 1993).  Information needs include: (1) more detailed habitat surveys of the lower river, (2) an assessment of channel stability as it relates to spawning and incubation life stages, and (3) a study of impacts to estuarine rearing potential from road causeway constrictions (necessarily involving multiple estuaries under various degrees of impact).  Most of the conclusions presented here are based on observations of current habitat conditions in the watershed and knowledge gained from historical research and habitat studies conducted in other similar watersheds, such as the Big Quilcene watershed.  The strength of the evaluation is thus rated moderate to low due to the lack of site-specific field studies.
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Hamma Hamma Watershed Narrative

WRIA 16.0251
Watershed Description
The Hamma Hamma River is located in northern Mason and southern Jefferson counties on the west side of Hood Canal.  It is bounded on north by the Duckabush, on the west by the Skokomish, and on the south by Lilliwaup and Jorsted Creek watersheds.  The Hamma Hamma watershed is about 85 square miles in area and contains 18 miles of mainstem and 93 miles of tributary habitat (WDF 1975).  Average annual discharge is 559 cfs (range 39-6,010 for the years 1951-1979).  There are two annual runoff peaks, one occurring in November-February associated with winter rains, the other occurring in May-June associated with spring snowmelt (USFS 1997).  The Hamma Hamma originates on the rugged, eastern flank of the Olympic mountains and flows east through steep, forested terrain and drains to Hood Canal at the town of Eldon.  Except for limited sandstone, siltstone, and slate bedrock formations at the headwaters, most of the watershed is underlain by the basalt-rich Crescent formation with glacial and alluvial deposits along the river mainstem.  Below RM 1.5 the stream gradient moderates and the river is flanked by a large floodplain.  A major tributary, Johns Creek, enters at RM 1.4.  The lower 0.6 miles of the Hamma Hamma is tidally influenced, and at high tide at least one small secondary channel connects the mainstem with a large tidal marsh, just north of the main channel.

Nearly 95% of the watershed is under public ownership; 60% is managed public forestland and 34% is protected in National Park or designated wilderness.  Private lands (5%) are concentrated in the productive, low-elevation areas near the river mouth, and are managed primarily for timber extraction (PSCRBT 1995).  By the 1930’s most of the Hamma Hamma watershed had been logged.  Removal of LWD from streams began as early as 1953 when Johns Creek was cleared or diverted around 12 log jams.  In 1958 the Hamma Hamma Logging Company constructed a dike, placed riprap, and dredged the mouth of the river to facilitate log booming (Amato 1996).  A 1930’s-era Hamma Hamma Logging Company timber cruise map reveals a 0.3-mile-long side channel at RM 0.8 that is no longer in existence.

Manipulation of and timber salvage from the main channel has continued to the present, and some of this activity has been illegal (T. Labbe personal observation, C. Cook-Tabor unpublished report).  Recent, intensive clearcut logging has likely contributed to severe landslides along Johns Creek and in the mainstem gorge area (~RM 2.0; USFS 1997).  Overall road density in the watershed is low (1.4 mi/mi2), but in the lower Hamma Hamma subwatershed (inclusive of Johns Creek) road densities are high (2.4 mi/mi2), approaching a level where significant channel degradation can be expected to occur (USFS 1997).

Most of the floodplain area along the lower 1.5 miles of the Hamma Hamma has been appropriated for agricultural and residential uses.  Cattle have unlimited access to most of this lower river area.  Thirty-five percent of the riparian zone (by area) below RM 3.3 has been impacted by recent intensive landuse (23% forestry, 10% agriculture, 2% rural residences). The Washington Department of Ecology maintains an administrative closure on issuance of further surface water rights for the July-October period, and minimum flow criteria have been developed for the Hamma Hamma River but have not been formally adopted (Rushton 1985).  An application by Mason County Public Utility District for hydroelectric development on the Hamma Hamma is currently pending before the Federal Energy Regulatory Commission.

Summer Chum Distribution
Natural barriers and high stream gradients in the middle and upper watershed limit anadromous fish use to the lower 2.0 miles of the Hamma Hamma River and to the lower 1.8 miles of Johns Creek.  Most summer chum spawning occurs below RM 1.8 in the Hamma Hamma and below RM 0.3 in Johns Creek.  

Population Status

Between the late 1960’s and through the 1970’s, escapement for the Hamma Hamma River and Johns Creek combined numbered in the thousands.  After 1980, spawner density declined to several hundred  per year.  In the 1990’s, estimated spawner density fluctuated from below 100 to several hundred.

Factors for Decline
Low channel complexity, estuarine habitat loss, altered sediment dynamics, and riparian degradation appear to be the principal habitat factors associated with the decline of summer chum in the Hamma Hamma watershed.  These factors are interrelated and the most severe impacts have occurred in the extreme lower reaches of the river, where summer chum spawning is concentrated.  For a comparison of the limiting factors in this watershed to other watersheds, refer to Part Three - section 3.4, Tables 3.17 and 3.18.

• Low channel complexity - Spawning and incubation life stages, rated moderate-to-high impact.  Dredging and bank hardening of the lower mainstem, and removal of LWD from streams have reduced overall channel complexity in the Hamma Hamma watershed.  A 1996 U.S. Fish and Wildlife Service habitat survey in the Hamma Hamma River from approximately RM 0.5-1.8 found 50% of the habitat area in pools, which is considered fair, and a LWD loading of 0.13 pieces/m which is considered poor.  In the lower 1.8 miles of Johns Creek, pools composed 51% of the total habitat area (rated fair) but LWD loading was extremely poor (0.06 LWD pieces/m).  Most notably, large-sized, “key” LWD pieces, which are important habitat-forming and stabilizing features of larger rivers, were completely absent from the Hamma Hamma mainstem suggesting streambed instability that may result in redd scour during peak flow events is a potential threat to summer chum in this watershed (Cook-Tabor, unpublished report).

