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APPENDIX A 
Life History of Fish and Wildlife Species  

Addressed in the Habitat Conservation Plan 
 
INTRODUCTION 
 
There are up to nine species of anadromous salmonids present in the Green River today.  
The Green River currently supports populations of sockeye (Oncorhynchus nerka), coho 
(O. kisutch), chinook (O. tshawytscha), and chum (O. keta) salmon, cutthroat (O. clarki) 
and steelhead (O. mykiss) trout.  Pink (O. gorbuscha) salmon are believed to be present in 
the system, however, not in large numbers.  Historically, bull trout (Salvelinus 
confluentus) and/or Dolly Varden (S. malma) have been reported to occur in the Green 
River (Grette and Salo 1986); however, the presence of a reproducing population has not 
been documented to date (WDFW 1998).  Pacific (Lampetra tridentatus) and river (L. 
ayresi) lamprey are also present in the Green River, but little information is available on 
their present status. 
 
The general life history of Pacific salmon involves constructing nests (redds) in gravel 
beds for spawning, followed by migration to the ocean for feeding and maturation, and 
returning to natal sites for spawning and completion of their life cycle.  There are many 
variations on the timing and duration of these life cycles both between species, and from 
year to year for the same species.  Figure A-1 provides a summary of the timing of the 
freshwater life phases of several salmonid species in the Green-Duwamish Basin.  Each 
salmonid species present in the Green River has a different length and timing of 
freshwater residence.  The freshwater periodicity of an individual species may impart 
differential responses by salmonids to Green River water management strategies. 

The salmon and trout species listed above are proposed to be covered under the Incidental 
Take Permit (ITP).  In order to determine the benefit of protection measures and the 
effect of activities proposed for coverage under the ESA, an understanding of the life 
history traits and habitat requirements was needed.  This appendix provides a description 
of life history traits, habitat requirements, range and abundance of all species proposed 
for coverage under the ITP. 
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Freshwater             Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

0Species Life Phase 1-15 16-31 1-15 16-28 1-15 16-31 1-15 16-30 1-15 16-31 1-15 16-30 1-15 16-31 1-15 16-31 1-15 16-30 1-15 16-31 1-15 16-30 1-15 16-31 
     Steelhead  Upstream Migration –su         Upstream Migration – w         Spawning – summer        Spawning – winter          Incubation    
 Juvenile Rearing         
 Percent of outmigration  25                  0    
 Juvenile Outmigration   5% 20% 25% 25% 20% 5%  
     Coastal Cutthroat Upstream Migration          Spawning  
 Incubation    
 Juvenile Rearing         
 Percent of outmigration 25                  0    
 Juvenile Outmigration  5% 20% 25% 25% 20% 5%  
     Coho  Upstream Migration          Spawning  
 Incubation  
 Juvenile Rearing         
 Percent of outmigration 25                  0     
 Juvenile Outmigration  5% 20% 25% 25% 20% 5%  
     Chinook   Upstream Migration       Spawning    Incubation  
 Juvenile Rearing         
 Percent of outmigration 25                  0    
 Juvenile Outmigration  5% 10% 20% 20% 20% 20% 5%  
     Chum  Upstream Migration      Spawning  
 Incubation  
 Juvenile Rearing         
 Percent of outmigration 25                  0  
 Juvenile Outmigration  5% 10% 20% 25% 25% 10% 5%

    

  

     

  

   

       
     

  

   

              

  

   

               

  

   

                  

  

     
  

Figure A-1.  Timing of selected salmonid species freshwater life phases in the Green-Duwamish Basin (Source:  periodicity of adult lifestages adapted 
from Grette and Salo 1986). 
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Life History and Habitat Requirements 
 
Chinook salmon are the largest of all Pacific salmon and can weigh over 100 pounds; 
however, the average weight is closer to 22 pounds.  Chinook salmon, the least abundant 
of the five Pacific salmon species, were historically found from the Ventura River, 
California to Point Hope, Alaska (Myers et al. 1998).  Currently, spawning populations of 
chinook exist from the San Joaquin River to the Kotzebue Sound, Alaska (Healey 1991).  
Green River chinook salmon, along with 28 other stocks, have been placed into the Puget 
Sound Evolutionarily Significant Unit (ESU) by the National Marine Fisheries Service 
(NMFS) (Myers et al. 1998).  The Puget Sound ESU encompasses all chinook 
populations from the Elwha River on the Olympic Peninsula to the Nooksack River in 
North Puget Sound and south to the Nisqually River.  The 5-year mean natural 
escapement (1992-1996) for the Puget Sound ESU is approximately 27,000 spawners; 
recent total escapement (natural and hatchery fish) has averaged 71,000 chinook (Myers 
et al. 1998). 
 
Based on timing of adult returns, most of the chinook salmon inhabiting the Green River 
are of the summer/fall origin (WDFW et al. 1994).  Adult summer/fall chinook migrate 
upstream in the Green River from late June through November (Grette and Salo 1986).  
Owing to their body size, the presence of deep holding water and sufficient discharge are 
vital to permit upstream migration.  Actual adult run and spawning timing is in response 
to local water temperature and flow regimes (Healey 1991).  Caldwell and Associates 
(1994) indicate that the potential for delay of upstream migration exists in August, when 
Green River water temperatures can exceed 21ºC (70ºF) (criteria presented in Armour 
1991).  Elevated water temperatures can also lead to low dissolved oxygen (DO) levels, 
which could also delay migration (Armour 1991). 
 
Chinook spawning in the Green River takes place from early September through mid-
November (Grette and Salo 1986).  Preferred spawning areas include the main channel 
from Kent (RM 24) to the Tacoma Water Supply Intake at RM 61.0 (Headworks).  
Spawning chinook also utilize the lower portions of Newaukum and Big Soos creeks 
(King County Planning Division 1978).  Larger body size also allows for use of larger 
spawning gravel and cobble substrates (Raleigh et al. 1986).  Caldwell and Hirschey 
(1989) report Green River chinook spawn over cobble with some large gravel and 
boulders at depths of greater than 1.0 feet to almost 3 feet in water velocities ranging 
from about 2.0 to 3.0 feet per second (fps). 
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Chinook eggs require 882 to 991 temperature units on average before hatching (1 
temperature unit = 1 degree C above freezing for 24 hours) (Beauchamp et al. 1983).  The 
length of incubation in the Green River varies depending on location of redds, but is 
generally completed by the end of February (see Figure A-1).  The young remain in the 
gravels for 2 to 3 weeks after hatching (Wydoski and Whitney 1979). 
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Many variations in juvenile life history are possible within fall/summer chinook (Healey 
1991), often the result of variability in the juvenile freshwater residence period (Reimers 
1973).  Five different juvenile chinook salmon life history strategies are suggested by 
Reimers (1973): 
 

• emergent fry move directly downstream and into the ocean within a few weeks; 

• juveniles rear in the main river or remain in tributaries until early summer, 
emigrating into the estuary for a short rearing period before entering the ocean; 

• juveniles rear in the main river or tributaries until early summer, then emigrate 
into the estuary for an extended rearing period before entering the ocean in 
autumn; 

• juveniles rear in the tributary streams or in the main river until autumn rainfall 
begins before they emigrate to the ocean; and 

• juveniles remain in tributary streams, or in the main river, through the summer, 
rear in the river until the following spring, and enter the ocean as yearlings. 

 
The proportion of chinook present in the Green River corresponding to the above 
variations in freshwater residence could be dictated by genetic and environmental factors.  
Environmental cues such as streamflow reductions, food supply, changes in photo-period, 
and temperature increases are all factors that lead to the evolution and expression of 
particular juvenile outmigration timing (Myers et al. 1998).  Specific examples of 
documented life history strategies in the Green River can be found in the following 
studies. 
 
The U.S. Fish and Wildlife Service (USFWS) used fyke traps to gauge trends in 
downstream movement of subyearling chinook planted above Howard Hanson Dam 
(HHD).  During 1991, 979,446 subyearling chinook were planted on 21-25 February and 
960,084 were planted 6-7 March.  Fyke trapping above HHD was conducted 18 April 
through 21 November and the peak movement of subyearling chinook into the reservoir 
was observed during late May and early June (Dilley and Wunderlich 1992).  During 
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1992 they expanded their trapping activities to extend from mid-February through the end 
of November.  A large downstream movement into the reservoir was noted during late 
March and April, which was assumed to be displacement coincident with outplanting of 
hatchery juveniles.  They observed a peak downstream movement out of the reservoir in 
early June, which coincided with peak adenosine triphosphate levels (Dilley and 
Wunderlich 1993).  Based on available data, peak timing of outmigration of chinook 
smolts from the upper watershed was assumed to occur between late April and early June 
in the upper Green River. 
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Dunstan (1955) used fyke nets to sample the middle Green River between 18 February 
and 20 May 1955 and captured newly emerged fry in late February through April.  They 
identified the peak outmigration occurring between 7 April and 17 April.  Recent juvenile 
salmonid surveys found that relative chinook abundance in the middle Green River 
peaked in early April, while juvenile chinook salmon (age-0) were present from 25 
February through 25 June (Jeanes and Hilgert 1999).  Age-1+ chinook were also captured 
during juvenile salmonid surveys in the middle Green River (Jeanes and Hilgert 1999).  
The origin of age-1+ chinook is unknown, but they may represent fish over-wintering in 
the Green River, or fish originating upstream from HHD. 
 
Studies performed in the Duwamish Estuary indicate that peak chinook fry abundance in 
the Duwamish Estuary occurs during late May (Bostick 1955; Weitkamp and Campbell 
1979).  Meyer et al. (1980) found the greatest abundance of juvenile chinook during early 
May, even though chinook persisted in beach and purse seine catches through July, 
indicating that juvenile chinook display an extended period of residency in the Duwamish 
Estuary.  Due to their plastic life history structure, juvenile chinook are thought to 
migrate into and utilize estuarine habitats longer than other Pacific salmon species 
(Simenstad et al. 1982; Emmett et al. 1991).  Extended estuarine residency period may 
provide for the highest growth rates that chinook witness in their lives (SRWA 1998).  
Salo (1969) indicates a growth rate of approximately 1.0 inch per week in the Duwamish 
Estuary that could impart higher marine survival rates for the juvenile fish (Simenstad et 
al. 1982). 
 
The majority of Puget Sound chinook mature as 3- and 4-year-olds, although they may 
return as early as 2 years, or even later than 6 years (Myers et al. 1998).  Healey (1991) 
found that temperature, DO, and weather may influence chinook salmon to hold in the 
estuary until conditions are correct to continue upstream to spawn. 
 

 

Despite being the least abundant of the five species of Pacific salmon, chinook are 
important economically (Wydoski and Whitney 1979).  Peak recorded harvest of chinook 
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salmon in the Puget Sound corresponded to a run-size of 690,000 in 1908 (Myers et al. 
1998).  Coded wire tag recoveries from Puget Sound chinook, including Green River, 
indicate that approximately one-third of the total catch of South Puget Sound chinook 
occurs in Canadian fisheries, slightly less than two-thirds in Puget Sound, and a small 
proportion in Washington coastal fisheries (WDFW et al. 1994). 
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Known Occurrences in the Project Vicinity 
 
Summer/fall chinook of the Duwamish/Green River basin are distinguished from other 
Puget Sound stocks by geographic isolation.  The stock is mixed origin, whereby 
production is supplemented from hatchery releases from the Green River Hatchery 
located on Soos Creek.  Genetic analysis is currently underway to determine if the 
chinook spawning in Newaukum Creek are a separate stock from those spawning in the 
Green River (WDFW et al. 1994).  Coded-wire tag recoveries indicate that some hatchery 
strays are spawning naturally in the Green River and Newaukum Creek (WDFW et al. 
1994).  Total escapement in the mainstem Green River averaged 7,600 from 1987 
through 1992 (WDFW et al. 1994), exceeding the escapement goal for all naturally 
spawned chinook in the Green/Duwamish River (including Newaukum Creek) of 5,800 
(WDFW et al. 1994).  Newaukum Creek escapement averaged 1,600 chinook from 1987-
1991 with an alarming decrease in both 1990 and 1991.  In meeting the natural 
escapement goal, Green River chinook represent approximately 21 percent of the natural 
escapement occurring in the Puget Sound ESU.  An unknown level of natural escapement 
in the Green River has been attributed to hatchery strays from Soos Creek (WDFW et al. 
1994). 
 
At present, it is unknown whether a spring chinook population is present in the Green 
River (Grette and Salo 1986).  A small run may have been present prior to the separation 
of the Green and White rivers in 1906; however, little information is available (Grette 
and Salo 1986).  There is currently no hatchery production of spring chinook in the Green 
River. 
 
Population Status and Status under the ESA 
 

 

Overall, abundance of chinook salmon in the Puget Sound ESU has declined 
substantially, and both long- and short-term abundance trends are predominantly 
downward.  These factors have led to the listing of the Puget Sound ESU as threatened 
under the ESA on 26 February 1998 (63 FR 11482).  Sedimentation and high water 
temperatures are major habitat problems faced by chinook in the Green River (Myers et 
al. 1998), even though the Green River and Newaukum Creek stocks are listed as healthy 
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by the Washington Department of Fish and Wildlife (WDFW) (WDFW et al. 1994).  The 
Green River and Newaukum Creek stocks were two of the six mixed-origin stocks (out of 
28 stocks located in the Puget Sound ESU) that were listed as healthy by the WDFW 
(Myers et al. 1998). 
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A Genetic Stock Inventory (GSI) sample of various parts of the river was conducted in 
the fall of 1997, and this sample will be analyzed to determine what parts of the Green 
River population may still contain segments of wild Green River chinook salmon.  This 
analysis could be important in establishing the final assessment of the stock as wild, wild 
and hatchery, or hatchery, and could affect chinook protection and recovery if listed as a 
threatened species (Myers et al. 1998). 
 
BULL TROUT (Salvelinus confluentus) and DOLLY VARDEN (Salvelinus malma) 
 
Life History and Habitat Requirements 
 
Two native char species are potentially present in the Green/Duwamish River drainage:  
bull trout and Dolly Varden.  Bull trout are primarily an inland resident species, and 
widely distributed in isolated populations throughout the Columbia River drainage (63 
FR 31693).  Bull trout populations are also present in the Klamath River Basin of 
Oregon, and in the Jarbidge drainage of Nevada (63 FR 31693).  The bull trout is now 
considered to be extinct in northern California, and is shrinking in distribution throughout 
its former range.  Populations of bull trout are also found in western Washington, 
including coastal drainages of the Puget Sound, Straight of Juan de Fuca, Hood Canal, 
and Olympic Peninsula (64 FR 58910).  In contrast to bull trout, Dolly Varden primarily 
inhabit coastal drainages extending from western Washington to Alaska.  These two 
native char species occur sympatrically in a number of drainages in western Washington, 
including the Snohomish and Skagit rivers (WDFW 1998).  The species composition of 
native char in most Puget Sound rivers, including the Green River, will remain uncertain 
until a comprehensive genetic analysis of native char populations in this region is 
completed (WDFW 1998). 
 
Bull trout and Dolly Varden were previously considered to be the same species, but were 
recognized as separate species by the American Fisheries Society in 1980 based upon 
differences in morphometrics, osteological features, and embryological development 
(Cavender 1978).  These two native char species are difficult to differentiate based upon 
overall physical appearance, but can be identified to species using morphological-
meristic (measurements of physical features) and genetic analyses (64 FR 58910).  Both 
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species of native char have similar life history traits and habitat requirements (WDFW 
1998; 64 FR 58910).  Because bull trout and Dolly Varden are difficult to distinguish 
based upon physical appearance, and have very similar biological characteristics, WDFW 
manages and regulates these as the same species (WDFW 1998).  WDFW refers to these 
bull trout and Dolly Varden as “native char” in managing and protecting these species.  
Both species are proposed for coverage under the ITP.  Following WDFW’s convention, 
both species are described and analyzed together throughout the Habitat Conservation 
Plan (HCP), and are jointly referred to as “native char” or “bull trout” in this document. 
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Native char in Puget Sound and coastal streams may express both resident and migratory 
life history forms (USFWS 1998).  Resident bull trout complete their life cycles in 
tributaries, while some migratory bull trout adopt an anadromous life cycle.  Anadromous 
forms migrate to sea in the spring and return in late summer and early fall (Wydoski and 
Whitney 1979).  Native char can spend 2 or even 3 years in fresh water before migrating 
to sea.  Little is known about their habits or distribution while in the marine environment. 
 
Spawning in most native char populations occurs in September and October, though it 
may occur in August at elevations above 4,000 feet in the Cascades and as late as 
November in coastal streams (Goetz 1989; Craig 1997).  Most anadromous populations 
spawn only every second year, while resident char may spawn every year (Armstrong and 
Morrow 1980; USFWS 1998).  Spawning sites are characterized by low gradient, 
uniform flow, and a gravel substrate between 0.25 to 2.0 inches in diameter (Wydoski 
and Whitney 1979; Fraley and Shepard 1989).  Groundwater influence and proximity to 
cover also are reported as important factors in spawning site selection (Fraley and 
Shepard 1989).  Studies conducted throughout the species range indicate that spawning 
occurs in water from 0.75 to 2.0 feet deep (Wydoski and Whitney 1979; Fraley and 
Shepard 1989) and often occurs in reaches fed by streams, or near other sources of cold 
groundwater (Pratt 1992). 
 
Bull trout require a long period of time from egg deposition until emergence.  Embryos 
incubate for approximately 100 to 145 days, and hatch in late winter or early spring 
(Weaver and White 1985).  Rieman and McIntyre (1993) indicate that optimum 
incubation temperatures are between 2 and 4ºC.  The alevins remain in the streambed, 
absorbing the yolk sac, for an additional 65 to 90 days (Pratt 1992).  Emergence from the 
streambed occurs in late winter/early spring (Pratt 1992).  High fine sediment levels in 
spawning substrates reduce embryo survival, but the extent to which they affect bull trout 
populations is not entirely known (Rieman and McIntyre 1993). 
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Fry are usually found in shallow, slow backwater side channels and eddies, in close 
proximity to instream cover (Pratt 1984).  Young-of-the-year bull trout are found 
primarily in lateral stream habitats such as side-channel areas and along stream margins, 
similar to that reported for other species of salmonids (Fraley and Shepard 1989).  
Juveniles are primarily bottom dwellers and are found among interstitial spaces in the 
substrate (Fraley and Shepard 1989; Pratt 1992).  Sub-adults are often found in deeper 
stream pools or in lakes in deep water with temperatures less than 15ΕC (Pratt 1992). 
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Long overwinter incubation periods for native char embryos and alevins make them 
particularly susceptible to increases in fine sediments (USFWS 1998).  The WDFW lists 
the following as the limiting factors for the species:  stream temperatures that exceed the 
normal spawning and incubation temperature range; lack of spawning and rearing habitat; 
and a high percentage of fine sediment in spawning gravels (WDFW 1998).  Because of 
their close association with the bottom, native char are sensitive to changes in the 
streambed (Fraley and Shepard 1989; USFWS 1998).  Bull trout readily interbreed with 
non-native brook trout (Salvelinus fontinalis).  Brook trout may also exclude bull trout 
from native habitats (USFWS 1998).  Finally, native char are easily caught and are highly 
susceptible to fishing pressure; therefore, any increase in the accessibility of a population 
to fishing pressure may negatively impact a population (Fraley and Shepard 1989; 
USFWS 1998). 
 
Known Occurrences in the Project Vicinity 
 
Numerous studies have attempted to ascertain the extent to which bull trout are present in 
the Green/Duwamish River.  The U.S. Forest Service (USFS) conducted general fisheries 
surveys in the upper Green River drainage and Sunday Creek basin over a series of years 
and found no evidence of native char (F. Goetz, USACE 1998).  The USFS (1998) 
determined that no records exist that suggest bull trout have ever occupied habitat 
upstream of HHD.  In support of their ITP application for lands in the upper Green River 
watershed, Plum Creek Timber Company biologists conducted presence/absence surveys 
for bull trout; however, no bull trout were detected (Watson and Hillman 1997).  Streams 
included in this survey were:  upper Green River, Twin Camp Creek, Intake Creek, 
Sawmill Creek, Pioneer Creek, and Tacoma Creek.  Three reaches were sampled on each 
stream (6.2 mile/reach and 12 transects/reach).  The surveys consisted of snorkeling and 
electrofishing during daylight hours and only during one field season (Watson and 
Hillman 1997). 
 

 

Potential bull trout habitat in the upper Green River is considered somewhat degraded 
due to past timber harvests.  Stream temperatures in this survey area may be warmer than 
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temperatures required by bull trout in the late summer.  Bull trout thrive in waters that are 
too cold for other salmonid species (USFWS 1998).  The Green River is a low elevation 
system, and may not provide the coldwater habitat necessary for bull trout success. 
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However, there is evidence that native char may have historically occurred in the lower 
Green River/Duwamish River basin (Grette and Salo 1986).  Historical records report 
thousands of native char in the Green River system (RM 35) in the 1800s.  This report 
was prior to separation of the Green and White river systems.  The White River was 
diverted from the Green River into the Puyallup River in 1906 and the White River 
continues to support a large population of native char. 
 
No bull trout were observed during fisheries surveys conducted in the reach between 
HHD and the Tacoma Headworks intake in 1985 and 1994 (Solonsky 1985; Dillon 1994).  
These surveys were one-day, daylight only, snorkeling efforts by trained field crews.  
Trapping studies conducted between the HHD and the Headworks did not report catches 
of native char (Hatfield 1986).  Anglers in the Headworks area have not reported catching 
native char.  Cropp (1989) set vertical and horizontal gill nets in Howard Hanson 
Reservoir in August 1989, and collected only chinook, coho, steelhead, native cutthroat 
and whitefish; no native char were collected.  Electrofishing and fyke net surveys 
conducted in the middle Green River (RM 34-45) did not capture bull trout (Jeanes and 
Hilgert 1999). 
 
The documented presence of native char in the Green River system is limited to the 
capture of solitary adult specimens in the lower river.  A single bull trout sighting was 
reported in Soos Creek in 1956.  No supporting information regarding this sighting is 
available (Beak 1996).  The capture of a solitary bull trout in the Duwamish River system 
(lower Green River) by E. Warner of the Muckleshoot Indian Tribe (MIT) in 1994, 
referenced in the USFWS proposed listing of bull trout under the Endangered Species 
Act (ESA) (63 FR 31693), is more likely indicative of movement between river systems 
than the presence of a "depressed" population in the Green River (63 FR 31693). 
 
The observations of adult native char in themselves do not indicate that a reproducing 
population is present in the Green River.  Bond (1992) maintained that movement 
between river systems during feeding forays to salt water is a potential mechanism of bull 
trout distribution.  Anadromous Dolly Varden are known to temporarily inhabit lower 
portions of non-natal rivers before returning to their natal stream to spawn (Bernard et al. 
1995).  Native char in southeast Alaska have been observed migrating through salt water 
as much as 140 miles between river systems before entering their natal streams 
(Armstrong and Morrow 1980).  One adult bull trout radio-tagged in the Sauk River, a 
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tributary to the Skagit River, was recovered 6 months later in the lower Snohomish River 
(WDFW 1998).  Native char have the opportunity to move in and out of the Green River, 
and infrequent solitary sightings of adults in the lower reaches further suggest such 
movement between river systems may be occurring in the Puget Sound area. 
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Population Status and Status under the ESA  
 
The Green River is considered part of the Puget Sound bull trout distinct population 
segment (DPS) by the USFWS.  This DPS is a geographically isolated segment, 
encompassing all Pacific Coast drainages north of the Columbia River in Washington (63 
FR 31695).  The Green River possesses one of 15 “native char” populations identified by 
the USFWS in the Puget Sound area (64 FR 58910).  A total of 34 subpopulations of 
native char were identified in the Coastal-Puget Sound DPS.  Due to several detrimental 
factors (including disease, predation, increased stream temperatures and loss of habitat) 
bull trout in the conterminous United States (including the Coastal-Puget Sound DPS) 
were listed as threatened by the USFWS on 1 November 1999 (64 FR 58910).  There is 
little information available specifically on the status of the Green River stock (WDFW 
1998).  The WDFW (1998) has no confirmation of reproduction or juvenile rearing of 
native char in the Green River basin today.  As a precaution, retention of native char 
caught in the Green/Duwamish River has been illegal since 1994 (WDFW 1998).  Dolly 
Varden were not listed as a threatened species in the DPS when the USFWS listed bull 
trout in November 1999 (64 FR 58910).  However, the USFWS indicated in January 
2001 that Dolly Varden are being considered for listing as threatened due to their 
similarity of appearance to bull trout (66 FR 1628). 
 
COHO SALMON (Oncorhynchus kisutch) 
 
Life History and Habitat Requirements 
 
Coho salmon are one of the most popular and widespread sport fishes found in Pacific 
Northwest waters.  Coho populations exist as far south as the San Lorenzo River, 
California, and north as Norton Sound, Alaska (Sandercock 1991).  The average size of 
Puget Sound coho has steadily declined from 1972 (8.8 pounds) through 1993 (4.4 
pounds) (Bledsoe et al. 1989).  Numerous parameters, including harvest practices, are 
thought to be associated with this decline.  Coho originating in the Green River have been 
placed into the Puget Sound/Strait of Georgia ESU by the NMFS (Weitkamp et al. 1995).  
This ESU encompasses coho populations from South Puget and Hood Canal to eastern 
Olympic Peninsula up to the Powell River Basin, British Columbia.  Total average run 
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size (from 1965 through 1993) for 17 stocks located in the Puget Sound ESU is 240,795 
(Weitkamp et al. 1995). 
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Green River coho migrate upstream from early August through mid-January (Grette and 
Salo 1986).  As with chinook salmon, coho require both deep holding cover for resting 
and sufficient instream flow (water depths of 0.6 feet) to permit upstream movement 
(Laufle et al. 1986). 
 
Coho spawning takes place in the Green River from late September through mid-January 
(Grette and Salo 1986).  Coho spawn in all available tributaries and the mainstem Green 
River.  Mainstem spawning is heaviest in the braided channel reaches near Burns Creek, 
in the Green River Gorge, and below the Tacoma Headworks.  Major spawning 
tributaries include Newaukum, Big Soos, Crisp, Burns, Springbrook, and Hill creeks 
(Grette and Salo 1986). 
 
Incubation periods for coho salmon last from 35 to 101 days (Laufle et al. 1986; 
Sandercock 1991).  After hatching, larvae typically spend 3 to 4 weeks (depending on 
depth of burial, percentage of fine sediments, and water temperatures) absorbing the yolk 
sac in gravels before they emerge in early March to mid-May (McMahon 1983; Laufle et 
al. 1986; Sandercock 1991).  Newly emerged coho (e.g., yolk sac fry) were found in the 
middle Green River on 25 February (Jeanes and Hilgert 1999).  Coho fry continued to be 
present through May, with peak relative abundance occurring in mid-April (Jeanes and 
Hilgert 1999). 
 

 

Juvenile coho salmon rear in fresh water for approximately 15 months prior to migrating 
downstream to the ocean, but may extend their rearing time for up to 2 years (Sandercock 
1991).  Newly emerged fry usually congregate in schools in pools of their natal stream.  
As juveniles grow, they move into more riffle habitat and aggressively defend their 
territory, resulting in displacement of excess juveniles downstream to less favorable 
habitats (Lister and Genoe 1970).  Aggressive behavior may be an important factor 
maintaining the numbers of juveniles within the carrying capacity of the stream, and 
distributing juveniles more widely downstream (Chapman 1962; Sabo 1995).  Once 
territories are established, individuals may rear in selected areas of the stream feeding on 
drifting benthic organisms and terrestrial insects until the following spring (Hart 1973; 
Cederholm and Scarlett 1981).  Complex woody debris structures and side channels are 
important habitat elements for young-of-the-year coho salmon, particularly during the 
summer low flow period on the Green River (Grette and Salo 1986; Jeanes and Hilgert 
1999), suggesting that the abundance of juvenile coho is often determined by the 
combination of space, food, and water temperature (Chapman 1966; Sandercock 1991). 
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The peak outmigration of coho smolts in the Green River occurs between late April and 
early June (Figure A-1).  Bostick (1955) sampled outmigrating smolts in the Duwamish 
Estuary in 1953 and observed the peak outmigration of coho smolts in late May.  Dunstan 
(1955) observed a peak outmigration of coho smolts during late April.  Dunstan (1955) 
also captured newly emerged fry late February through April but characterized these 
early movements as being instream redistribution rather than an active seaward 
migration.  Weitkamp and Campbell (1979) and Meyer et al. (1980) observed the greatest 
abundance of coho smolts in the Duwamish Estuary during late May.  Meyer et al. (1980) 
noted that by early June coho smolts appeared to move quickly through the estuary and 
that few coho were present in the estuary after 4 June.  Observations of peak coho smolt 
movement in the Duwamish Estuary may occur up to several weeks following peak 
movement through the lower Green River. 
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During 1983, coho fry were outplanted in the upper watershed and a scoop trap was 
operated below HHD to monitor the outmigration of coho smolts (Seiler and Neuhauser 
1985).  The trap was operated at regular intervals between 5 April through 18 June and 
observed the peak outmigration of coho smolts between early May and early June.  Over 
90 percent of smolts captured were taken during the hours of darkness.  Low catches 
during the initial days of trapping suggested the migration began during early April, but 
data on the end of migration were obscured by closure of the main discharge gates at 
HHD on 6 June.  Based on the number of coho yearlings captured during gill net 
sampling in the reservoir, Seiler and Neuhauser (1985) suggested downstream migration 
from the upper watershed continues into June. 
 
