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 Geographical Overview
The Clackamas River drains a watershed of 941 square miles, and is the fourth largest watershed within the Willamette Basin (WRI 2004).  The Clackamas enters the Willamette at RM 25.1, and has several major tributaries including Deep Creek, Clear Creek and Eagle Creek in the lower Clackamas and the Collowash River and Oak Grove Fork in the upper basin (Figure 1).  The upper two-thirds of the watershed consists of relatively high-gradient mountainous reaches, while the lower sections drains a gentler topography.   The upper sections are heavily forested, which much of the land area within the Mt. Hood National Forest.  The lower portion of the watershed is more developed and increasingly urbanized toward the mouth.  PGE operates a complex of dams on the mainstem not far above the city of Estacada at RM 23.  The PGE operation consists of River Mill Dam, Faraday Diversion Dam and North Fork Dam.  The main reservoir is located behind North Fork Dam.  Migrating juvenile fish that are collected and adult fish are passed around these dams through a system of pipes and ladders.  PGE also operates a power production facility on the Oak Grove Fork.  Harriet Lake Dam diverts most of the flow from Oak Grove out of the watershed to Three Lynx Powerhouse near Frog Lake.



Figure 1.  Coho salmon spawning distribution (early- and late-run) within the 17 geographic areas of the Clackamas River Basin (from Runyon and Salminen 2005).

W/LC TRT Clackamas River Population Assessment 
Details of the W/LC TRT evaluation method are described in the Interim Report on Viability Criteria for Willamette and Lower Columbia Basin Pacific Salmonids (2003).  This document is available at the following website:  http://www.nwfsc.noaa.gov/trt/viability_report.htm.    

Following is a brief summary of the evaluation method.  For the evaluation, populations were ranked for absolute extinction risk on a scale of 0 to 4.  The extinction risks associated with each value on the 0–4 scale are summarized below. 
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It is important to note that the persistence categories (0–4) do not represent a linear scale.  For example, the persistence probability associated with category 0 has a much greater range (0– 40%) than category 4 (> 99%).  Extinction risk is the complement of persistence probability (i.e., extinction risk = 1 – persistence probability).  To estimate population extinction risk, four key attributes were evaluated: abundance and productivity, diversity, spatial structure, and habitat.  A fifth population attribute, JOM growth rate, is part of the W/LC TRT viability criteria, but did not have much impact on the population evaluations due to lack of data.  The four main population attributes were evaluated on the same 0–4 risk scale.  To obtain the overall population score, individual population attribute scores were integrated using a simple weighted mean; the abundance and productivity scores were weighted at twice the other scores (McElhany, et al. 2004). 

The W/LC TRT population status evaluations were based on a set of data atlases compiled by the Northwest Fisheries Science Center in 2003. 

The population analysis also includes coho salmon in the Willamette River tributaries below the mouth of the Clackamas, including Johnson Creek and Tryon Creek (Table 1).
Table 1.  W/LC TRT Clackamas River Viability Assessment (McElhany, et al. 2004).
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Weighted average:  1.79

Productivity and abundance:  TRT members noted the generally stable trend in abundance, along with moderate numbers of fish, although preharvest recruitment declined significantly in the 1990s.  Some members were concerned about the high percentage of hatchery fish in the lower Clackamas River (below North Fork Dam) compared to the upper river.

JOM:  The majority of TRT members considered information for evaluating the JOM criteria to be sufficient.  Smolt outmigration monitoring indicates fairly stable productivity.

Diversity:  Late-run coho salmon are presumed to be native, while early-run coho are primarily of hatchery origin.  Hatchery fish predominate (78% of escapement) below the North Fork Dam, but are mostly prevented from ascending (only 12% of fish above the dam are of known hatchery origin).  There was some fear that progeny of naturally spawning early-run coho salmon could ascend into the upper basin and might integrate with native late-run coho.

Habitat:  Habitat conditions are poor in much of the habitat below North Fork Dam, but are relatively better above it.  Residential and agricultural land use is widespread in the lower reaches of the Clackamas River and adjacent Kellogg and Johnson Creeks.

