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Our objectives were to describe the migration behavior and spawning distribution of adult 
spring Chinook salmon radio-tagged at Willamette Falls Dam in 2013.  We tagged 299 Chinook 
salmon (229 adipose-clipped and 70 unclipped) from 16 April through 12 June, which was 1.2% 
of the adult Chinook salmon counted at the dam from 1 April through 31 July.  We used an 
anesthetic (AQUI-S 20E) when tagging in 2013 based on previous results that indicated 
anesthetized salmon were less likely to exit the Willamette Falls fishway to the tailrace and were 
more likely to escape to tributaries than were fish tagged using a restraint device.  In contrast to 
2011 and 2012, migration conditions in 2013 were warm with low flows, which likely 
contributed to an early-timed run.   


 
After adjusting for known transmitter loss, 77% (n = 297) of all tagged salmon escaped to 


Willamette River tributaries in 2013.  Escapement percentages were similar between adipose-
clipped (78%, n = 227) and unclipped (76%, n = 70) salmon.  In comparison, 61% of all tagged 
salmon escaped to tributaries in 2012 (56%- clipped and 64% - unclipped) and 74% escaped in 
2011 (75% - clipped and 71% - unclipped).  In logistic regression models examining escapement 
in relation to run timing and fish traits, no covariates (i.e., tag date, fork length, weight, clip 
status) were statistically significant (P > 0.05) for Chinook salmon in 2013.  Similarly, we 
observed no relationship between estimated initial lipid content and escapement of adult salmon, 
suggesting energetic reserves at river entry were sufficient to fuel upstream migrations to 
tributaries in 2013.   


The sub-basin to which the highest percentage of tagged salmon migrated in 2013 was the 
Middle Fork of the Willamette River (28%).  Salmon were also last detected in the South 
Santiam (18%), McKenzie (14%), North Santiam (11%), Clackamas (2%), Fall Creek (1%), 
Molalla (1%), Luckiamute (1%) and Yamhill (1%) rivers.  The remainder was last detected in 
the main stem Willamette River downstream from Willamette Falls Dam (10%), between the 
dam and the Santiam (8%), or upstream from the Santiam (3%).  


Tagged salmon typically spent less time in the main stem Willamette River in 2013 than in 
2011 and 2012.  On average in 2013, main stem residency times were 8.3 d for salmon last 
detected in the Santiam River, 17.4 d for those in the McKenzie River, and 19.1 d for those in the 
Middle Fork.  Salmon residency times in the main stem ranged from ~60-80% of those recorded 
in 2011-2012.   
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Median migration rates through the main stem for salmon tagged in 2013 ranged from 20.7 
river km/d for those that returned to the McKenzie River to 36.2 river km/d for those that 
returned to the Santiam River.  In all years, migration rates increased later in the season and the 
speed at which Chinook salmon migrated through successive sections generally decreased as fish 
moved upstream. 
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Our objectives were to describe the migration behavior and spawning distributions of winter 


and summer steelhead radio-tagged at Willamette Falls Dam in 2013.   
 
Winter Steelhead 


 
We radio-tagged a total of 170 adult winter steelhead (i.e., unclipped adipose fin) from 22 


January through 5 June, which was 3.4% of the 4,944 winter steelhead counted at the dam.  
Migration rates indicated that steelhead moved more slowly as they migrated through successive 
upstream sections.   


 
We inferred spawning distribution from the maximum upstream records for each adult.  The 


tributaries to which the highest percentages of tagged winter steelhead migrated were the South 
Santiam (23%), Molalla (18%), and North Santiam (17%) rivers.  Eight percent migrated to the 
Tualatin River, 5% migrated to the Yamhill River, 4% each migrated to the Calapooia River and 
Middle Fork, 2% each migrated to the Clackamas and McKenzie rivers.  Eight percent of the tagged 
sample migrated no further upstream than Willamette Falls Dam and 8% percent had maximum river 
kilometers in the main stem indicating potential mortalities or unsuccessful migrations. 


 
We observed substantial downstream movements by tagged winter steelhead, potentially 


representing post-spawning outmigration (kelting) events. Among the 170 winter steelhead tagged, 
we estimate that least 81 (48%) were kelts based on their detections in tributaries upstream from the 
dam and their subsequent downstream movements (30 – South Santiam, 18 – North Santiam, 17 – 
Molalla, 7 – Tualatin, 3 – Calapooia, 3 – Yamhill, and 1 each – Rickreall Creek,  the McKenzie 
River, and Fall Creek).  The highest percentages of remaining tagged steelhead were last recorded in 
the South Santiam (8%), Molalla (8%), North Santiam (5%), and Molalla rivers (5%).  Two percent 
were last recorded in the upper main stem.   


Summer steelhead 


We radio-tagged a total of 250 summer steelhead (i.e., clipped adipose fin) between 2 February 
and 26 June, which was 1.8% of the 13,549 summer steelhead counted at the dam.   


 



mailto:*caudill@uidaho.edu





 2 


Based on detections through November 2013, the tributaries to which the highest percentage of 
tagged summer steelhead migrated were the South Santiam River (38%), followed by the McKenzie 
River (20%), the Middle Fork (7%), and the North Santiam River (5%).  Twenty-one percent of the 
sample was last detected in the upper main stem and 3% was last detected in the lower main stem.  
Three percent was last detected downstream from Willamette Falls Dam.  One percent or less was 
last detected in Fall Creek, the Coast Fork, the Clackamas, and the Molalla rivers. 


Based on a preliminary comparison of last detection locations of summer steelhead tagged in 
2012 and maximum rkms for winter steelhead tagged in 2013, there was some evidence for spawning 
habitat overlap in the South and North Santiam rivers and in the Middle Fork Willamette River.  Ten 
of the 208 summer steelhead tagged in 2012 (~5%) exhibited kelting behavior in 2013. 


Recycled summer steelhead at Foster and Dexter dams  


A total of 100 summer steelhead were collected at Foster Dam on five days from 14 June through 
16 August.  These fish were radio-tagged and released downstream from the dam at one of three 
release locations: either ~49 rkm downstream from Foster Dam (near Waterloo, OR), 6.4 rkm 
downstream from the dam (near Pleasant Valley, OR), or near the mouth of Wiley Creek (< 1 km 
downstream from Foster Dam).  A total of 50 summer steelhead were collected at Dexter Dam on 
four days from17 July through 13 August, radio-tagged, and released 4.6 kilometers downstream 
from the dam.  Movements were monitored using the fixed-site array of receivers, mobile tracking, 
and returns to the Foster and Dexter dam traps. 


Of the 100 radio-tagged steelhead recycled downstream from Foster Dam, 45 (45%) were last 
detected on a fixed-site receiver or mobile tracked in the South Santiam River.  Five (5%) were 
reported recaptured by anglers and no tags were recovered in or near carcasses during spawning 
ground surveys.  Forty (40%) of the recycled steelhead returned to Foster Dam, where they were 
ponded for broodstock or surplused by ODFW personnel.  Two (2%) were last detected in the lower 
main stem Willamette River and 8 (8%) had no radio detections after release.   


Of the 50 radio-tagged summer steelhead released downstream from Dexter Dam, 24 (48%) were last 
detected in the Middle Fork Willamette River.  Two (2%) were reported as recaptured by anglers, 
including one in the upper main stem and one in the Middle Fork.  One tag was reported found near 
the confluence of the Coast Fork and Middle Fork.  Eighteen (36%) were last detected in the upper 
main stem Willamette and two (4%) in the lower main stem.  There were no radio detections for 
three (6%) of the 50 recycled summer steelhead released downstream from Dexter Dam. 
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In recent years, high percentages (80-90%) of adult Chinook salmon transported above 
dams in some Willamette River tributaries have died prior to spawning.  In 2013 we continued to 
survey the energetic status and prespawn survival rates of three populations of Willamette River 
spring Chinook salmon, monitored river environmental conditions, and investigated the 
relationships among prespawn mortality and a suite of potential causative factors.  Carcass 
recoveries were lower than in previous years because record rainfall in September made study 
streams too dangerous to survey during peak Chinook salmon spawning activity. 


In 2013, a total of 96 Chinook salmon were sampled at Fall Creek.  Fish were collected, 
assessed for energetic condition, PIT-tagged and then transported above the dam and allowed to 
spawn naturally.  Four PIT-tagged salmon were recovered during spawning ground surveys on 
Fall Creek, a recapture rate of 4.2% and lower than previous years (10-12%).  Both of the PIT-
tagged females recovered on the spawning grounds were considered prespawn mortalities.  The 
average water temperature during the study period was 15.7 °C with a peak of 20.8 °C occurring 
in late July.   


One hundred sixty-five Chinook salmon collected at the Dexter trap were outplanted into 
the North Fork Middle Fork (NFMF) Willamette River in 2013.  Overall, 17 (10.3%) of the PIT 
and radio-tagged fish were recovered during carcass surveys of the NFMF, a recovery rate within 
the range of previous years.  Female prespawn mortality of NFMF outplants was 44.4% for PIT 
and radio-tagged fish combined.  Mean water temperature in the NFMF during the study period 
was 11.7 °C with a peak of 14.8 °C occurring in early-July.   


In 2013, we initiated outplanting into the NFMF approximately a month earlier than in 
previous years.  Of the 165 PIT and radio-tagged fish released in the NFMF, 64 (39%) were 
released between 22-May and 5-June (early release group, hereafter).  The remaining 101 fish 
(61%) were released between 19-June and 17-July (standard release group, hereafter).  Overall, 
9% (n = 6) from the early release group were recovered on the spawning ground compared to 
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11% (n = 11) for the standard release group.  Only one female from the early release group was 
recovered and it was considered a prespawn mortality.  A total of 6 females from the ‘standard’ 
release group were recovered and three (50%) were prespawn mortalities. 