Peak downstream movement of coho yearlings into the reservoir occurred during May 
and early June (Dilley and Wunderlich 1992).  During 1992 they expanded their trapping 
activities to extend from mid-February through the end of November.  Unusually warm, 
wet weather during February 1992 and a high early runoff coincided with downstream 
movement of coho yearlings into the reservoir beginning in late February and extending 
through May.  Even though downstream migration began in February, downstream 
movement into the reservoir peaked during late April and early May (Dilley and 
Wunderlich 1993). 
 

 

Outmigrating yearling coho tend to move quickly through the estuary compared to other 
salmonid species (Emmett et al. 1991).  Adult coho generally return to their natal streams 
to spawn at age 3, after spending 18 to 24 months (up to 3 years) in the marine 
environment.  Coho salmon are an important commercial and recreational species in the 
Puget Sound; Grette and Salo (1986) report over 150,000 fish from the Green River were 
reported in the commercial and recreational coho catch during 1981. 
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Known Occurrences in the Project Vicinity 1 
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The coho salmon is considered to be the most numerous anadromous fish in the 
Green/Duwamish basin (King County Planning Division 1978).  Two coho stocks have 
been identified in the Green River Basin, the Green River/Soos Creek, and Newaukum 
Creek (WDFW et al. 1994).  The Green River/Soos Creek stock is of mixed origin.  
Releases of both native and non-native hatchery-origin coho in this system dates back to 
the early 1950s.  Currently, approximately 3 million yearling coho are released annually 
from hatchery facilities located on Soos and Crisp creeks.  Natural reproduction in Soos 
Creek is derived from hatchery-origin adults passed above the rack.  Production upstream 
of HHD is derived from off-station fry and fingerling releases.  Escapement data for the 
Green River/Soos Creek coho stock are limited; however, run reconstruction data 
indicates stable escapement and the stock is considered healthy (WDFW et al. 1994).  
Green River coho run size from 1965 through 1993 averaged 11,979 based on run 
reconstruction, which equates to 5 percent of the total average run size for the Puget 
Sound ESU (Weitkamp et al. 1995). 
 
Coho returning to Newaukum Creek have been identified as a separate stock within the 
Green River basin, based on geographic separation and differences in spawning timing 
(WDFW et al. 1994).  Multiple peaks within spawning curves and an extended spawning 
season suggest that there may be a unique genetic component in the Newaukum Creek 
stock.  This stock is believed to be a mixture of native and introduced stocks.  Production 
occurs through both natural spawning and a comprehensive fingerling release program.  
Since 1987, this stock has experienced a severe short-term decline and is considered 
depressed. 
 
Population Status and Status under the ESA 
 
Green River/Soos Creek coho population data indicates stable escapement and production 
levels; however, the last year of data analyzed (1991) is the lowest in database history, 
and similar values in the future would quickly bring this stock into the "depressed" 
category (WDFW et al. 1994). 
 
The Newaukum Creek coho stock has experienced short-term severe decline in 
population that has been limited by summer low flows (WDFW et al. 1994).  This stock 
is currently designated as depressed by WDFW et al. (1994). 
 

 

Green River coho stocks were placed in the Puget Sound/Strait of Georgia ESU.  
Continued loss of habitat, extremely high harvest rates, and a severe recent decline in 
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average spawner size are substantial threats to remaining native coho populations in this 
ESU.  Currently, this ESU is not listed as threatened or endangered.  However, because 
of limited information on many coho stocks in this ESU and risks to naturally producing 
populations, the Puget Sound/Strait of Georgia ESU was added to the list of candidates 
for threatened and endangered species.  If present trends continue, this ESU is likely to 
become endangered in the foreseeable future (Weitkamp et al. 1995). 
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SOCKEYE SALMON (Oncorhynchus nerka) 
 
Life History and Habitat Requirements 
 
Sockeye salmon are the third most abundant of the seven Pacific salmon species (Burgner 
1991).  As such, commercial catches of sockeye comprised 17 percent by weight and 14 
percent by number of the total salmon catch in the Pacific Ocean from 1952-1976 
(Burgner 1991).  Historically, accounts of sockeye catches exist for California as far 
south as the Sacramento River; however, today there are no recognized runs existing in 
that state (Gustafson et al. 1997).  Currently, sockeye range from the Deschutes and 
Willamette rivers in Oregon to Kotzebue Sound, Alaska.  Green River sockeye, along 
with sockeye from 15 other rivers and streams in Washington, were listed as riverine 
spawning sockeye salmon in Washington by NMFS and were not included in one of the 
six ESUs established in 1997 (Gustafson et al. 1997).  Other than anecdotal accounts, 
little information is available on the abundance and/or trends of riverine-spawning 
sockeye in Washington. 
 
Sockeye salmon exhibit the greatest variety of life history patterns of all the Pacific 
salmon, and characteristically make more use of lacustrine habitat than other salmon 
species.  Life history patterns of sockeye include:  nonanadromous land-locked sockeye, 
lake type sockeye, and river or sea type sockeye.  The landlocked type, called kokanee, 
mature, spawn and die in fresh water without a period of marine residency (Gustafson et 
al. 1997).  Lake-rearing sockeye juveniles typically spend 1 to 3 years in lacustrine 
habitats, before migrating to sea (Burgner 1991).  Lake-rearing stocks represent the most 
common and typical life history.  Sockeye that rear in rivers for 1 to 2 years (river-type 
sockeye) are less common than the lake-type sockeye, and hence little is known about 
them.  River type sockeye migrating as fry to salt water, or lower river estuaries in the 
same year as emergence, are termed "sea-type" sockeye (Gustafson et al. 1997).  The 
distribution of sockeye in Puget Sound known to use rivers for spawning and rearing 
include the North and South Fork Nooksack, Skagit, Sauk, North Fork Stillaguamish, 
Samish, and Green river populations (Gustafson et al. 1997). 
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River-spawning sockeye exhibit great diversity in selection of spawning habitat and river 
entry timing (Gustafson et al. 1997).  Puget Sound stocks, in general, enter fresh water in 
June, July, and August (Gustafson et al. 1997).  Areas containing upwelling of 
oxygenated water through sand and gravel are important for spawning (Burgner 1991).  
For a given fish size, sockeye salmon have the highest fecundity (number of eggs), and 
the smallest egg size of the Pacific salmon (Gustafson et al. 1997). 
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Length of sockeye egg incubation is temperature dependent, but is generally longer than 
the other salmon species (Burgner 1991).  This seems to be due to the choice of spawning 
environment (Burgner 1991).  In general, spawning occurs during periods of declining 
temperatures, incubation occurs at the lowest winter temperatures, and hatching is 
associated with rising water temperatures in late winter or early spring (Burgner 1991). 
 
After emergence, juvenile sockeye will migrate to nursery lakes for rearing, or in the case 
of river-type sockeye, utilize river and estuarine habitat for rearing, or migrate directly to 
the sea (Burgner 1991).  Initially, upon emergence, juvenile sockeye exhibit 
photonegative response, moving primarily at night, which is believed to be an anti-
predator adaptation (Burgner 1991).  Smolt outmigration to the ocean also occurs during 
darkness, beginning in late April and extending through early July (Gustafson et al. 
1997).  After leaving the Puget Sound, sockeye move north to the Gulf of Alaska. 
 
Maturity in sockeye salmon ranges from 3 to 8 years (Gustafson et al. 1997).  Wydoski 
and Whitney (1979) report adult sockeye as reaching a length of 33 inches and a weight 
averaging between 3.5 and 8 pounds.  Sockeye will spend 1 to 4 years in the ocean before 
returning to fresh water to spawn.  Many adult sockeye make long migrations, requiring 
higher stored energy reserves and any delay in migration, such as those caused by dams 
or low water levels, can be very damaging to spawning success (Hart 1988). 
 
Known Occurrences in the Project Vicinity 
 

 

Small numbers (less than 200) of sockeye adults have been observed spawning in the 
Green River below the Headworks (E. Warner 1998).  It is unknown whether these are 
strays from Lake Washington habitat or river-type sockeye.  Historically there has been 
no lake access in the Green River, so any lake-type sockeye were probably strays from 
other drainages.  Although the origin of the Green River stock is unknown, between 1925 
and 1931 at least 392,050 sockeye salmon fry derived from the Green River, Quinault 
Lake, and unspecified Alaska stocks were released into the Green River from the Green 
River State Hatchery (Gustafson et al. 1997).  Peak counts of sockeye spawners in the 
Green River ranged from 1 to 16 fish during 14 years of surveys that occurred between 
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1954 and 1990.  These fish were observed from mid-September to mid-November 
(Gustafson et al. 1997).  Several juvenile sockeye salmon were captured during juvenile 
salmonid surveys on the middle Green River during 1999 (Jeanes and Hilgert 1999). 
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Population Status and Status under the ESA 
 
Green River sockeye are classified as a riverine-spawning sockeye salmon under “Other 
Population Units” by NMFS.  Gustafson et al. (1997) stated "there was insufficient 
information (regarding riverine-spawning sockeye populations) to reach any conclusions 
regarding the status of this unit." 
 
CHUM SALMON (Oncorhynchus keta) 
 
Life History and Habitat Requirements 
 
Chum salmon, known for the large teeth and calico-patterned body color of spawning 
males, have the widest geographic distribution of any Pacific salmonid (Johnson et al. 
1997).  In North America, chum range from the Sacramento River in California, to Arctic 
coast streams (Salo 1991).  Green River chum salmon, along with chum stocks from the 
Puget Sound and as far west as the Elwha River, were placed into the Puget Sound/Strait 
of Georgia ESU by NMFS (Johnson et al. 1997).  The average chum harvest from 1988-
1992 for this ESU was an estimated 1.185 million fish, equating to a total abundance of 
1.5 million fish (Johnson et al. 1997). 
 
Chum salmon migration into the Green River begins in early September and continues 
through December (Figure A-1).  Upstream migration can be very fast, with rates of 30 
miles per day recorded (Salo 1991).  Spawning in the Green River takes place from early 
November through mid-January.  Preferred spawning areas are in groundwater-fed 
streams or at the head of riffles (Grette and Salo 1986).  The major spawning areas in the 
Green River are the braided section of the mainstem below the Gorge and most major 
tributaries (Grette and Salo 1986).  In general, chum salmon are reported to spawn in 
shallower, low-velocity streams and side channels more frequently than other salmon 
species (Johnson et al. 1997).  Dunstan (1955) reported that most chum seemed to be 
produced in Burns and Newaukum creeks rather than the mainstem river.  While their 
capture process could not differentiate between fry produced in side channels, tributaries, 
and mainstem habitats, spawning surveys during the 1950s identified large numbers of 
chum spawning in Burns Creek.  Muckleshoot Indian Tribe biologists surveyed the Green 
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River from 1996-1998 and reported significant numbers of chum spawning in side 
channels in the middle and lower Green River reaches (E. Warner 1998). 
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The length of incubation of chum eggs is influenced by water temperature, stream 
discharge, DO, gravel composition, and spawning time (Salo 1991).  Eggs at 15°C hatch 
approximately 100 days before eggs incubated at 4°C.  Incubation in the Green River 
takes place from the beginning of November to mid-April (Figure A-1).  Success and 
health of the emergent fry are also dependent on DO, gravel composition, spawner 
density, stream discharge, and genetic characteristics (Salo 1991). 
 
Juvenile chum salmon have an ocean-type early life history, rearing in fresh water for 
only a few days to weeks before migrating downstream to salt water (Grette and Salo 
1986; Johnson et al. 1997).  Chum fry that migrate to sea within several days after 
emergence exhibit little growth, but fry that rear for longer periods may exhibit an 
increase in length up to 22 percent in less than 4 weeks (Hale et al. 1985).  Hale et al. 
(1985) reported that chum fry grew slowly in March and April when most fry migrated to 
the sea, but as water temperature increased, growth of remaining fry was more rapid. 
 
Downstream movement in the Green River occurs from mid-February through late May 
but varies annually.  Dunstan (1955) identified an initial small surge of chum fry in late 
February, but believed the peak of chum fry outmigration occurred between 20 March 
and 3 April.  Chum fry were present in juvenile surveys conducted in the middle Green 
River from February through June, peaking in relative abundance in mid-April (Jeanes 
and Hilgert 1999). 
 
Observations of chum fry abundance in the Duwamish Estuary also indicate movement 
from the Green River, but peak movement in the estuary may be several days or weeks 
following peak movement in the river.  Meyer et al. (1980) sampled juvenile salmonids in 
the Duwamish Estuary from early April through early July.  They noted an initial peak 
abundance of chum fry in late April prior to any plants of hatchery chum in the system.  
A second, larger peak of chum abundance occurred in mid-May, several days after the 
MIT released 750,000 chum fry in Crisp Creek at RM 40.0.  Bostick (1955) observed 
peak abundance of chum in the Duwamish Estuary in early May 1953, and Weitkamp 
and Campbell (1979) observed peak chum abundance in late April 1978.  Using beach 
seines to collect salmonid fry in the Duwamish Estuary during the spring months of 1994, 
1995 and 1996, MIT researchers observed chum fry in the estuary from February through 
July (E. Warner 1998).  During all 3 years of study, they observed peak abundance of 
chum fry in the estuary in April. 

 
R2 Resource Consultants A-18 
Final – July 2001 



 APPENDIX A 
Tacoma Water HCP Green River Water Supply Operations and Watershed Protection 

 
 
Juvenile chum may remain in the brackish water habitat of the Duwamish Estuary for 
several days to 3 months, moving offshore as food resources decline in the summer 
(Meyer et al. 1980; Grette and Salo 1986).  Simenstad et al. (1982) reports that eelgrass 
(Zostera spp.) habitats may be a preferred habitat of juvenile chum salmon.  Juvenile 
chum appear to depend heavily on benthic organisms for food while residing in estuaries 
(Johnson et al. 1997).  Like fall chinook, their dependency on estuaries as rearing habitat 
may limit chum production in the Green River basin (Grette and Salo 1986). 
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Chum salmon originating from Puget Sound streams appear to enter the ocean earlier 
than their northern counterparts (Johnson et al. 1997).  Marine movement information is 
limited for chum salmon; however, commercial fishing records indicate that maturing 
chum begin to move coastward in May and June (Johnson et al. 1997).  Chum stocks 
from the Green River basin are harvested in both pre-terminal and terminal commercial 
fisheries at a mean combined harvest rate of 8.1 percent (1988 through 1991) (WDFW et 
al. 1994). 
 
Known Occurrences in the Project Vicinity 
 
Two chum stocks are recognized in the Green River system (WDFW et al. 1994).  The 
Crisp (Keta) Creek fall chum stock originated from releases of Quilcene and Hood Canal 
stocks from the Keta Creek Hatchery in the early 1980s.  Currently, efforts are being 
made to replace this stock with south Puget Sound hatchery fish (WDFW et al. 1994).  
The Duwamish/Green stock is thought to be a remnant native stock; however, it is likely 
that hatchery plants have affected the gene pool (WDFW et al. 1994).  Abundance figures 
are not available for the Duwamish/Green River chum stock (WDFW et al. 1994).  A 
WDFW survey in 1947 counted 452 chum salmon in Burns Creek, prior to hatchery 
supplementation.  Current information on this stock is sparse and it is questionable 
whether this population currently exists (WDFW et al. 1994).  There are no WDFW 
escapement goals for the two stocks of chum salmon residing in the Green River. 
 
Population Status and Status under the ESA 
 

 

Green River chum salmon are included in the Puget Sound/Strait of Georgia ESU.  
Commercial harvest of chum salmon has been increasing since the early 1970s 
throughout this ESU.  This increased harvest, coupled with generally increasing trends in 
spawning escapement, provides compelling evidence that chum salmon are abundant and 
have been increasing in abundance in recent years within this ESU (Johnson et al. 1997).  
The NMFS concluded that this ESU is not currently at risk of extinction, and is not likely 
to become endangered in the near future (63 FR 11778).  The Crisp Creek fall chum 
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stock is currently designated as healthy (WDFW et al. 1994), but there is some doubt 
whether native fish still remain.  The Duwamish/Green stock, if present, may be a 
remnant native stock, but their status and origin presently is unknown (WDFW et al. 
1994).  The Crisp Creek stock originated from releases of Quilcene and Hood Canal 
hatchery stocks, and as such, is considered an introduced hatchery stock (WDFW et al. 
1994). 
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PINK SALMON (Oncorhynchus gorbuscha) 
 
Life History and Habitat Requirements 
 
Pink salmon are the most abundant of the seven Pacific salmon species, totaling close to 
60 percent by numbers and 40 percent by weight of all commercial catches in the north 
Pacific Ocean (Heard 1991).  Pink salmon, the smallest of the Pacific salmon as adults, 
have substantial spawning populations distributed along the Pacific Coast from Puget 
Sound north to Norton Sound, Alaska (Heard 1991; Hard et al. 1996).  Historically, small 
pink runs have also been reported in the Columbia River and as far south as the 
Sacramento River, California (Heard 1991).  Pink salmon are distinguished from other 
Pacific salmon by their fixed 2-year life cycle and the hump that develops on maturing 
males.  The NMFS used run-timing to identify two ESUs for pink salmon in Washington 
and southern British Columbia, the even-year ESU and odd-year ESU (Hard et al. 1996).  
Most Washington pink salmon stocks are odd-year fish, although a single even-year run 
exists on the Snohomish River (Hard et al. 1996).  Total average escapement (1959-1993) 
of the 14 odd-year pink salmon stocks occurring in Washington is 888,804 fish (Hard et 
al. 1996). 
 
After spending approximately 18 months at sea, inshore migration of pink salmon begins 
in June and continues through September.  Spawning takes place from August through 
November and usually occurs closer to the sea than other Pacific salmon, possibly due to 
the fact that pink salmon are not particularly adept at leaping obstructions (Heard 1991).  
A large percentage of pink salmon populations spawn intertidally (Hard et al. 1996).  
Pink salmon spawn in riffles with clean gravel, shallower water, and moderate to fast 
currents (Heard 1991).  Substrate preference is for coarse gravel and sand, with a few 
large cobbles and very little silt (Heard 1991).  Pink salmon avoid spawning in quiet deep 
water or over heavily silted substrate (Heard 1991).  Spawning activity reaches a peak at 
temperatures around 10ºC (50ºF). 
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Incubation of fertilized eggs in gravel interstices lasts between 5 and 8 months (Heard 
1991).  Water quality, egg desiccation, predators, and flooding are some of the major 
factors influencing egg survival to emergence.  Pink salmon eggs hatch in late February, 
and the young emerge from the gravel in April and May, depending on water 
temperatures.  Like other salmonids, the fry travel predominantly during hours of 
darkness during their migration downstream to the ocean (Hard et al. 1996).  Pink salmon 
fry spend less time on average in fresh water than all other Pacific salmon species (Hard 
et al. 1996).  Upon reaching the mouth of the stream, increased schooling takes place 
before pink salmon move into the estuary.  Upon arrival in estuarine habitat, young pink 
salmon tend to remain close to nearshore nursery areas until approximately September 
(Emmett et al. 1991). 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 

22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

33 
34 
35 
36 
37 
38 
39 

 
Pink salmon migrate at sea for 12 to 16 months before starting their inland migrations in 
May through July (Heard 1991).  Mature adult pink salmon may grow to a length of 30 
inches and weigh, on average, between 3 and 5 pounds.  Pink and chum salmon often 
occur together in marine environments (Heard 1991).  Ocean migration can generally be 
described to occur in a counter-clockwise circle, beginning from the Strait of Juan de 
Fuca, north to Prince William Sound, Alaska, and back to the Strait of Juan de Fuca 
(Heard 1991; Hard et al. 1996).  Unlike chum and sockeye, pink salmon make only one 
complete cycle of the migration circle (Heard 1991). 
 
Known Occurrences in the Project Vicinity 
 
Prior to the 1930s, odd-year pink salmon were present in the Green River (Grette and 
Salo 1986).  However, for the most part, they have been eliminated from the river system.  
They have been caught on occasion, and may stray into the Green River from the 
Puyallup River, which contains a substantial run of pink (WDFW et al. 1994).  The 
highest annual number of pink salmon observed in the Green River over the last several 
decades is 13 (Hard et al. 1996).  No juvenile pink salmon were captured during 
electrofishing and fyke net surveys conducted on the middle Green River, RM 34.0 to 
RM 45.0, in 1998 (Jeanes and Hilgert 1999). 
 
Population Status and Status under the ESA 
 
Washington and southern British Columbia pink salmon stocks, divided into even- and 
odd-year ESUs, are not considered warranted for listing at this time; however, several 
Pacific Northwest streams have experienced depressed pink salmon runs in recent years 
(Hard et al. 1996). 
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STEELHEAD (Oncorhynchus mykiss) 1 
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Life History and Habitat Requirements 
 
Steelhead trout, displaying perhaps the most diverse life history pattern of all Pacific 
salmonids, reside in most Puget Sound streams.  Their native distribution extends from 
the Alaska Peninsula to northern Mexico.  Currently, spawning steelhead are found as far 
south as Malibu Creek, California (62 FR 43937).  Two different genetic groups (coastal 
and inland) of steelhead are recognized in North America (Busby et al. 1996).  British 
Columbia, Washington, and Oregon have both coastal and inland steelhead, while Idaho 
has only the inland form and California steelhead stocks are all of the coastal variety 
(Busby et al. 1996).  Within these groups, steelhead trout are further divided based on the 
state of sexual maturity when they enter fresh water.  Stream-maturing steelhead (also 
called summer steelhead) enter fresh water in an immature life stage, while ocean-
maturing (or winter steelhead) enter fresh water with well-developed sexual organs 
(Busby et al. 1996).  Green River steelhead (both summer and winter stocks) have been 
placed into the Puget Sound ESU, along with 53 other steelhead stocks, by the NMFS 
(Busby et al. 1996).  Total run size for the major stocks of this ESU was estimated at 
45,000, and natural escapement of approximately 22,000 steelhead (Busby et al. 1996). 
 
Summer and winter races of steelhead, are present in the Green River.  Steelhead entering 
the Green River from May through October are considered summer steelhead.  Winter 
steelhead move into the Green River from November through May (Grette and Salo 
1986; WDFW et al. 1994).  Winter steelhead are native to the Green River and spawn 
from mid-March through June, while summer steelhead (first introduced in 1965 from the 
Skamania hatchery) spawning occurs from February through March (Grette and Salo 
1986; WDFW et al. 1994).  Hatchery-origin winter steelhead (Chamber Creek stock) 
generally spawn earlier in the season than do their wild counterparts, often completing 
spawning by mid-March; thus, they are not thought to interbreed with wild winter 
steelhead (WDFW et al. 1994). 
 
The greatest number of steelhead redds counted during WDFW surveys in the Green 
River between 1994 and 1996 were found in late April (Table A-1).  Winter steelhead 
spawn in the Green River from approximately RM 26.0 to RM 61.0.  Summer steelhead 
primarily spawn in the mainstream and lower tributary areas from the Headworks (RM 
61.0) downstream to the upper gorge (RM 58) (King County Planning Division 1978).  
An anonymous Washington Department of Game Report in 1945 (as cited in USACE 
1998) states that historically at least 90 percent of steelhead spawning and rearing area 
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were located above the City of Tacoma's Headworks at RM 61.0.  Since 1982, hatchery-
raised juveniles have been planted in the upper watershed; beginning in 1992, 70 to 133 
adult steelhead have also been released upstream of the HHD (USACE 1998).  Specific 
information regarding steelhead spawning temporal timing is provided in Table A-1. 
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Table A1. Winter steelhead redd count estimate in the mainstem Green River by timing, 
1994 – 1996 (adapted from Washington Department of Fish and Wildlife). 

     1994     1995     1996 Average 1994 - 1996

Time Period No. Redds Percent No. Redds Percent No. Redds Percent No. Redds Percent

March 1 - 15 18.40 2.25% 37.00 3.40% 0.00 0.00% 18.47 1.67%
March 16 - 31 109.60 13.42% 17.02 1.57% 93.81 6.60% 73.48 6.64%
April 1 - 15 218.50 26.75% 166.43 15.31% 309.50 21.79% 231.48 20.91%
April 16 - 30 217.86 26.67% 298.00 27.41% 362.50 25.52% 292.79 26.45%
May 1 - 15 171.82 21.04% 311.05 28.61% 182.63 12.86% 220.78 19.94%
May 16 - 31 60.16 7.37% 188.53 17.34% 333.00 23.44% 193.90 17.51%
June 1 - 15 20.48 2.51% 52.05 4.79% 94.11 6.62% 55.55 5.02%
June 16 - 30 0.00 0.00% 17.00 1.56% 45.00 3.17% 20.67 1.87%

Totals 816.82 100.00% 1087.08 100.00% 1420.55 100.00% 1107.10 100.00%
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In general, steelhead differ from spawning chinook and coho salmon by their use of 
faster, shallower, and higher gradient locations in mainstem or tributary streams (Everest 
and Chapman 1972).  However, Caldwell and Hirschey (1989) observed steelhead 
spawning in the Green River in velocities ranging from approximately 2.0 to 4.0 fps, and 
depths ranging from 1.6 to 3.7 feet.  Caldwell and Hirschey (1989) also report preferred 
spawning substrate composed of predominantly large gravel, with some small cobble.  
Pauley et al. (1986) found steelhead spawning in gravel ranging from 0.5 to 4.5 inches in 
diameter. 
 
As with other salmonids, incubation rates for steelhead eggs vary with water temperature, 
with fry emergence occurring 40 to 80 days after spawning.  Unlike other salmonids, 
steelhead require a relatively short incubation period; for modeling purposes, the time 
between fertilization and emergence on the Green River was assumed to be 50 days (see 
USACE 1998, Appendix FI, Section 6).  Dissolved oxygen levels at or near saturation 
with no temporary reductions in concentration below 5 parts per million are most suitable 
for incubation (Stolz and Schnell 1991).  Everest and Chapman (1972) found age-0 
steelhead residing over cobbles in water velocities of less than 0.5 fps and depths of 0.5 
to 1.0 feet.  Juvenile steelhead will utilize stream margins and submerged rootwads, 
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debris, large substrate, and logs to provide shelter and cover while rearing in freshwater 
habitats (Bustard and Narver 1975). 
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Both winter and summer juvenile steelhead rear in fresh water for 1 or more years before 
migrating to the ocean (Busby et al. 1996).  In the Green River, most juvenile steelhead 
migrate after 2 years rearing in fresh water (Meigs and Pautzke 1941).  In general, 
juvenile downstream migration for steelhead smolts occurs from April through June, with 
peak migration generally occurring in mid-April (Wydoski and Whitney 1979).  An early 
study of steelhead smolt emigration by Pautzke and Meigs (1940) found that steelhead 
smolts emigrated from the Green River primarily during April and May.  Seiler and 
Neuhauser (1985) planted steelhead fry in the upper watershed during the fall of 1982 
and operated a scoop trap below HHD during 1984 to monitor the outmigration of smolts.  
They operated the trap at regular intervals between 5 April through 18 June and observed 
the peak outmigration of steelhead smolts were similar to coho smolts, early May through 
early.  Steelhead trout in smolt condition were captured during juvenile surveys in the 
middle Green River during the month of May in 1998 (R2 Resource Consultants 1999).  
Based on theses studies, the peak juvenile outmigration for the Green River HCP area is 
assumed to be during May (Figure A-1). 
 
Estuaries provide important nursery and schooling environments for juvenile salmonids 
(Shepard 1981; Simenstad et al. 1982).  This transition zone allows outmigrant salmonids 
to physiologically adapt to the full strength saltwater conditions (SRWA 1998).  
However, reports that other Puget Sound steelhead smolts move quickly through 
estuaries, feeding in the mainstem before migrating to the ocean, indicate that they do 
likewise in the Green-Duwamish Estuary (Emmett et al. 1991; SRWA 1998).  Meyer et 
al. (1980) captured more than 7,700 juvenile salmonids in surveys conducted in the 
Duwamish Estuary.  Of these, only 50 were steelhead, representing less than 1 percent of 
the total number of salmonids captured from April through July 1980, furthering the idea 
that steelhead do not reside in estuarine habitats for extended periods of time. 
 
Most (60-75 percent) of the steelhead originating from Washington streams remain at sea 
for 2-years prior to returning to fresh water; the remaining balance spend 3 years in the 
ocean (Grette and Salo 1986).  One significant difference between steelhead and Pacific 
salmon life history is that not all steelhead adults die after spawning.  Steelhead are 
capable of repeat spawning (iteroparous), although the incidence is relatively low and 
specific to individual streams.  Steelhead rarely spawn more than twice before dying; 
most that do are females (61 FR 41541).  Repeat spawning in Washington ranges from 
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4.4 to 14.0 percent of total spawning runs (Wydoski and Whitney 1979).  The average 4+ 
wild Green River steelhead weighed 7 to 8 pounds (Meigs and Pautzke 1941). 
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Known Occurrences in the Project Vicinity 
 
Two different steelhead stocks were established by WDFW in the Green River, including 
both summer and winter stocks (WDFW et al. 1994).  The summer steelhead stock 
originated outside of the basin from plants beginning in 1965 from the Klickitat River 
(Grette and Salo1986).  Winter steelhead are native to the Green River.  Both winter and 
summer stocks currently receive hatchery supplementation; about 70,000 summer 
steelhead smolts are released into the Green River system annually (WDFW et al. 1994). 
 