• Subestuarine habitat loss and degradation – Juvenile rearing/migration life stage, rated moderate-to-high impact.  Over 13% of the estimated 368.5-acre historic delta is diked in three areas, accounting for a loss of 48 acres of summer chum rearing habitat.  One filled area in the outer, southern corner of the delta accounts for a loss of 3.2 acres (1% of historic delta habitat).  An estimated 2.4 acres (0.6% of historic delta area) of the mainstem distributary channel where it crosses the outer intertidal area has been dredged, and at least seven areas of aquaculture or other modifications of the delta surface are apparent from contemporary aerial photographs which total 2.2 acres (0.6% of historic delta area).  Three jetties or piledikes, totaling 0.4 mi in length, are evident in the delta.  In addition, eight road and causeway segments, totaling 1 mile in length, transect the delta, the largest of which is the Highway 101 causeway that has caused a direct loss of habitat and constrained tidal action and fish movement across the delta.

The apparent isolation of the north bank estuarine marsh from the main river by dredging and dike/road causeway construction at the river mouth has eliminated the connectivity of the river with a critical chum rearing habitat.  As a result, outmigrant chum fry are routed directly into deepwater habitat and must reenter the marsh from the east (via Hood Canal).  The impacts of such a severe transition on summer chum outmigrants are unknown but they are suspected to be severe given the relative vulnerability of this life stage to physiological stress, predation, etc.

• Altered sediment dynamics - Spawning and incubation life stages, rated moderate impact.  Sediment aggradation in the lower reaches of Johns Creek has resulted in a series of high gradient cascades near the mouth where, in some years, subsurface flow occurs during late summer.  In addition to impeding/delaying the spawning migration of summer chum into Johns Creek, there is potential for the dewatering of redds.  Logging-induced landslides in upper Johns Creek have likely resulted in elevated sediment delivery rates to the channel.

• Riparian degradation - Spawning and incubation life stages, rated moderate impact.  Reduction in riparian forest extent has eliminated recruitment sources for LWD.  Moreover, a shift from conifer-dominated to alder-dominated riparian communities (along lower Johns Creek, in particular) has diminished the longevity and stability of LWD in the channel because alder logs are typically smaller than conifers and do not persist as long in streams.  As a result, sediment is not retained in Johns Creek but routed downstream to accumulate near the mouth (see above).  Forty-eight percent of the forested buffer below RM 3.3 is composed of small (<12 in dbh) trees, and 45% is dominated by medium-sized (12-20 in dbh) trees.  Conifer- (48%) and deciduous-dominated (26%) buffers prevail along the lower river, and while 58% of the forested buffer is >132 ft wide, the remaining 42% is sparse and/or <66 ft, which is considered moderate impact.

Factors for Recovery
Like other west Hood Canal watersheds, the Hamma Hamma is remote from the development pressures of the Kitsap peninsula, and much of its headwaters are managed by public agencies with mandates for the conservation of indigenous species.  One family owns most of the land in the lower reaches of the river where summer chum spawn, simplifying potential public-private conservation efforts.  Although summer chum habitat in the Hamma Hamma is presently degraded, conditions are not beyond recovery and past escapement estimates indicate the watershed has strong summer chum production potential.  A general discussion of protection and restoration strategies by habitat factor is found in Part Three - section 3.4.4.2, toolkit.

Recovery of summer chum in the Hamma Hamma watershed requires:

• Protection and restoration of riparian forests to guarantee long-term LWD recruitment sources.  Illegal logging and timber salvage from riparian forests should be stopped and sites evaluated for the placement of engineered log jams to enhance channel complexity.  In particular, logging of steep erosive areas in Johns Creek and the mainstem along the gorge (beneath the powerlines) should be curtailed as both these areas have high landslide risk.

• Reconnection of the river with the north bank estuarine marsh and reclamation of floodplain habitats for fish.  Elimination of both inhibitors to migration and restoration of rearing habitat will be essential to provide significantly greater access to natural delta habitats.  This would require removal of training dikes and cessation of dredging in the lower tidal distributary channel.  Ultimately, however, rerouting or refitting the Highway 101 road causeway across the delta may be required to completely restore tidal circulation, and juvenile salmon rearing habitat in the Hamma Hamma delta.

• Reduction of upstream impacts of sedimentation (particularly in Johns Creek) by preventing logging on potentially unstable slopes and removing and repairing roads with surface erosion or landslide hazard problems.

Strength of Evaluation and Information Needs
Confidence in this assessment of habitat factors is moderate to high.  To date, a U.S. Forest Service watershed analysis and a Puget Sound Cooperative River Basin Team report have been completed.  The U.S. Fish and Wildlife Service surveyed the anadromous extent of both the Hamma Hamma and Johns Creek in 1996.  Information needs include:  (1) an assessment of the north bank estuarine marsh and its potential for reconnection with the main river, (2) an analysis of the sediment budget in Johns Creek, (3) an assessment of channel stability as it relates to spawning and incubation life stages, and (4) a study of impacts to estuarine rearing potential from road causeway constrictions (necessarily involving multiple estuaries under various degrees of impact).
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