Spatial structure:  Degraded habitat may result in dispersed patches of fish.  Passage over dams and inundation of much of the main stem may further influence distribution of spawning adults (McElhany, et al. 2004). 
A 2002 stratified random survey by ODFW estimated a total of 2,402 coho spawning in the Clackamas River below North Fork Dam (WLC-TRT 2003).  The survey estimated that 78% of the fish observed were of hatchery origin.  Counts at North Fork Dam in 2002 indicate a total of 1,002 coho went above the dam and 12% of those were of hatchery origin.  Also, 100% of coho sampled in Clear Creek (a lower Clackamas River tributary) were of natural origin (Brown, et al. 2003, cited in NMFS 2004).
The Clackamas River currently contains both early- and late-run coho salmon.  Of the two runs, the late-returning run is thought to be native, while the early run is believed to be the result of hatchery introductions (Olsen, et al. 1992, cited in WLC TRT 2003).  In the 1800s, coho salmon entered the river in the middle of September and began spawning about the middle of January.  Historically, adult coho salmon passage at the North Fork Dam was unimodal, (mid-November peak), but the distribution is currently bimodal with peak passage in September and January.  The late-run coho salmon in the Clackamas River are larger in size at spawning than other Lower Columbia River populations (Weitkamp, et al. 1995).  Late-run Clackamas River coho salmon are closely related to fish from the Eagle Creek NFH.  
EDT analysis presented in the Willamette Sub-basin Plan (WRI 2004) divides coho into two populations using the PGE mainstem dams as the point of demarcation.  Coho are potentially present in almost all reaches of the Clackamas and tributaries.  Historically, coho salmon probably spawned throughout the basin, though the lower portions of the basin probably supported most of the population (Runyon and Salminen 2005).  Coho salmon prefer spawning and juvenile rearing habitats in low gradient streams with complex pools, which were more prevalent in the lower basin.  Large numbers of coho likely returned to Clear, Deep and Eagle Creeks and other tributaries.
Coho salmon on their way to spawn in the upper basin are counted at North Fork Dam.  Since 1983, coho salmon counts have fluctuated widely, ranging from less than 200 in 1996 to over 5,000 in 2001, most of which were wild fish (Figure 2, Runyon and Salminen 2005).

Because juveniles reside in small streams they are vulnerable to actions that impact habitat and water quality.  Juvenile coho require cool water and complex pool habitats with abundant large wood in the channel, all of which have been reduced from historic conditions.  Fish passage barriers that limit access into spawning and juvenile rearing areas have also impacted coho populations (Runyon and Salminen 2005).  Major developments within the Clackamas basin have included extensive logging and log drives down the river in the early part of the 20th century, construction of Faraday, River Mill and North Fork dams in the middle Clackamas River, development of the Oak Grove Project – Lake Harriet Dam and Timothy Lake in the upper basin, hatchery-bred fishery releases, and extensive agriculture, residential and urban developments in the lower basin (Runyon and Salminen 2005).
Figure 2.  Returning wild and hatchery coho salmon counted at Faraday-North Fork fish ladder, 1983 – 2003 (PGE 2004).   Wild and hatchery fish were not separated before 2000.   From Runyon and Salminen 2005.  
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An EDT analysis was conducted to look at factors limiting fish productivity in the Clackamas Watershed (Runyon and Salminen 2005, Table 2).  The results are summarized here. Changes in riparian condition, large wood in tributary streams and the Clackamas River, and modified channels and side channel habitats are influencing the majority of factors limiting fish populations throughout the Clackamas River Basin.  Loss of riparian areas and cover impacts stream temperatures, flow, habitat diversity, and the quantity of habitat available to spawning and rearing fish.  There is limited wood in streams and the Clackamas River, which limits the formation of complex habitats that create deep pools and retain spawning gravels.  Ditching, riprap and other actions that straighten channels reduce meandering, magnified by the limited wood in tributaries and the river, reduce channel complexity and the quality of fish habitat.  The actions that confine channels, combined with minimal large wood, increase water velocities, reducing important slow-water habitats, particularly for juvenile fish during winter and spring high flow events.  Sediment loads are also impacting fish habitat throughout the basin.  Most of the impacts are more pronounced in the lower basin where there is more land use development and the population is concentrated.  In general, the upper basin, where there is a concentration of Forest Service land and minimal human population, has higher quality riparian and aquatic habitats.  There are exceptions such as the Fish Creek Geographic area where historic timber harvest and road building practices are still
Table 2.  Factors limiting fish populations in each of the 17 geographic areas in the Clackamas River Basin.  Results are based on the Ecosystem Diagnosis and Treatment (EDT) model output, 2004.   The ratings are based on average values for steelhead, spring / fall Chinook and coho salmon.   North Fork Reservoir and Estacada Lake (geographic area # 2) was not rated.  