The natural spawning stock of winter steelhead is managed for an escapement of 2,000 
fish, representing approximately 9 percent of the estimated natural escapement of all 
steelhead within the Puget Sound ESU.  Steelhead in excess of 2,000 are available to the 
sport and Tribal fisheries.  Natural spawner escapement has ranged from 944 to 2,778 
fish and wild run size has ranged from 1,350 to 3,464 fish from 1978 through 1992 
(WDFW et al. 1994).  The escapement goal for the upper watershed (above HHD) is 650 
while an escapement goal of 1,250 was used by USACE (1998).  Returning hatchery 
adults support Tribal and sport fisheries with a combined exploitation rate of 
approximately 90 percent (WDFW et al. 1994).  Both winter and summer steelhead 
stocks in the Green River were rated as healthy by the WDFW (WDFW et al. 1994). 
 
Population Status and Status under the ESA 
 
Green River steelhead have been classified as part of the Puget Sound ESU (1 of 15 West 
Coast steelhead ESUs).  Natural fish (wild runs) are the focus of ESU determinations.  In 
the Green River system, the wild winter steelhead population is a distinct stock based on 
geographic isolation of the spawning population (WDFW et al. 1994).  Escapement goals 
have been approximately met or exceeded during five of the seasons between 1985 and 
1992. 
 
Overall, the status of Green River steelhead populations is considered healthy (WDFW et 
al. 1994).  However, there has been a general decline in recent (within the past few years) 
steelhead populations throughout the Strait of Juan de Fuca, Pacific Coast, and Columbia 
River.  The widespread decline in abundance is thought to be due to low ocean 
productivity, competition for food in the ocean, and high seas drift net fisheries (WDFW 
et al. 1994).  The NMFS indicated that, in general, the entire Puget Sound ESU is not 
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threatened at this time.  However, future population declines may warrant changes in 
ESA status (Busby et al. 1996). 
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COASTAL CUTTHROAT TROUT (Oncorhynchus clarki clarki) 
 
Life History and Habitat Requirements 
 
Coastal, or anadromous, cutthroat trout are distributed on the Pacific Coast from Prince 
William Sound in southern Alaska to the Eel River in northern California, rarely 
penetrating more than 100 miles inland (Johnston 1982; Behnke 1992).  Considerable 
information exists for Puget Sound cutthroat trout, though little of that has been collected 
in a standardized manner and over a sufficient time period to establish trends in 
populations (Leider 1997). 
 
Coastal cutthroat trout of the Green River exhibit early life history characteristics similar 
to coho and steelhead, whereby juveniles spend time rearing in fresh water before 
outmigrating as smolts (Leider 1997).  While little information exists on Green River 
cutthroat, Puget Sound cutthroat emigrate to estuaries at a younger age (age 2) and 
smaller size (6 inches total length [TL]) than cutthroat that are exposed to rough coastal 
waters (age 3 to 5, 8-10 inches TL) (Johnston 1982).  Puget Sound cutthroat trout will 
feed and migrate along beaches, often in waters less than 10 feet deep (Johnston 1982).  
Many stocks are thought to stay within estuarine habitats for their entire marine life 
(Leider 1997).  Most cutthroat return to fresh water the same year they migrate to sea. 
 
Adult cutthroat trout in Washington tend to follow two run-timings (Johnston 1982).  
Early returning cutthroat trout typically peak in large streams in September and October.  
Late-returning cutthroat trout peak in December and January in small streams draining 
directly to salt water.  Grette and Salo (1986) noted that adult upstream migration in the 
Green River occurs from July through early February, peaking in October and November 
(Grette and Salo 1986).  For the purpose of this document, Green River cutthroat will be 
considered as early returning. 
 
Spawning occurs from mid-March through early May, which is slightly earlier than 
winter steelhead.  Stolz and Schnell (1991) indicate the start of spawning is prompted by 
50°C water temperature.  Coastal cutthroat trout spawn in low gradient reaches of small 
tributaries, or in the lower regions of streams (Trotter 1997).  This appears to be an 
adaptation to isolate their nursery/rearing ground from other, more competitive, species 
such as steelhead (Stolz and Schnell 1991).  The preferred spawning substrate is pea-to-
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walnut-sized gravel, in 6 to 18 inches of water, with pools nearby for escape cover.  
Actual spawning may extend over a period of 2 to 3 days (Trotter 1997).  Cutthroat eggs 
require approximately 300 temperature units for incubation, and an additional 150 to 200 
units for emergence to occur (Stolz and Schnell 1991). 
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Emergence of juvenile cutthroat occurs from March to mid-July, depending on spawning 
date and water temperature (Trotter 1997).  Newly emerged cutthroat trout are very small 
(<1.0 inch TL).  Juvenile cutthroat move immediately to low velocity lateral habitats 
where they rear for 2 or more years, seeking pools and other slow water habitats with root 
wads and large wood for cover (Trotter 1997).  Often coho fry are present in the same 
habitat, and the larger coho will drive the cutthroat into riffles, where they will remain 
until fall and winter (Sabo 1995).  Seaward migration of cutthroat smolts peaks in mid-
May at 2, 3, or 4 years of age (Trotter 1997).  Average length at this time was found to be 
6 inches TL (Johnston 1982).  During the marine phase of their life cycle, juvenile and 
adult coastal cutthroat trout appear to utilize waters near the shore, usually in areas 
relatively near their natal streams (Moyle 1976; Johnston 1982; Trotter 1997).  Both 
gravel beaches with upland vegetation and nearshore areas containing large logs and 
other large woody debris (LWD) are used during the marine residency phase. 
 
Like steelhead, adult coastal cutthroat trout are repeat spawners, but unlike steelhead, 
coastal cutthroat trout recover quickly to pre-spawn condition (Trotter 1997).  They may 
live to an age of 7 or 8 years, spawning three, four, or even as many as five times during 
their lives (Trotter 1997).  By definition coastal cutthroat trout are anadromous; however, 
there is considerable evidence that this trait is not strongly developed in this genus.  
Furthermore, they generally remain inshore or in areas of reduced salinity while in salt 
water and will rarely, if ever, overwinter in salt water; some of the returning fish may not 
spawn during their first or second migrations back into fresh water (Trotter 1997).  
Spawning fish home precisely to specific tributaries while non-maturing fish do not 
always return to their home stream to feed or when seeking an overwinter habitat 
(Johnston 1982).  Coastal cutthroat trout are usually smaller than other anadromous 
salmonids, and rarely exceed 20 inches TL.  This size appears to be adaptive for entering 
small tributaries where interspecific competition for habitat with other, larger salmonids 
is reduced (Pearcy 1997). 
 
Known Occurrences in the Project Vicinity 
 

 

A coastal cutthroat trout population is present in the Green River; however, little 
information exists on their status (Grette and Salo 1986).  The population inhabiting the 
Green River appears to be small when compared to other streams in Puget Sound (Grette 
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and Salo 1986).  Cutthroat trout fry and juveniles (age 1+) were captured in lateral 
habitats of the middle Green River during juvenile salmonid surveys conducted in 1998 
(Jeanes and Hilgert 1999).  However, their numbers and distribution relative to other 
juvenile salmonids appear to be limited. 
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Population Status and Status under the ESA  
 
Green River coastal cutthroat trout have been classified as part of the Puget Sound ESU 
by the NMFS (64 FR 16397).  This ESU includes populations of coastal cutthroat trout 
from streams in Puget Sound and the Strait of San Juan de Fuca west to and including the 
Elwha River.  The southern boundaries extend to Nooksack River, while the northern 
boundaries include coastal cutthroat trout populations in Canada (64 FR 16397).  The 
Puget Sound coastal cutthroat trout does not warrant listing under ESA, as populations 
have been relatively stable over the past 10 to 15 years (64 FR 16397). 
 
PACIFIC LAMPREY (Lampetra tridentatus) 
 
Life History and Habitat Requirements 
 
One of the most primitive fishes found in the Green River, Pacific lamprey are common 
in the Green River downstream of the Tacoma Headworks.  Pacific lamprey can be found 
in coastal streams from California to Alaska (Morrow 1980).  Pacific lamprey are often 
mislabeled as pest species due to the problems associated with the exotic sea lamprey 
(Petromyzon marinus) that has invaded the Great Lakes (Close et al. 1995).  The Pacific 
lamprey is a native fish to the Green River and has cultural, utilitarian, and ecological 
significance (Close et al. 1995).  Pacific lamprey are well distributed in the Puget Sound 
region; however, little quantitative information is available for them.  The widespread 
decline of Pacific lamprey in the Columbia River basin has led to concerns by numerous 
agencies and Native American tribes (Close et al. 1995; Jackson et al. 1997).  The same 
factors that have led to the decline of Pacific salmon species (i.e., habitat alteration, water 
pollution, dam passage, ocean conditions) are thought to be responsible for the decline of 
lamprey.  Recent reviews of the Jon Day, Umatilla, Walla Walla, Tucannon, and Grand 
Ronde subbasins revealed that Pacific lamprey populations are a fraction of past 
abundances in these basins (Jackson et al. 1997). 
 
Pacific lamprey adults are parasitic in marine environments, entering fresh water to 
spawn (Wydoski and Whitney 1979).  Adult Pacific lamprey migrate upstream in late 
spring and early summer in search of spawning areas, where both sexes construct a 
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shallow nest in stream gravels (Morrow 1976).  Flowing water (1.6-3.3 fps) is preferred 
for spawning (Close et al. 1995).  The female then attaches herself to a rock with her oral 
sucker while the male attaches to the head of the female.  The male and female, coiled 
together, vibrate wildly while the eggs and sperm are released.  The fertilized eggs adhere 
to the downstream portion of the nest (Moyle 1976).  The eggs are then covered by the 
adults and the process is repeated several times in the same nest site, with death of the 
adults occurring shortly thereafter (Moyle 1976). 
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Juvenile lamprey, termed ammocoetes, swim up from the nest and are washed 
downstream where they burrow into mud or sand to feed by filtering organic matter and 
algae (Moyle 1976).  The ammocoetes generally remain in fresh water for 5 or 6 years, 
moving site to site (Wydoski and Whitney 1979).  Such an extended freshwater residence 
makes them especially vulnerable to degraded stream and water quality conditions.  
Larval lamprey will transform to juveniles from July through October (Close et al. 1995).  
It is during this transition that they become ready for a parasitic lifestyle by developing 
teeth, tongue, eyes, and the ability to adapt to salt water.  After metamorphosis, juvenile 
lamprey may remain in fresh water up to 10 months before passively migrating with the 
current downstream to the ocean. 
 
After reaching the ocean Pacific lamprey attach themselves to and parasitically feed upon 
other fish (Moyle 1976).  They may remain in salt water for up to 3.5 years (Close et al. 
1995).  Pacific lamprey return to fresh water in the fall, where they overwinter and spawn 
in the spring (Close et al. 1995).  They do not feed during the spawning migration, and 
die shortly after spawning.  The spawned-out carcasses provide important nutrients to the 
stream system, as well as dietary items for other fish, such as white sturgeon (Close et al. 
1995).  Pacific lamprey may reach 27 inches TL at maturity (Hart 1973). 
 
Known Occurrences in the Project Vicinity 
 
Little information exists regarding the status of Pacific lamprey in the Green River.  
Pacific lamprey ammocoetes were common during lateral habitat surveys in the Green 
River, conducted from late February through late June 1998 (Jeanes and Hilgert 1999).  
Relative abundance of Pacific lamprey ammocoetes was greater than other lamprey 
species encountered during all electrofishing surveys conducted on the middle Green 
River (RM 35-45).  Pacific lamprey were captured in each habitat type surveyed (i.e., 
gravel bar pools, mainstem sloughs, mainstem margins, backbar channels, abandoned 
channels, and wallbase channels) (Jeanes and Hilgert 1999). 
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Population Status and Status under the ESA 1 
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Though absolute historical and current population sizes of the lamprey are not known, it 
is clear that these fish were once a significant source of tribal subsistence as well as 
ceremonial and medicinal purposes.  Lamprey have shown severe population declines in 
the Pacific Northwest (Close et al. 1995).  Lamprey have freshwater habitat requirements 
similar to the Pacific salmon, and therefore face the same habitat problems affecting 
salmonid abundance and distribution.  In particular, elevated water temperatures (greater 
than 20ºC) and increased sediment in spawning gravels are two major habitat factors 
attributing to lamprey population decline (Close et al. 1995).  The NMFS has not initiated 
a status review of Pacific lamprey in the Pacific Northwest.  Plans to do so are not in the 
foreseeable future, unless NMFS is petitioned to list these fishes (L. Weitkamp 1998). 
 
RIVER LAMPREY (Lampetra ayresi) 
 
Life History and Habitat Requirements 
 
River lamprey, similar to Pacific lamprey in their life history patterns, occur from 
northern California to southeastern Alaska, including most major rivers in Washington 
(Wydoski and Whitney 1979).  Like Pacific lamprey, river lamprey are parasitic on fish, 
and migrate to fresh water to spawn.  Even less is known about the abundance of river 
lamprey than is known concerning Pacific lamprey populations. 
 
The larval form of river lamprey, termed ammocoetes, are similar to other lamprey in that 
they are blind, toothless, and feed on algae and other small organisms.  River lamprey 
ammocoetes are morphologically similar to Pacific lamprey, making positive distinction 
between the two difficult (Wang 1986).  River lamprey ammocoetes begin to transform 
into the adult stage when they are as small as 4.6 inches TL, becoming parasitic soon 
after this transformation (Wydoski and Whitney 1979).  It is at this phase during their life 
history that they can become predatory on juvenile salmon.  Matsuda et al. (1968) 
reported studies indicating that as many as 7 percent of the chinook captured in the 
Duwamish Estuary were wounded by river lamprey.  Wetherall (1971) studied the rate of 
lamprey wounds on chinook fingerlings released into the Green River.  He found a 
wound rate of 1.5 percent in 1967 and 0 percent in 1969, noting that the discrepancy may 
have come from increased abundance of lamprey in 1967 (Wetherall 1971).  It can be 
concluded that lamprey predation has an impact on juvenile salmonids, but wound and 
mortality rates need further study to quantify such impact. 
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The adult river lamprey is smaller than the Pacific, with a length up to only 12 inches TL 
(Hart 1973).  Wang (1986) reported the presence of river lamprey in collections made 
above dams, indicating that some river lamprey may spend their entire life in fresh water.  
Like Pacific lamprey, adult river lamprey die after they spawn. 
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Known Occurrence in the Project Vicinity 
 
Two river lamprey were observed during juvenile salmonid surveys of lateral habitats in 
the middle Green River (Jeanes and Hilgert 1999).  Little other information exists on the 
occurrence of river lamprey in the Green River.  River lamprey are of no sport or 
commercial value (Wang 1986) and while parasitic on fish, no accurate assessment of the 
damage to fish populations exists (Wang 1986).  Past physical damage to juvenile 
salmonids has been reported in the Green River; however, no juvenile salmonids (out of 
4,736 total salmonids) captured during middle Green River electrofishing surveys 
displayed lamprey wounds (Jeanes and Hilgert 1999). 
 
Population Status and Status under the ESA  
 
The NMFS has not initiated a status review of river lamprey in the Pacific Northwest.  
Plans to do so are not in the foreseeable future, unless NMFS is petitioned to list these 
fishes (L. Weitkamp 1998). 
 
Literature Cited 
 
References cited in this chapter are provided in Chapter 10 of the HCP 
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WILDLIFE SPECIES 1 
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GRAY WOLF (Canis lupus) 
 
Range 
 
Historically, the gray wolf was found throughout the northern hemisphere in virtually all 
habitats, except tropical forests and deserts (Laufer and Jenkins 1989).  Largely as a 
result of predator control programs, the range of the gray wolf has been reduced to less 
than 1 percent of its original size.  The range of the species in the lower 48 states is 
currently limited to distinct populations in Maine, the upper Midwest, the northern Rocky 
Mountains, and the North Cascades of Washington. 
 
Status 
 
Within Washington, the gray wolf is listed as endangered at both the federal and state 
levels.  Currently, two areas within the conterminous 48 states contain increasing wolf 
populations:  western Montana and northern Idaho; and Minnesota, Wisconsin, and 
Michigan (Johnson and Cassidy 1997).  In 1995, wolves were reintroduced to 
Yellowstone National Park and central Idaho (Johnson and Cassidy 1997).  Gray wolves 
had apparently disappeared from Washington by 1920 (Ingles 1965).  Although two 
reliable sightings of wolves feeding pups were recorded in the North Cascades between 
1992 and 1997, the occurrence of the gray wolf in Washington remains questionable 
(Johnson and Cassidy 1997). 
 
Habitat Requirements 
 
Gray wolves are habitat generalists and may be found wherever populations of ungulates 
exist (Stevens and Lofts 1988).  Whitaker (1980) lists gray wolf habitat in North America 
as open tundra and forest.  Human disturbance plays a role in determining gray wolf 
distribution.  In Alaska, Thurber et al. (1994) found that wolves avoided areas of human 
activity, including roads.  In studying historic population changes of wolves in 
Wisconsin, Thiel (1985) found that wolf populations decreased when road densities 
exceeded 0.93 mile per square mile.  Gray wolves often maintain very large home ranges, 
for example, 40 to 47 square miles on Vancouver Island and 93 to 248 square miles in 
northern British Columbia (Scott 1979). 
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Population in the HCP Area 1 
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Range limits of the gray wolf predicted by gap analysis modeling do not include the HCP 
Area (Johnson and Cassidy 1997).  However, one wolf was sighted in 1992 in the USFS 
Green River Watershed Analysis Area (USFS 1996) and in 13 other parcels in the I-90 
Land Exchange parcel groups at Snoqualmie Pass (I-90 North), Bald Mountain, and 
Randle (USFS 1998).  Although the species is considered rare, it is possible that it 
inhabits the upper basin, but not the lower and mid-basin areas of the Green River. 
 
PEREGRINE FALCON (Falco peregrinus) 
 
Range 
 
The peregrine falcon breeds throughout all western states (Platt and Enderson 1989) and 
Canada (Johnsgard 1990).  In Washington, breeding occurs mainly along Puget Sound, in 
the San Juan Islands and along the northern coastline (Smith et al. 1997).  Nests range 
from sea level to over 11,000 feet in elevation (USFWS 1982).  Washington provides 
important migratory and wintering habitat for peregrines, where permanent residents are 
joined by migrants from Alaska and Canada.  Important wintering areas in Washington 
include the Skagit River tidal flats, Grays Harbor, and Willapa Bay (USFWS 1982).  
Three subspecies occur in the state, including the anatum, pealei, and tundrius falcons 
(Allen 1991). 
 
Status 
 
The peregrine falcon was recently de-listed at the federal level, but remains listed as an 
endangered species at the state level.  The population has increased over the past 25 
years, following a dramatic decline due primarily to environmental contamination with 
DDT and other toxins (Pagel et al. 1996).  The recovery goal of the Pacific Coast 
Recovery Plan was 30 pairs of nesting peregrines in Washington, with an average 
productivity of 1.5 young per active territory over a 5-year period (USFWS 1982).  In 
1997, there were 43 nesting attempts with an average productivity of 1.44 young per pair. 
 
Habitat Requirements 
 
Peregrine falcons typically nest on sheer cliffs, canyon walls, and rocky outcrops ranging 
in height from 75 to 2,000 feet (Hickey 1969; Ratcliffe 1980; Cade 1982).  Occasionally, 
peregrines will nest in snags, old eagle nests, pinnacles, sand dunes, talus slopes, 
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cutbanks, buildings, and bridges (Sharp 1992; Cade et al. 1996).  In the Pacific 
Northwest, the smallest cliff that was used for nesting was 75 feet (Pagel 1998).  For 
nesting, the peregrine will scratch out a shallow bowl with its feet in the soil of a ledge or 
hole in the cliff face, but like other falcons, it does not construct a nest (Ratcliffe 1980).  
Nest sites usually have a panoramic view of open country, often overlooking water, and 
are always associated with an abundance of waterfowl, shorebirds, or passerine prey 
(Johnsgard 1990).  In the Pacific Northwest, nests are always close to a major water 
source, with a maximum distance of 3,300 feet (Pagel 1998).  Nesting peregrines 
typically hunt over large areas, which frequently includes bodies of water, shorelines, 
marshes, riparian strips, and grasslands (USFWS 1982).  During the breeding season, 
adults will hunt up to 17 miles from nest sites, although a range of 10 miles is more 
typical (USFWS 1982).  In winter, intertidal flats, estuaries, and inland wetland habitats 
are important hunting areas for the peregrine (USFWS 1982). 
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Population in the HCP Area 
 
Breeding sites are relatively rare within the interior of Washington (Smith et al. 1997), 
but several eyries have been reported in the central and southern Cascades (Stofel 1998).  
Two recent breeding records for King County are from downtown Seattle (Smith et al. 
1997) and Mount Si (Stofel 1998), which is adjacent to the town of North Bend.  At least 
four individual peregrines have been seen during incidental observations in the upper 
Green River basin (1981, 1983) (USFS 1996).  There are 601 acres of suitable cliff 
habitat for peregrine nesting in the Green River Watershed Analysis Area, but during a 
helicopter survey in 1988 none of these potential habitats appeared to be occupied (USFS 
1996).  Although the species is considered rare, it is possible that it inhabits the upper 
basin.  It is not likely to inhabit the lower or mid-basin areas of the Green River. 
 
BALD EAGLE (Haliaeetus leucocephalus) 
 
Range 
 
Bald eagle nesting in Washington occurs along most major rivers entering Puget Sound, 
as well as the San Juan Islands, Olympic Peninsula coastline (Grubb 1976), Hood Canal, 
and the southwestern coastline (USFWS 1986).  Bald eagles are uncommon breeders 
along large interior lakes and reservoirs in Washington (Smith et al. 1997).  Washington 
also supports one of the largest populations of wintering bald eagles in the Pacific 
Northwest.  Favored wintering areas support abundant populations of overwintering 
waterfowl and salmon runs with large concentrations of eagles on the Olympic Peninsula, 
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Puget Sound and tributaries (Skagit, Nooksack, and Cowlitz rivers), and Columbia and 
Cowlitz rivers. 
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Status 
 
The bald eagle is currently listed as a threatened species under the federal ESA in the 48 
conterminous states.  The state of Washington also lists it as a threatened species.  In the 
1950s, bald eagle populations began a precipitous nationwide decline due to eggshell 
thinning and other reproductive failures induced by chemical contamination of the 
environment with DDT, polychlorinated biphenyls, and Dieldrin (Johnsgard 1990).  
Since the ban of DDT in 1972, and reduction of other environmental toxins, bald eagle 
numbers have rebounded in Washington (Grubb et al. 1975; McAllister et al. 1986) and 
throughout much of the United States and Canada (Henny and Anthony 1989; Johnsgard 
1990). 
 
Habitat Requirements 
 
Throughout the Pacific Northwest, bald eagles exhibit a close association with 
freshwater, estuarine, and marine ecosystems that provide abundant prey and suitable 
habitat for nesting and communal roosting (USFWS 1986).  The nesting habitat of bald 
eagles is characterized by large dominant trees in stands of old-growth conifers, or old-
aged second-growth coniferous stands (Anthony and Isaacs 1989).  Nests are usually 
adjacent to large rivers and lakes with abundant populations of fish or waterfowl (Watson 
et al. 1991).  In Oregon, the majority of 201 nests (84 percent) were within 1.0 mile of 
water, with a maximum of 4.5 miles (Anthony and Isaacs 1989).  In western Washington, 
a sample of 218 bald eagle nests showed an average distance of 282 feet from water, 
ranging from 15 to 2,640 feet (Grubb 1980). 
 

 

Bald eagle nests are most often built in conifers (Douglas-fir and Sitka spruce), but black 
cottonwoods (Populus trichocarpa) are also used along rivers and large reservoirs 
(Anderson et al. 1986).  The nest is typically built near the top of one of the larger and 
more dominant trees available in the stand, rarely less than 30 inches diameter at breast 
height (dbh) (Anthony et al. 1982).  The nest tree usually has a prominent topographic 
location and an unobstructed view of surrounding waters; other large trees near nest sites 
are often present to serve as alternate nests and perches (USFWS 1986).  Bald eagles use 
perches during nesting, hunting, feeding, resting, preening, mating, and behavioral 
displays (Stalmaster 1987).  Perches used for hunting are usually in tall trees or snags 
located close to feeding areas that give a good view of the surrounding area (USFWS 
1986). 
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Bald eagles frequently remain in their nesting territories throughout the winter in 
Washington, or move relatively short distances to seasonal food supplies where they may 
be joined by eagles that nest in Canada and Alaska (USFWS 1986).  Winter 
concentrations of bald eagles develop in response to temporal abundance of fish, 
waterfowl, snowshoe hares, or carrion from domestic sheep and deer (Frenzel 1984; 
Keister et al. 1987; Frenzel and Anthony 1989; DellaSala et al. 1989).  Large winter 
communal roosts are generally located close to feeding areas on large rivers such as the 
Skagit (Ralph 1980), Nisqually (Stalmaster and Kaiser 1997), Nooksack (Stalmaster and 
Newman 1979), Columbia (Watson et al. 1991; Fielder and Starkey 1980), and Sauk, as 
well as along the Olympic Peninsula, Puget Trough, San Juan Islands, and the Columbia 
Basin (USFWS 1986). 
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Winter communal night roost sites are usually established in old-growth stands or mature 
forest with old-growth components (Anthony et al. 1982) that provide thermal cover and 
wind protection (USFWS 1986).  In Oregon, the mean age of roost trees was 236 years, 
with a range of 100 to 535 years (Keister and Anthony 1983).  Bald eagles will use 
conifers, cottonwoods, big leaf maples, and snags for perch and night roosts (Stalmaster 
and Kaiser 1997).  Hansen et al. (1980) reported that winter roosts ranged from 0.16 to 
1.5 miles from water and Keister and Anthony (1983) reported the minimum size of roost 
stands as 1 acre.  Winter roost sites are generally close to feeding areas with low human 
disturbance levels, although eagles may travel up to 9 miles to feeding areas (Keister and 
Anthony 1983; USFWS 1986). 
 
Population in the HCP Area 
 

 

The bald eagle inhabits the upper basin and mid-basin areas of the Green River, and 
possibly the lower basin as well.  Bald eagle nesting has been confirmed mostly in the 
lowlands and foothills of eastern King and Pierce counties, although possible breeding sites 
were identified in the Cascades of King County (Smith et al. 1997).  A pair of nesting 
eagles was reported at Eagle Lake, which is 1 mile northeast of Howard Hanson Reservoir 
(USFS 1996).  In the mid-Green River basin, a nest (WDW reference number 903627) 
has been documented in a residential area adjacent to Lake Sawyer.  There are also 
several other lakes in this vicinity that could potentially provide foraging opportunities, 
but eagles have not been observed foraging there (Beak 1996a).  Surveys conducted in 
1981, 1982, 1989, and 1993 have detected adult bald eagles near HHD and along the Green 
River, Tacoma Creek, and Pioneer Creek (USFS 1996).  Bald eagles are present year-round 
near the reservoir.  Below the HHD there are seasonal runs of salmon and steelhead, and 
above the dam there are non-anadromous fish and abundant waterfowl.  Potential habitat for 
winter roosts is available above the dam (USFS 1996).  Approximately 3,709 acres of 
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potential nesting habitat were identified within the Green River Watershed Analysis Area 
(USFS 1996) and 5,582 acres of foraging habitat are available. 
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MARBLED MURRELET (Brachyramphus marmoratus) 
 
Range 
 
The marbled murrelet is a seabird associated with marine waters from central California 
to Alaska (Marshall 1988).  It forages on marine waters and nests in trees up to 39 miles 
inland in Washington (USFWS 1995a), although detections have been documented up to 
52 miles inland (Ralph et al. 1994). 
 
Status 
 
The marbled murrelet was formally listed as a threatened species in Washington, Oregon 
and California in 1991 under the federal ESA.  The state of Washington also lists it as a 
threatened species.  A variety of factors have been implicated its decline, including over-
fishing (of its prey), entanglement in fishing nets, mortality due to oil spills and loss of 
forest nesting habitat (Marshall 1988; Ewins et al. 1993; Ralph et al. 1995; Carter and 
Kuletz 1995).  Recent population estimates include 5,500 murrelets in Washington; 6,000 
to 20,000 in Oregon; and 6,450 in California, with a total population of about 300,000 
birds in North America (Ralph et al. 1995).  Beissinger (1995) has presented a model of 
the overall population trend for the Pacific Northwest showing an annual reduction of 2 
to 12 percent in the at-sea population of marbled murrelets.  Current population models 
indicate that a stable population would require a 15 to 22 percent ratio of juveniles to 
adults observed at sea (Beissinger 1995).  Recent survey results from California have 
estimated ratios of 3 percent in 1989 through 1992 and 2.2 percent in 1993 (Ralph and 
Long 1995), thus indicating inadequate productivity for a stable population (Beissinger 
1995). 
 