We also conducted a study to estimate prespawn mortality in the South Fork Santiam 
River upstream from Foster Dam.  A total of 200 spring Chinook salmon were radio (n = 75) and 
PIT-tagged (n = 125) then transported upstream from the dam.  Twenty-one radio- and PIT-
tagged fish (10.5%) were recovered during spawning ground surveys.  Ten female PIT and radio-
tagged fish were recovered on the spawning grounds and five (50%) were prespawn mortalities.  
Of the 75 radio-tagged fish, 50 (67%) were released in Foster Reservoir but only three fish 
(6.0%) were recovered on the spawning grounds.  The one female reservoir released fish 
recovered was a prespawn mortality.  Of the 50 fish released in the reservoir 38 (76%) fish were 
last recorded in the South Santiam, 6 (12%) in the Middle Fork Santiam and 6 (12%) fell back 
over Foster Dam.  Mean water temperature in the South Santiam during the study period was 
14.8 °C with a peak of 19.3 °C on 6-Aug. 


Although recoveries of PIT and radio-tagged fish were lower than previous years and 
small sample sizes make interannual comparisons challenging, prespawning mortality rates were 
generally higher in 2013.  In 2013, PSM rates were 100% at Fall Creek, 44% in the NFMF.  
Across the previous five study years (2008-2012) pre-spawn mortality estimates of PIT and 
radio-tagged fish were 23.4% (range 6-88%) for Fall Creek and 37.3% (range 13-52%) for 
immediate outplants to the NFMF.  Comprehensive analysis across years is underway.  
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We surveyed eastside tributaries of the upper Willamette River in 2013 to count Chinook salmon redds 
and collect carcasses in river reaches above and below USACE project dams. The goal of this project was 
to characterize spawning by Chinook salmon, considering the influences of hatchery and dam operations 
for reaches below projects and upstream fish passage for reaches above projects. Ultimately the intent is 
to inform hatchery management, fish passage, and effectiveness monitoring decisions. Our objectives 
were to conduct monitoring necessary to address viable salmonid population criteria (VSP: Crawford and 
Rumsey 2011), especially fish abundance, distribution and diversity, and to support other ongoing 
research and monitoring efforts in the watershed. Spawner abundance estimates in individual reaches 
were derived using the peak redd count expansion method. Carcass data including location, sex, size, 
spawning success, natural- vs. hatchery-origin, and presence of other marks or tags were recorded. 
Biological samples including scales, otoliths and DNA were obtained from carcasses to allow estimates of 
age structure of natural- and hatchery-origin fish, validate identification of natural-origin fish, and 
continue development of a specimen archive in support of ongoing and future research. Analysis of the 
2013 scale, otolith and DNA samples is ongoing. 


Redd counts were generally lower than has been observed in recent years in all subbasins below project 
dams, an outcome driven in part by  lower run sizes in 2013 but also probably because of very poor 
survey conditions created by heavy rain in late September, the time of peak spawning. We think that 
generally lower than expected redd counts above project dams were also partly the result of poor survey 
conditions. Estimates of prespawning mortality rates were generally low to moderate in important 
spawning reaches above and below project dams. Importantly, we think the poor survey conditions in 
September also reduced the sampling rate of carcasses of successful spawners, a phenomenon that would 
have biased the prespawn mortality estimates high. 
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In 2013 we monitored activities in USACE-funded fish collection and hatchery facilities is support of 
spring Chinook salmon fish culture and conservation/recovery efforts. Our objectives were to track 
collection and disposition of adult fish entering and released from the facilities.  In addition we tracked 
results of fish reared at and released from the hatchery facilities.  


Adult collections and dispositions occurred as planned:  adequate numbers of adults were collected for the 
2013 brood at all Chinook salmon hatcheries and targeted numbers of fish were collected and released 
above project dams as part of reintroduction efforts in those reaches. Preliminary results indicate that 
adult fish collection for broodstock and for reintroduction spanned run timing in 2013.  Essential elements 
of the monitoring plan were accomplished including biological sampling of adults collected, collection of 
essentially all coded wire tagged fish entering the facilities, and DNA sampling of all adult fish released 
from each facility. 


Juvenile fish releases from each hatchery occurred as planned: the programmed numbers of fish were 
released at sizes and times closely matching the 2013 hatchery operations plans. Biological data including 
fish size and tag retention rates were compiled for all releases. In addition, monitoring of hatchery fish 
migration to Willamette Falls for 2013 fall releases occurred. 
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Upper Willamette River (UWR) spring Chinook salmon represent an ecologically, economically 
and culturally important threatened species.  High head dams block access to high quality 
spawning areas within UWR tributary basins thereby limiting natural production.  Fish are 
captured at dams and outplanted in upstream spawning habitats to mitigate passage limitations 
and provide additional natural production essential for species recovery.  However, efficacy of 
outplanting efforts has been limited by high prespawning mortality (PSM) in outplant basins, 
especially in years associated with elevated water temperatures.  Management alternatives have 
been hypothesized to minimize PSM of outplanted fish by reducing pathogen and thermal 
exposure within the UWR system.  Some management alternatives include:  continued direct 
outplanting after broodstock quotas are met, modification to collection and outplant timing 
across the run, and collection and holding in ambient or cool pathogen-free water prior to 
outplanting.  A need exists to allow prediction of the optimal management alternative (i.e., the 
set of management actions that maximize natural production) given environmental and among-
tributary variability.  We developed a model that stochastically simulated UWR spring Chinook 
migration, outplanting, and natural production.  The model predicted the hypothesized effects of 
management alternatives on PSM and ultimately natural production in UWR tributary 
populations.  Simulation outputs were then used to parameterize a decision model and evaluate 
management alternatives.  A sensitivity analysis was performed using the decision model to 
identify model components strongly influencing natural production.  For example, results were 
sensitive to the criteria used in the model to assign fish as prespawning mortality and therefore 
could be targeted for additional research.  We use the model to illustrate the application of this 
approach to identify optimal tributary-specific management alternatives. 








MIGRATION, SURVIVAL, GROWTH, AND FATE OF HATCHERY JUVENILE 
CHINOOK SALMON RELEASED ABOVE AND BELOW DAMS IN THE UPPER 


WILLAMETTE RIVER BASIN 
  


Paul M. Olmsted 
Thomas A. Friesen 
Marc A. Johnson 


 
 


Oregon Department of Fish and Wildlife 
Upper Willamette RM&E Program 


Corvallis Research Lab 
28655 Highway 34, Corvallis, Oregon 97333 


paul.olmsted@oregonstate.edu 
 


We released approximately 417,000 hatchery Chinook salmon Oncorhynchus tshawytcha >60 
mm fork length tagged with passive integrated transponder (PIT) tags from 2011-2013 to 
estimate the effect that passage through Willamette Project dams and reservoirs has on 
outmigration success (relative survival to Willamette Falls), migration rate (km/d), growth 
(mm/day), and fate of juvenile spring Chinook salmon in the Middle Fork Willamette and North 
Santiam subbasins.  Fish were released into the Middle Fork Willamette River at Hills Creek 
Reservoir (HCR), the head of Lookout Point Reservoir (LOP), the LOP forebay, and below 
Dexter Dam.  In the North Santiam River fish were released at the head of Detroit Reservoir, the 
Detroit forebay, and below Big Cliff Dam. These releases were one task within a multi-year 
project that will also estimate juvenile-to-adult return rates for Chinook salmon using both PIT 
tags, and coded-wire tags (CWT).   
 
For the Middle Fork Willamette River releases (excluding the HCR group), the PIT tag 
interrogator in the Willamette Falls juvenile fish bypass detected 2.84% of the tagged fish 
through 27 December 2013.  Substantially more fish were detected from the tailrace release 
group (n=4,577; 5.14%) than the LOP head of reservoir release group (n=1,043; 1.17%) or the 
LOP forebay release group (n=377; 1.17%).  Stated differently, fish released below the dams 
were detected at a significantly higher proportion than identical fish released above the dams, 
suggesting a much higher relative survival rate. Only 16 of 83,000 (.02%) HCR fish were 
detected at Willamette Falls.    
 
For the North Santiam River releases the PIT tag interrogator at Willamette Falls detected 2.67% 
of the tagged fish through 18 December 2013. More fish were detected from the tailrace release 
group (n=1,585; 3.53%) than the Detroit head of reservoir release group (n=1,203; 2.67%) and 
the Detroit forebay release group (n=491, 1.49%). Significantly more fish were detected from the 
tailrace release group than the reservoir released groups.  
 
Migration rates for the Middle Fork Willamette release groups were not significantly different in 
2011 for the tailrace (6.1 km/d) and head of reservoir (5.4 km/d) groups. In 2012 the tailrace 
release group migrated significantly faster (5.9 km/d) than the LOP head-of-reservoir group (4.7 
km/d) and the Hills Creek reservoir group (1.0 km/d). In 2013 the tailrace release group migrated 
significantly faster (6.2 km/d) than the LOP head of reservoir group (4.6 km/d) and the LOP 
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forebay group (4.3 km/d). Migration rates for the North Santiam release groups were 
significantly different in 2012 for the tailrace (9.5 km/d) and head or reservoir (7.8 km/d) release 
groups. In 2013 the tailrace release group migrated significantly faster (2.8 km/d) than the head 
of reservoir release group (1.9 km/d) but was not significantly different than the forebay release 
group (2.8 km/d). 
 