	Number
	Geographic Area
	Channel stability
	Flow
	Habitat diversity
	Sediment load
	Temperature
	Key habitat quantity

	1
	Lower Clackamas Mainstem
	High
	Moderate
	Extreme
	High
	Extreme
	High

	3
	Middle Clackamas Mainstem
	Low
	Moderate
	High
	High
	Low
	Moderate

	4
	Upper Clackamas Mainstem
	Low
	Low
	High
	High
	-
	Low

	5
	Lower Clackamas Tribs.
	Moderate
	High
	High
	High
	Moderate
	High

	6
	Rock and Richardson Creeks
	Low
	Moderate
	High
	High
	High
	High

	7
	Clear Creek
	Low
	Moderate
	High
	High
	High
	High

	8
	Deep Creek
	Low
	High
	High
	High
	High
	High

	9
	Eagle Creek
	Low
	Moderate
	Extreme
	High
	Extreme
	Moderate

	10
	North Fork Eagle Creek
	Low
	Moderate
	High
	High
	High
	High

	11
	Middle Clackamas Tribs.
	Low
	Moderate
	High
	High
	-
	Moderate

	12
	Fish Creek
	Moderate
	Moderate
	High
	High
	Moderate
	Moderate

	13
	Roaring River
	Moderate
	Moderate
	Extreme
	High
	Low
	High

	14
	Oak Grove Fork
	-
	High
	Moderate
	High
	Low
	High

	15
	Upper Clackamas Tribs.
	Low
	Low
	High
	High
	-
	High

	16
	Collawash River
	-
	Moderate
	High
	High
	-
	Moderate

	17
	Hot Springs Fork
	Low
	Moderate
	High
	High
	-
	Moderate


impacting stream habitat, which is reflected in the EDT ratings.  Although extensive restoration efforts have been made in the Fish Creek watershed, past actions have left the area degraded.  The major limiting factors for fish production in the lower river are channel stability, habitat diversity, sediment loads, and water temperatures.
The Johnson subbasin coho population is defined to spawn and rear throughout the entire mainstem Johnson Creek and its tributaries (WRI 2004).  No natural fish barriers were identified.  Adults migrated through and occupied lower, middle and upper areas of the watershed.  However, the best spawning habitat is believed to be in the upper watershed.  Presently, coho populations have been greatly reduced from historical conditions.

Habitat Complexity
There is little large wood and associated complex fish habitat in the lower Clackamas River (Wampler 2004, as cited in Runyon and Salminen 2005).  Some wood is retained in the reservoir, but there appears to be less wood in the lower Clackamas River channel after dam construction.  Mechanisms that have reduced wood loading, transport, and retention include:  1) PGE dams; 2) increased riprap protection which limits lateral erosion; 3) incision and decreased lateral erosion following dam construction; and 4) decreased wood supply due to floodplain and riparian tree removal.

Habitat diversity has been impacted through loss of large wood in the channel and loss of side channels and other off-channel areas (Wampler 2004).  The narrowing of the channel has impacted key habitats for fish.  
Confinement of the lower Clackamas River channel, loss of large wood, and reduced streamside trees and other riparian vegetation has contributed to the loss of side-channels and other habitats. Processes that transport and retain large wood in the lower river have been altered through modified streamside forests, removal of wood from the channel, channel confinement, and retention above the river’s dams (Wampler 2004).  Slow water habitats such as side channels, alcoves and the margins of complex wood jams, provide a diverse array of water depths and velocities, which provide cover for adult fish and refuge areas for juveniles.  

Above River Mill Dam the middle Clackamas River is more confined, but historically there were still extensive side channels, other backwater areas and floodplain forests (Geographic Area 3).  Because the river in this section provides important spawning and rearing habitat for all of the anadromous species, the EDT results ranks this area as a high value for restoration.  Most of the loss of habitat in this section is the result of reductions in large wood in the river, channel confinement from roads and other actions, and impacts to riparian areas.  Road 46, which parallels a large portion of the river, prevents channel meandering and restricts the channel, all of which increases channel flow velocities and minimize complex, slow water habitats.  The river cannot meander through the historic floodplain and access side channels and other habitats. 