Habitat Requirements 
 
The marbled murrelet is a small seabird that spends most of its life cycle on marine 
waters, but is the only North American Alcid that nests in trees (Nelson and Hamer 
1995).  Suitable nesting habitat is old-growth coniferous forest or mature coniferous 
forest with an old-growth component (Marshall 1988; Hamer and Cummins 1990; 
Interagency Interim Guidelines Committee 1991; Hamer 1995; Ralph et al. 1995).  Nests 
consist of depressions in moss or duff on large lateral branches located within the live 
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crown of mature or old-growth trees (Marshall 1988; Interagency Interim Guidelines 
Committee 1991; USFWS 1995a).  Murrelets typically require large coniferous trees for 
nest sites, usually greater than 32 inches dbh, with large-diameter moss-covered limbs 
(Singer et al. 1991; Ralph et al. 1994).  Hamer and Nelson (1995) reported an average 
stand age of 522 years (range 180 to 1,824 years) for nest sites in the Pacific Northwest, 
although nests have been located in younger (≤ 80 years old) stands with older residual 
trees (Grenier and Nelson 1995). 
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Within stands, nests are typically located in the largest diameter trees (Hamer and Nelson 
1995).  Nest sites often have multi-layered canopies with high canopy cover immediately 
over the nest, as well as an open canopy near nest trees (Grenier and Nelson 1995; Hamer 
and Nelson 1995; Ralph et al. 1995; USFWS 1995a).  In the Pacific Northwest, stand 
canopy closure averaged 49 percent from a sample of 21 nest sites, with a range of 12 to 
99 percent (Hamer and Nelson 1995).  Canopy closure is typically high (mean = 85 
percent) over nest trees, but tends to be less dense in adjacent parts of the nest stand 
(Hamer and Nelson 1995; Grenier and Nelson 1995).  These canopy openings are thought 
to facilitate murrelet flight to and from nests, but may also be due to observer bias, 
because nests may be more visible under such circumstances (Grenier and Nelson 1995). 
 
Stand size is highly variable at documented marbled murrelet nest sites, and in 
Washington has ranged from about 12 to 2,475 acres (Hamer and Nelson 1995).  Marbled 
murrelet detections increase with stand size, but effective size for optimal breeding 
success is still unknown (Interagency Interim Guidelines Committee 1991; Raphael et al. 
1995).  Marbled murrelet detections increase significantly when the percentage of old-
growth/mature forest exceeds 30 percent of the landscape (Hamer and Cummins 1990).  
It is hypothesized that larger stands may be necessary to provide concealment of nests 
from weather and predators, as well as to avoid proximity to edge habitats, which are 
favored over interior forest by Corvids (i.e., ravens, crows, and jays) and other egg 
predators (Ralph et al. 1995). 
 
A large proportion of nesting failures reported in Washington, Oregon, and California (43 
percent) was suspected to be caused by predation from common ravens, Steller’s jays, 
and possibly great horned owls (Nelson and Hamer 1995).  Other suspected predators are 
common crows, Accipiter hawks, gray jays, raccoons, marten, fisher, and several species 
of rodents.  In addition to predation, the microclimate of nest stands could be negatively 
affected near edges of harvested areas, where researchers have observed reduced canopy 
cover, increased wind speed, and increased solar radiation (Chen 1991).  Decreased 
buffering from strong winds also increases the potential for blowdown and limb breakage 
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(Steinblums et al. 1984).  In large areas of old-growth forest, occupied behaviors occur 
more frequently at lower elevations and in major drainages where wind damage and limb 
breakage are minimized (Miller and Ralph 1995). 
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Population in the HCP Area 
 
The population of marbled murrelets in the upper Green River watershed is small.  
Surveys for nesting murrelets have been conducted over several years, but occupancy has 
been detected for only one site on USFS lands.  This occupied site is adjacent to the 
covered lands.  Marbled murrelets are not expected to occur on the covered lands, 
however, due to the absence of suitable habitat. 
 
NORTHERN SPOTTED OWL (Strix occidentalis caurina) 
 
Range 
 
The northern spotted owl inhabits forested areas of the Pacific Coast from northern 
California to southern British Columbia (Forsman and Bull 1989).  The species nests up 
to 3,200 feet in elevation on the Olympic Peninsula (Forsman and Giese 1997) and up to 
4,000 feet in the northern part of its range (Lujan et al. 1992). 
 
Status 
 
The northern subspecies of the spotted owl was federally listed as threatened in 
Washington, Oregon, and California in 1990 under the federal ESA (U.S. Federal 
Register, 26 June 1990).  The state of Washington lists it as an endangered species. 
 
Habitat Requirements 
 
Studies throughout the Pacific Northwest have found that the northern spotted owl 
typically selects old-growth and other late-successional coniferous forest for foraging, 
roosting, and nesting (see reviews by Thomas et al. 1990; Lujan et al. 1992).  Suitable 
nesting-roosting-foraging (NRF) habitat for spotted owls on the west slope of the 
Cascades in Washington consists of mature or old-growth forest with moderate to high 
canopy closure; a multi-layered, multispecies canopy dominated by large overstory trees, 
a high incidence of large trees with various deformities such as cavities, broken tops, and 
dwarf mistletoe infections; numerous large snags; large accumulations of fallen trees and 
woody debris on the ground; and sufficient open space below the canopy for owls to fly 
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(Thomas et al. 1990).  Only large diameter trees can provide cavities of sufficient size for 
nest sites, since spotted owls on the west slope of the Cascades do not typically use 
goshawk nests or other platform nests (Forsman et al. 1984; Forsman and Giese 1997).  A 
number of researchers have found spotted owls to nest, forage and roost in young second-
growth forest habitats, but these typically contain residual large trees, snags and logs 
from the preceding stands and high populations of prey. 
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On a landscape basis, spotted owls select home ranges that emphasize old-growth within 
the landscape (Carey et al. 1990).  One study on the Olympic Peninsula reported that 
spotted owl pairs selected home ranges that contained an average of 44 percent old forest 
(Lemkuhl and Raphael 1993).  Home ranges had an average of 53 percent old forest in 
the southern Oregon Coast range, and 53 percent old forest in southern Oregon, 
respectively (Carey et al. 1990, 1992).  Using data throughout the Pacific Northwest, Bart 
and Forsman (1992) documented that reproduction declined sharply in habitats with less 
than 40 percent old forest; landscapes with less than 20 percent old forest rarely 
supported nesting owls.  In southwest Oregon, Ripple et al. (1997) reported that the area 
of old conifer forest was significantly greater at 20 nest sites compared to 20 random sites 
for plots of 291, 1,163, 2,611, and 4,510 acres.  In California, Rosenberg and Raphael 
(1986) found spotted owls significantly avoided small stand size and stand insularity 
(isolation). 
 
In western Oregon, Miller (1989) determined a mean core area of 70 acres around the 
nest was used by post-fledgling juvenile owls just prior to dispersal.  Miller et al. (1997) 
found that selection for mature/old-growth stands was not evident during the transient 
phase of dispersal (35 percent used vs. 31 percent available), but was significant for the 
colonization phase (61 percent used vs. 33 percent available) where owls would generally 
take up residency for 2 to 3 years before breeding. 
 
Population in the HCP Area 
 
There are currently 16 known spotted owl activity centers within 1.8 miles of the HCP 
Area in the upper Green River basin.  These represent 15 pairs of spotted owls (10 with 
confirmed reproduction) and one single spotted owl of unknown status.  Nine of these lie 
within 0.7 mile of the HCP Area, and one of the 16 is actually in the HCP Area.  The 
entire watershed has undergone extensive surveying over the past decade, and these 16 
activity centers are thought to represent all the resident spotted owls in or near the HCP 
Area (USFS 1996).  The spotted owl is unlikely to occur in the mid- or lower Green 
River basins due to the absence of suitable habitat. 
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Range 
 
The grizzly bear historically ranged throughout western Canada and the United States, 
and the northern portion of central Mexico (Almack 1986).  It has been extirpated from 
Mexico and most of the conterminous United States except for western Montana, the 
Selkirk Mountains of northern Idaho and northeastern Washington, and the North 
Cascades of Washington (Johnson and Cassidy 1997). 
 
Status 
 
Within Washington, the grizzly bear is federally listed as threatened and state listed as 
endangered.  The USFWS established six recovery zones within the conterminous 48 
states, of which the North Cascades Recovery Zone (north of Interstate Highway 90) is 
one (USFWS 1993).  In order to maintain the viability of a population of grizzly bears 
within a zone, it is estimated to require 10,000 square miles of wilderness and a 
population of 500 individuals.  The North Cascades ecosystem approaches the size limit; 
however, the population of grizzly bears is estimated to be a minimum of 10 to 20 bears 
and is isolated from other populations (Johnson and Cassidy 1997). 
 
Habitat Requirements 
 
Historically, the grizzly bear was able to utilize a wide variety of habitat conditions, from 
open dry prairie to wet montane forest.  Whitaker (1980) describes a general habitat 
condition of semi-open country usually in mountainous areas.  Population size and 
distribution have been limited by human intrusion (USFWS 1997).  Grizzly bears will 
avoid areas of human use, including the presence of roads and timber cutting (USFWS 
1997). 
 
The grizzly bear is a free-ranging animal that requires a large home range, with males 
having larger home ranges (200 to 500 square miles) than females (50 to 300 square 
miles) (USFWS 1995b).  The home range size of an individual bear is affected by a 
variety of factors, including the juxtaposition of seasonal habitats, population density, age 
and reproductive status, habitat conditions, and the social relationship of the individual to 
others in the population (USFWS 1997). 
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The grizzly bear is an opportunistic omnivore; however, 80 to 90 percent of its diet is 
green vegetation, wild fruits, berries, nuts, and bulbs or roots.  The majority of the meat 
in its diet comes from carrion (USFWS 1995b).  The grizzly bear begins searching for a 
place to den in early fall.  It may travel extensively to find a suitable location, generally 
on a remote mountain slope where snow, which provides insulation, will last until late 
spring.  Dens are excavated, often under the root systems of large trees (USFWS 1997). 
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Population in the HCP Area 
 
Range limits of the grizzly bear predicted by gap analysis modeling do not include the 
HCP Area (Johnson and Cassidy 1997). However, grizzly bears have been documented to 
the south in the Puyallup River drainage of Pierce County (USACE 1997) and in four 
parcels near Snoqualmie Pass in the I-90 North Parcel group land exchange area.  
Although the species is considered rare, it is possible that it infrequently inhabits the 
upper basin, but not the lower and mid-basin areas of the Green River. 
 
OREGON SPOTTED FROG (Rana pretiosa) 
 
Range 
 
Historically, the Oregon spotted frog ranged from southwestern British Columbia south to 
the northeast corner of California, including the Puget Sound lowlands, Willamette Valley, 
and Cascade Mountains of south-central Oregon (McAllister and Leonard 1997).  It has been 
extirpated from much of its historic range in Washington, which was west of the Cascades in 
the Puget Trough (Blaustein et al. 1995).  The recent gap analysis for Washington reports 
only three extant populations in Thurston and Klickitat counties (Dvornich et al. 1997). 
 
Status 
 
The Oregon spotted frog is a federal candidate for listing and a state endangered species.  
During recent surveys, some 60 locations in western Washington were searched, but only a 
single individual was found in one site (McAllister et al. 1993).  The reason for their decline 
is not known, but degradation of wetlands (Leonard et al. 1993) and introduction of the 
bullfrog (Rana catesbeiana) are suspected (Hayes and Jennings 1986). 
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Habitat Requirements 1 
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The Oregon spotted frog is highly aquatic, nearly always found in marshes or on the edges 
of lakes, ponds, and slow streams (Blaustein et al. 1995; Corkran and Thoms 1996).  In these 
aquatic settings, it prefers non-woody wetland plant communities including sedges, rushes, 
and grasses (Leonard et al. 1993).  Adults feed on invertebrates, usually within 2 feet of the 
water’s edge on dry days, but during or after rain they may travel to feed in wet vegetation 
and ephemeral puddles (Licht 1986).  Spotted frogs do not usually occupy mature forested 
areas.  Brown (1985) lists early-successional habitats up to the closed sapling-pole stage as 
primary feeding and resting habitat for the species.  Adult spotted frogs are active from 
February through October, and hibernate in muddy bottoms of ponds near breeding sites.  
Egg laying is usually accomplished in February or March in the warmest shallow waters 
(Leonard et al. 1993) and tadpoles usually metamorphose during mid-August of their first 
summer at lower elevations (Nussbaum et al. 1983). 
 
Population in the HCP Area 
 
The lower and mid-Green River basins occur within the historical range of the Oregon 
spotted frog, but only a few historic records have been documented in the Puget Sound 
lowlands of King County (Dvornich et al. 1997).  One unconfirmed adult was reported 
during surveys in 1995 along Upper Sunday Creek (USFS 1996) in the upper Green River 
basin, but this location is closer to the known range and habitat of the more abundant 
Columbia spotted frog (Rana luteiventris).  Given the rarity of R. pretiosa in Washington 
and lack of historic records in eastern King County, their presence in the Green River basin 
is unlikely. 
 
CANADA LYNX (Lynx canadensis) 
 
Range 
 
The range of the Canada lynx includes the boreal forests of Canada and Alaska, and the 
mountains adjacent to the Canadian border of the western conterminous 48 states (Ingles 
1965; Koehler and Aubry 1994; Johnson and Cassidy 1997).  In Washington, the Canada 
lynx occurs between 4,000 feet elevation and timberline east of the Cascade crest 
(Johnson and Cassidy 1997).  There are approximately 6,500 square miles of lynx habitat 
within Washington (U.S. Federal Register, 27 December 1997). 
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In Washington, where its population is estimated to be between 91 and 196 individuals, 
the Canada lynx is listed by the state as threatened (Washington Department of Wildlife 
1993).  The Canada lynx is federally listed as threatened throughout the lower 48 states 
(U.S. Federal Register, 24 March 2000).  The original listing proposal stated that the 
Canada lynx is threatened by human alteration of forests, low numbers as a result of past 
over-exploitation, expansion of the range of competitors like the bobcat (Felis rufus) and 
coyote (Canis latrans), and elevated levels of human access into lynx habitat (U.S. 
Federal Register, 8 July 1998b). 
 
Habitat Requirements 
 
The Canada lynx requires a matrix of two important habitat types.  For thermal and 
security cover and for denning it uses mature, closed-canopy, boreal forest that contains a 
high density of large logs and stumps and is near hunting habitat.  For hunting, it uses 
early successional forest with high densities of snowshoe hare (Lepus americanus).  
Additionally, lynx avoid large open spaces and tend not to cross openings greater than 
330 feet (Koehler and Aubry 1994).  The abundance of Canada lynx is correlated with the 
population cycle of the snowshoe hare, its primary prey (Ingles 1965; Koehler and Aubry 
1994; Johnson and Cassidy 1997). 
 
Population in the HCP Area 
 
Range limits of the lynx predicted by gap analysis modeling do not include the HCP Area 
(Johnson and Cassidy 1997); however, one male was reportedly observed in the Green 
River Watershed Analysis Area in 1979 (USFS 1996).  No lynx have been documented in 
the I-90 Land Exchange parcel groups (USFS 1998).  Although the species is considered 
rare, it is possible that it inhabits the upper basin, but not the lower and mid-basin areas 
of the Green River. 
 
CASCADES FROG (Rana cascadae) 
 
Range 
 
The range of the Cascades frog extends from northern California to Oregon and 
Washington, and is restricted to higher elevations of the Cascade and Olympic mountains 
(Leonard et al. 1993; Corkran and Thoms 1996).  The Cascades frog is a montane species 
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that rarely occurs at elevations below 2,000 feet; in Washington it has been recorded up 
to 6,200 feet in elevation near Mt. Rainier (Leonard et al. 1993). 

1 
2 
3 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

 
Status 
 
The Cascades frog is currently classified as a federal species of concern.  In a review by 
Blaustein et al. (1995) it was noted that Cascades frog seems more difficult to find than 
historically, and the authors speculated that the species might be sensitive to habitat 
fragmentation, drought, disease, fish introductions, and ultraviolet radiation.  Nussbaum 
et al. (1983) mentioned a decline of this species in Oregon.  In California, Fellers and 
Drost (1993) concluded that Cascades frogs have exhibited precipitous declines for more 
than 15 years.  Corn (1994) noted that so far there are no quantitative studies to document 
declines in northern populations. 
 
Habitat Requirements 
 
Cascades frogs are most commonly found at lakes, ponds, swamps, marshes, sphagnum 
bogs, and fens, but also inhabit pools adjacent to streams in alpine meadows and forests 
(Leonard et al. 1993; Beak 1994, 1995, 1996b).  In shallow, lentic waters, breeding and 
egg laying begin shortly after snow melt, and tadpoles metamorphose by early fall or the 
next summer (Leonard et al. 1993).  After breeding, adults are sometimes found away 
from water (Nussbaum et al. 1983).  Brown (1985) lists primary breeding habitat in 
ponds and riparian habitat, and primary feeding and resting habitat in all forest ages.  
Dvornich et al. (1997) concluded that Cascades frogs are generally not situated within 
closed forest, but may inhabit open-canopy hardwood stands if residual downed conifer 
logs are present.  In the southern Cascades of Washington, Aubry and Hall (1991) found 
10 individuals in old-growth stands, two in mature stands (80-190 years old), and one in 
submature stands (55-75 years old), but did not sample younger stands or wetlands.  
Their results showed a positive correlation with well-decayed snags on the landscape, and 
associations with deciduous and coniferous canopy cover, although only older seral 
stages (>55 years old) were surveyed.  On managed forest in Lewis County, Bosakowski 
(in review) found 234 adults and significant correlations were established for open 
wetlands, sapling conifers (0-6 years old), recent clearcuts, and mature conifers (>45 
years old).  In addition, Bosakowski (in review) reported that mature conifers were 
evident only at stream sites, with few around wetland breeding ponds. 
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Population in the HCP Area 1 
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Records of the Cascades frog exist throughout the Cascade region, including the eastern 
half of King County (Dvornich et al. 1997).  Surveys in the Snoqualmie Pass area 
revealed that it is very abundant in some areas.  In 1994 and 1995, presence was recorded 
at 19 sites, with reproduction found at 11 of the sites in the upper Green River basin 
(USFS 1996).  Cascades frogs were found reproducing in all beaver ponds that were 
surveyed (USFS 1996).  Habitat models predicted a total of 38,220 acres of suitable 
habitat in the Green River Watershed Analysis Area, which includes 380 acres of wet 
meadows, 102 acres of shrubby wetlands, 115 acres of lakes/ponds, and 37,623 acres of 
less-preferred streamside habitat (USFS 1996).  The Cascades frog is locally abundant in 
high elevation areas (> 2,000 feet) in the upper Green River watershed above the Tacoma 
Headworks, but is not expected to inhabit the lower and mid-basins of the Green River. 
 
CASCADE TORRENT SALAMANDER (Rhyacotriton cascadae) 
 
Range 
 
The range of the Cascade torrent salamander is extremely small, restricted to the west slope 
of the Cascades in the Mount Rainier area and southward into the northern Oregon Cascades 
(Leonard et al. 1993; Dvornich et al. 1997). 
 
Status 
 
The Cascade torrent salamander is classified a federal species of concern and a state 
candidate for listing, probably due to its extremely small range. 
 
Habitat Requirements 
 
Torrent salamanders are almost always found in or adjacent to cold, clear mountain streams 
with rapids, waterfalls, and splash zones, but seeps and permanently wet talus are also 
inhabited (Leonard et al. 1993).  Adults are fully terrestrial, air-breathing salamanders, but 
generally live under rocks with a thin film of water present (Leonard et al. 1993).  They are 
seldom more than 3 feet from preferred water sources (Nussbaum et al. 1983).  Eggs are 
deposited in communal nests located between cracks of rocks with flowing water 
(Nussbaum et al. 1983).  After hatching, the gilled larvae remain completely aquatic for 3 to 
5 years before metamorphosing into terrestrial adults (Leonard et al. 1993).  Larvae live 
under cover objects such as rocks, bark, and leaves (Stebbins 1966) and are more often 
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located in riffle habitats than pool habitats (Bury et al. 1991a).  Because of their 
specialization for cold water, streams inhabited by torrent salamanders are usually located in 
forested areas, primarily in large sawtimber and old-growth conifer or mixed forest (Brown 
1985).  However, no quantitative studies of forest habitat associations have been conducted 
for this species of torrent salamander.  For the closely related southern torrent salamanders 
(R. variegatus), recent data suggest that they can persist in managed forests, but are 
restricted to steeper portions of streams (greater than 9 percent) where velocity is sufficient 
to keep cobbles and gravels free of sediment (Diller and Wallace 1996).  Torrent 
salamanders can become rare or absent in areas where timber harvesting causes increases in 
water temperature, air temperature, and siltation, and decreases in DO and relative humidity 
(Marshall 1992; Leonard et al. 1993). 
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Population in the HCP Area 
 
The HCP Area is not within the known range of the Cascade torrent salamander.  There 
are no records of it for King and Pierce counties (Dvornich et al. 1997).  The closest 
known sighting to the HCP Area is from the border of Thurston and Lewis counties 
(Dvornich et al. 1997).  The species is unlikely to occur in the HCP Area because of its 
rarity and lack of historical range within the Green River watershed.  It is even less likely 
in the lower and mid-basin areas of the Green River due to the lack of cold, headwater 
streams at lower elevations. 
 
VAN DYKE'S SALAMANDER (Plethodon vandykei) 
 
Range 
 
The range of Van Dyke's salamander is extremely small, falling within three isolated 
regions of western Washington:  the Willapa Hills, Olympic Peninsula, and the 
southwestern Cascade Range in the vicinity of Mount Rainier (Leonard et al. 1993; 
Dvornich et al. 1997).  These salamanders are found primarily in regions of high rainfall, 
usually in association with rock or sometimes woody debris (Dvornich et al. 1997).  This 
salamander species ranges from nearly sea level to about 3,600 feet in elevation near 
Mount Rainier (Leonard et al. 1993). 
 
Status 
 
The Van Dyke's salamander is a federal species of concern and a state candidate for 
listing in Washington because of its rarity and very limited distribution.  Within its 
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limited range, there is no evidence of a decline (Blaustein et al. 1995).  Corn (1994) did 
not include the Van Dyke's salamander in his discussion of declining western 
amphibians. 
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Habitat Requirements 
 
Van Dyke's salamanders are considered a small stream associate (Dvornich et al. 1997).  
These salamanders are frequently found in the splash zones of small streams, waterfalls, 
and seeps, where they hide under rocks, logs, and bark (Leonard et al. 1993).  They 
emerge at night (Leonard et al. 1993) or during rainfall to forage on the forest floor and 
along streambanks (Bosakowski, unpubl. data).  It is suggested that perennial non-fish 
streams provide the best habitat for Van Dyke’s salamanders because of their permanent 
flow but lack of predatory fish (Rodrick and Milner 1991; Beak 1994, 1995, 1996b).  
However, Van Dyke's salamanders may also be locally abundant on steep talus slopes, as 
Herrington (1989) reported a higher abundance in talus habitats than in non-talus 
habitats.  In Lewis County, Bosakowski (in review) found nearly equal proportions in 
forested areas adjacent to streams or on talus slopes far from water.  In addition, Van 
Dyke's salamanders were found inhabiting the moist floor of a lava tube near Mount St. 
Helens (Aubry et al. 1987).  Eggs are laid on land under rocks or woody debris (Leonard 
et al. 1993). 
 
Very few data have been collected or reported on forest cover preferences of the Van 
Dyke's salamander (Blaustein et al. 1995).  Jones and Atkinson (1989) reported anecdotal 
evidence of an association with riparian habitats in mature and old-growth coniferous 
forests of Long Island, Washington.  Dvornich et al. (1997) assumed that young forests 
and large hardwood riparian stands are probably not suitable habitat for Van Dyke's 
salamanders since there were no published data from intensively managed timberlands.  
However, this speculation is not supported by recent quantitative data.  On managed 
forest in Lewis County, Bosakowski (in review) found 42 adults; significant preferences 
were found for alder/hardwood stands, pole conifers (27-44 years old), and mature 
conifers (>45 years old). 
 
Population in the HCP Area 
 

 

A single published record of Van Dyke’s salamanders currently exists for King County, 
and a limited number of occurrences have been reported less than 30 miles to the south in 
adjacent Pierce County (Dvornich et al. 1997).  No “Survey and Manage” protocol 
surveys for the Van Dyke’s salamander were conducted in the Green River Watershed 
Analysis Area, but one incidental sighting was recorded along Twin Camps Creek (USFS 
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1996).  Habitat models predicted some 28,658 acres of suitable habitat in the Watershed 
Analysis Area, plus an additional 768 acres of talus and cliff habitat (USFS 1996).  
Although the species inhabits the upper basin, it is not very likely in the lower and mid-
basin areas of the Green River due to a scarcity of forested riparian zones along lowland 
stream and creeks. 

1 
2 
3 
4 
5 
6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 

 
LARCH MOUNTAIN SALAMANDER (Plethodon larselli) 
 
Range 
 
The Larch Mountain salamander was once believed to be limited to the Columbia River 
Gorge (Nussbaum et al. 1983), but recent surveys have demonstrated its occurrence 
throughout much of the southwest Cascade Range in Washington (Dvornich et al. 1997).  
The species ranges from the Columbia River Gorge between Hood River and Troutdale, 
Oregon, north to central Lewis County in the westside forests of the Cascade Range 
(Aubry et al. 1987).  Several new records also show the species to be present north as far as 
the Interstate Highway 90 corridor (WDFW et al. 1994).  Leonard et al. (1993) reported that 
the Larch Mountain salamander ranges up to 3,400 feet in elevation, but recent surveys have 
found them as high as 4,100 feet near Randle in Lewis County (Bosakowski, in review). 
 
Status 
 
The Larch Mountain salamander is probably one of the rarest amphibians in Oregon and 
Washington (Leonard et al. 1993).  It is classified as a federal species of concern and state 
sensitive species because of its rarity, its unique habitat associations (talus slopes), and 
extremely small geographic range.  There is no evidence to suggest it is declining and Corn 
(1994) did not report any known declines.  Quite the contrary, intensified survey efforts for 
this federal “Survey and Manage Species” (USFS 1997; Beak 1995; Plum Creek 1996) have 
resulted in an ever-broadening range. 
 
Habitat Requirements 
 
This upland salamander species is fully terrestrial and is rarely associated with streams or 
open water habitats (Nussbaum et al. 1983).  Most populations of this salamander are 
located on steep talus slopes (30-50 degrees) kept moist by a covering of mosses and a dense 
overstory of coniferous trees (Leonard et al. 1993; WDFW et al. 1994), although it also may 
occur in lava tubes and caves (Aubry et al. 1987).  It appears to be more common in talus 
slopes that are not perpetually wet throughout the year (Nussbaum et al. 1983).  In Lewis 
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County, Bosakowski (in review) found five individuals on two steep talus slopes, and a 
habitat analysis of the survey areas (31 acres) revealed that rock was the only cover type 
that was significantly correlated with abundance.  In that study, neither collection site had 
overhead canopy cover, although mature coniferous forest was adjacent to the talus 
slopes (within 100 to 300 feet) (Bosakowski, in review).  Other research indicates that 
Larch Mountain salamanders may be more common in areas with dense overstories that help 
maintain higher moisture levels, but not a saturated environment.  Bury and Corn (1989b) 
found 14 individuals, all of which were inhabiting old-growth forest, even though other seral 
stages were sampled in that survey.  In another study, two adjacent talus slopes, separated by 
a creek, were searched for Larch Mountain salamanders, but only the slope that was not 
clearcut was found to contain them (Herrington and Larsen 1985). 
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Population in the HCP Area 
 
Until recently there were no records for the Larch Mountain salamander in King County.  
However, five new records have emerged in the vicinity of Snoqualmie and Stampede 
passes (Dvornich et al. 1997; USFS 1997, 1998) with two of those records from the upper 
Green River watershed.  Habitat models predicted some 18,792 acres of suitable habitat 
in the Green River Watershed Analysis Area, plus an additional 768 acres of talus and 
cliff habitat (USFS 1996).  The Larch Mountain salamander is a resident of the upper 
Green River watershed, but may also occur at lower elevations in the mid-Green River 
basin (below Headworks) if suitable talus habitat is available.  It is unlikely to occur in 
the lower Green River because old-growth forest and steep talus slopes are virtually 
absent along this stretch. 
 
TAILED FROG (Ascaphus truei) 
 
Range 
 
Tailed frogs are distributed throughout northern California, Oregon, Idaho, British 
Columbia, and Washington (Nussbaum et al. 1983).  In Washington, tailed frogs range 
throughout the Cascade Mountains, Olympic Peninsula, Willapa Hills, and Blue 
Mountains, where they are found from nearly sea level up to 5,250 feet in elevation near 
Mount Rainier (Leonard et al. 1993). 
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The tailed frog is currently classified as a federal species of concern.  Although there is 
no evidence of an overall decline within their range (Corn 1994), tailed frogs are locally 
vulnerable to timber harvesting because of associated watershed disturbances such as 
siltation and sedimentation, and temperature increases due to canopy removal (Bury and 
Corn 1988; Bury and Corn 1989a).  Lemkuhl and Ruggiero (1991) considered the tailed 
frog to be at moderately high risk of extinction.  Since recolonization after habitat loss may 
take a relatively long time, it is felt that some populations may not readily recover (Blaustein 
et al. 1995). 
 