We calculated growth rates using recapture and mortality data from other researchers collected in 
2011-2013. For the Middle Fork Willamette River, median growth rates for fish released at the 
head of the reservoir (1.3 mm/d) and forebay (1.2 mm/d), were significantly higher than the 
tailrace (0.9 mm/d) and Hills Creek (0.8 mm/d) release groups. Among the North Santiam River 
releases, median growth rates for the fish released fish at the head of the reservoir (0.9 mm/d) 
and forebay (0.9 mm/d), were significantly higher than the tailrace release group (0.2 mm/d).  
 
Incidental tag recoveries gave us data on potential predation/mortality sources for the 
outmigrating paired release fish. Three main sources were identified: avian predation (East Sand 
Island; n=66), piscine predation (primarily MFW reservoirs; n=139), and other researchers 
(mostly reservoir gill net sampling; n=1,361).  
 
 In the spring 2013 we detected one adult in the Willamette Falls fish ladder, an age 3 jack from 
the 2011 Dexter tailrace release group. We expect future adult detections to provide complete 
data on survivorship to adulthood for each release group. 
 
Fish released below dams and reservoirs were detected more frequently at Willamette Falls in 
every instance, strongly suggesting an important survival effect, most likely due to predation, 
dam passage mortality, or a combination thereof. The difference in the Middle Fork Willamette 
and North Santiam relative survival to Willamette Falls was noticeably different, suggesting 
unique conditions and circumstances for each subbasin. The lower detection rate for reservoir-
released fish is evidence for relatively low survival, most likely due to a combination of 
predation and passage mortality. We expect these data will be relevant to future evaluations of 
survivorship trade-offs between rapid-growth reservoir rearing, reservoir predation, and direct 
dam passage mortality.   
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We used rotary screw traps to monitor the timing of subyearling spring Chinook salmon 
Oncorhynchus tshawytscha entering Willamette Valley Project (WVP) reservoirs.  We 
used traps set in nearshore habitat within reservoirs to assess longitudinal distribution of 
subyearlings during spring.  We also compared distribution patterns observed in 
reservoirs to subyearling entrance timing and reservoir size.   
 
Most (>90%) subyearlings entered reservoirs in the spring as ‘fry’ (mean fork length 36 
mm) soon after emergence, with peak timing varying among basins by about two months.  
Subyearlings above Foster and Fall Creek reservoirs were the earliest to enter reservoirs 
with peak entrance timing around early March.  Subyearlings from the North Santiam 
above Detroit Reservoir and the South Fork McKenzie above Cougar Reservoir had the 
latest peak entrance of early May.  Subyearlings from the North Fork Middle Fork 
Willamette above Lookout Point Reservoir had a peak entrance of early April.   
 
In Detroit, Cougar, and Lookout Point reservoirs, subyearling were more numerous in the 
upper end of the reservoirs during spring. In Foster Reservoir, which was the smallest 
reservoir we assessed, subyearlings were more abundant in the lower end of the reservoir. 
The differences in reservoir distribution was reflected in screw trap catch below dams 
with most subyearlings from Foster Reservoir captured during spring compared to late 
fall at other below dam trap sites.  We hypothesize that the difference in nearshore 
distribution in Foster Reservoir compared to other reservoirs was due to the earlier 
entrance timing and small reservoir size.  Although we did not assess distribution in Fall 
Creek Reservoir, we predict that subyearlings would be distributed similar to Foster 
Reservoir based on similar subyearling entrance timing and reservoir size.  We also offer 
an assessment of the extent of drawdown that would be necessary in Lookout Point to 
result in distribution patterns observed in Foster Reservoir.      
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High levels of parasitic copepod Salmincola californiensis infection on the gills of 
juvenile spring Chinook salmon Oncorhynchus tshawytscha have been observed by many 
researchers in Willamette Valley Project (WVP) reservoirs.  We quantified the 
prevalence and intensity of infection on salmonids rearing above and within reservoirs 
from spring through fall, 2013.  We investigated copepod infection in Detroit, Foster, 
Cougar, Lookout Point, and Fall Creek reservoirs.  This was the second year that we 
monitored infection levels on salmonids in WVP reservoirs.   
 
Observed patterns in infection prevalence and intensity were similar between years.  
The frequency and intensity of gill infection was significantly greater for reservoir-
rearing juvenile Chinook salmon compared to stream-rearing juveniles above reservoirs.   
Within reservoirs, Chinook salmon were the most vulnerable to infection and kokanee O. 
nerka were rarely infected (Figure 1).  Infection prevalence for subyearling Chinook 
salmon increased with time spent in reservoirs.  In June, infection prevalence was less 
than 10% for all reservoirs except Fall Creek Reservoir that had a prevalence of 43.8%.  
By late fall, prevalence was >80% for most reservoirs (Figure 2).  
 
As with prevalence, infection intensity on the gills of subyearling Chinook salmon 
increased with rearing time in reservoirs.  The intensity during November-December was 
greatest for Chinook salmon in Fall Creek Reservoir with about 15% of the fall migrants 
infected with ≥ 20 copepods on their gills. Infection intensity of  ≥20 copepods has been 
shown to cause 90% mortality in sockeye salmon smolts during salinity tolerance tests.  
If the same mortality rate is applied to Chinook salmon smolts, about 15-20% of the fall 
migrants from Fall Creek Reservoir could be lost due to copepod infection.   
 
We also present evidence that suggests infected adult Chinook salmon trapped and hauled  
above Fall Creek Dam are a source of copepods in the reservoir.    
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Figure 1.  Copepod infection prevalence among salmonid species and rear types in Detroit Reservoir, 
2013.  
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Figure 2.  Copepod infection prevalence in subyearling Chinook salmon from WVP reservoirs and 
the South Fork McKenzie, 2013. 
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Figure 3.  Copepod infection intensity on the gills of subyearling Chinook in WVP reservoirs during 
November-December, 2013.    
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Impoundments created by dams delay juvenile salmonid migration and provide quality habitat 
and increased prey opportunities for piscivorous, warm-water fish (native and exotic) in Foster and 
Lookout Point reservoirs. In 2013, we used boat e-fishing, Oneida box traps and gill nets in Foster 
Reservoir to determine predator species composition and relative abundance. Foster Reservoir had a 
diverse assemblage of potential predators of juvenile Chinook salmon including northern pikeminnow 
Ptychocheilus oregonensis (NPM), yellow perch Perca flavescens, smallmouth bass Micropterus 
dolomieu, largemouth bass Micropterus salmoides, white crappie Pomoxis annularis, rainbow trout 
Oncorhynchus mykiss, cutthroat trout O. clarkii, and bullhead Ameiurus spp (Table 1). We also removed 
stomachs from predatory fish >150 mm to identify bones and determine the occurrence frequency of 
juvenile Chinook salmon Oncorhynchus tshawytscha and O. mykiss in the diet. There was evidence that 
both salmonid species were being consumed by predators in Foster Reservoir. 


 
Table 1. Predatory, piscivorous fish species present in Foster Reservoir, 2013. * denotes non-native fish. 
All rainbow trout reported in the table were from natural production (not hatchery fish).  


 
Number 


Captured 
Fork Length 
Range (mm) 


Northern pikeminnow (Ptychocheilus oregonensis) 95 40 - 525 
Yellow Perch (Perca flavescens)* 128 54 - 290 
Largemouth bass (Micropterus salmoides)* 3 126 - 440 
Smallmouth bass (Micropterus dolomieu)* 270 38 - 383 
Rainbow trout (Oncorhynchus mykiss) 300 57 - 283 
Cutthroat trout (Oncorhynchus clarkii) 1 169 
White crappie (Pomoxis annularis)* 5 99 - 120 
Bullhead (Ameiurus spp.)* 14 56 - 240 


 
Previous data collected by the ODFW Reservoir Research Project suggests that there is a 


diverse community and large population of predatory fish in Lookout Point Reservoir. From 
April 24 - July 2, 2013 we used Oneida box traps, floating and sinking gill nets, and boat e-
fishing protocols (day and night; random sections, 900 s shock time), to compare relative 
abundance and distribution of numerous predators.  These abundance indices could then be repeated post 
treatment (i.e. reservoir drawdown) to evaluate whether catch per unit effort (CPUE) or distribution had 
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changed.  In addition, previous work indicated that northern pikeminnow were the largest individual 
predator population with the widest distribution hence the largest threat to juvenile Chinook salmon 
rearing in the reservoir. We used a boat e-fishing protocol that maximized the capture of NPM. We then 
used a Huggins closed capture model in Program MARK to estimate northern pikeminnow abundance. 
The largest and highest numbers of NPM were captured in the upper zone of the reservoir (Table 2; 
Figure 1). The preliminary estimate of NPM present in the littoral zone of Lookout Point Reservoir in 
2013 was 7,067 (95% CI 5,466 – 9,224). We believe this is an underestimate due to very low capture 
probabilities and poor fit of the model. The c-hat for this model was 5.9, exceeding acceptable values of < 
1.0, which indicates that there is variance in the dataset that is unaccounted for by the model 
(overdispersion). We are currently working with a statistician at Oregon State University to refine the 
model by incorporating higher resolution recapture location information. Even with this likely 
conservative population estimate, applying consumption rate information calculated in 2012, we 
estimated >100,000 Chinook salmon consumed in the spring by NPM in Lookout Point Reservoir. 
 
Table 2. Number of northern pikeminnow tagged, recaptured, and the associated e-fishing effort 
summarized by reservoir zone in Lookout Point Reservoir, 2013. 