The upper Clackamas River includes the mainstem from Oak Grove Fork to the headwaters.  This portion of the river is a key spawning and rearing area for coho salmon and steelhead populations.  The area includes Big Bottom, which is generally considered the highest quality coho salmon habitat in the Clackamas River Basin.  Because of the quality habitat, this section of the river has high protection values.  There are restoration needs within this section, primarily due to issues related the loss of riparian habitats and narrowing of the river’s channel as a consequence of the highway that parallels the river.  Fish Creek watershed is now recovering from extensive road building and harvest.  

There is limited wood in Rock and Richardson Creeks (Ecotrust 2000).  Habitat diversity and key habitat quality have all been impacted, particularly in the mainstream of Clear Creek and the lower watershed tributaries by limited wood in channels, and loss of riparian vegetation.  

Habitat conditions in Deep and Goose Creeks (WPN 2004, WRI 2004):

· Flow, habitat diversity, and key habitat quality have all been impacted by channelization, water withdrawals, limited wood in channels, and loss of riparian vegetation.  

· Erosion from agricultural lands (nursery, Christmas trees, and others), gravel and dirt roads, and from bare soil exposed during home building or other development is contributing to sediment deposition in stream channels.  

In Johnson Creek, the Works Progress Administration (WPA) lined the creek (both bottom and sides) and significantly altered natural hydraulic processes throughout the middle and lower portions of the mainstem.  Tiles constrain creek flows into the main channel, reduce floodplain and riparian connectivity, and hydrologically disconnect historical floodplain wetlands from mainstem flows.  This has resulted in a channelized and simplified instream and riparian habitat, and hardened banks.  Lack of large wood, large and medium-sized substrate, overhanging vegetation and stream bank diversity has resulted in poor habitat complexity.  The simplification of the channel has caused shorter stream length with fewer meanders.  The watershed lacks high quality riffles, deep pools, side channels, secondary channels and off-channel and backwater habitats that are critical for spawning and rearing.
Table 3.  Summary of Life Stages and VSP Parameters Affected
	Life

Stages

Affected

	Egg to Parr
	Parr to Smolt
	Smolt to Adult

	
	Incubation
	Early Rearing
	Summer Rearing
	Winter Rearing
	Downstream Migration
	Estuary Rearing
	Ocean Residence
	Upstream Migration
	Spawning

	
	X
	X
	X
	X
	X
	
	
	
	X

	

	VSP Parameters Affected


	Abundance
	Productivity
	Diversity
	Spatial Structure

	
	X
	X
	X
	X


Fish Passage
Man made obstructions such as culverts are key limitations in the tributaries (WRI 2004).  Obstructions were particularly important in Deep Creek and Clear Creek.  This assessment included nine culverts in Deep Creek and five culverts in Clear Creek.  Obstructions were a lesser problem in Eagle Creek, including the North Fork of Eagle Creek.  This system has three natural waterfalls that have been laddered and two artificial obstructions.
In 1917, the fish ladder at Cazadero dam (located at today’s Faraday Diversion Dam site) washed out, blocking access to the upper basin.  After the ladder was repaired in 1939, the remnant populations in the lower river seeded the upper Clackamas River basin.  

Table 4. Characteristics of the reservoirs developed by Portland General Electric in the Clackamas River Basin (Cramer & Associates 2001).

	Reservoir
	First Year
	Stream Impounded
	River Mile
	Surface Area (Acres)
	Fish Passage Status

	Faraday
	1907
	--
	26.2
	26
	NA

	River Mill
	1911
	Clackamas River
	23.3
	63
	Yes

	Harriet
	1924
	Oak Grove Fork
	4.8
	22
	No

	Timothy
	1956
	Oak Grove Fork
	15.2
	1,282
	No

	North Fork
	1958
	Clackamas River
	31.1
	330
	Yes


Today the PGE dams and reservoirs in the upper basin alter fish habitat and influence both upstream and downstream fish migration patterns.  The reservoirs have eliminated approximately 12.4 miles of stream and river habitat and added more than 1,700 acres of standing water habitat in the reservoirs (S.P. Cramer & Associates 2001, Table 4).  There is no fish passage at the Oak Grove fork facilities.  These facilities are above a natural 20-foot waterfall that blocks anadromous fish runs.  