Habitat Requirements 
 
The tailed frog requires cold, fast-flowing permanent streams within forested areas, and 
does not inhabit ponds or lakes (Nussbaum et al. 1983; Leonard et al. 1993).  During 
breeding in June or July, the female lays 50 to 60 eggs under a rock in the stream and 
embryos hatch during August.  The aquatic larvae (tadpoles) may take from 1 to 6 years to 
metamorphose while they remain in the stream (Leonard et al. 1993).  The tadpoles survive 
in swift water by clinging to rocks with their sucker-like mouths (oral disc) which are 
also used to scrape-off algae, diatoms, conifer pollen, and small insects (Nussbaum et al. 
1983).  It may take 7 to 8 years to reach sexual maturity, and tailed frogs may live up to 
18 years (Welsh 1990).  During the day, adults usually remain hidden under rocks or 
debris, either on the streambank or underwater on the stream bottom (Beak 1994, 1995, 
1996b).  At night, adult tailed frogs emerge from cover (Leonard et al. 1993) and may 
forage up to 1,300 feet into adjacent forested areas (McComb et al. 1993). 
 
Tailed frogs are typically restricted to small headwater streams such as WDNR Type 3 
and 4 streams (Beak 1994, 1995, 1996b; Dvornich et al. 1997).  Tailed frogs have a 
narrow water temperature tolerance (de Vlaming and Bury 1970; Welsh 1990), so forest 
cover along streams is essential in maintaining cool instream water temperatures.  
Nussbaum et al. (1983) reported that tailed frogs disappeared from streams when areas 
were logged, speculating that increased water temperature and siltation were the cause.  
Other studies have also concluded that the species is sensitive to watershed disturbances 
(Noble and Putnam 1931; Metter 1964, 1968; Bury 1968, 1983; Bury and Corn 1988).  
Riparian forest cover also provides a favorable terrestrial microclimate for adults 
foraging/dispersing on land (i.e., a cool, damp forest floor) and acts to alleviate stream 
siltation.  Bull and Carter (1996) found tailed frog abundance correlated with the 
presence of forest buffers (>100 feet) along streams. 
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Streams supporting large populations of tailed frogs usually occur in mature and old 
coniferous forest (Aubry and Hall 1991; Corn and Bury 1991; Gilbert and Allwine 1991 
Bury et al. 1991; Welsh and Lind 1991), and population densities in large clearcuts were 
significantly lower than forested areas (Bury and Corn 1989a, Welsh 1990).  On the west 
slope of the Cascades in southern Washington and northern Oregon, Bury and Corn 
(1989b) found them to be abundant in many stands older than 30 years old, but absent or 
very rare in clearcut stands.  Large hardwood riparian stands were not considered suitable 
habitat by Dvornich et al. (1997); this was verified by the multiple regression analysis of 
Bosakowski (in review).  In Lewis County, Bosakowski (in review) found 43 adults, and 
significant preferences were found for pole conifers (27-44 years old) and mature 
conifers (>45 years old). 
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Population in the HCP Area 
 
Records of the tailed frog exist mainly throughout the eastern half of King County, with a 
large concentration of sightings in the Stampede Pass area (Dvornich et al. 1997).  Kelsey 
(1995) located tailed frogs in the Friday Creek drainage in the upper Green River 
watershed.  This site is well within the range of the tailed frog and the species is very 
likely to occur in other suitable streams (DNR Type 4) in the area that are bordered with 
sufficient forest cover (USFS 1996).  Approximately 7,257 acres of potential habitat were 
identified within the Green River Watershed Analysis Area (USFS 1996).  Although the 
species inhabits the upper basin, it is not very likely in the lower and mid-basin areas of 
the Green River due to the lack of cold, headwater streams at lower elevations. 
 
NORTHWESTERN POND TURTLE (Clemmys marmorata) 
 
Range 
 
The northwestern pond turtle ranges from Puget Sound to northwestern Baja California, 
principally west of the Sierra-Cascade Crest, from sea level to 6,000 feet in elevation 
(Blaustein et al. 1995).  In Washington, confirmed populations are limited to Klickitat and 
Skamania counties, although sightings have recently been confirmed in Pierce and King 
counties in the historic range of the species (Rodrick and Milner 1991).  Maximum elevation 
recorded in Washington is 1,000 feet; the maximum for Oregon is 3,000 feet (Brown et al. 
1995). 
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The northwestern pond turtle is listed as an endangered species by the state of Washington 
and a species of concern by the USFWS.  Populations of the northwestern pond turtle are 
declining, particularly in the northern part of the range (Brown et al. 1995).  Threats to this 
species include habitat alteration, drought, predation (on juveniles by exotic fish and 
bullfrogs), local disease outbreaks, and loss of connectivity between populations due to 
habitat fragmentation (Brown et al. 1995). 
 
Habitat Requirements 
 
The northwestern pond turtle inhabits marshes, ponds, sloughs, brackish waters, and slow 
sections of streams with gentle and unshaded banks, rocky or muddy bottoms, and emergent 
aquatic vegetation or submerged branches of trees or shrubs (Stebbins 1966; Holland 
1991a).  Adults may bask out of water for several hours each day and will use logs, rocks, 
open banks, or floating vegetation for basking sites (Nussbaum et al. 1983).  Females leave 
the water to nest up to 1,640 feet from shoreline in adjacent open, grassy areas with soft soil 
and good sun exposure (Rathbun et al. 1992), but most nests are dug within 300 feet of water 
(Brown et al. 1995).  Pond turtles are omnivores, feeding on aquatic vegetation and small 
aquatic animals and carrion, with a preference for animal tissue (Bury 1986; Holland 
1991b).  To hibernate, northwestern pond turtles dig burrows along undercut banks (Holland 
1994), in soft bottom mud of ponds (Ernst and Barbour 1972), or in uplands up to 1,640 feet 
from water (Rathbun et al. 1992).  Winter hibernation sites in the uplands are generally dug 
in soils or duff on slopes less than 35 degrees (Holland 1994).  Brown (1985) lists primary 
habitat as early successional forest stages (grass-forb, shrub, open sapling-pole). 
 
Population in the HCP Area 
 
Records of the northwestern pond turtle in Washington are mainly from the southern end of 
the Puget Sound lowlands, with several records from western King County (Dvornich et al. 
1997).  The species could be present in lowland habitat of the lower and mid-Green River 
basins, but because of its extreme rarity and specialized wetland requirements, presence is 
unlikely.  Lack of historical records in the Washington Cascades and limited elevation 
(<1,000 feet) tolerance in Washington, make this species extremely unlikely to occur in the 
upper Green River basin above the Headworks. 
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NORTHERN GOSHAWK (Accipiter gentilis) 1 
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Range 
 
In North America, the northern goshawk breeds throughout most of the boreal forest 
region, other northern forest biomes, and high elevation montane forests of the Southwest 
and Mexico.  Nesting in the Pacific Northwest occurs most frequently at mid- to upper 
elevations, although nests may occasionally occur at low elevations (Reynolds 1989; 
DeStefano and McCloskey 1997).  Distribution in Washington is mostly restricted to 
mountainous regions including the Cascade, Olympic, Selkirk, and Blue mountains, and 
Okanogan Highlands, but occasional breeding has been recorded in southwest 
Washington and the western Olympic lowlands (Smith et al. 1997).  Adults and juveniles 
are generally permanent residents or only weakly migratory (Johnsgard 1990; Iverson et 
al. 1996). 
 
Status 
 
The northern goshawk is classified as a state candidate species and federal species of 
concern.  Although there have been several petitions to list the species at the federal 
level, there is little evidence available to suggest that the northern goshawk is rapidly 
declining in the United States.  The latest petition to list the species west of the 100th 
meridian was denied (U.S. Federal Register, 29 June 1998). 
 
Habitat Requirements 
 
Breeding goshawks primarily inhabit large tracts of mature and old-growth coniferous 
forest in the Pacific Northwest region (Saunders 1982; Reynolds et al. 1992; Moore and 
Henny 1983; Bull and Hohmann 1994; USFS 1994).  Goshawks are associated with large 
tree habitat for three major reasons:  these habitats provide dense canopy cover, they 
provide clear flight space below the canopy, and the large trees are needed to provide 
support for their large stick nests (Speiser and Bosakowski 1987; Reynolds 1989).  Nest 
trees are often the largest tree in the nest site (Reynolds et al. 1992; Fleming 1987; 
Squires and Reynolds 1997).  In Washington, Fleming (1987) reported that nests were 
placed in large trees with adequate support branches or in small sawtimber trees with 
mistletoe brooms.  Reynolds et al. (1992) hypothesized that a heavy canopy cover layer 
was needed to provide a buffered microclimate for protection of the young from 
overexposure to the elements and predators.  This cool microclimate is also beneficial to 
actively hunting adults throughout the heat of summer. 
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Reynolds (1983) defined a nest site as a suitable forest stand with a 20- to 25-acre area of 
consistent vegetation structure or land form, including plucking posts, roosts, and 
defensible areas.  In Washington, goshawk nest sites are found in a wide variety of 
closed-canopy stands.  In old-growth forests, the largest reported stand dbh was 24.5 
inches from the Cascade Mountains (Fleming 1987) and in younger pole stands, the 
smallest stand dbh reported was 8.8 inches in the Cascade Mountains (Bosakowski and 
Vaughn 1996), 9.7 inches on the Olympic Peninsula (Fleming 1987), and 10 inches in 
Idaho (Lilieholm et al. 1993).  The youngest stand age known for nesting in Washington 
is 40 years from second-growth forest in Lewis County (Bosakowski and Vaughn 1996).  
Radio-tracking studies in California have shown that the habitat of the home range was 
similar to nest sites (Hargis et al. 1994).  Reynolds et al. (1992) summarized goshawk 
home range size in the lower 48 states at roughly 6,000 acres, including a nest site of 
about 30 acres, the post-fledging family area of about 420 acres, and the foraging area of 
about 5,400 acres.  Hargis et al. (1994) discovered that the nest sites and home ranges had 
higher basal area, canopy cover, and higher tree densities than random sites. 
 
Goshawks are generally considered an upland breeding bird, although a few nests have 
been found in swamps in the Northeast (Speiser and Bosakowski 1987).  In Alaska, 
radio-tagged goshawks preferred hunting in riparian zones and beach/estuary fringe, 
avoided alpine zones, but showed no preference or avoidance for upland zones (Iverson 
et al. 1996).  In Oregon, nearby water was considered important for nesting, but several 
dry nest sites were found (Reynolds et al. 1992).  The distance of nest sites to a water 
source was not significantly different than for 70 random sites, suggesting that a nearby 
water source is not required by this extremely mobile raptor (Bosakowski and Speiser 
1994).  Topographically, a preference has been discovered for nesting on lower, gentle 
slopes, and only rarely on slopes greater than 40 percent (Shuster 1980; Reynolds et al. 
1992; Hayward and Escano 1989; Squires and Ruggiero 1996).  However, a few nests 
were reported on slopes as high as 70 to 75 percent in Washington (Fleming 1987).  In 
temperate regions, goshawks usually avoid nesting on southern slopes to avoid summer 
heat (Shuster 1980; Reynolds et al. 1992; Moore and Henny 1983). 
 

 

In relation to forest management, recent studies have indicated that radio-tagged 
goshawks use clearcuts less than expected by chance (Iverson et al. 1996).  Because of 
their strong fidelity to the nest site (Speiser and Bosakowski 1991; Detrich and 
Woodbridge 1994), some goshawks will occasionally return to breed after extensive 
timber harvesting, but this is generally the exception rather than the rule (Crocker-
Bedford 1990; Patla 1997).  While clearcutting can be favorable to certain important 
goshawk prey, including blue grouse (Dendragapus obscurus), ruffed grouse (Bonasa 
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umbellus), and snowshoe hare (Lepus americanus) (Irwin et al. 1989), radio-tagged 
goshawks appear to select foraging sites based on preferred habitat structure, rather than 
localities of prey abundance (Beier and Drennan 1997).  In addition to habitat loss, 
excessive forest fragmentation has been linked with increases in potential competitors 
and predators, such as the red-tailed hawk and great horned owl (Moore and Henny 1983; 
Crocker-Bedford 1990; Bosakowski and Smith 1997). 
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Population in the HCP Area 
 
Records of nesting goshawks exist throughout the Cascades region, including the far 
eastern half of King County (Smith et al. 1997).  In the upper Green River Land 
Exchange Area, there were five records of individual goshawks (USFS 1998).  No formal 
surveys were conducted to locate goshawk nests in the Green River Watershed Analysis 
Area (USFS 1996), but habitat models predicted 5,489 acres of suitable nesting habitat 
within scattered parcels.  It is highly likely that goshawks are nesting in the upland forests 
of the upper Green River watershed, unlikely for the mid-Green River basin, and 
extremely unlikely for the lower Green River basin because of increasing urbanization 
and habitat fragmentation.  Outside of nesting territories, occasional wintering goshawks 
could appear in all areas of the Green River basin for variable periods of time, but are less 
likely to take up winter residency in urbanized areas or in young regenerating forests 
(<40 years old). 
 
OLIVE-SIDED FLYCATCHER (Contopus cooperi) 
 
Range 
 
This neotropical migrant ranges throughout much of the boreal forest region and extends 
south into the Rocky Mountains and south along the Pacific Coast from Alaska to 
California (Robbins et al. 1983; Peterson 1990).  In Washington, the distribution of this 
flycatcher is restricted to forested regions (Smith et al. 1997). 
 
Status 
 
This bird is currently considered a federal species of concern.  Marshall (1988) found that 
olive-sided flycatchers had disappeared from undisturbed sequoia forest in California and 
suspected a decline on the wintering grounds.  The olive-sided flycatcher is widespread 
on all national forests in Oregon and Washington (Sharp 1992).  However, analysis of 
breeding bird survey routes from 1968 to 1989 revealed that declines (26) significantly 
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outnumbered increases (12) on 38 national forest routes (Sharp 1992).  When data were 
separated by state, however, only Oregon national forests showed a significant decline. 
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Habitat Requirements 
 
Olive-sided flycatchers are generally found in open mature stands of conifers, or along 
the edges of clearings created by burns, windthrow, wetlands, and clearcutting where 
high perches in tall trees and snags are available (Harrison 1979; Brown 1985; Sharp 
1992).  Nests are usually built in conifers from 7 to 72 feet above ground, but 
occasionally in deciduous trees (Sharp 1992).  For a recent gap analysis project, Dvornich 
et al. (1997) described habitat in Washington as sites with large tree patches adjacent to 
cleared areas, burns, or waterbodies.  Territory size is about 25 acres (Sharp 1992).  In 
California, Rosenberg and Raphael (1986) found over half (52 percent) of 402 detections 
were on edges, and analysis revealed that olive-sided flycatchers were positively 
correlated with the length of edge and stand insularity, and negatively correlated with 
distance to edge. 
 
Along the Oregon/California border, Ralph et al. (1991) found no clear association of 
olive-sided flycatcher abundance with forest age-class, but found a positive correlation 
with conifers and a negative correlation with hardwoods.  In northwestern California, 
Raphael et al. (1988) reported higher densities of olive-sided flycatchers in sapling (0-20 
years old) and mature forest (>100 years old) than in pole/sawtimber (20-80 years old).  
On managed forest in Lewis County, Bosakowski (1997) also discovered a similar 
bimodal distribution for olive-sided flycatchers that were present at 14.4 percent of point 
counts (48 out of 330).  In that investigation, recent clearcuts (0-6 years old), sapling 
conifers (6-26 years old), and mature conifers (>45 years old) were all associated with the 
presence of olive-sided flycatchers.  In Montana, Hutto (1995) found a similar percentage 
of occupied point counts (15.6 percent) in conifer stands after recent stand-replacement 
fires.  Hutto (1995) considered the olive-sided flycatcher to be relatively restricted to 
early post-fire conditions.  In northwestern Montana, Tobalske et al. (1991) found highest 
abundance in clearcuts (17 percent) and partial cuts (7 percent) compared to unlogged 
forest (2 percent) and natural areas (0 percent), but the overall difference between groups 
was not significant. 
 
Population in the HCP Area 
 
Olive-sided flycatchers have been recorded extensively throughout nearly all of King 
County (Smith et al. 1997) and are likely to be present in the HCP Area.  The species is 
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extremely likely to inhabit the upper basin, and moderately likely to inhabit the lower and 
mid-basin areas of the Green River. 
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VAUX’S SWIFT (Chaetura vauxi) 
 
Range 
 
The Vaux’s swift is a neotropical migrant that breeds from northern British Columbia to 
northern California and eastward to western Montana.  It is also a year-round resident of 
Central America (Bull and Collins 1993). 
 
Status 
 
The Vaux’s swift is a state candidate for listing in Washington.  It is a common breeder in 
forests throughout the state (Smith et al. 1997); however, it is declining in population 
throughout its range (Bull and Collins 1993). 
 
Habitat Requirements 
 
The primary habitat requirement of the Vaux’s swift is the presence of large-diameter 
hollow trees (living or dead), which are used for breeding and roosting (Bull and Collins 
1993).  Nest trees are usually large live trees with broken tops or woodpecker entrance 
holes; they range in size from 18 to 38 inches in dbh (Bull and Cooper 1991; Bull and 
Hohmann 1993).  Large communal roosts are often established by non-breeding adults, 
and later by breeding pairs and fledglings (Bull and Collins 1993).  Communal roost sites 
are established in large hollow chimney snags, ranging from 39 to 53 inches dbh (Bull 
1991). 
 
In northeastern Oregon, Bull (1993) compared Vaux’s swift observations between old-
growth and logged stands.  Swifts were observed in 41 percent of the old-growth stands 
surveyed, but only 8 percent of the logged stands surveyed.  The variables most highly 
correlated with Vaux’s swift observation were the presence of large-diameter snags and 
trees with conks of the Indian paint fungus (Bull 1993).  In the Washington Cascades, 
Manuwal and Huff (1987) found swifts to be more abundant in old-growth forest (≥ 250 
years old) than in either young (42 to 75 years old) or mature (105 to 165 years old) 
forest. 
 

 
R2 Resource Consultants A-58 
Final – July 2001 



 APPENDIX A 
Tacoma Water HCP Green River Water Supply Operations and Watershed Protection 

 
 
Population in the HCP Area 1 
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The Vaux’s swift breeds throughout the Washington Cascades and is documented 
extensively in King County (Smith et al. 1997).  At least 49 individuals have been 
reported in the upper Green River basin (USFS 1996).  There is a reasonable possibility 
that it inhabits the lower and mid-basin areas of the Green River as well. 
 
CALIFORNIA WOLVERINE (Gulo gulo luteus) 
 
Range 
 
Along the Pacific Coast of the United States the wolverine occurs in the Cascade 
Mountains of Washington and Oregon, and the Sierra Nevada Mountains of California 
(Ingles 1965). 
 
Status 
 
The California wolverine is a federal species of concern and a state monitor species.  In 
August 1994, the USFWS received a petition to list the wolverine in the contiguous 
United States.  In its 90-day finding of April 1995, the USFWS determined that listing 
was not warranted at that time (U.S. Federal Register, 19 April 1995).  Records indicate 
that the wolverine was never common (Ingles 1965; Banci 1994), and current population 
densities are low (Johnson and Cassidy 1997).  In Washington, the wolverine was nearly 
or totally extirpated and is now recovering (Johnson and Cassidy 1997). 
 
Habitat Requirements 
 
The wolverine is most common in alpine and subalpine habitats, but may occur in all 
forest zones within its range (Ingles 1965; Johnson and Cassidy 1997).  For British 
Columbia, Stevens and Lofts (1988) describe habitat as conifer-dominated forests, alpine 
tundra, and freshwater emergent wetlands.  In North America, wolverine home ranges 
vary in size from 21 to 350 square miles (Banci 1994) suggesting a need for large 
wilderness areas.  Natal dens have been found in holes dug under fallen trees, in cavities, 
rock crevices, thickets, abandoned beaver lodges, old bear dens, under the root wads of 
fallen trees, and in old creek beds (Whitaker 1980; Banci 1994). 
 
The habitat component of primary importance is a sufficient year-round food supply in a 
large wilderness area.  The wolverine is an opportunistic omnivore in summer, but 
principally a scavenger in winter.  Its summer diet is diverse; berries, small mammals, 
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sciurids, and insect larvae are eaten because of their increased availability.  Ungulate 
carrion is an important part of the wolverine’s diet throughout the year; however, in 
winter they can take live prey slowed by deep snow (Banci 1994). 
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Population in the HCP Area 
 
Range limits for wolverines, predicted by gap analysis modeling, include the HCP Area 
(Johnson and Cassidy 1997).  Records show one individual observed in the Green River 
Watershed Analysis Area in 1983 (USFS 1996); two other sightings are known from the 
I-90 Land Exchange Parcels at the Cascade Crest parcels (USFS 1998).  Although the 
species is considered rare, it is possible that the wolverine inhabits the upper basin, but 
not the lower and mid-basin areas of the Green River. 
 
PACIFIC FISHER (Martes pennanti pacifica) 
 
Range 
 
The Pacific fisher once ranged from northern British Columbia south to central California 
(Powell and Zielinski 1994).  Within Washington, it currently occurs in the Cascade and 
Olympic mountains, and portions of the Okanogan Highlands (Aubry and Houston 1992). 
 
Status 
 
The Pacific fisher is a federal species of concern and has been listed by the state of 
Washington as endangered.  After being petitioned in 1994 to list the fisher as threatened, 
the USFWS found there was insufficient information presented to warrant listing (U.S. 
Federal Register, 1 March 1996).  Nevertheless, fishers are considered to be extremely 
rare in Washington.  It is likely that they have not recovered from over-trapping during 
the late 1800s and early 1900s (Aubry and Houston 1992; Stinson and Lewis 1998). 

Habitat Requirements 
 
On the west side of the Cascades, fishers show a preference for contiguous closed-canopy 
late-successional coniferous forests at mid-elevations (Aubry and Houston 1992; Powell 
and Zielinski 1994).  These forest types usually have an abundance of logs and snags that 
provide habitat for prey and denning opportunities for fishers in the form of cavities 
(Johnson and Cassidy 1997).  Possibly to reduce infanticide by male fishers, female 
fishers appear to select for pileated woodpecker cavities as den sites, the size of which 
allow only for the female to enter (Stinson and Lewis 1998).  Additionally, second-
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growth forests with sufficient cover are sometimes used, particularly as hunting habitat 
(Johnson and Cassidy 1997; Stinson and Lewis 1998).  Fishers also show a preference for 
utilizing riparian corridors, especially for travel and rest sites (Aubry and Houston 1992), 
and avoiding areas of low canopy closure and areas of high snow accumulation (Powell 
and Zielinski 1994).  They also appear to avoid highly fragmented forests and clearcuts 
(Powell and Zielinski 1994). 
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Population in the HCP Area 
 
Range limits for fishers, predicted by gap analysis modeling, include at least portions of 
the HCP Area (Johnson and Cassidy 1997).  Records show one individual observed in the 
Green River Watershed Analysis Area in 1984 (USFS 1996).  No recent sightings are 
known from the I-90 Land Exchange Parcels (USFS 1998).  Although the species is 
considered rare, there is a reasonable possibility that fishers may currently inhabit the 
upper basin.  They are not expected to inhabit the lower and mid-basin areas of the Green 
River. 
 
COMMON LOON (Gavia immer) 
 
Range 
 
The breeding range of the common loon extends throughout the majority of Canada and 
the northern portions of the United States (Robbins et al. 1983), including Washington 
(Smith et al. 1977).  Loons winter along the East and West coasts of the United States. 
 
Status 
 
The common loon is a candidate for listing by the state of Washington.  Although the 
common loon has shown an increasing trend in population across most of its range from 
1966 to 1996, it has decreased in abundance in portions of Washington during the same 
time period (Sauer et al. 1997) and is considered to be “local and uncommon in large 
freshwater lakes and reservoirs within forested landscapes” (Smith et al. 1997).  Its 
decrease in population may be a result of disturbance to nesting loons caused by 
recreational use of lakes (Rodrick and Milner 1991) and long-term habitat loss from 
development along lakeshores (Sauer et al. 1997). 
 
Habitat Requirements 
 
Loons require large wooded lakes with substantial fish populations for nesting.  Nests, 
which may be used many times but are vulnerable to disturbance, are constructed on the 

 
R2 Resource Consultants A-61 
Final – July 2001 



 APPENDIX A 
Tacoma Water HCP Green River Water Supply Operations and Watershed Protection 

 
 
ground on islands or mainland within 5 feet of the water’s edge.  Man-made artificial 
islands have been used successfully by nesting loons in areas where there is a lack of 
natural nesting habitat (Rodrick and Milner 1991). 
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Population in the HCP Area 
 
Common loons have been confirmed breeding on the Howard Hanson Reservoir (Smith 
et al. 1997) and on Eagle Lake located about 1 mile northeast of the reservoir (USACE 
1998).  In addition to breeding loons, migrant loons have been observed at other seasons 
(USACE 1998).  Overall, these are the only two large waterbodies in the upper Green 
River basin that can support nesting by loons.  Nesting is not expected in the lower and 
mid-sections of the Green River basin, given the complete lack of known breeding sites 
at these lower elevations in King County (Smith et al. 1997). 
 
PILEATED WOODPECKER (Dryocopus pileatus) 
 
Range 
 
The pileated woodpecker is present throughout the eastern half of the United States, 
across a narrow band of central Canada, and along the Pacific Coast from northern 
British Columbia to central California.  It is present throughout the forested portions of 
Washington. 
 
Status 
 
The pileated woodpecker is a state candidate species in Washington.  It is common in 
mid- through late-seral forests at low to middle elevations.  Its numbers have been limited 
by forest practices that have resulted in the loss of large-diameter snags and decadent 
trees.  In Washington, Breeding Bird Survey data indicate a population decline of 5.5 
percent per year from 1966 to 1991 (Smith et al. 1997); however, data from 1980 to 1996 
indicate an increase of 8 percent (Sauer et al. 1997). 
 
Habitat Requirements 
 
The pileated woodpecker typically inhabits large tracts of late-successional forest (Bull 
and Jackson 1995) because it requires large-diameter snags and decadent live trees in 
which to nest, roost, and forage (Mellen et al. 1992; Aubry and Raley 1995; Bull and 
Jackson 1995; Parks et al. 1997).  On the Olympic Peninsula, Aubry and Raley (1995) 
located 27 pileated woodpecker nests, of which 55 percent were in snags and 45 percent 
were in live trees with dead tops.  The mean dbh and height for nest snags and trees 
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combined were 39.6 inches and 130 feet, respectively.  In Oregon, all nest and roost trees 
(n = 33) were located on stands at least 70 years old (Mellen et al. 1992).  Aubry and 
Raley (1995) also located 155 roost sites, of which 52 percent were in snags, 40 percent 
in dead-topped trees, and 8 percent in sound live trees.  Because pileated woodpeckers 
excavate a new nest every year, numerous large snags are required.  Neitro et al. (1985) 
estimated that six suitable snags per 100 acres are required to maximize the density of 
breeding pairs of pileated woodpeckers. 
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Logs are an important foraging substrate for the pileated woodpecker (Mellen et al. 1992) 
because they provide habitat for forest-dwelling ants (Torgersen and Bull 1995).  In 
northeastern Oregon, Bull et al. (1992), found that carpenter ants comprised 68 percent 
(by count) of the pileated woodpeckers diet.  On the Olympic Peninsula, Aubry and 
Raley (1996) found that carpenter ants comprised 66 percent of its diet. 
 
Pileated woodpeckers have large home ranges.  On the Olympic Peninsula, pileated 
woodpecker pairs had a mean home range size of 2,132 acres (Aubry and Raley 1995).  
In Oregon, home ranges for individuals averaged 1,181 acres (Mellen et al. 1992).  Aubry 
and Raley (1995) collected telemetry data on roosting and foraging birds.  About 60 
percent of the foraging locations and 88 percent of the roosting locations were in old and 
mature forests.  About 14 percent of the foraging locations were in naturally regenerated 
young forest (75 years old), 16 percent in young closed pole forest, and 8 percent in open 
sapling/shrub habitat. 
 
Population in the HCP Area 
 
The pileated woodpecker breeds extensively in King County (Smith et al. 1997) and is a 
breeding resident of the HCP Area.  Two known pairs and several other individuals have 
been noted in the Green River Watershed Analysis Area in 1979, 1981-1983, 1985, 1986, 
1991, and 1993 (USFS 1996).  There is concern for this species in the upper Green River 
basin since over 50 percent of the area has less than one snag per acre (USFS 1996).  
Large portions of the area have no suitable nest snags and no potential for recruitment for 
at least 70 years (USFS 1996).  The species likely inhabits the lower and mid-basin areas 
of the Green River as well. 
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APPENDIX C  
Tacoma Public Utilities 

Water Conservation Planning 
 

Contributors to this Appendix include:  
Jane Evancho, Paul Hickey and Anna Thurston of Tacoma Public Utilities 

 
Ninety percent of Tacoma Water's (Tacoma) municipal water supply originates 
from the Green River.  The survival of salmon, steelhead and trout populations 
that spawn and rear in the Green River depends, in part, on how well Tacoma 
Water is able to balance its dual responsibilities to provide pure drinking water to 
its customers while protecting fisheries habitat and promoting a healthy river 
ecosystem.  The less water people use, the more water is available for fish in the 
Green River.  Conservation is especially important in the summer when river 
flows are at their lowest and water use is at its highest. 
 