Zone 
NPM 


Tagged 
NPM 


Recaptured 
Effort 


(s) 
Lower 112 9 49,074 
Middle 216 21 74,348 
Upper 516 28 124,073 
Total 844 58 247,495 
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Figure 1. Length frequency distribution for northern pikeminnow tagged in Lookout Point Reservoir, 
2013. 
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Evaluation of juvenile spring Chinook passage through Upper Willamette River projects has 
relied on hatchery-origin fish to accommodate sample sizes required for robust tagging studies.  
However, differences in morphology, behavior, and physiology between hatchery-origin and 
wild juveniles could confound estimations of dam passage efficiencies and survival. We are 
using alternative rearing strategies to produce hatchery-origin juveniles that reflect the migratory 
and fitness phenotypes of their wild counterparts to be used as wild surrogates for tagging 
studies. We delivered BY2010, BY2011, and BY2012 juvenile Chinook salmon to researchers 
for evaluation of reservoir behavior and dam passage in reservoirs in the Upper Willamette 
River. Currently we are rearing BY2012 and BY2013 juveniles for future tagging studies. The 
common object of studies that utilize wild fish surrogates is to assess downstream movement 
behavior of juveniles. When delivered, all evidence suggested that wild fish surrogates were 
smolting; therefore, their movement patterns should have met the expectations of the studies. To 
establish rearing tactics for wild fish surrogates, we evaluated the effects of temperature, rearing 
density, diet formulation, and substrate type on the development of juveniles. Experimental 
evaluations indicated that in addition to indicators of smoltification, wild fish surrogates 
exhibited growth patterns, body condition, morphology, and behavior consistent with project 
goals. In establishing the wild fish target phenotype, we demonstrated that morphological 
variation is predictive of migratory phenotype; this study suggests that life history differentiation 
occurs early, perhaps at emergence. Further studies, both experimental and field based, should 
investigate the factors that contribute to variation in early dispersal of young fish as well as the 
contribution of juvenile life history tactics to recruitment of spawning adults.  
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Addressing the ongoing decline of Pacific lamprey Entosphenus tridentatus in western 


North America will require research and monitoring efforts directed at multiple life history 


stages. To better understand the spawning and larval life history phases of Pacific lamprey, our 


objectives were to: 1) assess temporal spawning trends, redd abundance, habitat use, and the 


spatial patterns of spawning activity at multiple scales, 2) evaluate survey length requirements 


for future Pacific lamprey spawning ground surveys, and 3) evaluate habitat associations of 


larval Pacific lamprey in the Willamette River Basin. Redd density varied considerably across 


surveyed reaches but were often constructed in pool tailouts dominated by gravel, similar to 


salmonid spawning requirements. On the basin scale, Pacific lamprey selected reaches with 


alluvial geology, where redd density was highest. We spatially resampled georeferenced Pacific 


lamprey redd locations to assess the minimum survey segment length requirements and found 


that minimum survey length for Pacific lamprey redd detection was inversely related to the 


observed redd density and the availability of suitable spawning habitat, but was always less than 


1.2 km. Reliable spawning abundance estimates (± 20% of observed redd densities) were also 


inversely related to redd density and habitat availability and varied between 1.3 km and 13.7 km. 


Larval Pacific lamprey were nearly ubiquitous across the basin, and all locations where they 


were not detected were associated with anthropogenic barriers to migration. Larvae were most 
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abundant in low velocity habitats with fine sediments, particularly off-channel habitat, and 


positively associated with deep sediments. Our results can be used to address limiting factors 


implicated in the ongoing decline of Pacific lamprey, prioritize conservation actions, and 


implement monitoring programs across its range.  
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The Swift No. 1 Hydroelectric Project is owned and operated by PacifiCorp and is part of the 
Lewis River Hydroelectric Development located in southwest Washington State.  In 2008, the 
Federal Energy Regulatory Commission issued a new project operating license that called for the 
construction and operation of a downstream migrant fish collector in Swift Reservoir. The 
Floating Surface Collector (FSC) is designed to collect out-migrating fish, provide for sorting 
and sampling of the fish, and deliver them to transport trucks for release at a site downstream of 
Merwin Dam in the lower Lewis River.  Construction of the facility was completed and the FSC 
went into operation in December 2012. This presentation will provide an overview of the FSC 
design focusing on the unique features of the Swift facility that set it apart from other surface 
collectors in the Pacific Northwest. Features include an on-board automatic separation of fish 
into three size classes, trestle moorage of the FSC to provide continuous operation over a 100 
foot reservoir elevation fluctuation and the ability to provide a water-to-water transfer of fish 
from the facility to transport trucks.  
 
Operation of the FSC began December 26, 2012.  Several operating challenges were 
immediately apparent including small debris loads, low reservoir elevation and wind damage to 
the associated fish exclusion netting. PacifiCorp fish passage staff is working closely with design 
and project engineers to resolve these issues and have already made several modifications and 
improvements to the intended design.  
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PELTON ROUND BUTTE HYDROELECTRIC PROJECT 


SELECTIVE WATER WITHDRAWAL 
WILLAMETTE BASIN FISHERIES SCIENCE REVIEW  


 
 


Bartlett, James.  Pelton Round Butte Hydroelectric Project – Selective Water Withdrawal 
  
 
The 366-MW Pelton Round Butte Hydroelectric Project is co-owned by Portland General 
Electric (PGE) and the Confederated Tribes of the Warm Springs Reservation of Oregon 
(CTWSRO).  A new 50 year license was issued in 2005.  The project consists of three generation 
facilities located on the Deschutes River.  The 247-MW Round Butte Project is the upper most 
development and impounds a 4,000-acre storage reservoir fed by the Deschutes, Metolius, and 
Crooked River (Lake Billy Chinook), the 100-MW Pelton Project is located approximately 7 
miles downstream of Round Butte Dam and impounds a 540-acre reservoir known as Lake 
Symtustus.  The 18-MW Reregulating Project is located approximately 3 miles downstream of 
Pelton Dam and impounds a 3 mile long, 190-acre reservoir. 
 
When Round Butte Dam was constructed in the early 1960s, a fish passage system for both 
downstream and upstream salmonids was constructed.  However, after attempting to maintain 
anadromous passage, the downstream fish passage system was determined to be ineffective, due 
to the inability to capture downstream migrating fish in Lake Billy Chinook.  To mitigate for the 
loss, the Round Butte Fish Hatchery was constructed below the Dam. 
 
As part of the new Federal Energy Regulatory Commission (FERC) license PGE and the Tribes 
have committed to reestablishing anadromous fish runs above Round Butte Dam.  PGE and 
CTWSRO reestablished downstream passage for anadromous smolts and resident fish species in 
December of 2009 when the Selective Water Withdrawal structure and associated downstream 
fish passage, capture, sampling, and transfer facilities became operational.  Since then thousands 
of downstream migrating spring Chinook, summer steelhead, and juvenile Oncorhyncus nerka, 
(sockeye) have been captured and transported below the project to continue their downstream 
migration.  
 
Beginning in the spring of 2011, adults returning from these efforts have begun to be captured at 
the Pelton Adult Fish Trap located below the Reregulation Dam.  Returning adults began to be 
transported upstream of Round Butte Dam in 2012.  Returning known origin adults are 
transported from the Pelton Adult fish Trap to the Round Butte Adult Release Facility where 
they are released into the forebay of Round Butte Dam to continue their upstream migration.            
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Background 


Direct injury and relative survival probabilities at 1 and 48 hr for juvenile (124 to 204 mm, averaged 165 
mm) steelhead, Oncorhynchus mykiss, were estimated through the lower section of the 24-in juvenile 
bypass pipe and the juvenile fish evaluator at Green Peter Dam (Phase 1).  The primary intent of Phase 1 
was to determine if the lower section of this bypass pipe provided safe passage conditions and ultimately 
if similar type bypass systems could be used to provide safe and efficient passage of juvenile salmonids 
at Green Peter and other high head projects.  Prior to the fish releases, Normandeau Associates 
(Normandeau) was tasked to refurbish the fish evaluator at the 24-in pipe outfall.  The refurbishment 
provided a means to readily recapture the fish after passage through the 24-in bypass pipe in an 
improved and safe environment.  Refurbishment was initiated on 12 November 2012 and evaluation of 
the juvenile bypass pipe was initiated on 5 December and completed on 8 December. 


 During Phase 2 the condition of juvenile Chinook salmon (52–94 mm, mean 76 mm) and juvenile 
steelhead (146–257 mm, mean 207 mm) upon passing the entire length of the 24-in bypass pipe was 
determined on 30 May 2013.  A total of 198 and 206 juvenile Chinook salmon and steelhead were 
passed through the bypass pipe along with 50 of each species released as controls at the upstream end of 
the dewatering screen at the recapture site.   


Methods 


Juvenile salmonids were obtained from South Santiam Fish Hatchery downstream of Foster Dam for 
both Phases of testing.  For Phase 1, water temperature ranged from 8.0 to 8.5°C when 209 treatment 
fish were introduced into the 24-in juvenile bypass pipe while 58 control fish were released into the 
upstream end of the fish/water separator evaluator trough.  During the evaluation, the estimated velocity 
of fish exiting the 4-in release pipe was approximately 18 fps and the water velocity in the 24-in bypass 
pipe at fish introduction site was approximately 22 fps. 


During Phase 2, the Green Peter reservoir was near full pool during the fish releases and water 
temperature was 8ºC.  Two treatment release protocols were utilized and designated random and tail 
first, respectively.  Control fish utilized the random release protocol.  Both treatment and control fish 
were collected from a partially water filled bin at the downstream end of the dewatering screens.  
Recaptured fish were held in 100 and 150 gal tanks or 30 gal tubs for 48 hr post passage evaluation.  A 
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cursory examination of the fish for injuries was conducted at recapture and an in depth examination and 
length measurement were taken at 48 hr. 