Salmon and steelhead migrating up the Clackamas River are delayed as they move through the mainstem PGE facilities.  The fish first must ascend the River Mill fish ladder (RM 23.3).  After proceeding through 2.9-mile long Estacada Lake the fish then encounter the Faraday Powerhouse tailrace.  The powerhouse is located off the channel but fish must detect and move into the usually much smaller flow in the diversion.  The diversion reach has a minimum flow of 120 cfs and powerhouse flow can be as high as 4,900 cfs (Shibahara 2004).  After passing the Faraday Powerhouse tailrace, migrating fish move through the 2.2-mile long diversion reach to the Faraday Diversion Dam.  At the diversion dam, fish enter the 1.7-mile North Fork fish ladder.  Approximately 300 yards upstream of the fish ladder entrance, the fish ladder is blocked and all fish enter a trap for sorting of wild and hatchery fish (which are identified by their adipose fin clip).  Wild fish are either transported upstream to the head of the North Fork Reservoir or released back into the fish ladder above the block.  Seventeen miles upstream of the North Fork Dam, fish pass through the tailrace of the Oak Grove Powerhouse, which is not a physical barrier.  Water diverted out of the Oak Grove Fork above the natural barrier enters the Clackamas River at this point and fish may be attracted to the powerhouse flows (Shibahara 2004, cited in Runyon and Salminen 2005).  There are migration delays and effects of the trap facility and its operation that  place fish under stress and potentially cause mortality.  The PGE dams also impact juvenile salmon migrating downstream.    

Fish passage improvements at the PGE facilities are being examined through the FERC process for re-licensing the Clackamas River hydroelectric projects.

Fish passage barriers in Rock and Richardson Creeks (Ecotrust 2000):
· A 20-foot waterfall lies about six-tenths of a mile upstream of Rock Creek’s mouth. Anadromous fish make use of the area below the falls for spawning and rearing. In-stream barriers in lower Rock Creek may inhibit movement during low flow periods. 

· Two small tributaries below the falls in Rock Creek also provide some limited habitat, although culverts just upstream block these. 

· In middle Rock Creek, resident cutthroat trout have been found in a stretch of the mainstem between Foster Road and SE 172nd Avenues.  These fish may be hemmed in by culvert blockages both upstream and down.

· Lower Richardson Creek anadromous and resident salmonid populations range from the mouth of the Creek up one and a half to two miles.  A debris dam caused by a slope failure is located about six tenths of a mile above highway 224 and may be temporarily or partially blocking upstream fish migration.
Fish passage barriers in Clear and Foster Creek (Robison and Walsh 2003): A total of 81 fish passage barriers have been identified, of which 27 are complete barriers and 54 are partial barriers.  

Fish passage barriers in Deep and Goose Creeks (WPN 2004): Over 29 passage barriers have been identified.
In Johnson Creek, fish passage is impaired by culverts and WPA structures (WRI 2004).  Artificial obstructions at key tributary confluences limit adult and juvenile movement.
Table 5.  Summary of Life Stages and VSP Parameters Affected
	Life

Stages

Affected

	Egg to Parr
	Parr to Smolt
	Smolt to Adult

	
	Incubation
	Early Rearing
	Summer Rearing
	Winter Rearing
	Downstream Migration
	Estuary Rearing
	Ocean Residence
	Upstream Migration
	Spawning

	
	
	
	X
	X
	X
	
	
	X
	X

	

	VSP Parameters Affected


	Abundance
	Productivity
	Diversity
	Spatial Structure

	
	X
	X
	X
	X


Riparian Condition
Riparian conditions in Rock and Richardson Creeks (Ecotrust 2000):
· The valley floor riparian areas are only moderately forested. Agriculture, subdivisions, golf course construction, and roads have heavily altered the valley floor riparian zones. Generally, these areas are characterized by a narrow (10 to 30 feet) band of shrubs and small trees (willow, dogwood, ash, and blackberry).