Tacoma has long encouraged customers to use water efficiently, but increased its 
focus on conservation during the summer of 1987 when a drought in the Puget 
Sound Region drastically reduced river flows in the Green River.  The late 
summer drought that year made it difficult for adult chinook salmon to swim 
upstream to spawn.  To facilitate the salmon’s upstream migration, Tacoma 
reduced the amount of water it withdrew from the river and instituted voluntary 
and mandatory water use restrictions.  Today, as the federal government prepares 
to list Puget Sound chinook salmon as threatened under the Endangered Species 
Act, Tacoma continues to invest considerable resources to educate its customers 
about the importance of conserving water. 
 
Tacoma’s conservation efforts have achieved significant success since they began 
just over a decade ago.  Total average daily consumption is down 15 percent, 
from 73 million gallons in 1989 to about 62 million gallons in 1998.  During this 
same period, the number of customers increased 10 percent, from 74,252 to 
82,737. 
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Tacoma today provides about 62 million gallons of water a day to nearly 83,000 
customers (about 250,000 people) in Tacoma and Pierce and South King counties.  
In 1998, Tacoma’s customer statistics looked like: 

 

Type of Customer 
Number of 
 Customers 

Water Use 
(Million Gallons) 

Percent of  
Total Use 

Residential  77,370  8,903  39% 

Commercial/Industrial  
(including Simpson Kraft) 

 4,880  11,410  51% 

Government  475  709  3% 

Wholesale  12  1,591  7% 

 
Commercial/industrial customers use most of Tacoma’s water supply.  One 
customer, the Simpson Tacoma Kraft Company used 7,387 million gallons, or 33 
percent of the total supply. 

 
In planning for new water resources to meet ever-increasing demand, Tacoma 
Water considers water made available through conservation from its existing 
supplies as an additional water source.  Consequently, it is cost effective for the 
utility to encourage its customers to use less of its product (an unusual approach 
to running a business in today’s market-driven economy) because the cost to 
develop new surface and groundwater supplies is very expensive both 
economically and environmentally. 
 
Tacoma began its conservation efforts within its own system.  All water utilities, 
but particularly older ones, experience leaks from their distribution pipelines.  
Tacoma has been operating since the late 1800s, and at one time had a problem 
with water leaking from its distribution system.  Several years ago, the utility 
implemented a leak-detection program to locate and repair leaky distribution 
lines.  Today, Tacoma has an ongoing distribution system maintenance program, 
regularly checks its water meters for leakage and accuracy, and rehabilitates its 
storage reservoirs in the interest of conserving water.  As a result, Tacoma has 
been able to reduce its unaccounted-for water (water lost between the treatment 
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facilities and customer meters) from more than 13 percent in 1988 to less than 10 
percent today, far less than the industry target of 15 percent. 
 
Demand for water varies by the type of user and time of year.  Residential 
customers’ use is fairly low and stable from November through April, but 
increases as summer approaches, peaking in August, the driest month of the year.  
The reason for this is an increase in residential outdoor water use, the vast 
majority of which is used to water lawns and landscapes.  Commercial/industrial 
customers’ use increases in the summer, but at a more gradual rate, and with a 
smaller peak in August or September. 
 
Tacoma’s primary conservation strategy is to reduce peak summer demand, and 
ultimately to ensure the most efficient use of water by all customers.  Tacoma has 
worked with its largest customer, the Simpson Tacoma Kraft Company, to 
dramatically reduce its consumption during the past decade from an average of 
32.1 million gallons per day in 1989 to 20.2 million gallons per day in 1998.  
Simpson achieved this reduction by recycling cooling and heating water, 
replacing fresh water used for cooling with salt water, and replacing old and/or 
leaky pumps and machinery with new water-efficient equipment.  Because the 
Simpson mill is located near the City of Tacoma’s sewer treatment plant, Tacoma 
and the Simpson company studied the feasibility of reusing wastewater from the 
sewer plant in its manufacturing process.  Although the reuse of this resource is 
not considered cost effective at this time, it remains an option for the future at the 
Simpson mill. 
 
Tacoma is also working with other major industries in its service area to reduce 
their water use because of the potential these customers offer for significant, cost-
effective water savings.  Tacoma began offering in-depth water use audits to its 
largest industrial customers in 1999. 

 
Since 1992, Tacoma’s wholesale and residential water rates have been structured 
to emphasize the need to conserve water particularly during the dry season of the 
year.  From June through September, wholesale and residential customers pay an 
additional 25 percent for the water they consume.  Both residential and 
commercial customers have an additional incentive to conserve because of 
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increasing sewer rates.  Sewer bills are based on winter water use.  The average 
residential Tacoma customer now uses roughly 116 gallons per person per day, 
down 7 percent from 125 gallons per person per day in 1989. 
 
Tacoma has an adequate supply of water today to meet the needs of new 
customers, but future consumption is expected to exceed available summer water 
supplies, even with aggressive water conservation and curtailment programs, 
unless new resources are developed.  The Washington State legislature, through 
RCW 90.54.180, has directed that "increased water use efficiency should receive 
consideration as a potential source of water in state and local water resource 
planning processes."  Consistent with this directive, Tacoma Water updated its 
water conservation plan in 1991 and implemented a variety of measures to 
enhance wise use of water resources.  Tacoma’s water conservation plan must 
comply with 1994 Department of Health conservation planning requirements.  
The Department of Health considers the reduction in per capita average day 
residential demand relative to a 1991 baseline as one of three factors when 
determining acceptable implementation of conservation programs.  Tacoma’s 
method for selecting water conservation activities was refined in 1997 with a 
conservation assessment program to assure that existing and future conservation 
programs are cost effective, practical to implement, and appropriate for the 
utility’s customers. 
 
Following is an excerpt from Tacoma’s 1998 Draft Comprehensive Water Plan 
Update that describes options to reduce water demand through conservation.  
Tacoma is required to update the plan every five years.  In addition to quantifying 
the progress made toward reducing water demand, the plan identifies potential 
future conservation measures for both commercial and residential customers. 
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4.4 Demand-Side (Conservation) Options 

4.4.1 Background 

As the Puget Sound region explores ways to more efficiently use existing water resources to 
meet existing and growing water demands, conservation has become a standard element in 
every utility’s repertoire of water management techniques. Water conservation plans are 
developed to provide a systematic and coordinated approach to conservation that will ensure 
the wise use of available water resources. 

4.4.2 Conservation Requirements 

In the 1980s, a growing awareness of the limited resources in the state led the Washington 
State legislature to pass the Water Use Efficiency Act (Chapter 43.70.230 RCW), which 
directed the Department of Health (DOH) to develop procedures and guidelines relating to 
water use efficiency. In addition, per RCW 90.54.180:  “increased water use efficiency 
should receive consideration as a potential source of water in state and local water resource 
planning processes.” 

In 1994, the Washington Water Utilities Council (WWUC), DOH, and the Washington State 
Department of Ecology (Ecology) co-authored a document entitled Conservation Planning 
Requirements, Guidelines and Requirements for Public Water Systems Regarding Water Use 
Reporting, Demand Forecasting Methodology, and Conservation Programs (Conservation 
Planning Requirements) (WWUC et al., 1994). The Conservation Planning Requirements 
document outlines the basic requirements of conservation plans that must be included as an 
integral component of a utility’s comprehensive water plan. 

DOH requires that a water conservation checklist be completed and included with each 
Comprehensive Water Plan submitted for approval. A copy of the Water Conservation Plan-
ning Requirements Checklist can be found in Appendix D. 

In 1992, the state of Washington issued amendments to the 1991 Edition of the Uniform 
Building Code. Water efficiency requirements for plumbing fixtures installed in all new and 
remodeled buildings were adopted (RCW 19.27.170) in two phases, both of which have since 
become effective. 

In the Pierce County Coordinated Water System Plan (CWSP), the County incorporated the 
requirements and recommendations of the state Conservation Planning Requirements (WC 
Policy 1). The 1994 Pierce County Comprehensive Plan also includes three related 
conservation objectives: 

• “Conserve resources to save money and to promote reliability of existing  
supply, consistent with the serving utility’s public service obligations.”  
(UT-Gen Objective 4) 

• “Protect the environment while providing for utility facilities.” 
(UT-Gen Objective 6) 
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• “Support water conservation measures and educate Pierce County residents on 
methods to conserve water.” (UT-Wa Objective 23) 

While the majority of Tacoma Water’s service area is located in Pierce County, a portion of 
the northern service area is within King County; therefore, Tacoma Water must comply with 
King County conservation requirements. The 1989 South King County Coordinated Water 
System Plan (South King County CWSP) acknowledged that conservation was a manage-
ment tool to be used in conjunction with the development of future water resources. The goal 
in the South King County CWSP Plan was to initiate implementation of a conservation pro-
gram by 1992, achieve a 6.5 percent reduction by 1995, and achieve an 8 percent reduction in 
water usage by the year 2000. Conservation savings are to be measured with 1991 per capita 
consumption as the base water use. 

King County has also adopted Ordinance No. 11210, which promotes water efficiency 
through the use of water budgeting and efficient irrigation design standards, and encourages 
the use of native plant species. A copy of the ordinance can be found in Appendix D. 

4.4.3 Conservation Goals and Objectives 

The goals of Tacoma Water’s conservation program are designed to protect and preserve pre-
sent and future water resources and to maintain or reduce present per capita water usage 
levels in all customer classes. Following are several objectives that Tacoma Water has 
formulated to accomplish this: 

• To develop a conservation program that meets or exceeds state requirements 
for public systems 

• To develop a conservation program that ensures the efficient use of water  

• To coordinate and integrate water conservation programs with other Tacoma 
Water and Public Utilities programs 

• To develop reuse programs for irrigation and/or industrial processing 

• To achieve a consistent reduction in the peak 4-day demand 

4.4.4. Past Program Activities 

Since the 1980s, Tacoma Water has been committed to an effective conservation plan as an 
element of their overall water resource plan. The focus has been on developing long-term 
sustained conservation activities in a balanced program with both effective supply manage-
ment and demand management measures. The conservation measures have been designed to 
increase customer awareness of conservation issues, provide incentives for reduced con-
sumption, and reduce water losses within the system. 

In a continuing commitment to conservation, Tacoma Water hired a Water Conservation 
Specialist in 1992 to implement the recommendations of the 1991 Water Conservation Plan. 
Also in 1992, the rate structure was modified to encourage water concentration in all 
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customer classes. In 1994, both the Water Conservation Specialist and a member of the 
Utilities Grounds Maintenance Staff received Certified Irrigation Auditor status. Three con-
servation programs from 1997 and 1998 are highlighted below. 

1. In 1997, Tacoma Water participated with water, wastewater, and energy purveyors 
throughout the northwest region in a market transformation effort involving the 
distribution of WashWise rebates for purchase of tumble-action washing machines. Fifty-
dollar rebates were provided to 392 Tacoma Water customers who purchased qualifying 
high-efficiency washing machines in 1997 (94 of these were retroactive rebates to 
customers who made purchases from May until September prior to Tacoma Water 
participation in the WashWise region-wide campaign). 

2. An outdoor water use survey was conducted among Tacoma Water’s residential 
customers who use more than 200 billing units of water per year (1,628 survey recipients 
fit this classification), in addition to 1,165 randomly selected “average water use” 
customers whose annual water use was less than 200 ccf in 1997. Response rates were 68 
percent and 56 percent, respectively. Recipients returning surveys received a water 
conservation related tool.  

Findings show that among both types of customers, there is a need to promote and teach 
water saving techniques that do not compromise lawn health and aesthetics. While many 
of the “high” water users are committed to keeping their lawns green and are disinclined 
to change unless the beauty of their yards is assured, they also have an intense interest in 
gardening and the financial means to change. On the other hand, average water users are 
much less committed to green lawns, and a notable number already let their lawns go 
dormant (brown). These customers are more willing to change but have less opportunity 
and means to do so. 

3. The message “Know What Overwatering Your Lawn Does? . . . .Nothing” was advertised 
in nine issues of the News Tribune during the peak summer water use period (July and 
August) of 1998. Of the survey recipients noted above, 34 percent responded that they 
had seen or read Tacoma Water or Utilities information on saving water. Among 
numerous options, information seen by survey participants was predominantly found in 
TPU bill inserts (49.6 percent), in local media (27.1 percent), and in utility brochures and 
fliers (17 percent). 

Table 4-5 summarizes those programs associated with Tacoma Water’s conservation efforts 
to date. 

Existing Conservation Savings 

Tacoma Water has been keeping conservation-related records since 1988 to determine the 
effectiveness of various water saving measures. Figure 4-2 presents a summary of the water 
savings realized in the programs previously listed. Conservation savings have also been 
tabulated since 1991, which is the base year listed in the Conservation Planning 
Requirements. 

Since 1991, Tacoma Water has achieved an estimated overall water savings of over 15 mgd, 
which represents an 18 percent decrease from their 1991 per capita base water consumption. 
The Simpson Tacoma Kraft mill accounted for nearly 10 mgd of these water savings based 
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on their industrial conservation program implemented in 1992. The 1991 document, Con-
servation Requirements, does not set specific savings goals due to different implementation 
schedules and different levels of conservation needs of each system. However, Figure 4-2 
demonstrates that Tacoma Water’s existing conservation program has had a significant bene-
ficial impact on the overall water demands on their system. 

4.4.5 Evaluation of Conservation Measures 

To evaluate the most effective measures to be pursued by Tacoma’s Integrated Resource Plan 
(IRP) and, ultimately, to form the conservation program update, an extensive analysis was 
conducted of various conservation measures, and criteria, estimated water savings, and cost 
of implementation. 

There were 128 conservation measures originally identified and evaluated for water saving 
potential and cost of implementation. After initial screening, 28 measures were selected for 
further evaluation. These measures generally fall within the following categories: 

• Indoor/outdoor audits 

• Low-flow fixtures (showerheads, faucets) 

• Toilet and faucet retrofit devices (dual flush, dams, displacement bags, toilet leak 
detection, faucet aerators) 

• Irrigation system devices 

• Rebates/grants 

• Miscellaneous measures 

The measures were divided into four user classes:  single family, multi-family, commercial/ 
industrial, and public authorities. Table 4-6 presents the 28 conservation measures that were 
evaluated within each class. 

Each conservation measure was evaluated based on quantitative data such as product useful 
life, cost per device, administration cost, installation cost, number of units per customer, 
average water savings (per person or as a percentage of indoor or outdoor use), and penetra-
tion and retention rates. Additional information and data derived from Tacoma Water con-
sumption records or the 1991 Water Conservation Plan were also included in the analysis. 
These additional factors include the percentage of system losses, number of persons per 
single family and multifamily dwelling, the percentage of residential use by single family and 
multifamily customers, irrigated areas, use per account for schools and parks, and the amount 
of water used by the top 25 industrial customers. 
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Table 4-5 
Tacoma's Existing Conservation Program 

Public Education Technical Assistance System Measures Incentives/Other Measures 

Program Promotion−annual bill enclosures 
and advertisements 

Publications and Brochures− created 
by Tacoma or an organization in which 
Tacoma participates 

Leak Detection and Repair 
Program−annual hydrant testing, 
ongoing leak detection, instal-
lation of cathodic protection on 
water mains and main replace-
ment program 

Conservation Pricing−seasonal 
inclining block rate structure for 
residential and wholesale and flat 
rate structure for commercial/ 
industrial 

Program promotion−residential customer 
water use survey and outdoor water use 
assessment 

Feasibility Studies−conducted both 
industrial water reuse studies and 
residential water use studies 

Reservoir Maintenance−replace 
leaky reservoirs, inspect 
reservoirs annually, install 
leakage ret-urn pump at 
McMillin Reservoir 

Rebates and Incentives−provide to 
residential and commercial/ 
industrial customers for such items 
as high-efficiency washers and 
process audits; consumption 
analysis for irrigation customers 

School Outreach−elementary school 
theatrical group to present conservation 
and water quality skits 

Purveyor and Customer 
Assistance−established landscape 
policy and customer advisory 
committee 

Meters−meter all connections, 
regularly test source meters, 
commercial meter testing and 
replacement program 

Simpson-Tacoma Kraft–voluntary 
industrial process water use 
reduction program 

Speakers Bureau−speakers/slide shows for 
civic groups, industry organizations, 
homeowners associations, neighborhood 
groups, and youth organizations 

Bills showing water consumption 
history 

 Residential Retrofit−direct install of 
showerhead and faucet aerators in 
conjunction with City Light, 
showerhead exchange, toilet kits 

Theme Shows and Fairs−participate in 
homeshows such as Tacoma Home and 
Garden Show and Puyallup Fair; trade 
shows such as Washington State Plant 
Engineering & Maintenance Show 

  Landscape Management−encourage 
conversion of manual irrigation 
systems to automatic, centralized 
irrigation systems at Government 
facilities, consolidate plantings 

Membership in local and state 
organizations to assist in delivery of 
targeted conservation messages 

  Recycle/Reuse−conducted water 
reuse studies for landscape 
irrigation and industrial application 
in the service area 
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Figure 4-2
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Program Savings Criteria 

To perform the initial screening, the maximum potential savings available from 
each measure was estimated based on annual usage, summer usage, and 4-day 
peak usage. The maximum potential retained savings figures were adjusted to 
reflect device penetration and retention. The maximum savings level is used as a 
criteria measure to compare each measure to other measures to determine if 
conservation can generate sufficient demand reductions to avoid or delay the 
development of new supplies. 

Table 4-6 
Conservation Measures Evaluated 

 
Conservation Measure 

Single 
Family 

Multi- 
Family 

Commercial/ 
Industrial 

Public 
Authorities

Indoor water audit and education x x x x 
Outdoor water audit and education x x x x 
Combined audit and education x x   
Pressure-reducing valve-retrofit x x   
Low-flow showerheads x x x  
Low-flow faucet aerator x x x x 
Electronic faucets   x x 
Dual-flush toilet devices x x   
Toilet dams x x   
Toilet-flow restrictor x x   
Early closure toilet devices x x   
Toilet displacement bags/bottles x x x  
Toilet leak detection with repair x x x  
Ultra-low flush toilets x x x x 
Tankless hot water heater-new x x   
Tankless hot water heater-retrofit x x   
Horizontal load washing machine x x   
Hot water line insulation x x   
Self-closing hose nozzle x x   
Faucet timer automatic shutoff x x   
Irrigation system rain shutoff x x   
Irrigation system soil shutoff x x   
Irrigation soaker hoses x x   
Drip irrigation system x x   
Remote irrigation    x 
Gray water system x x   
Building leak detection   x  
Water conservation grant incentives   x  
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The cost of the various conservation devices was also assembled. A levelized cost 
per mgd was then computed for each measure using product life expectancy, 
retained water savings, cost per device, and real interest rate. The cost per mgd of 
water saved represents the amount of money that must be spent to achieve a 1 mgd 
savings. The levelized cost per mgd is a convenient method of evaluating measures 
of varying product life on an equivalent basis but does not imply that each measure 
has the potential to save 1 mgd. Most measures evaluated had a total savings 
potential much lower than 1 mgd. The market penetration rate was then applied to 
this retained savings to project the actual savings that could be realized from each 
measure. 

Levelized Cost Ranking 

Each of the various conservation measures was evaluated based on estimated 
water savings and costs. The measures were ranked from low to high on the basis 
of levelized cost in terms of average annual, summer, and 4-day peak savings and 
differentiated between customer class and distribution method. 

Table 4-7 presents a summary of the ranked conservation measures that were 
selected for further consideration. Measures not selected included measures that 
cost more than $1 million per mgd and measures that had legal constraints. If 
there were two or more top-ranked measures remaining that targeted the same 
customer class and same category of water savings (for example, toilet dams and 
toilet rebates), the lowest levelized cost measure was generally selected. 
Typically, those measures determined to be the most cost-effective during the 
4-day peak season were chosen as Program 1 because it was more desirable to 
reduce peak-season use rather than year-round use. The remaining measures were 
then grouped into similar or complimentary categories to form Program 2. 

Program costs were developed for joint programs from the measures previously 
ranked. Table 4-7 presents the two programs with associated 4-day peak savings. 

Qualitative Screening 

To further develop the potential conservation measures and ensure that the 
conservation program was cost-effective, directly reflective of the utility’s 
customer base, and practical to implement based on the utility’s resources, 
Tacoma Water authorized that a Conservation Assessment be conducted 
(CH2M HILL, 1997). This assessment performed a second screening based on 
qualitative measures for the resultant conservation measures in Table 4-7, as well 
as four additional measures:  (1) Rebate for landscape technology; (2) Multi-
family irrigation audits; (3) Mobile Test and Demonstration Unit (MDTU) 
Program, and (4) Batelle Partnership Program. 
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Table 4-7 
Selected Conservation Programs 

 
Program 1 

4-Day Peak Savings 
(mgd) 

Indoor industrial audit–no devices 0.73 
Commercial/industrial ultra-low flush toilet 
rebate 

0.32 

Parks remote irrigation 0.04 
Schools remote irrigation 0.05 
Program 1 Savings 1.14 

 
Program 2 

 

Direct mail single-family self-closing hose 
nozzle 

0.14 

Direct install public schools ultra-low flush 
toilets 

0.14 

Direct mail single-family ultra-low flush toilet 
rebate 

0.02 

Direct mail single-family horizontal load 
washing machine rebate 

0.02 

Direct install public building outdoor water 
audits 

0.10 

Direct install public schools outdoor water 
audits 

0.05 

Direct install commercial/industrial low flow 
showerhead 

0.01 

Direct install public authorities electronic 
faucets 

0.05 

Direct mail single-family faucet timer 
automatic shutoff 

0.11 

Program 2 Savings 0.64 

 

Each of the conservation measures was screened using 15 qualitative criteria, 
ranging from customer acceptance and impacts to ease of implementation and 
potential for cooperative effort. From the qualitative screening exercise, the 
following 13 measures emerged: 

• Commercial/industrial indoor water audit 
• MDTU program 
• Public building outdoor water use evaluation 
• Public schools outdoor water use evaluation 
• Multi-family irrigation audits 
• Public parks outdoor water use evaluation 
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• Rebates for landscape technology 
• Public agency rebate for landscape technology 
• Commercial/industrial ultra-low flush toilet rebate 
• Public schools ultra-low flush toilet rebate 
• SF/MF ultra-low flush toilet rebate 
• Commercial/industrial low-flow showerheads 
• Public building indoor water audits 

Each of the above measures was then more clearly defined, with supporting data 
validated to ensure that the estimated measure savings and implementation costs 
were based on Tacoma Water’s actual customer base. Another economic 
screening was then conducted to assess which of the measures were cost-effective 
for Tacoma Water to implement when measured against the next new available 
water supply (see Integrated Resource Plan, Section 4.5).  

Economic Screening 

Twelve measures were included in the economic screening. (Information was not 
available at the time for the MDTU to be included in the analysis.) For each 
measure, the cost per ccf saved, payback period, and benefit-to-cost ratio were 
determined. The total measure costs were calculated over the implementation time 
frame of the individual measure, and the total savings were derived with the 
benefits calculated over the life of the measure. For each measure, the value or 
benefit of the water savings was based on the levelized cost of the next new 
resource option. For indoor conservation measures, variable sewer costs were 
included in the benefit analysis. 

Of the 12 measures evaluated, 6 measures were considered to be cost-effective 
with a benefit-to-cost ratio equal to or greater than 1.0. Table 4-8 presents the 
results of this evaluation. Program details for these measures are included in the 
Water Conservation Program Assessment (CH2M HILL, 1997). 

These six measures were packaged according to similarities in the measure 
components to form the new conservation program: 

1. Indoor Water Audit Program 
– Commercial/industrial indoor water audits 
– Public buildings indoor water audits 

2. Landscape Rebate Program 
– Rebate for landscape technologies 
– Public agencies rebate for landscape technologies 

3. Toilet Rebate Program 
– Commercial/industrial ultra-low flush toilet rebate 

4. Low-Flow Showerheads 
– Commercial/industrial low-flow showerheads 
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The Implementation Strategies were developed in the Water Conservation 
Program Assessment (CH2M HILL, 1997). This report identifies timelines, 
budgets, and key issues and recommended monitoring for the above-mentioned 
programs. 

Table 4-8 
Economic Screening 

 
Conservation Measure 

Cost Per 
CCF 

Saved 

Payback 
Period 
(yrs) 

Benefit/
Cost 
Ratio 

C/I indoor water audits $0.03 2 27.76
Public building outdoor water use evaluation $5.49 #N/A 0.12
Public schools outdoor water use evaluation $2.08 #N/A 0.33
Public parks outdoor water use evaluation $1.05 #N/A 0.65
MF irrigation audits $15.08 #N/A 0.05
Rebate for landscape technologies $0.14 2 4.51
Public agency rebate for landscape technologies $0.65 8 1.00
C/I ultra-low flush toilet rebate $0.60 9 1.15
Public schools ultra-low flush toilet rebate $0.99 #N/A 0.67
SF/MF ultra-low flush toilets $1.47 #N/A 0.47
C/I low-flow showerheads $0.40 3 1.81
Public buildings indoor water audits $0.60 4 1.27
CI=commercial/industrial 
MF=multi-family 
SF=single family 
#N/A=Payback not achieved 

The 1999 Water Conservation Program will implement the following two new 
programs: 

1. Industrial Water Use Audits. Water use audits will be conducted for five to 
ten of Tacoma Water’s largest (water use) industrial customers. The program 
will include preliminary audits at industrial facilities to verify the potential for 
water conservation savings. Where further study is merited, in-depth technical 
audits will be performed with input from the customers. Audits will prioritize 
conservation options and financial approaches that may make them 
economically attractive to implement. 

2. Central Irrigation. Two of the following public agencies will be selected to 
participate in a 2-year pilot study of new wireless central irrigation 
technology:  Tacoma Public Utilities Grounds Maintenance, Tacoma Parks, 
Tacoma School District, Tacoma Public Works, or Pierce County Public 
Works. While centralized irrigation technology has been available for nearly 
two decades, the system to be piloted requires an estimated one-tenth of the 
capitol costs for installation because it adapts to existing irrigation equipment, 
and because it does not require direct connection to the irrigation system being 
managed. Other systems tend to require the upgrade of existing equipment and 
the purchase of features that are considered beneficial, but not always cost-
effective, toward the conservation of water and labor resources. 
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Complementary to this effort are turf audits of sites where the technology will 
be employed. 
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APPENDIX D 
Watershed Analysis Prescriptions 

Lester Watershed Administrative Unit 
 
The Watershed Analysis process is based on the concept of adaptive management.  
Resource concerns or problems specific to individual watershed administrative units are 
identified during the assessment portion of a Watershed Analysis and documented and 
summarized within a series of causal mechanism reports.  Prescriptions developed 
through the Watershed Analysis process are appropriate solutions to those resource 
concerns or problems (WFPB 1997).  Prescriptions developed through the Washington 
Watershed Analysis Process accomplish the following: 
 

• Identify problems or events not regulated or adequately addressed by existing 
forest practices regulations. 

• Provide protection for public resources (water supply and public works, fisheries 
and water quality) through prescriptions that are implemented by regulatory 
application. 

• Provide flexibility for landowners in the form of options designed for specific 
situations documented within the watershed administrative units. 

• Provide opportunities for resource enhancement or restoration by suggesting 
actions that may be undertaken voluntarily outside of regulations. 

• Facilitate monitoring to evaluate the effectiveness of prescriptions and guide 
management adaptations. 

 
Products of the Watershed Analysis (including assessment reports, causal mechanism 
reports, and prescriptions) are assumed to be valid for a period of five years, at which 
time the process may be repeated if necessary. 
 
This Appendix contains copies of the mass-wasting, surface erosion and hydrology causal 
mechanism reports and prescriptions developed for the Lester watershed administrative 
unit, the only Watershed Analysis in the upper Green River watershed that has been 
officially approved by the Washington Department of Natural Resources as of December 
1999.  Draft causal mechanism reports and prescriptions have been developed for the 
Upper Green/Sunday and Howard Hanson/Smay Watershed Administrative Units.  The 
draft prescriptions for those watershed administrative units are generally similar to those 
for the Lester watershed administrative unit, and are currently being implemented by 
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Tacoma, but have not yet been formally approved by the Washington Department of 
Natural Resources.  Riparian prescriptions to be implemented under Tacoma’s Habitat 
Conservation Plan exceed those required by draft and final watershed analysis 
prescriptions to date; therefore riparian prescriptions for the Lester watershed 
administrative unit are not included within this Appendix.  Should riparian prescriptions 
developed through future watershed analyses or five-year reviews exceed protection 
provided within this Habitat Conservation Plan, the more restrictive prescriptions will be 
implemented.
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Appendix E  

Tacoma Water Response to Six Principles 
of Project Operation and Design for the Howard Hanson Dam 

Additional Water Storage Project 
 
 

(This Appendix includes material drawn from letters previously submitted  
by John Kirner, Deputy Water Superintendent, Tacoma Public Utilities  
to the National Marine Fisheries Service, U.S. Fish & Wildlife Service,  

Washington Department of Fish & Wildlife and the U.S. Army Corps of Engineers.) 
 