Results 


All 267 (209 treatment, and 58 control) were retrieved with 100% survival for both release groups 
during Phase 1.  In addition, all fish showed no visible signs of injuries, and were alive 48 hr post 
passage.  Although the fish showed no signs of stress or injuries, some of the fish did seem to bounce off 
a diversion chute at the downstream end of the fish evaluator before falling into a water filled collection 
bin.  Therefore, Normandeau recommended that the lower end of the evaluator be modified for Phase 2 
fish tests so that the fish exiting the dewatering screen fall directly into a water filled collection bin.  
Additionally, some adjustments to the dewatering screens were recommended so fish are not completely 
dewatered before reaching the end of the screen.  These modifications were made before phase 2 was 
initiated. 


During Phase 2, all released fish were recaptured and examined for injuries.  None of the control fish 
died or were injured.  Survival through the bypass pipe was high.  The 48 hr survival estimates of the 
Chinook salmon released randomly and tail first was 99.0% (SE=1.0%) and 100%, respectively.  The 
corresponding survival estimates for the steelhead were 98.1% (SE=1.4%) and 99.0% (SE=1.0%).  The 
48 hr estimate for the combined (random and tail first) Chinook releases was 99.5% (SE=0.5%). The 48 
hr estimate for the combined steelhead releases was 98.5% (SE=0.8%). 


Two of the 198 Chinook salmon had visible injuries consisting of bruises on the head and hemorrhaged 
eye.  One fish was from the random release group and the other from the tail first group.  Five of the 206 
steelhead had visible injuries; four from the random release group and one from the tail first group.  
Injuries consisted of bruises to the head and body, torn operculum, and scrape on the head.  The malady-
free estimates were the same or within a couple percentage points of the 48 hr survival estimates.  The 
malady-free estimates were 98.0% and 99.0% for the random and tail first Chinook salmon release 
groups with a combined rate of 98.5%.  The corresponding malady-free rates for the steelhead were 
96.1% and 99.0% with a combined rate of 97.6%.  The precision level (ɛ) of survival and malady-free 
rates ranged from 0.5-1.9%.  Although the steelhead released tail first had a higher malady-free estimate 
than the randomly released, the estimate was not significantly different (p> 0.10).  The malady-free rates 
for the smaller Chinook salmon were also not significantly lower (p> 0.10) than those of the larger 
steelhead. 


Sensor Fish were deployed by Pacific Northwest National Laboratory (PNNL) during both Phases to 
assess any potential mechanisms which could injure, or harm fish along their path.  Analysis of the 
hydraulic information obtained by sensor fish indicates that the few fish injuries observed likely 
occurred in a confined area where the flow from the 4-in release hose intercepted the flow coming into 
the top of the 24-in bypass pipe (elevation 985 ft) from the upper most 10-in bypass pipe.  There is also 
the possibility of some injuries occurring at the turning radius in the 24-in bypass pipe. 







Although calculated water velocities were 49 ft/s the high survival (>98%) and low injury rate (<3%) for 
juvenile Chinook salmon and steelhead passed through the entire bypass pipe indicates that this type of 
bypass pipe is a means worth considering to safely pass emigrating juvenile salmon at high head 
projects. 
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Cougar Dam is a 158 m-tall rock-fill dam on the South Fork of the McKenzie River located 
about 63 km east of Springfield, Oregon.  The dam, completed in 1964, is used primarily for 
flood control, and as such the forebay elevation is maintained high during summer months and 
low during winter months.  Water passing the dam enters a concrete Water Temperature Control 
(WTC) tower and passes downstream through either a regulating outlet intake and down a 
spillway-like structure, or a penstock intake and downstream through one or both turbines.  The 
2008 Willamette Biological Opinion required modifications to Cougar Dam to facilitate 
downstream passage of juvenile salmonids by either operational or structural means.  To meet 
this requirement, the USACE will install a Portable Floating Fish Collector (PFFC) near the 
WTC tower in early 2014 to test surface passage technology as a means to collect juvenile 
salmonids at Cougar Dam.  The objective of the acoustic camera study in 2013 was to 
summarize the presence and behavior of untagged fish at Cougar Reservoir and Dam to inform 
decisions about the arrival timing, movements, and predator activity near the upstream face of 
the WTC tower, prior to the operation of the PFFC. 


In this study, we deployed three acoustic cameras on barges near the entrance of the WTC tower 
with different resolution and field-of-view capabilities to collect fish data.  A BlueView® P900 
(0.9 mHz, 130º beam and 100 m range) was pointed upstream to monitor fish behavior upstream 
from the WTC tower.  The higher resolution DIDSON® 300 (1.8 mHz, 29º beam, 15 m range) 
and ARIS® 3000 (3.0 mHz, 30º beam, 5 m range) cameras were mounted on either side of the 
WTC tower to monitor fish behavior at the entrance of the structure.  The DIDSON and ARIS 
cameras were deployed on rotators to position the cameras at three angles through the water 
column (0o, 25o, and 50o from horizontal) to capture vertical distribution data near the upstream 
face of the WTC tower. 


Data were collected 24 hours a day starting on May 1 and ending on July 23 for the spring 
season, and again between September 26 and November 15 for the fall season. We collected 
approximately 6300 hours of data during this study.  One of the objectives of this study was to 
develop automated methods for processing data to allow us to summarize a larger proportion of 
the raw data than has previously been feasible using traditional manual processing methods.  
Processing more of the raw data (compared to sub-sampling the data) will enable us to more 
reliably quantify the number of fish present and to characterize their behaviors and movements 
over daily and seasonal changes in temperature, flow, and dam operations.   
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We plan to use a Generalized Linear Model (GLM) to assess the response of fish to biological 
and environmental covariates.  Using GLMs for the different responses will enable the 
assessment of multiple effects on the responses of the fish to the conditions just upstream of the 
WTC tower.  To determine toward-tower and away-from-tower movement of fish in front of the 
WTC tower, we will use Markov-chain analysis to describe fish movements in subdivided 
“states” of camera coverage in front of  the intakes.  Lastly, we will describe behavior of 
schooling juvenile salmonids and predators near the WTC tower using density plots of spatially-
explicit fish positions and quantitative summarization of that data.  Density plots of fish positions 
and predator locations will be plotted over a computer-aided design of the tower and dam. 
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Spring Chinook salmon (Oncorhynchus tshawytscha), hereafter Chinook, from the upper 
Willamette River are currently listed as threatened under the U.S. Endangered Species Act. The 
McKenzie River is a tributary of the Willamette River that historically supported large wild runs 
of Chinook. Cougar Dam, on the South Fork of the McKenzie River, prevents adult Chinook 
from migrating to 40 kilometers of historical spawning habitat. Since the early-1990s, Chinook 
have been outplanted/transported above the dam to restore access to otherwise inaccessible 
habitat. 


 
Initially, only hatchery origin (HOR) Chinook were outplanted above the dam, but since 2010 a 
trap and haul facility built at the base of Cougar Dam has enabled natural origin (NOR) Chinook 
to be collected for transport and release. We have monitored the reintroduction of Chinook above 
the dam since 2007 using genetic parentage methods. We estimated fitness of adult Chinook 
passed above the dam using two measures: reproductive success (RS) and total lifetime fitness 
(TLF).  RS is the number of juvenile offspring that assigned to adults outplanted/transported in 
the previous year (known as an adult-juvenile pedigree); whereas TLF is the number of adults 
returning to the trap and haul facility that assigned as offspring of previously 
outplanted/transported Chinook (known as an adult-adult pedigree).  


 
Among the 2008-2011 adult-juvenile pedigrees we successfully assigned 72-88% of juvenile 
offspring to both parents. The distributions for our RS estimates among all years were highly 
skewed, with the majority (53%) of parents producing zero offspring and others producing up to 
107 offspring.  Our analysis identified a small negative relationship (p<0.001) between 
Outplant/Transport Date and RS for males. On average males were 1.93 times more fit than 
females (p<0.001).  We also investigated HOR/NOR differences with RS estimates in 2010-2011 
and found that the interaction between Sex and Origin was significant (p<0.001). An interaction 
plot suggested that mean RS of NOR males was higher than HOR males, but little difference was 
observed between HOR and NOR females. 
 
Among the adult Chinook that returned to the trap and haul facility in 2013, 68% (151/223) 
assigned to at least one parent outplanted/transported in a previous year. As in 2012, Chinook 
returning to Cougar Dam were bimodally distributed before and after September 1st. The 
majority of Chinook (87%) returning before September 1st were produced above Cougar Dam. 
However, the majority (80%) of Chinook returning after that date were not, as found in previous 
years. To limit the number of NOR Chinook produced below the dam from being transported 







above Cougar Dam in 2013, all Chinook returning after September 1st were double floy-tagged 
(DFT) and released back in the mainstem McKenzie River. If a DFT Chinook returned to the 
trap and haul facility a second time it was transported above the dam. A total of 64 Chinook were 
DFT and 15 were passed above Cougar Dam after returning to the trap a second time. Among the 
64 Chinook that were DFT, 13 were produced by parents above Cougar Dam and 8 of these were 
transported above the dam. 
  
Using adult-adult pedigrees we estimated female cohort replacement rate (CRR) and effective 
population size (Ne) for 2007 and 2008 outplants.  CRR for 2007 and 2008 were both below one 
(0.41 and 0.31, respectively). Ne remained nearly unchanged between 2007 and 2008 (185.0 and 
184.3, respectively). We also found mean TLF decreased by 0.6% per Outplant Date, and mean 
TLF for male Chinook outplanted in 2008 was 49% that of males in 2007.  
 