· The lower creek canyon mainstems of both Rock and Richardson Creeks are mostly forested.  This forest is fairly mature, and even includes individual old growth conifers, as well as cottonwood, alder, maple, and oak.

· Sections of valley streams have been channelized, further impacting the riparian zone. 

· Some stream sections have no riparian cover at all, including parts of the golf course, the stream that flows through Damascus, and several stream sections in Pleasant valley. Other areas have orchards, nurseries, and berry fields crossing right over streams. 

Riparian conditions in Clear and Foster Creeks (WPN 2002):
· The percentage of riparian areas dominated by non-tree riparian vegetation (for example, shrubs, grass-like plants, or pastures or crops) range from 9% in Upper Clear Creek to 39% in lower Clear Creek.  

· Most of the streams in the watershed are well-shaded.  

· Most of the streams have adequate buffers.  Areas with narrow riparian tree buffers comprise 3% of the stream network.

· There has been extensive loss of wetlands.  Wetlands occupy only 13% of their historical area.

While there have been impacts to these areas, the Clear and Foster Creek Watershed Assessment and Action Plan shows that there are high quality aquatic-riparian habitat areas within these watersheds, particularly in Clear Creek (Runyon and Salminen 2005).   

Riparian conditions in Deep and Goose Creeks (WPN 2004):

· The steep canyons of lower Deep and Tickle Creek provide good riparian habitat that have high protection values.  There are ditched channels in Goose, lower Deep, and Tickle Creeks.

· Areas dominated by non-riparian vegetation (primarily cultivated fields, pastures, lawns, and developed areas) range from 6% in Upper Creek subwatershed to 28% in the North Fork Deep Creek subwatershed.  

· The North Fork of Deep Creek, particularly in the areas above Boring, is characterized by flatter topography and greater channel and riparian impacts.  Reduced riparian width, limited streamside trees, and minimal shade characterize many of the reaches in this section.  A number of sections of the North Fork and tributary streams have also been substantially ditched.   

· There are low shade levels along streams in many headwater areas, particularly in the North Fork Deep Creek subwatershed.  
In Deep Creek and Goose Creek, most of the degraded riparian habitat is in the upper portions of the watershed, while some high quality riparian-aquatic habitat areas remain in the steep canyons within the lower watershed (Deep and Goose Creek Watershed Assessment, as cited in Runyon and Salminen 2005).  There is some existing higher quality habitat on the upper portions of Tickle Creek and the mainstem Deep Creek, but these areas are under increasing pressure from urban expansion and development in the Sandy area.  
In Johnson Creek, the lack of native conifers and hardwoods as source wood limits the longevity and function of wood in the creek.  The lack of overhanging vegetation along streambanks destabilizes the creek and minimizes the potential protective cover.
Table 6.  Summary of Life Stages and VSP Parameters Affected
	Life

Stages

Affected

	Egg to Parr
	Parr to Smolt
	Smolt to Adult

	
	Incubation
	Early Rearing
	Summer Rearing
	Winter Rearing
	Downstream Migration
	Estuary Rearing
	Ocean Residence
	Upstream Migration
	Spawning

	
	X
	X
	X
	X
	X
	
	
	X
	X

	

	VSP Parameters Affected


	Abundance
	Productivity
	Diversity
	Spatial Structure

	
	X
	X
	X
	X


Water Quality 
Temperature is a major limiting factor during the late summer and early fall.  Sediments, nutrients and other pollutants also flow into the lower river from the urbanized tributaries, such as Rock, Richardson and Deep Creeks.

Lower Clackamas River flow temperature is influenced primarily by the PGE Clackamas River Hydroelectric Projects, but also by water withdrawals, lack of riparian canopy and recreational activities (WPN 2005).  Effects of the hydroelectric project were evaluated for the Clackamas River TMDL and 401 certification for FERC relicensing.  Predictive models used to evaluate project effects show maximum daily temperatures are cooler than natural thermal potential immediately below River Mill Dam, but significantly warmer further downstream. 

Nutrient and bacteria concentrations in the mainstem river measured below River Mill Dam and at Carver ranked in the “lowest” nutrient categories when compared to nutrients measured in adjacent tributaries.  Pesticides were rated as moderate.  