 
On 28 October 1997, Tacoma Water (Tacoma) sent letters to the National Marine 
Fisheries Service (NMFS) and Washington Department of Fish & Wildlife (WDFW) 
requesting support for the proposed Howard Hanson Dam Additional Water Storage 
Project (AWS project) currently being planned as a cooperative project in the Green 
River watershed by Tacoma and the U.S. Army Corps of Engineers (USACE).  Mr. 
Stelle, NMFS Regional Administrator, and Dr. Bern Shanks, then Director of WDFW, 
responded with letters indicating that ultimate support for the AWS project depended on 
an agreement that meets permit issuance criteria and provides for satisfactory 
implementation of six principles of project design and operation. 
 
During subsequent discussions regarding the development of Tacoma’s Habitat 
Conservation Plan (HCP) for its Green River Water Supply Operations and Watershed 
Protection, NMFS and WDFW staff requested that Tacoma respond in writing with a 
commitment to each of the six principles outlined in the letters.  On 22 January 1999 and 
26 March 1999, Tacoma submitted letters to the NMFS and WDFW describing Tacoma's 
response to the six principles.  Tacoma's commitments to those principles have been 
incorporated into various conservation measures within the HCP and are identified in this 
Appendix to facilitate review of the commitment by all parties. 
 
Tacoma's co-sponsor, USACE, has committed to implementing the six principles in the 
AWS project.  The USACE identified its commitment in the Final Environmental Impact 
Statement for the Howard Hanson Dam AWS project.  Its response can be found on 
pages 2-97 through 2-100 of Appendix I in the Environmental Impact Statement (see 
attachment).  As local sponsor of the AWS project, Tacoma supports the USACE 
commitment to incorporate the referenced principles into the AWS project. 
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Tacoma also commits to these principles in the HCP for Green River Water Supply 
Operations and Watershed Protection.  Tacoma's responses to the principles identified by 
NMFS and WDFW are provided below: 
 
Principle No. 1) A clear commitment that Howard Hanson Dam refill and storage 
management will be dedicated and directed to fishery resource conservation and 
enhancement; 
 
As noted in Chapters 2.3 and 2.7 of the HCP, the process of storing and releasing water at 
Howard Hanson Dam is a USACE activity; consequently, Tacoma will not be seeking 
coverage under Section 10 of the Endangered Species Act for those activities.  However, 
Tacoma supports the USACE commitment to consider input from fish and wildlife 
resource agencies and the Muckleshoot Indian Tribe in operating Howard Hanson Dam. 
 
As the USACE indicated in its response to the 9 June 1998 comments provided by the 
WDFW on the Draft Feasibility Report and Environmental Impact Statement for the 
Howard Hanson Dam AWS project (Appendix I, Additional Water Storage Project, Final 
Feasibility Study Report & Final EIS, August 1998), non-fishery resource needs are not a 
designated downstream delivery objective of Howard Hanson Dam.  Where non-fishery 
downstream resource needs do not conflict with fishery objectives, USACE will attempt 
to satisfy multiple uses.  Recommendations on the storage and release of water from 
Howard Hanson Dam will be developed through the USACE coordination with the Green 
River Flow Management Committee (Habitat Conservation Measure 2-02, Chapter 5 of 
the HCP). 
 
Because of its public health responsibility to provide drinking water to 300,000 people, 
Tacoma is very concerned about the quality of water stored behind Howard Hanson Dam 
during the spring.  The Safe Drinking Water Act prohibits Tacoma from delivering water 
with turbidity levels in excess of 5 nephelometric turbidity units (NTUs) to its customers.  
We understand that resource agencies and the Muckleshoot Indian Tribe are also 
concerned about the potential influences of turbidity on municipal water use.  Early 
spring runoff can be more turbid than late spring runoff, and in the past, USACE has 
managed Howard Hanson Dam springtime refill operations to minimize the turbidity of 
water stored for low flow augmentation.  This operational modification has sometimes 
resulted in the early evacuation of turbid water stored behind Howard Hanson Dam, 
followed by rapid refill with less turbid water later in the spring.  Opportunities to 
manage flows to benefit fishery resources can be constrained if the reservoir pool is 
evacuated to purge stored turbid water.  Although under the AWS project, USACE will 
store runoff beginning around 15 February of each year (one to two months earlier than 
current and past spring refill operations), Tacoma is committed to ensuring that the 
USACE springtime operation of Howard Hanson Dam will not be altered to meet 
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municipal water quality standards in a manner that substantially reduces the fisheries 
benefits of the AWS project. 
 
Representatives of the U.S. Fish & Wildlife Service (USFWS), NMFS, and the WDFW 
met with representatives of Tacoma on 25 February 1999 to discuss the three agencies’ 
concerns regarding the management of flow from Howard Hanson reservoir during 
implementation of the Howard Hanson Dam AWS project.  Agency staff expressed the 
concern that if water, collected in the reservoir during spring refill, were to contain 
turbidity levels unacceptable for public water supply use, Tacoma would request USACE 
to both release the turbid water and subsequently dramatically curtail reservoir discharge 
in order to quickly refill the pool with clean water.  Tacoma representatives 
acknowledged this concern and outlined the course of action and operational safeguards it 
would follow to assure that no adverse impacts to fish and wildlife would result from the 
collection of a high turbidity pool. 
 
Tacoma believes there is a low likelihood that a turbidity pool behind Howard Hanson 
Dam would cause a long-term public water supply operational problem.  Tacoma has 
been advised by USACE that turbidity problems, which could occur during February, 
March, and in rare instances April, would clear up by late May or early June.  This is a 
major issue for Tacoma since the continuing operation of the surface water supply as 
unfiltered depends in large part on the ability to provide the public with water that meets 
rigorous federal and state water quality standards.  Tacoma will insist that additional 
evaluations of turbidity be conducted during the pre-construction engineering and design 
phase of the Howard Hanson Dam AWS project.  This additional evaluation will consist 
of hiring a consulting firm skilled in the evaluation of public water supply turbidity 
concerns to review the Howard Hanson Dam operation and evaluate the nature of 
turbidity during high flow events on the Green River.  If Tacoma is unable to be 
convinced that turbidity in stored water will settle by late May or early June, it would be 
forced to delay the AWS project until filtration of the Green River municipal water 
supply could be accomplished, or until an alternative source of supply to meet early 
summer municipal water needs has been developed. 
 
Operationally, high turbidity periods on the Green River during the spring and early 
summer refill period would be accommodated through the use of Tacoma’s groundwater 
sources in lieu of reliance upon Green River surface water.  Tacoma currently has 72 
million gallons per day (mgd) of groundwater capacity from the North Fork Green River 
well field.  Unfortunately, this full capacity is not available except for brief periods 
during the winter.  It can never operate for a sustained period at 72 mgd.  The only time 
the well field can produce 72 mgd without a water level decline is during heavy 
rainstorms.  Aquifer capacity declines during the summer and is at its lowest during the 
late summer and early fall.  On the average, the North Fork well field capacity declines 
from 48 mgd in February to 24 mgd in June (Table E-1). 
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Table 1. North Fork well field sustained capacities (mgd) by month during Howard 
Hanson reservoir refill operations 

February March April May June 

48 36 24 24 24 

 
 
In addition to reliance on the North Fork well field during high turbidity periods, Tacoma 
has groundwater supplies available in the Tacoma area.  Tacoma’s water rights in the 
vicinity of the City of Tacoma are approximately 90 mgd.  This capacity coupled with the 
water available from the North Fork well field would meet Tacoma’s demands for water 
in the event of a turbidity emergency on the Green River.  Tacoma would rely on these 
two primary sources of groundwater to avoid the need to draw water from a turbid pool 
behind Howard Hanson Dam. 
 
In the event that conditions were to occur that Tacoma is currently unable to foresee, 
Tacoma agrees to take every effort to avoid actions that would be detrimental to the 
Green River’s natural resources as the City attempts to meet its obligation to protect 
public health and safety through the supply of water.  Tacoma would impose water use 
restrictions consistent with drought conditions and would consult with resource agencies 
and the Muckleshoot Indian Tribe prior to requesting a modification of Howard Hanson 
Dam operations that might adversely impact Green River fisheries.  Tacoma would not 
make such a request unless there was an imminent risk of violating Primary Drinking 
Water Standards along with the associated health risk of such a violation. 
 
Principle No. 2) Continuous project operation during refill and storage management 
periods; 
 
As described in Chapter 2.3 of the HCP, the process of storing and releasing water at 
Howard Hanson Dam is a USACE activity to be covered by Section 7 consultation with 
the NMFS and USFWS under the Endangered Species Act.  Tacoma supports the 
USACE commitment to provide continuous project operation during the spring refill and 
summer storage management period.  As local sponsor of the AWS project, Tacoma also 
supports the evaluation of project automation to improve responsiveness while reducing 
the level of project staffing. 
 
Principle No. 3) A state-of-the-art snow pack monitoring and runoff forecasting system; 
 
As described in Habitat Conservation Measure 2-11 in Chapter 5 of the HCP, Tacoma 
and USACE are committed to enhancing snowpack monitoring and will develop details 
of an expanded monitoring plan during the pre-construction engineering and design phase 
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of the AWS project.  Expanding the level of snowpack monitoring may improve the 
ability to forecast spring runoff and enhance the opportunity to manage flows in the 
Green River for fishery resources; however, snowpack runoff is only part of the total 
runoff pattern in the Green River basin.  Because much of the basin is located at low 
elevation, both rain events and snowmelt can influence springtime runoff.  Tacoma is 
investigating opportunities to improve precipitation forecasts.  Since 1997, Tacoma has 
funded studies designed to improve long-term weather forecasts, and will continue to 
investigate methods to improve the reliability of runoff forecasts in the Green River 
basin. 
 
Principle No. 4) Effective procedures for risk sharing between municipal supply and 
fishery resource needs, including use of municipal storage to meet fish needs, when 
storage flexibilities are not adequate; 
 
Tacoma has a long history of responding to requests for reduced water withdrawals and 
effectively sharing water shortfalls during drought conditions.  Measures have included 
short-term reliance on groundwater sources to meet water use demand.  While Tacoma is 
committed to continuing its cooperative relationship with resource agencies and the 
Muckleshoot Indian Tribe, it cannot guarantee curtailment of water withdrawals beyond 
those already identified in the HCP.  Measures constraining Tacoma’s use of water from 
the Green River during drought conditions already include: 
 
a) Phased implementation of the AWS project (see pages 2-98 and 2-99 of the USACE 
response to the 9 June 1997 comments from the WDFW on the Draft Feasibility Report 
and Environmental Impact Statement [attached]); 
 
b) Constraints on the First Diversion Water Right claim (see Habitat Conservation 
Measure 1-01, Chapter 5 of the HCP); 
 
c) Constraints on the Second Diversion Water Right (see Habitat Conservation Measure 
1-02, Chapter 5 of the HCP); 
 
d) Providing funding support to USACE for optional storage of up to 5,000 acre-feet (ac-
ft) of water to augment downstream flows for fishery purposes (see Habitat Conservation 
Measure 2-06, Chapter 5 of the HCP); 
 
e) Commitment to implement water use restrictions during drought conditions consistent 
with Tacoma's Water Curtailment Plan (as described in the 1995 Settlement Agreement 
between the Muckleshoot Indian Tribe and Tacoma Public Utilities; excerpts of the 1995 
MIT/TPU Agreement are provided in Appendix B of the HCP).  Ongoing implementation 
of Tacoma’s Water Conservation Plan (excerpts provided in Appendix C of the HCP), 
and implementation of its Water Curtailment Plan during drought conditions will ensure 
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that water demand represents the minimum needs of Tacoma’s municipal water use 
customers.  This will allow Tacoma the greatest flexibility to curtail water withdrawals to 
protect instream resources during severe droughts. 
 
Principle No. 5) Funding for, and implementation of, a fishery resource and flow 
monitoring program, and using results to effectively modify project procedures and 
design;  
 
The proposed flow management strategy described in Habitat Conservation Measure 2-02 
(Chapter 5 of the HCP) is based on a framework of monitoring and adaptive 
management.  Monitoring and adaptive management include experimentation, 
monitoring, analysis, and synthesis of results.  Based on the information obtained during 
project operation, changes in project design, management, and operations will be 
implemented.  The adaptive management framework provides an ongoing process to 
ensure continued protection for fish and wildlife.  Tacoma is committed to ongoing 
coordination with the Muckleshoot Indian Tribe, federal and state resource agencies, and 
members of the scientific community to ensure that strategies and decisionmaking 
continue to be based on sound scientific principles. 
 
The suite of research and monitoring measures proposed for the HCP is described in 
Chapter 6 of the HCP.  Details of the monitoring program, including annual reporting 
requirements, will be developed in cooperation with the NMFS and USFWS, the 
Muckleshoot Indian Tribe, and federal, state and local resource agencies through the 
Green River Flow Management Committee. 
 
Principle No. 6) Restoration of fish habitat where appropriate and where significant 
benefits can be demonstrated. 
 
Restoration of both fish habitat and the connectivity of the upper and lower Green River 
basin is a primary objective of conservation measures identified in Chapter 5 of the HCP.  
Some of the measures require funding and plan development by USACE.  In order to 
guarantee that these measures will be implemented, Tacoma has identified those 
conditions, including non-Tacoma commitments that are necessary to continue operations 
under an Incidental Take Permit. 
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 APPENDIX F 
Tacoma Water HCP Green River Water Supply Operations and Watershed Protection 
 
 

APPENDIX F 
Lands Within the Green River Watershed Owned by the City of Tacoma 

and Proposed for Coverage Under the Incidental Take Permit 

TWP RGE SEC 
TAX 
LOT LEGAL DESCRIPTION 

TAX 
LOT 

ACRES 
SECTION 

ACRES NOTES 

T20N R8E 1 8 POR SEC W OF C/L PSP & L TRANS R/W & 
E OF NPRR RELOCATION LESS FORMER 
NPRR R/W SUBJ TO USA ESMTS.  

239.00 239.00 

  2 19 POR E 1/2 OF NE 1/4 NELY OF NPRR R/W 
RELOCATION.    

28.45 28.45 

  6 17 W 4 FT OF NE 1/4 OF SW 1/4 & W 6 FT OF 
GL 7.   

0.30 0.30 

  12 4 SE 1/4 OF NE 1/4 LESS N P R/W SUBJ TO 
USA ESMT;   

39.56  

   13 NE 1/4 OF SE 1/4;   40.00  

   19 POR N 1/2 OF NE 1/4 WLY OF C/L PSP & L 
TRANS RW LESS NPRR R/W BY CHARTER 
& AS PLANNED IN STRIP A-100-1 & A 100-
2 E 1/2 OF NE 1/4 OF NW 1/4 E 1/2 OF SW 
1/4 OF NE 1/4 NW 1/4 OF SW 1/4 OF NE1/4 
NELY 1/2 DIAGONALLY OF NE 1/4 OF SE 
1/4 OF NW 1/4 & NELY 1/2 DIAGONALLY 
OF SW 1/4 OF SW 1/4 OF NE 1/4 SUBJ TO 
USA ESMTS.   

114.49 194.05 

      

T20N R9E 7 18 POR OF W 1/2 OF SEC LY NLY OF S LN OF 
BPA TRANS LN R/W & SWLY OF LN DAF - 
BAAP ON E LN OF SEC LY 207.6 FT S OF E 
1/4 COR THOF TH N 78-18-20 W 2811.7 FT 
TH N 45-07-35 W 3052.4 FT TAP ON W SEC 
LN LY 191.6 FT SLY OF NW COR THOF & 
TERMINUS OF SD DESC LN - TGW POR OF 
SE 1/4 LY NLY OF S LN OF SD TRANS LN 
R/W LESS NPRR R/W & LESS POR OF SD 
TRANS LN R/W LY IN GL 4 SUBJ TO USA 
ESMTS.   

236.30 236.30 

  8 18 POR OF S 1/2 OF SEC LY SLY OF C/L PSP & 
L CO ESMT R/W REC AF # 1687005 & 
1708593 LESS 400 FT NPRR R/W.   

193.48 193.48 
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 APPENDIX F 
Tacoma Water HCP Green River Water Supply Operations and Watershed Protection 
 
 

TWP RGE SEC 
TAX 
LOT LEGAL DESCRIPTION 

TAX 
LOT 

ACRES 
SECTION 

ACRES NOTES 

  9 11 POR OF S 1/2 OF SEC LY SLY OF C/L PSP & 
L CO ESMT R/W REC AF # 1889472 LESS 
400 FT NPRR R/W.   

217.00 217.00 

  10 1 NW 1/4 TGW N 1/2 OF SE1/4 TGW POR OF 
NE 1/4 LY SLY OF NLY LN OF BPA 
VANTAGE-COVINGTON TRANS LN R/W 
LESS POR FOR NPRY R/W & SUBJ TO 
TRANS LN ESMTS;   

359.83  

   7 SW 1/4 LESS NPRR R/W.   135.24  

   11 S 1/2 OF SE 1/4 LESS NPRR R/W;   55.29 550.36 

  11 3 S 1/2 OF SW 1/4 & SW 1/4 OF SE 1/4 LESS 
NP RR R/W.   

83.27  

   11 SE 1/4 OF SE 1/4 LESS 400 FT NP R/W SUBJ 
TO TRANS LN ESMTS;   

36.13  

   12 N 1/2 OF S 1/2 TGW POR OF N 1/2 LY SLY 
OF NLY LN OF BPA VANTAGE-
COVINGTON TRANS LN R/W -SUBJ TO 
TRANS LN ESMTS;   

200.00 319.40 

  12 1 NE 1/4 TGW N 1/2 OF SW1/4 TGW E 1/4 OF 
SW 1/4 OF SW 1/4 TGW SE 1/4 OF SW 1/4 
TGW SE 1/4 -SUBJ TO TRANS LN ESMTS;   

450.00  

   17 W 3/4 OF SW 1/4 OF SW 1/4 SUBJ TO TRAN 
LN ESMTS.   

30.00 480.00 

  13 16 N 1/2 OF SE 1/4 TGW N 1/2 OF SEC LESS 
POR LY NLEY OF PSP & L CO R/W LN & 
LESS NPRR R/W.   

313.77  

   17 POR OF N 1/2 LY NLY OF C/L OF PUGET 
SOUND POWER & LIGHT CO TRANS LN 
R/W – SUBJ TO TRANS LN ESMTS;   

24.46 338.23 

  14 1 NE 1/4 OF NE 1/4 LESS R/W;   28.57  

   2 NE 1/4 OF NW 1/4 TGW NW 1/4 OF NE 1/4 
LESS R/W;   

75.46  

   6 NW 1/4 OF NW 1/4.   37.21 141.24 

  16 1 GOV LOTS 1, 2, 3 & 4.    129.69 129.69 
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 APPENDIX F 
Tacoma Water HCP Green River Water Supply Operations and Watershed Protection 
 
 

TWP RGE SEC 
TAX 
LOT LEGAL DESCRIPTION 

TAX 
LOT 

ACRES 
SECTION 

ACRES NOTES 

T20N R10E 7 9 E 1/2 OF SW 1/4 & GL 3 & 4.   149.38 149.38 

  13 18 POR OF SE 1/4 OF SE 1/4 LY S OF USFS RD;  5.85  

   19 POR OF SE 1/4 LY NLY OF NP 400 FT R/W 
& SLY OF NLY MGN OF VC-419 TRANS 
ESMT R/W REC AUD # 5829087 SUBJ TO 
TRANS LN ESMTS & SUBJ TO ACCESS RD 
ESMTS.   

73.55 79.40 

  17 9 SW 1/4 LESS BNI R/W & LESS FEDERAL 
HWY SUBJ TO TRANS LN R/W.   

155.80 155.80 

     

T20N R10E 18 1 NE 1/4 TGW GL 1 TGW NE1/4 OF NW 1/4 
TGW NE 1/4 OF SE 1/4 - SUBJ TO TRANS 
LN ESMTS;   

306.59  1 

   8 SE 1/4 OF NW 1/4 SUBJ TO TRANS LN R/W;  40.00  

   14 W 1/2 OF SE 1/4 LESS NP R/W SUBJ TO 
POWER LN ESMT LESS RD ESMT DEED TO 
USA 7/14/32 AUD FILE # 2751763 VOL 1537 
PG 483 & LESS POR DAF-POR OF NW 1/4 
OF SE 1/4 LY SLY OF ESMT DEEDED TO 
USA 7/14/32 AUD FILE # 2751763 VOL 1537 
PG 483 & DAF BAAP ON S LN OF SD ESMT 
160 FT E OF W LN OF SUBD TH S PLLW SD 
W LN TO N MGN OF NP R/W TH ELY ALG 
SD R/W 320 FT TH N TO S LN OF ESMT TH 
WLY ALG SD S LN TO POB;   

61.00  

   16 SE 1/4 OF SE 1/4 EX NPRR R/W SUBJ TO 
TRANS LN R/W;   

26.61  

   20 POR OF NW 1/4 & POR OF SW 1/4 OF SE 1/4 
LY SLY OF ESMT DEEDED TO USA 7/14/32 
AUD FILE #2751763 VOL 1537 PG 483 & 
DAF- BAAP ON S LN OF SD ESMT 160 FT E 
OF W LN OF SUBD TH S PLLW SD W LN 
TO N MGN OF NP R/W TH ELY ALG SD 
R/W 320 FT TH N TO S LN OF ESMT TH 
WLY ALG SD S LN TO TPOB;   

4.19  

   21 PORS OF GL 2 & N 1/2 OF SW 1/4 LY NLY 
OF 400 FT NP R/W SUBJ TO TRANS LN 
ESMT.   

61.74 500.13 
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 APPENDIX F 
Tacoma Water HCP Green River Water Supply Operations and Watershed Protection 
 
 

TWP RGE SEC 
TAX 
LOT LEGAL DESCRIPTION 

TAX 
LOT 

ACRES 
SECTION 

ACRES NOTES 

  20 1 NE 1/4 SUBJ TO TRANS LN R/W;   160.00  

   5 W 1/2 TGW SE 1/4 LESS POR SD SE 1/4 LY 
SLY OF C/L OF PSP & CO ESMT REC VOL 
1183 PG 497 LESS NP R/W LESS FEDERAL 
HWY SUBJ TO TRANS LN R/W.   

367.69 527.69 

  21 1 ENTIRE SEC EX NPRR R/W SUBJ TO 
TRANS LN R/W.  

586.85 586.85 

  22 1 NE 1/4 OF NE 1/4;   40.00  

   2 NW 1/4 OF NE 1/4;   40.00  

   3 SW 1/4 & S 1/2 OF NE 1/4 ALSO SW 1/4 OF 
SE 1/4 & N 1/2 OF SE 1/4 SUBJ TO TRANS 
LN R/W LESS RY R/W LESS HWAY SUBJ 
TO BPA ESMT  PER DEC OF TAKING CIVIL 
# 6088 US DIST CT W DIST OF WASH N 
DIV;   

305.61  

   5 NW 1/4 SUBJ TO TRANS LN R/W;   160.00  

   17 GL 1.   31.45 577.06 

  23 1 NE 1/4 LY N OF TOWNSITE OF LESTER 
ALSO NW 1/4 LY N OF NPRR R/W LESS 
HWY SUBJ TO TRANS LN ESMTS & SUBJ 
TO N P ESMT;   

191.81  

   3 S 1/2 OF NE 1/4 LY S OF LN 450 FT SLY & 
PLW NP R/W S 1/2 OF NW 1/4 & N 1/2 OF 
SW 1/4 LY SLY OF NP R/W-N 1/2 OF SE1/4 
LESS POR NLY OF LN 450 FT SLY & PLW 
NP R/W;   

172.38  

   18 STRIP OF LAND LY BET NPRR R/W & A LN 
450 FT SE OF & PLL THWITH ALSO STRIP 
OF LAND LY BET N LN OF SD R/W & A LN 
484FT NWLY OF & PLL THWITH BOTH 
STRIPS LN IN E 1/2 OF SECTION.   

58.75 422.94 

  24 2 POR OF N 1/2 OF NE 1/4 LY NLY OF USFS 
RD NO 212 PER AUD FILE # 2751767;   

10.09  

   3 S 1/2 OF NE 1/4 LESS NPRR R/W;   79.84  

   5 POR NE 1/4 OF NW 1/4 LY N OF S LN OF 
OLD NPRR R/W LESS FEDERAL HWAY;   

34.00  
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 APPENDIX F 
Tacoma Water HCP Green River Water Supply Operations and Watershed Protection 
 
 

TWP RGE SEC 
TAX 
LOT LEGAL DESCRIPTION 

TAX 
LOT 

ACRES 
SECTION 

ACRES NOTES 

   6 POR NW 1/4 OF NW 1/4 BEG AT NXN OF W 
LN OF SEC & C/L OF OLD NPRR R/W TH 
NELY ALG C/L 475.2 FT TH 90-00-00 LEFT 
200 FT TO TRUE PT OF BEG TH ON SAME 
BEARING 100 FT TH 90-00-00 LEFT 152.8 FT 
TO E LN SCHOOL LOT TH SLY 102.1 FT TO 
N LN R/W TH NELY 173.5 FT TO BEG;   

0.37  

   7 BEG AT A PT 200 FT N OF CEN OF MAIN 
LINE NPRR & ON W LN OF SEC 24 TH NLY 
400 FT TH E 160 FT TH S TO N LN TH 
SWLY TO BEG;   

1.40  

   8 POR SW 1/4 OF NW 1/4 BEG AT NXN OF W 
LN OF SEC & C/L OF OLD NPRR R/W TH 
NELY ALG C/L 116 FT TH 90-00-00 RIGHT 
200 FT TO S LN R/W & TRUE PT OF BEG 
TH ON SAME BEARING 191 FT TH 90-00-00 
LEFT 300 FT TH 90-00-00 LEFT 191 FT TO 
R/W TH SWLY ALG R/W 300 FT TO BEG;   

1.32  

   9 S 1/2 OF NW 1/4 LY S OF N P R/W LESS 
BEG AT NXN OF W LN OF SEC & C/L OF 
OLD NPRR R/W TH NELY ALG C/L 116 FT 
TH 90-00-00 RIGHT 200 FT TO S LN OF R/W 
& TPOB TH ON SAME BEARING 191 FT TH 
90-00-00 LEFT 300 FT TH 90-00-00 LEFT 191 
FT TO R/W TH SWLY ALG R/W 300 FT TO 
BEG ALSO N 1/2 OF SW 1/4 ALSO POR OF 
NE 1/4 OF NW 1/4LY S OF OLD NPRR R/W 
LESS PRESENT NPRR R/W;   

155.38  

   13 GLS 1-2-3-4-5-6.   245.57  

   26 POR OF NE 1/4 LY NLY OF RELOCATED 
NPRR R/W & SLY OF USFS RD NO 212 AF# 
2751767;   

64.68  

   21 NW 1/4 OF NW 1/4 LESS SCHOOL LOT 
LESS NPRR R/W & LESS BEG SE COR OF 
SD SCHOOL LOT TH NELY ALG NLY MGN 
OF RR R/W 173.5FT TH LFT AT R/A 100 FT 
TH LFT AT R/A 152.8 FT TH S ALG E LN OF 
SD LOT 102.1 FT TO BEG SUBJ TO TRANS 
LN ESMTS;   

26.79  
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 APPENDIX F 
Tacoma Water HCP Green River Water Supply Operations and Watershed Protection 
 
 

TWP RGE SEC 
TAX 
LOT LEGAL DESCRIPTION 

TAX 
LOT 

ACRES 
SECTION 

ACRES NOTES 

   27 BEG AT A PT 200 FT N OF CEN OF MAIN 
LINE NPRR R/W & ON W LN OF SEC 24 TH 
NLY 400 FT TH E 250 FT TH S TO N LN TH 
SWLY TO BEG LESS W 160 FT;   

0.73 620.17 

     

T20N R10E 27 5 NW 1/4.   160.00 160.00 

  28 5 NW 1/4.   160.00  

   9 SW 1/4;   192.55  

   13 GL 1;   54.91  

   14 GL 2 IN SE 1/4 TGW S 1/2 OF SE1/4 ;   135.46 542.92 

  32 3 N 1/2 OF NE 1/4-SW 1/4 OF NE 1/4 & NW 1/4 
OF SE1/4.   

160.00 160.00 

      

T20N R11E 3 18 GL 3 & 4 POR OF S 1/2 OF N 1/2 & N 1/2 OF 
S 1/2 LYING NLY OF BN R/W & POR OF GL 
1 & 2 LYING SLY OF BN R/W SUBJ TO 
TRANS R/W.   

285.32 285.32 2 

  7 3 S 3/4 LESS SE 1/4 OF NE 1/4 LESS C/M 
RGTS.   

419.15 419.15 

  8 11 S 1/2 OF SW 1/4 TGW N 1/2 OF SE 1/4 LESS 
FEDERAL HWY SUBJ TO TRANS LN R/W 
LESS NPRR R/W.   

156.91 156.91 

  9 18 POR OF N 1/2 OF NW 1/4 & SW 1/4 OF NW 
1/4 & PORS OF W 1/2 OF NE 1/4 & SE 1/4 OF 
NW 1/4 & N 1/2 OF SW 1/4 LYING NLY OF 
BN R/W SUBJ TO TRANS R/W.   