Our results indicate that the DFT method implemented in 2013 was successful at limiting the 
number of NOR Chinook produced below the dam from being transported above Cougar Dam. 
Ne estimates from adult returns suggest the likelihood of extinction due to inbreeding depression 
is low. However, adult Chinook outplanted above Cougar Dam are not meeting demographic 
replacement. We identified a similar negative relationship with Outplant/Transport Date for both 
RS and TLF. We found no significant relationship between Outplant/Transport Location and RS 
or TLF.  Finally, we found RS differences between NOR/HOR males. One unresolved issue is 
the missing parents among the adult-juvenile pedigrees. Continuation of this genetic monitoring 
program will enable the use of newly developed genetic parentage methods to identify missing 
parents using knowledge of grandparent genotypes. Identification of missing parents within the 
adult-juvenile pedigrees could aid in more accurate estimates of fitness, CRR, and Ne. 
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Water temperatures in the Middle Fork Willamette River amidst the current configuration of 
Hills Creek, Lookout Point, and Dexter Dams are generally unseasonably cool in the summer 
and warm in the autumn. This delay (shift) in water temperature from the natural seasonal 
temperature pattern has contributed to reduced return rates and poor spawning conditions for 
threatened and endangered salmon species in the Willamette River basin. To help mitigate this 
problem, the U.S. Army Corps of Engineers Portland District has asked the U.S. Geological 
Survey to use CE-QUAL-W2 temperature models of the Middle Fork Willamette River (from 
Hills Creek Lake downstream to the outflow from Dexter Dam) to examine ways in which dam 
operations or structural modifications could lead to a more natural temperature regime in the 
river and improve habitat—especially during the autumn spawning run for spring Chinook 
salmon. Thus far, many combinations of alternate dam operations and modified structures at 
Hills Creek and Lookout Point Dams have been simulated with the temperature models. Results 
indicate that the temperature regime of the system is limited primarily by hydropower demands 
and the limited vertical range between existing outflow structures at both Hills Creek and 
Lookout Point Dams. To achieve substantial temperature modifications without loss of 
hydropower, structural outlet changes at the dams may be necessary. Simulations in which a 
hypothetical variable-depth outlet is routed to generate hydropower at Lookout Point Dam 
resulted in a reduction of peak temperatures downstream of Dexter Dam in October-November 
by about 2.5 degrees Celsius compared with the existing Lookout Point Dam structure. A 
hypothetical variable-depth outlet installed at Hills Creek Dam led to a cooling effect in October-
November of about 5 degrees Celsius immediately downstream of Hills Creek Dam, but a 
cooling of only 1 degree Celsius further downstream at Dexter Dam in late November.  
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The U. S. Army Corps of Engineers (USACE) completed construction of Fall Creek Dam in the 
fall of 1965. Water impoundment began in January 1966, after the Oregon Game Commission 
chemically treated the reservoir area and tributaries to eradicate rough fish.  Fall Creek Dam 
included upstream and downstream fish passage facilities.  An evaluation of the fish passage 
facilities conducted by the Fish Commission of Oregon (1966-70) determined the emigrant 
passage facilities were ineffective, but noted large numbers of juvenile salmonids migrated from 
the reservoir using the regulating outlet (Smith and Korn 1970).  From 1968-77 the reservoir 
elevation was lowered to streambed to facilitate fish passage and survival.  This resulted in 
annual returns of spring Chinook from 1,000 - 4,500 fish.  Following the change to current 
operations, annual returns ranged from 90-500 fish with an average of around 200.  Changes in 
reservoir evacuation schedule beginning in 1977 are implicated with the smolt mortality and 
adult return problems observed at Fall Creek since 1980 (Downey 1992).  Downey (1992) 
showed a 30% improvement in survival for juvenile outmigrants under low flow and low head 
conditions.  In 2007, the USACE lowered Fall Creek Reservoir from elevation 728 ft. (minimum 
conservation pool) to elevation 714 ft. to complete required maintenance on the intake structure.  
This operation was repeated in 2008-09.  In 2010, the reservoir was lowered to 690 ft. to improve 
passage survival for outmigrating fish.  In 2011-13, the USACE lowered Fall Creek Reservoir to 
elevation 680 ft. which resulted in a complete drawdown to streambedLowering Fall Creek 
reservoir to 714 ft. has resulted in returns of 332- 540 Chinook.  This presentation summarizes 
data collected during the 2013 reservoir drawdown on fish passage timing, efficiency, survival, 
and species composition.   
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Background 


The U.S. Army Corps of Engineers (Corps or USACE), Portland District sponsored an 
investigation beginning in May 2013 at Fall Creek Dam fish horns.  There are three tiers of horns 
located at elevations 800, 765, and 720 MSL. In addition, each tier contains one small, medium, 
and large independently operated horn that is connected to conduits of respective sizes (18”, 24” 
and 30”). The present study was to determine fish entrainment rates into the fish horns and 
provide a comparison to entrainment rates through the regulating outlet (RO).  In addition, the 
study was to determine the post passage condition of fish passed through the fish horns.  The 
initial objective of the study was to determine the sampling efficiency and integrity of the horns 
by directly introducing fish into the three upper tier fish horns (elevation 800 MSL) using a hose 
induction system.  The second objective of the study was to provide an estimate of the 
entrainment rate through the fish horns of passive integrated transponder (PIT) tagged juvenile 
salmon released at the head of the reservoir, and also the run of river fish naturally produced 
above the dam.  Before the fish horns could be sampled, a new fish horn evaluator had to be 
designed and installed. 


Methods 


The fish for the fish horn efficiency test were obtained from the Willamette and Foster Fish 
Hatcheries.  Recapture rates were calculated based on the number of alive and dead fish 
physically retrieved compared to the total number of fish released in the analytical sample.  This 
recapture rate was used to assign the collection efficiencies of the fish collector. 


Results 


A total of 150 fish, average fork length of 72 mm, were passed through each of the three horns 
on the upper tier (800’ MSL).  Total discharge through the upper set of horns was 213 cfs, Fall 
Creek Reservoir was near elevation 825 ft, and water temperature was 54-55 °F.  The overall 
collection efficiency was 91.1%.  The failure to capture all the released fish was due primarily to 
fish escaping through deteriorated gaskets along the outer edges of the original dewatering 
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screens.  The 1 and 48 h survival estimates for the fish introduced into fish horns were 94.4 and 
89.3%.   


Although close to 90% of the fish survived passage through the fish horns, 46.7% sustained 
injuries.  The dominant injury observed was hemorrhaged eyes. 


The Fall Creek Adult Fish Collection Facility operated from 15 March–15 October, 2013.  The 
new Fall Creek Fish Horn Evaluator sampled flow from the fish horns that supply the fish 
collection facility from 21 May-15 October, 2013.  The evaluator sampled 148 of the 214 days 
the fish horns were in service.  Juvenile Chinook captured during the sampling period included: 
162 wild fish, 9 PIT tagged hatchery fish (0.2% or 9/3,992), 1 surrogate PIT tagged hatchery fish 
(0.1% or 1/800), and 2 juvenile Chinook of unknown origin.  Both groups of PIT tagged fish 
were released on 29 May 2013 at the head of the reservoir.  Wild juvenile Chinook migrated 
through the fish horns in every month of the sampling period (May – October). Peak migration 
(83%) occurred in the last nine days of May and the month of June.  Hatchery fish peaked in July 
and the lone surrogate migrated out in September.  The remainder of the fish migrated out at 
nearly equal percentages in July – October.  The peak of migration (average 2.6 fish/day) for 
wild Chinook occurred when the reservoir was near maximum conservation pool (830’) and 
during upper fish horn tier operation.  The fish horns passed 0.2 wild fish per day after June.  
Hatchery fish utilized the upper and/or middle tier of horns at approximately 0.1 fish per day and 
0.01 when only the middle tier horns were open.  Length of wild Chinook ranged from 103 - 135 
mm in May during the peak of outmigration and 189- 222 mm in September and October.  
Seventy of the 162 (43.9%) wild Chinook survived initial passage through the fish horns and 
11.1% survived at 48 hour.  Hatchery Chinook survival was also 11.1% for initial and 48 hour.  
The primary injuries observed included: frayed/ split fins, descaling, snout and operculum 
damage, and hemorrhaged eyes.  


The entrainment rate of the fish horns was adjusted by the number of PIT-tagged and wild fish 
that passed when the Fall Creek Reservoir was drained (24 September-8 December) via the 
RO’s.  A screw trap was set downstream of the RO discharge (USACE).  Based on hatchery fish 
introduced at the entrance to the RO’s the screw trap collection efficiency was 3.67%. 


Based on the overall collection efficiencies of 91.1% for the fish horns and a collection 
efficiency of 3.67% in the screw trap for RO passed fish, the fish horn entrainment rate for the 
hatchery PIT tagged fish was 0.74% (95% CI= 0.29-1.20%).  The entrainment rate for the 
hatchery PIT tagged  surrogates was 0.37% (95% CI= 0.0-1.1%) and entrainment rate for wild 
fish was 1.76% (95% CI= 1.51-2.01%). Highest entrainment for hatchery fish (0.49%) ocurred in 
July and in June for wild fish (1.14%).  These entrainment rates do not include potential 
entrainment in March through mid May which may be higher. 


Present study results were similar to earlier (1966-1969) extensive evaluations by Smith and 
Korn on collection efficiency of the fish horns which indicated that it was ineffective in 
capturing juvenile salmon downstream migrants and there were high injury and mortality rates.  
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It has been demonstrated that modifying the drawdown of Fall Creek reservoir past conservation 
pool improves downstream fish passage efficiency and survival for Chinook salmon passing Fall 
Creek Dam. Little is known, however, about the effects of associated changes in determining 
subsequent environmental in-reservoir conditions. These conditions are especially important as 
many of these fish are rearing in the reservoir for an extended period of time. Questions 
regarding the potential for flushing bound nutrients with this sediment load and the ability of the 
reservoir to retain suspended nutrients, plankton, and fish, remain open.  
 