Mixed agricultural and urban land use is responsible for the poor water quality rating in Deep Creek, particularly in Tickle Creek and N.F. Deep Creek subwatersheds.  Nutrients and bacteria are very high in Tickle Creek, with septic systems suspected of contributing to the high nitrate concentrations.  Pollutants are also high in N.F. Deep Creek.  These problems contribute to the high pollutant concentrations detected in lower Deep Creek.  

Rock Creek is highly impaired by pesticides, bacteria and nutrient inputs.  Richardson Creek is rated as moderate.  Cow Creek and Sieben Creek are the most altered subwatersheds in the Clackamas Basin.  High bacteria, nutrient and pesticide concentrations are due to the high degree of development in these watersheds.  

Johnson Creek is on the 303(d) list for DDT, dieldrin.  Elevated summer temperatures stress fish, resulting in lethal and sublethal effects.  Chronic and acute chemical toxicity may result in lethal and/or sublethal effects to aquatic communities. High sediment loads smother spawning habitat and subsequent egg incubation and rearing pools.  High silt cover reduces areas for macroinvertebrate production and subsequent food sources.  
Table 7.  Summary of Life Stages and VSP Parameters Affected
	Life

Stages

Affected

	Egg to Parr
	Parr to Smolt
	Smolt to Adult

	
	Incubation
	Early Rearing
	Summer Rearing
	Winter Rearing
	Downstream Migration
	Estuary Rearing
	Ocean Residence
	Upstream Migration
	Spawning

	
	X
	X
	X
	X
	X
	
	
	X
	X

	

	VSP Parameters Affected


	Abundance
	Productivity
	Diversity
	Spatial Structure

	
	X
	X
	X
	X


Water Quantity
Lower Clackamas River flow regime and temperature are influenced primarily by the PGE Clackamas River Hydroelectric Projects, but also by water withdrawals, lack of riparian cover, and recreational activities (WPN 2005).  

In Johnson Creek, low summer flows (a consequence of poor infiltration due to high impervious area) increase the potential for elevated water temperatures and reduce the water available to create high quality habitat such as pools.  High storm flows in the fall, winter and spring also scour the stream bed, alter the substrate, cause channel incision, and create high sediment loads.   
Table 8.  Summary of Life Stages and VSP Parameters Affected
	Life

Stages

Affected

	Egg to Parr
	Parr to Smolt
	Smolt to Adult

	
	Incubation
	Early Rearing
	Summer Rearing
	Winter Rearing
	Downstream Migration
	Estuary Rearing
	Ocean Residence
	Upstream Migration
	Spawning

	
	X
	X
	X
	X
	X
	
	
	X
	X

	

	VSP Parameters Affected


	Abundance
	Productivity
	Diversity
	Spatial Structure

	
	X
	X
	X
	X


Substrate
Changes in sediment patterns and storage are also impacting fish populations.  High sediment loads smother spawning habitat and subsequent egg incubation and rearing pools.  High silt cover reduces areas for macroinvertebrate production and subsequent food sources.  
Table 9.  Summary of Life Stages and VSP Parameters Affected
	Life

Stages

Affected

	Egg to Parr
	Parr to Smolt
	Smolt to Adult

	
	Incubation
	Early Rearing
	Summer Rearing
	Winter Rearing
	Downstream Migration
	Estuary Rearing
	Ocean Residence
	Upstream Migration
	Spawning

	
	X
	X
	X
	X
	
	
	
	
	X

	

	VSP Parameters Affected


	Abundance
	Productivity
	Diversity
	Spatial Structure

	
	X


	X
	
	X


Hatchery
Eagle Creek NFH Coho Program
Returns to the hatchery are used for broodstock.  In the past, if production goals were not achieved, coho from the Sandy, Big Creek, Bonneville, North Toutle, or Willard hatcheries were used to fill the shortfall.  The stock originated from Sandy River, North Toutle and Big Creek stocks and coho returning to Eagle Creek.  The program collects adults from September through November.  Late-returning coho do not enter Eagle Creek until December, after egg-take activities have ended.  The program does not incorporate any natural-origin coho into the broodstock.  This is an isolated program that is still part of the ESU.  The net effects of this program are unknown but are expected to be small, since the hatchery population has an earlier spawn timing and is mostly spatially separated from the later spawning wild coho population (NMFS 2004). 
Table 10.  Summary of Life Stages and VSP Parameters Affected
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