180.63 180.63 3 

  17 18 POR OF W 1/2 OF SEC DAF BEG NW COR 
OF SEC TH ON ASSUMED BRG OF S ALG 
W LN OF SEC 1975 FT TO TPOB TH N 67-35-
00 E 1425 FT TH S PLW W LN OF SEC 1425 
FT TH S 67-35-00 W 1425 FT TAP ON W LN 
OF SEC TH N ALG W LN OF SEC 1425 FT 
TO TPOB LESS POR IN SE1/4 OF NE1/4 
LYING S OF PSP&L TRANS LN & POR IN 
NE1/4 OF SE1/4 LYING NWLY OF USFS RD 
54;   

39.09   
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 APPENDIX F 
Tacoma Water HCP Green River Water Supply Operations and Watershed Protection 
 
 

TWP RGE SEC 
TAX 
LOT LEGAL DESCRIPTION 

TAX 
LOT 

ACRES 
SECTION 

ACRES NOTES 

   19 W 1/2 & S 1/2 OF S 1/2 OF SE 1/4 LY ELY OF 
BNRR R/W & ALL POR OF W 1/2 OF NE 1/4 
& NW 1/4 OF SE 1/4 & SW 1/4 OF SE1/4 
LYING WLY OF BNRR R/W LESS POR OF 
W 1/2 DAF BEG NW COR OF SEC TH ON 
ASSUMED BRG OF S ALG W LN OF SEC 
1975 FT TO TPOB TH N 67-35-00 E 1425 FT 
TH S PLW W LN OF SEC 1425 FT TH S 67-
35-00 W 1425 FT TAP ON W LN OF SEC TH 
N ALG W LN OF SEC 1425 FT TO TPOB 
SUBJ TO TRANS R/W.   

322.53 361.62 4 

  18 1 NE 1/4 SUBJ TO TRANS LN ESMTS TGW 
NE 1/4 OF SE1/4 LESS USFS GREEN RIVER 
RD #223 TGW S 1/2 OF SE 1/4 LESS POR 
SE1/4 OF NE1/4 LYING S OF PSP&L TRANS 
LN & W OF USFS RD 54 & POR IN NW1/4 
OF SW1/4 LYING NWLY OF USFS RD 54;   

243.13   

   5 E 1/2 OF NW 1/4 TGW N 1/2 OF SW 1/4 TGW 
POR OF SW1/4 OF SW 1/4 LY NWLY OF 
USFS RD #223 TGW POR OF SE 1/4 OF SD 
SW 1/4 LY NWLY OF SD USFS RD TGW 
POR OF S 1/2 OF SD SW 1/4 DAF BEG NXN 
OFC/L SD USFS RD & E LN OF SW 1/4 TH S 
ALG SD E LN 620 FT TO TPOB TH SWLY 
PLW C/L SD USFS RD 500 FT TH NWLY 
PRPDIC TO C/L SD RD 150 FT TH SWLY 
PLW C/L SD RD TO W SEC LN TH S TO SW 
COR OF SEC TH ELY ALG S LN OF SEC TO 
SE COR OF SW 1/4 TH N ALG E LN OF SD 
SW 1/4 TO POB SUBJ TO TRANS LN 
ESMTS;   

199.80  

   6 GL 1;   33.12  

   7 GL 2;   33.16  

   0005 BLK A LOT 2 ACES FRIDAY CREEK 
HUNTING-FISHING SUBJ TO BONNEVILLE 
PWR LN EASMT; 

0.47  
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 APPENDIX F 
Tacoma Water HCP Green River Water Supply Operations and Watershed Protection 
 
 

TWP RGE SEC 
TAX 
LOT LEGAL DESCRIPTION 

TAX 
LOT 

ACRES 
SECTION 

ACRES NOTES 

   0015  ACES FRIDAY CREEK HUNTING-FISHING 
HIDEAWAYS ADD LOTS 4 THRU 17 LOT 19 
LOTS 21 THRU 25 BLK A TGW LOT 4 LOTS 
6 THRU 12 LOT 14 LOTS 21 THRU 24 & LOT 
26 BLK B TGW LOTS 8 THRU 16 BLK C 
TGW LOTS 8 THRU 16 BLK D TGW 
UNNUMBERED TRACT LY N OF LOT 4 
BLK B SD ADD SUBJ TO TRANS LN ESMT; 

20.63  

   0120 BLK B LOT 5 ACES FRIDAY CREEK 
HUNTING-FISHINGHIDEWAYS ADD; 

0.24  

   0160 BLK B LOT 13 ACES FRIDAY CREEK 
HUNTING-FISHING HIDEAWAYS ADD 1/3 
INT; 

0.29  

   0175 BLK B LOT 15 THRU 18 ACES FRIDAY 
CREEK HUNTING-FISHING HIDEAWAYS 
ADD; 

0.30  

   14 NW 1/4 OF SE 1/4 LESS USFS RD #223 LESS 
POR PLTD ACES FRIDAY CREEK 
HUNTING & FISHING HIDEAWAYS SUBJ 
TO TRANS LN ESMT.   

17.84 548.98 

  19 3 S 1/2 OF N 1/2 OF SEC LY SLY OF 
RELOCATED NPRR R/W LESS C/M RGTS 
TGW S 1/2 OF SEC LESS C/M RGTS.   

446.60  

   20 POR OF NW 1/4 BEG ON N LN OF SEC 350 
FT E OF NW COR TH S 65-30-00 E 830 FT 
M/L TO N-S CENTER LN OF SD NW 1/4 TH 
N 60-30-00 E 690 FT M/L TO N LN TH W 
1357 M/L TO BEG;   

5.62  

   21 POR OF SEC LY NLY OF RELOCATED 
NPRR R/W LESS POR BEG ON N LN 350 FT 
E OF NW COR TH S 65-30-00 E 830 FT M/L 
TO N-S CENTER LN OF NW 1/4 OF SEC TH 
N 60-30-00 E 690 FT M/L TO N LN TH W TO 
BEG LESS C/M RGTS;   

160.71 612.93 

  20 5 NW 1/4 SLY OF RELOCATED NPRR R/W;   63.45  

   18 POR NW 1/4 LY NLY OF RELOCATED 
NPRR R/W.   

90.18 153.63 

 
R2 Resource Consultants F-8 
Final – July 2001 



 APPENDIX F 
Tacoma Water HCP Green River Water Supply Operations and Watershed Protection 
 
 

TWP RGE SEC 
TAX 
LOT LEGAL DESCRIPTION 

TAX 
LOT 

ACRES 
SECTION 

ACRES NOTES 

  21 9 SE 1/4 & POR OF SW 1/4 OF NE 1/4 LYING 
SWLY OF ALN EXTND IN NW/SE DIR 
BTWN NW & SE COR OF SD SW 1/4 OF NE 
1/4 & POR OF E 1/2 OF SW 1/4 LYING NELY 
OF A LN EXTND IN NW/SE DIR BTWN NW 
& SE COR OF SD E 1/2 OF SW 1/4 TGW POR 
NW 1/4 LY SLY & WLY OF C/L USFS RD.   

336.00 336.00 5 

  27 2 POR OF W 1/2 & W 1/2 OF SE 1/4 LYING 
SWLY OF A LN EXTD IN SELY DIR FR NW 
COR TO SE COR OF SW 1/4 SE 1/4.   

240.00 240.00 6 

      

T21N R7E 13 17 400 FT FORMER NPRR R/W RUNNING 
ACROSS N 1/2 OF SEC & RUNNING 
ACROSS E 1/2 OF SE 1/4 THOF TGW POR 
OF S 200 FT OF SE1/4 OF NE 1/4 LY WLY 
OF SD 400 FT R/W & TGW POR OF NE 1/4 
OF SE 1/4LY BET SD 400 FT R/W & BNI 
(FMR NP) RELOCATED RR R/W;   

67.00  

   38 ELY 290 FT OF WLY 1030 FT OF POR OF W 
1/2 OF NE1/4 LY SLY OF FORMER NPRR 
R/W & LY NLY OF TR C-301;   

4.92  

   40 POR W 475 FT OF NE 1/4 LY SLY OF OLD 
NPRR R/W & NLY OF TR C-301;   

5.65  

   41 ELY 265 FT OF WLY 740 FT OF POR OF W 
1/2 OF NE1/4 LY SLY OF FORMER NPRR 
R/W & LY NLY OF TR C-301;   

4.25  

   42 POR OF W 1/2 OF NE 1/4 LY SLY OF 
FORMER NPRR R/W & LY NLY OF TR C-
301 LESS WLY 1030 FT;    

3.80  

   47 POR OF E 1/2 OF NE 1/4 LY SLY & WLY OF 
GREEN RIVER LESS 400 FT FORMER NPRR 
R/W & LESS POR OF S 200 FT LY WLY OF 
SD FORMER NPRR R/W & LESS W 600 FT 
IN E1/2 OF NE1/4 LYING S OF GREEN 
RIVER & N OF 400 FT FORMER NPRR R/W.  

8.00 93.62  

  14 25 POR OF 400 FT FORMER NPRR R/W LY 
ELY OF STA 11097 PLUS 76.00.   

9.45 9.45 
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 APPENDIX F 
Tacoma Water HCP Green River Water Supply Operations and Watershed Protection 
 
 

TWP RGE SEC 
TAX 
LOT LEGAL DESCRIPTION 

TAX 
LOT 

ACRES 
SECTION 

ACRES NOTES 

T21N R8E 2 12 SE 1/4 OF SW 1/4.   40.00 40.00 

  4 6 TRANS LN & RDWY THRU SEC PER DEED 
REC #5850281.   

7.27 7.27 

  5 2 TRANS LN THRU SEC PER DEED REC 
#5850281.   

56.01 56.01 

  9 18 TRANS LN & RDWY THRU SEC PER DEED 
REC #5850281.   

65.67 65.67 

  13 2 NW 1/4 OF SE 1/4 LESS N 660 FT & GL 1 
LESS N 660FT & GL 2 & 3.  

118.80 118.80 

  15 18 POR S 1/2  LY ELY OF BPA COVINGTON 
GRAND COULEE TRANS LN R/W & WLY 
OF FOLG DESC LN BEG ON S LN SD SEC 
1843 FT E OF S 1/4 COR & TPOB SD DESC 
LN TH N 65-26-54 W 215.41 FT TH N 33-30-
22 W 930.54 FT TH N 01-34-23 E 156.77 FT 
TH N 22-12-49 E 516.49 FT TH N 09-17-34 W 
447.73 FT TH N 19-45-08E 372.63 FT TH N 
15-49-40 E 90 FT M/L TO PT ON E/W C/L SD 
SEC SD PT BEING 3980 FT E OF W 1/4 COR 
SD SEC & TERMINUS SD LN TGW TRANS 
LN PER DEED 5850281 IN W 1/2 OF SD SEC 
LESS RD OUTSIDE TRANS LN ESMTS PER 
DEED 5850281.   

167.04 167.04 

  18 10 GL 3;   44.91  

   11 THAT POR OF GL 4 LY N OF NPRR R/W;   24.98  

   12 SE 1/4 OF SW 1/4 EX NPRR R/W.   31.12  

   15 SW 1/4 OF SE 1/4;   40.00  

   17 400 FT FORMER NPRR R/W OVER SW 1/4  
(INCL GL 3 & 4) PER DEPT REV LTR 
1/26/88.   

24.96 165.97 

  19 17 400 FT FORMER NPRR R/W OVER NE 1/4 & 
NE 1/4 OF NW 1/4;   

41.40  

   19 POR OF N 1/2 OF SEC LY SLY OF 400 FT 
NPRR R/W & NLY OF C/L PSP & L CO 
ESMT DESC UNDER VOL 1228 PG 569 & 
DEED AF # 41101320 TGW POR DESC IN 
WARRANTY DEED FROM 
WEYERHAUESER REC NO 841206-0634.   

153.00 194.40 
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 APPENDIX F 
Tacoma Water HCP Green River Water Supply Operations and Watershed Protection 
 
 

TWP RGE SEC 
TAX 
LOT LEGAL DESCRIPTION 

TAX 
LOT 

ACRES 
SECTION 

ACRES NOTES 

  20 3 S 1/2 OF NE 1/4 & N 1/2 OF SE 1/4 LESS 
FORMER NPRR R/W;   

137.30  

   7 SW 1/4 OF NW 1/4 LESS FORMER NPRR 
R/W;   

11.13  

   17 400 FT FORMER NPRR R/W OVER S 1/2 OF 
NW 1/4-N 1/2 OF SW1/4-SW 1/4 OF NE 1/4 & 
SE 1/4.   

54.08  

   21 POR OF N 1/2 OF SW 1/4 LY NLY OF C/L 
PSP & L CO REC VOL 4110 PG 320 LESS 
POR DESIG TR B-201-3 HOWARD A 
HANSON PROJECT LESS 400 FT NPRR 
R/W;   

33.51  

   22 POR OF S 1/2 OF SE 1/4 LY NLY & ELY OF 
TR B-201-2 HOWARD A HANSON PROJECT 
LESS 400 FT NPRR R/W & POR OF SD S 1/2 
LY SLY OF SD TR B 201-2 & NLY OF C/L 
OF PSP & L CO R/W REC VOL 4110 PG 320;  

17.44  

   23 POR OF N 1/2 OF SW 1/4 LYING S OF C/L 
OF PSP&L CO TRANS LN R/W TGW POR 
OF S 1/2 OF SE 1/4 OF SD SEC BEG NW 
COR TH E ALG N LN OF SD S 1/2 OF SE 1/4 
TO C/L OF PSP&L CO R/W TH SELY ALG 
SD TRANS LN C/L TO SLY EDGE OF PAR 
OF LD DESC TR B-201-2 IN DEED AF 
#6049640 VOL 4806 PG 510 TH SELY ALG 
SD SLY EDGE TO S LN OF SD SEC TH W 
ALG S LN OF SD SEC 20 TO SE COR OF SW 
1/4 OF SE 1/4 OF SD SEC TH NWLY IN 
STRAIGHT LN TO NW COR OF S 1/2 OF SE 
1/4 OF SD SEC & POB LESS TR CONV BY 
DEED AF #6155159 VOL 4911 PG 183;   

45.60 299.06 

  21 16 POR OF SW 1/4  DAF - BEG NW COR OF SW 
1/4 TH IN STRAIGHT LN TO SE COR OF SD 
SW 1/4 TH W ALG S LN OF SD SW 1/4 TO 
NELY R/W LN OF NORTHERN PACIFIC 
RAILWAY CO 400 FT CHARTER R/W TH 
NWLY ALG SD NELY R/W LN TO W LN OF 
SD SW 1/4 TH N ALG SD W LN TO POB;   

45.30  
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 APPENDIX F 
Tacoma Water HCP Green River Water Supply Operations and Watershed Protection 
 
 

TWP RGE SEC 
TAX 
LOT LEGAL DESCRIPTION 

TAX 
LOT 

ACRES 
SECTION 

ACRES NOTES 

   17 400 FT FORMER NPRR R/W OVER W 1/2 OF 
SW 1/4 & SE1/4 OF SW 1/4.   

16.24  

   18 POR OF SW 1/4 OF SW 1/4 LY SLY & WLY 
OF NPRR 400 FT R/W;   

13.00 74.54 

     

T21N R8E 22 1 NE 1/4 OF NE 1/4;   40.00  

   2  W 1/2 OF NE 1/4-SE 1/4 OF NE 1/4- E 1/2 OF 
SE 1/4 & NE 1/4 OF NW 1/4 OF SE 1/4 SUBJ 
TO TRANS LN ESMTS & SUBJ TO USA 
ESMT;   

210.00  

   16 PORS OF NE 1/4 OF NW 1/4 & SE 1/4 OF NW 
1/4 & SE1/4 OF NW 1/4 OF SE 1/4 & NE 1/4 
OF SW 1/4 OF SE 1/4 LY SWLY OF & ADJ 
ORIGINAL 300 FT BONNEVILLE TRANS 
LN R/W & NELY OF A LN 350 FT DIST A 
TR/A SWLY FR & PLW RELOCATED 
SURVEY LN TACOMA-GRAND COULEE #1 
TRANS LN ESMT SUBJ TO TRANS LN 
ESMTS.   

18.13 268.13 

  23 7 SW 1/4 OF NW 1/4 & W 1/2 OF SW 1/4 SUBJ 
TO TRANS LN ESMT SUBJ TO PERPETUAL 
ESMT TO USA ,EAGLE GORGE 
RESERVOIR.  

120.00 120.00 

  24 17 G L 1 & 2. 63.00 63.00 

  26 9 NE 1/4 OF SW 1/4 SUBJ TO TRANS LN R/W 
ESMT TGW POR TRANS LN PER DEED 
#5850281 LOC IN SE 1/4 OF NW 1/4 OF SD 
SEC LESS RD PER DEED #5850281 
OUTSIDE TRANS LN ESMT;   

42.84  

   17 W 1/4 OF SEC ALSO W 1/2 OF SW 1/4 OF NE 
1/4 OF NW 1/4 ALSO W 1/2 OF NW 1/4 OF 
SE 1/4 OF NW 1/4 ALSO W 1/4 OF SE 1/4 OF 
SW 1/4 SUBJ TRANS LN ESMT SUBJ TO 
PERPETUAL ESMT TO USA ,EAGLE 
GORGE RESERVOIR LESS POR TRANS LN 
PER DEED #5850281 LOC IN SE 1/4 OF NW 
1/4 OF SD SEC LESS POR RD PER DEED 
#5850281 NOT W/IN TRANS LNS ESMT;   

179.10  
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 APPENDIX F 
Tacoma Water HCP Green River Water Supply Operations and Watershed Protection 
 
 

TWP RGE SEC 
TAX 
LOT LEGAL DESCRIPTION 

TAX 
LOT 

ACRES 
SECTION 

ACRES NOTES 

   18 E 3/4 OF SE 1/4 OF SW 1/4 SUBJ TO TRANS 
LN ESMTS LESS RD PER DEED #5850281.   

28.54 250.48 

  27 1 E 1/2 OF NE 1/4 & SW 1/4 OF NE 1/4 & E 1/2 
OF SE1/4 LESS C/M RGTS SUBJ TO TRANS 
LN ESMT & SUBJ TO USA, EAGLE GORGE 
RESERVOIR;   

200.00  

   14 NW 1/4 OF SE 1/4 & POR OF SW 1/4 OF SE 
1/4 LY NELY OF FORMER NPRR R/W LESS 
BEG AT PT 1185 FT N OF S 1/4 COR OF SEC 
TH N 335 FT TH N 61-18-00 E 510 FT TH N 
31-18-00 E 310 FT TH N 75-18-00 E 310 FT 
TH S 79-42-00 E 200 FT TH S 17-18-00 W 180 
FT TH S 18-42-00 E 330 FT TH S 03-42-00 E 
260 FT TH S 15-18-00 W 300 FT TH N 76-42-
00 W 100 FT TH N 06-48-00 E 250 FT TH N 
17-42-00 W 220 FT TH N 39-42-00 W 210 FT 
TH N 83-42-00 W 230 FT TH S 19-18-00 W 
260 FT TH S 58-18-00 W 340 FT TH S 68-20-
50 W 263.60 FT TO BEG LESS C/M RGTS 
SUBJ TO PERPETUAL ESMT TO USA 
,EAGLE GORGE RESERVOIR;  

53.77  

   21 POR S1/2 OF SW 1/4 SWLY OF NPRR 400 FT 
CHARTER R/W EX TRS A-104 & F-600-2 
BEING TR F-600E-2 & LAND IN SUBD 
CIRCUMSCRIBED THERE BY AKA TR F-
617E;   

31.50  

   23 POR OF SW 1/4 OF SW 1/4 LY SWLY OF TR 
A-104 AS SHOWN ON HOWARD HANSON 
PROJECT.   

8.30  

   24 POR OF SW 1/4 OF NW 1/4 & POR OF NW 
1/4 OF SW1/4 LY N OF POR OF PAR OF 
LAND DESC AS TR E-500-1 IN DEED TO 
USA UNDER AF #6049640 VOL 4806 PG 510 
TGW POR OF NE 1/4 OF SW 1/4 OF SD SEC 
LY N OF POR OF PAR OF LD DESC AS TR 
F-600-1 LY IN SD NE 1/4 OF SW 1/4 OF SD 
DEED;   

43.84 337.41 
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 APPENDIX F 
Tacoma Water HCP Green River Water Supply Operations and Watershed Protection 
 
 

TWP RGE SEC 
TAX 
LOT LEGAL DESCRIPTION 

TAX 
LOT 

ACRES 
SECTION 

ACRES NOTES 

  28 1 N 1/2 OF NE 1/4 & NE 1/4 OF NW 1/4 LESS 
FORMER NPRR R/W, LESS POR TO USA 
HOWARD A HANSON DAM PROJECT;   

67.73  

   3 SW 1/4 OF NE 1/4 LESS RELOCATED NPRR 
R/W  SUBJ TO PSP&L ESMT;   

28.98  

   16 SE 1/4 OF SE 1/4 INCL POR RELOCATED 
NPRR R/W SUBJ TO PSP&L ESMT;   

33.51  

   21 POR OF NW 1/4 OF NW 1/4 LY NELY OF TR 
B-201-2 &POR OF NE 1/4 OF SE 1/4 LY 
SELY OF B-201-1 & POR OF NW 1/4 OF SE 
1/4 LY SELY OF SD B-201-1 & NELY OF C/L 
PSP & L CO R/W DESC UNDER VOL 4110 
PG 320;   

36.39  

   22 POR OF SE 1/4 OF NE 1/4 LY N & E OF POR 
OF PAR OF LD DESC AS TR E-500-1AS 
DESC AF #6049640 VOL 4806 PG 510 TGW 
POR OF E 1/2 OF NW 1/4 OF SE 1/4 LY S OF 
C/L OF PSP&L CO TRANS LN R/W AS DESC 
AF #5236643 VOL 4110 PG 320.   

26.04 192.65 

  29 18 POR OF NE 1/4 OF NE 1/4 LY NELY OF TR 
B-201-2 HOWARD HANSON DAM 
PROJECT.   

0.01 0.01 

  34 1 S 1/4 OF N 3/4 OF S 1/2 & S 1/2 OF S 1/2 OF 
NW 1/4 OF SE 1/4 & DIAGONAL S 1/2 OF N 
1/2 OF S 1/2 OF NW 1/4 OF S1/4 & 
DIAGONAL S 1/2 OF S 1/2 OF SE 1/4 OF NE 
1/4 OF SW 1/4 & W 1/2 OF W 1/2 OF NW 1/4 
OF SW 1/4 & DIAGONAL NW 1/2 OF NE 1/4 
OF NW 1/4 OF NW 1/4 OF SW 1/4 & POR OF 
W 1/2 OR NW 1/4 LY SWLY OF C/L PSP & L 
CO R/W DESC UNDER VOL 4110 PG    320 
LESS POR IF ANY LY NELY OF SWLY LN 
OF TR A-104 LESS POR WITHIN 
DIAGONAL SE 1/2 OF SE 1/4 OF SW 1/4 OF 
NW 1/4  TGW POR OF NE 1/4 OF SE 1/4 LY 
SWLY OF SD TR A-104 TGW 60 FT RD 
WAY IN NE 1/4 OF SE 1/4;   

183.42  
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 APPENDIX F 
Tacoma Water HCP Green River Water Supply Operations and Watershed Protection 
 
 

TWP RGE SEC 
TAX 
LOT LEGAL DESCRIPTION 

TAX 
LOT 

ACRES 
SECTION 

ACRES NOTES 

   18 NE 1/4 & E 1/2 OF NW 1/4 & POR NW 1/4 OF 
NW 1/4 NELY OF NPRR RELOCATION & 
DIAGONAL SE 1/2 OF SE 1/4 OF SW 1/4 OF 
NW 1/4 & POR NE 1/4 OF SE 1/4 NELY OF 
NPRR RELOCATION & N 1/2 OF NW 1/4 OF 
SE1/4 & DIAGONAL NW 1/2 OF N 1/2 OF S 
1/2 OF NW 1/4 OF SE 1/4 & NE 1/4 OF SW 
1/4 EX DIAGONAL SE 1/2 OF S 1/2 OF SE 
1/4 THOF & E 3/4 OF NW1/4 OF SW 1/4 EX 
DIAGONAL NW 1/2 OF NE 1/4 OF NW 1/4 
OF NW 1/4 OF SW1/4 LESS CHARTER & 
RELOCATED NPRR R/WS.   

306.72  

   20 POR OF W 1/2 OF NW 1/4 LY SWLY OF TR 
A-104 & NELY OF C/L PSP & L CO ESMT 
DESC UNDER VOL 4110 PG 320;   

5.32 495.46 

     

T21N R8E 35 1 NE 1/4-E 1/2 OF NW 1/4-POR OF NE 1/4 OF 
SW 1/4 & OF SE 1/4 LY NLY OF FORMER 
NPRR R/W LESS C/M RGTS SUBJ TO 
PERPETUAL ESMT TO USA ,EAGLE 
GORGE RESERVOIR;   

336.51  

   6 NW 1/4 OF NW 1/4 LESS FORMER NPRR 
R/W  LESS C/M RGTS SUBJ TO ESMT POR 
OF PARCEL F-603 E-1 PER DEC OF TAKING 
CIVIL # 5956 US DIST CT W DIST N DIV;   

39.77  

   7 SW 1/4 OF NW 1/4 LESS FORMER NPRR 
R/W LESS C/M RGTS SUBJ TO ESMT 
PARCEL F-603-E-1 DEC OF TAKING CIVIL  
# 5956 USDIST CT W DIST OF WASH N 
DIV;   

31.79  

   10 POR OF NW 1/4 OF SW 1/4 LY NELY OF 
PARCEL H-802 EAGLE GORGE SUBJ TO 
ESMTS TO USA LESS C/M RGTS;   

12.39  

   11 POR OF N 2/3 OF S 3/4 OF W 1/4 & ALL OF S 
1/4 LY SLY OF PARCEL H- 802 EAGLE 
GORGE LESS NEW PARCEL DESC A-112E-
2 SUBJ TO ESMTS TO USA LESS C/M 
RGTS.   

99.89  
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 APPENDIX F 
Tacoma Water HCP Green River Water Supply Operations and Watershed Protection 
 
 

TWP RGE SEC 
TAX 
LOT LEGAL DESCRIPTION 

TAX 
LOT 

ACRES 
SECTION 

ACRES NOTES 

   19 POR OF N 1/2 OF SE 1/4 LY SLY OF 
PARCEL H-802 EAGLE GORGE SUBJ TO 
ESMTS TO USA LESS C/M RGTS;  

3.42 523.77 

  36 3 S 1/2 OF NE 1/4 LESS 1 SQ AC IN NE COR 
OF S 1/2 OF SW 1/4 OF NE 1/4 SUBJ TO 
TRANS LN R/W SUBJ TO 60 FT ESMT FOR 
RD 212 TO U S A ;  

79.00  

   6  NE 1/4 OF NW 1/4 SUBJ TO TRANS LN 
R/W;   

40.00  

   7 NW 1/4 OF NW 1/4 SUBJ TO TRANS LN R/W 
;  

40.00  

   8 SW 1/4 OF NW 1/4 LESS GREEN RIVER 
LUMBER CO R/W SUBJ TO USA ESMTS;   

39.68  

   9 SE 1/4 OF NW 1/4 SUBJ TO 60 FT ESMT FOR 
RD TO U S A;   

40.00  

   10 NE 1/4 OF SW 1/4 SUBJ TO USA ESMT;   40.00  

   12 NW 1/4 OF SW 1/4 LESS FORMER NPRR 
R/W STRIPS SUBJ TO USA ESMT;   

39.52  

   13 S 1/2 OF SW 1/4 LESS N 60 FT OF E 590 FT 
OF SW1/4 OF SW 1/4 LESS FORMER NPRR 
R/W SUBJ TO USA ESMTS;   

64.50  

   16 SE 1/4 SUBJ TO USA ESMT;   160.00  

   23  1 AC IN NE COR OF SE 1/4 OF SW 1/4 OF 
NE 1/4; 

1.00  

   26 NPRR R/W & SUCH STRIPS FOR SIDINGS & 
CONNECTIONS WITH MAIN LINE NPRR 
R/W AS FORMERLY USED BY GREEN 
RIVER LUMBER CO IN SW 1/4 OF NW 1/4;  

1.00  

   27 N 60 FT OF E 590 FT OF SW 1/4 OF SW 1/4 
SUBJ TO USA ESMT. 

0.82 545.52 

     

T21N R11E 33 2 SE 1/4.  160.00 160.00 7 

   Total 15,173.27 15,173.27 
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 APPENDIX F 
Tacoma Water HCP Green River Water Supply Operations and Watershed Protection 
 
 
 
NOTES:  Acres and descriptions reported in this list are from records of the King County Assessor's Office 
                and acres may vary from acreage calculated from Tacoma Water's GIS database as reported in this HCP. 

1   Timber reserved to Citifor Inc.until 12/31/2000 on 62 acres. 
2   Timber reserved to Plum Creek Timber Co. until 12/31/2007 on 285 acres. 
3   Timber reserved to Plum Creek Timber Co. until 12/31/2007 on 181 acres. 
4   Timber reserved to Plum Creek Timber Co. untill 12/31/2007 on 323 acres. 
5   Timber reserved to Plum Creek Timber Co. untill 12/31/2007 on 220 acres. 
6   Timber reserved to Plum Creek Timber Co. untill 12/31/2007 on 240 acres. 
7   Timber reserved to Plum Creek Timber Co. untill 12/31/2007 on 160 acres. 
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