To understand how changes resulting from deep drawdowns might affect key in-reservoir 
conditions, including the drawdown to streambed in Fall Creek Reservoir, we are collecting 
information on nutrients, phytoplankton, zooplankton, and fish. Our goal is to evaluate nutrients 
and food web dynamics and identify potential changes resulting from deep drawdowns in 
reservoirs. Here, we will be presenting preliminary results on summer in-reservoir conditions at 
Fall Creek reservoir from our 2013 pilot sampling effort.  
 
In 2013, Fall Creek appeared to be comparable to Hills Creek and Blue River reservoirs in terms 
of temperature stratification, chl a concentrations, and zooplankton community composition. 
However, Fall Creek experienced more severe oxygen depletion at depth and a reduced light 
transmission late in the summer. We hypothesize that zooplankton may be the source of these 
differences. Differences in environmental in-reservoir conditions may play important roles in 
Chinook growth (e.g. the composition and density of food resources) and survival (i.e. light is 
important for visual predators).  
 
Other studies would suggest zooplankton serve as the primary forage for YOY Chinook. Future 
sampling will include Lookout Point for a before and after deep drawdown comparison.  This 
will provide insights to observed in-reservoir conditions and shifts resulting from the Fall Creek 
deep drawdown. 
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The U.S. Geological Survey monitored suspended sediment, bedload and dissolved oxygen 


during the 2012-2013 drawdown at Fall Creek Lake.  Suspended sediment loads were calculated 


at six sites using site-specific suspended sediment concentration (SSC)-turbidity and SSC-


streamflow regression models to compute continuous SSC data, which were then used to 


calculate instantaneous suspended sediment loads using streamflow.  Using these models, a net 


transport of approximately 50,400 tons of sediment from the lake during the 6-day drawdown 


operation was calculated, based on computed daily values of suspended sediment load below Fall 


Creek Dam and the two main tributaries to Fall Creek Lake.  A suspended sediment budget 


calculated for 72 days of the project period indicates that there was approximately 17,000 tons of 


sediment storage within the reaches of Fall Creek and the Middle Fork Willamette River between 


Fall Creek Dam and the streamgage on the Middle Fork Willamette River at Jasper, Oregon, as a 


result of drawdown operations.  Bedload samples collected at the site below Fall Creek Dam 


during the drawdown were primarily composed of medium to fine sands and accounted for an 


average of 11 percent of the total instantaneous sediment load (also termed sediment discharge) 


during sample collection.  Monitoring of dissolved oxygen at the site below Fall Creek Dam 


showed an initial decrease in dissolved oxygen concurrent with the sediment release, followed by 


a return to baseline dissolved oxygen values after the end of the drawdown.  Dissolved oxygen 


monitoring on the Middle Fork Willamette at Jasper during the drawdown did not result in any 


significant decrease concurrent with the sediment release. 
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Since 2011 the U. S. Army Corps of Engineers (Corps) has implemented an annual 
complete reservoir drawdown of Fall Creek Reservoir on the Middle Fork Willamette 
River in response to requirements in the National Marine Fisheries 2008 Biological 
Opinion for the continued operations of the Willamette project (BiOp).  The objectives of 
the reservoir drawdown are to improve passage efficiency and survival of juvenile 
Chinook salmon migrating out of Fall Creek Reservoir and to reduce the abundance of 
nonnative fish populations inhabiting the Fall Creek Reservoir.  However, the effect of 
the drawdowns on downstream habitats and fish populations is unclear. During the 
drawdowns, the lake elevation is lowered from the minimum conservation pool elevation 
of 728 feet to approximately 680 feet, allowing inflowing water to pass freely through the 
regulating outlet.  As a result, a massive volume of silt, sand, and debris is scoured from 
the reservoir bed and flushed, causing sediment deposition to occur in off-channel 
habitats located downstream of the dam.  To determine whether the drawdowns had a 
negative effect on fish and habitats downstream of the dam, the Oregon Department of 
Fish and Wildlife (ODFW) began monitoring four slough habitats on Fall Creek 
downstream of the reservoir in 2012. In 2012, we mapped the bathymetry, installed water 
depth and temperature data loggers, and completed surveys to determine the fish 
assemblage at each of these four sites.  We monitored sedimentation during the 
drawdown of Fall Creek reservoir in the winter of 2012, and remapped the bathymetry of 
each slough and surveyed the fish assemblage in 2013.  We will discuss our analysis of 
data the collected in 2012 and 2013, and how these results relate to management of Fall 
Creek reservoir and applicability to other Willamette Project reservoirs.   
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The Willamette River was historically one of the most significant sources of Pacific lamprey 
(Entosphenus tridentatus) production in the Columbia River Basin. Over the past several 
decades, Pacific lamprey as a population has declined in the Willamette River Basin. This 
decline is concerning to the Confederated Tribes of Grand Ronde which have a cultural 
significance to Pacific lamprey.  


To better understand the decline, the Confederated Tribes of Grand Ronde have taken an active 
role in research of the species. The Tribes, in collaboration with other partners, conducted a five-
year radio telemetry study focusing on the upstream migration behavior, distribution, and habitat 
use of adult Pacific lamprey in the Willamette River Basin.  


The data generated information on tributary selection and led the Tribes’ research to shift 
towards translocating adult lamprey to potentially higher quality spawning habitat locations 
which have limited or no access. In 2013, the Tribes translocated 240 adult Pacific lamprey from 
Willamette Falls to above Fall Creek Dam. Fall Creek was chosen as a case study for 
translocation because:    


• Fall Creek Dam is in close proximity to the main-stem Willamette River where adult 
Pacific lamprey passage is not impeded  


• Aerial tracking of radio tagged lamprey detected individuals in relative close proximity to 
Dexter Dam, Fall Creek Dam, and Foster Dam (Clemens et al. 2012) 


• Pacific lamprey can ascend fairly high gradients and have been observed in high gradient 
tributaries, successfully locating suitable spawning habitats 


• Streams known to sustain lamprey spawning have common habitat attributes observed 
above Fall Creek Dam  


• The dam draws down to run of the river which greatly facilitates juvenile outmigration; 
the facility has a catch and transport capability 


This was the first year of a multi-year project primarily focused on determining if the presence of 
ammocoete pheromones will trigger adults to approach and attempt passage of the dam facility. 
This project may also help determine if increased access to higher quality spawning and rearing 
habitat will improve lamprey production. 
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The Middle Fork Willamette River drainage (MFWR) contains one of four local spawning 
populations of bull trout in the upper Willamette Basin.  By the 1990s, this population was 
considered “probably extinct,” and a reintroduction program was started in 1997.  Initially, fry 
were directly transferred to the MFWR.  To potentially increase their survival, transferred 
juveniles were reared at Leaburg Hatchery prior to release beginning in 2007.  Release dates 
have varied from August of their first year to the following spring.   
 
In spring 2013, we began a study using radio telemetry to evaluate survival, movements, and 
habitat use of transferred bull trout.  We implanted radio tags having expected battery life of 330 
d (Lotek NTC-6-1) into 30 captive-reared age-1 bull trout on 4 June 2013.  All except one of 
these appeared to be in good condition after two weeks.  We released 29 radio-tagged fish into 
three reaches of Swift Creek on 17 June 2013.  We established fixed telemetry stations at the 
mouth of Swift Cr and just upstream of the head of Hills Creek Reservoir, and we conducted 
weekly walking surveys to pinpoint the location of each tag, determine if the tag is still inside a 
live fish, and assess habitat characteristics at fish locations. 
 
Through December 2013, we found 38% survival among fish in the initial release group and 
60% survival among the 10 subsequently released fish.  Evidence points to mammalian and 
avian predation as sources of mortality, although other factors may be responsible as well.  
Mortalities occurred at a steady rate over this period rather than in distinct episodes.  We found a 
higher number of mortalities in Swift Creek than in the main stem MFWR.  Weekly locations 
indicated a variety of movements both up- and downstream from release locations but no notable 
directional movement pattern (i.e., migration or displacement).  Only one fish moved 
downstream into the main stem before late August, at which time the frequency of long distance 
movements increased.  Most fish that entered the main stem remained in the upper river, and no 
fish moved into the reservoir until December.  Results indicate lower than expected survival of 
transferred captively reared age-1 bull trout over the first six months.  Remaining tags should 
continue to allow location of live fish at least into May 2014.  We anticipate that results of this 
study will provide further insight into sources of mortality in the basin and inform the 
reintroduction effort. 
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In 2013 we monitored operations at the newly reconstructed Minto Fish Collection Facility on 
the North Santiam River.  Our objective was to aid in development and refinement of collection 
and handling protocols in support of fish culture and conservation/recovery efforts in the 
subbasin. We describe the facility, its operation, and compare the outcome of operation in 2013 
to those outcomes in previous years, especially comparing metrics for collection timing, 
efficiency, and survivorship of fish collected 


For spring Chinook salmon, collection timing was significantly earlier than in previous years. 
Peak collection in 2013 was in July, compared to peak collections in August and September in 
2007 – 2010. Collection efficiency, the percent of fish available for entrainment that were 
collected at the facility, was equal to or higher than estimates of collection efficiencies in 2002 – 
2010. Survivorship of fish collected at the facility, measured among broodstock held on site and 
in fish released above Detroit Dam as part of the reintroduction effort, was also equal to or 
higher than survivorship in earlier years for which data were available. 
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As the Portland District Corps of Engineers evaluates designs for potential temperature control 
structures at Detroit Dam, the U.S. Geological Survey (USGS) has been using temperature 
models to simulate the potential downstream effects of these designs. Scenarios incorporating 
varying hydrologic conditions, dam operations, and weather conditions were used to examine the 
probable range in temperatures near Detroit and Big Cliff Dams as well as downstream near the 
confluence of the North and South Santiam Rivers. At Detroit and Big Cliff Lakes, 2-
dimensional CE-QUAL-W2 models were used to simulate flow and temperature. Downstream of 
Big Cliff Dam, the USGS recently developed and calibrated a HEC-RAS temperature model of 
the North Santiam River. A newly constructed temperature blending algorithm has added 
functionality and new features to CE-QUAL-W2 version 3.7 that allows a wide range of options 
in exploring hypothetical selective withdrawal structures for any waterbody. Results show that a 
new temperature control structure at Detroit Dam could result in additional flexibility to produce 
more natural seasonal temperatures in summer and autumn downstream of the dams. Compared 
with the existing structures at Detroit Dam, a potential temperature control structure could lead 
to a cooling of as much as 2 degrees Celsius in September-November and a warming of up to 4 
degrees Celsius in July-August. This should result in less confusing conditions for native 
anadromous fish during the critical spawning season. These temperature effects are apparent in 
simulations of the North Santiam River and persist about 43 river miles downstream of Big Cliff 
Dam. 
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Detroit Dam and reservoir was created on the North Santiam River near Salem, Oregon in 1953 
by the U.S. Army Corps of Engineers as part of the Willamette Project.  The primary purpose of 
the Project is flood control, but it is also operated to provide hydroelectricity, irrigation water, 
navigation, instream flows for wildlife, and recreation.  In 2008 the Project was determined to 
cause jeopardy to the sustainability of anadromous fish stocks in the Willamette River Basin and 
a suite of studies to improve conditions for salmonids began shortly thereafter.  Due to its high-
head design for flood control, Detroit Dam restricts downstream passage of juvenile salmonids 
and often results in unseasonably cool or warm water temperatures downstream.  Solutions to 
these issues are being considered jointly.   
 
The configuration and operation of Detroit Dam affect the rates and routes of juvenile salmonid 
passage.  Detroit Dam is a power-peaking facility with variations in discharge re-regulated at Big 
Cliff Dam a short distance downstream.  As such, during the day the powerhouse is usually on 
and the spillway and regulating outlet routes are used as needed.  At night the powerhouse is 
often off and one of the other routes are typically, but not always, used.  The regulating outlets 
are rarely used when the reservoir elevation is suitable for spillway use during the spring and 
summer. 
 
We studied juvenile salmonid migration behaviors and dam passage at Detroit Dam and 
Reservoir in 2012 and 2013 to inform decisions about the efficacy of downstream passage 
alternatives.  Data from juvenile spring Chinook salmon and summer-run steelhead implanted 
with acoustic transmitters (tag life about 75 days) released during the spring and fall were used to 
estimate migration behaviors, dam passage routes and proportions,  the spatial locations of fish 
near the dam, and the effects of various biological and physical factors on the rates of dam 
passage.  The analyses are divided into spring/summer and fall/winter periods based on the fish 
release periods and tag life. 
 
The results from the 2013 study were similar to those from the 2012 study.  During the 
spring/summer the proportion of tagged fish migrating from the release points in the tributaries 
to the reservoir was greater for juvenile Chinook salmon (0.799 standard error [SE] 0.020) than 
juvenile steelhead (0.663 SE 0.046), but once in the reservoir most fish of each species migrated 
to the forebay.  We estimated that during the spring/summer the dam passage proportions of fish 
detected in the forebay were 0.712 SE 0.027 for juvenile Chinook salmon and 0.678 SE 0.061 for 
juvenile steelhead released in the tributaries.  Dam passage of a subset of juvenile steelhead 
released directly into the reservoir was lower (0.328 SE 0.062).  During the fall/winter the 
proportion of juvenile Chinook salmon migrating to the reservoir and forebay were similar to the 
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spring/summer, but their dam passage was 68% lower.  This was likely due to the spillway 
closure as the reservoir was drawn down for flood control.  During the fall/winter few juvenile 
steelhead migrated from the tributaries to the reservoir, and none had passed the dam as of 
December 15, 2013; data collection will continue until about April. 
 
As in 2012, the dam passage proportions of fish released in 2013 were greatest when the 
reservoir elevation was above the spillway ogee and the spillway was operating, lowest when the 
reservoir elevation was lower than the spillway ogee but well above the winter pool elevation 
and intermediate when the pool elevation was near the winter minimum. 
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The Willamette Project (Project) is located in western Oregon and includes a series of dams, 
revetments, and hatcheries.  The primary purpose of the Project is flood control, but it is also 
operated to provide hydroelectricity, irrigation water, navigation, instream flows for wildlife, and 
recreation.  The Project was determined to cause jeopardy to the continued existence of two 
anadromous fish species listed as threatened under the federal Endangered Species Act and also 
to have caused adverse modification of designated critical habitat for these species.  Many 
studies are underway to aid in developing strategies to improve passage and survival of juvenile 
salmonids at many of the Project’s dams, but little information is available about the migration 
behavior and survival of these fish once they pass the dam and enter the Willamette River to 
continue their seaward migration.  Gathering information about this portion of their migration 
would link the downstream portion of the seaward migration to the in-reservoir and dam-passage 
data already being collected using acoustic-tagged fish and improve the understanding of in-river 
migration and survival.  However, the shallow and fast environment in the Willamette River and 
its tributaries can hamper the detection capabilities of acoustic telemetry systems, so the use of 
acoustic telemetry to monitor fish in the Willamette River requires careful system design and 
implementation. 


The methods we developed allowed us to deploy Juvenile Salmon Acoustic Telemetry System 
monitoring equipment in the fast-water environment of the Willamette River to reliably monitor 
the migration and survival of tagged fish as they traveled from Detroit Dam to Portland, Oregon.  
Monitoring sites were installed on or near bridges that crossed the Willamette River at Salem, 
Wilsonville, and Portland.   Detection probabilities were above 0.900 (standard error [SE] 0.055) 
for all three sites regardless of season (spring or fall) and species (Chinook salmon or steelhead).   
Detection probabilities were lowest at Portland (0.900 SE 0.055) and were consistently higher at 
Salem and Wilsonville (0.998 SE 0.007 to 1.00).   Median travel time from passage at Detroit 
Dam to Portland was shortest in the fall for Chinook salmon (5.62 days) and longest in the spring 
for steelhead (8.68 days). The methods we developed for using acoustic telemetry in shallow and 
fast-moving waters worked extremely well and can be used to link the migration pathways from 
reservoirs to moderate-to-large rivers. 
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The goal of this study is to provide baseline data on juvenile salmonid passage at Foster Dam 
(FOS) to support decisions on long-term measures and operations to improve passage conditions.  
Study objectives for juvenile-sized fish targets are to estimate seasonal and diel passages rates, 
route distribution and effectiveness, vertical distribution in the forebay near the dam face, and 
passage rates for the spillway fish weir at two reservoir elevations; 616 ft (spring, fall, and winter 
months) and 635 ft (summer months).  Similar metrics will be estimated for adult-sized fish 
targets (steelhead kelts) in spring of 2013 and 2014.  Three main passage areas at FOS are being 
monitored (April 2013 through May 2014) with hydroacoustic transducers: 1) two penstock 
intakes; 2) two spill bays; and 3) the fish weir in Spill Bay 4.  Data at these locations are 
collected 24 hr/d, 7d/wk.   Data collection, reduction, and analysis are ongoing; however 
preliminary fish passage data have been analyzed for April 1, 2013 – December 31, 2013.   


Seasonal blocks were used to categorize fish passage: spring (April-May); summer (June-
September); fall/winter (October-December).  Operation of the fish weir included 20 consecutive 
days at the 616 ft pool elevation in spring (April 11-30, 2013).  To determine if operating the fish 
weir during summer months when the reservoir is full (635 ft) decreases turbine passage rates, a 
weir passage test with a treatment block design was conducted for the summer passage season 
(June 1 - September 26, 2013).  Four-day treatment blocks consisted of two days of turbine only 
operation followed by two days of turbine + weir operation.  After fall drawdown, the weir was 
operated for fish passage at the low pool elevation (616 ft) and operated almost continuously 
from October 18 – December 31, 2013.  


For juvenile-sized fish targets, total project passage peaked in April, October, and November.  
For all seasons, passage at the turbine units was higher than at the fish weir or spill bays, except 
in summer.  During the summer fish-weir test, passage of juvenile-sized targets over the weir 
was higher than through the turbines when both the turbine units and weir were operated 
simultaneously. Diel passage for juvenile-sized targets revealed an upward trend to pass FOS 
during late evening and early morning hours. Passage decreased during daylight hours. For adult-
sized fish targets (monitored from April – May 2013), run timing peaked during the month of 
April (616 ft pool el.) with staggered passage noted until the conclusion of the monitoring period 
in late May.  A small passage peak of adult-sized fish targets was noted at the fish weir during 
late May when the pool was at the 635ft el. 
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Upper Willamette River spring Chinook salmon (Oncorhynchus tshawytscha) are listed as 
threatened under the U.S. Endangered Species Act. On the South Santiam River, a tributary of 
the Willamette River, recovery of spring Chinook salmon is limited by the effects of Foster Dam, 
which blocks access to ~85% of historical spawning grounds in this system. To re-establish a 
natural spawning population, beginning in 1996, the Oregon Department of Fish and Wildlife 
began “outplanting” hatchery origin (HOR) spring Chinook salmon above the dam. More 
recently, unmarked natural origin (NOR) salmon returning to the South Santiam River have been 
trapped at Foster Dam and “transported” above the dam. To evaluate the efficacy of these 
programs, we are assessing the fitness of HOR “outplants” and NOR “transports” using genetic 
parentage analysis.  
 
Since 2007, tissue samples have been collected from HOR outplants and NOR transports above 
Foster Dam. In 2007, all salmon placed above the dam were of HOR, whereas in 2008, salmon 
placed above the dam comprised a mix of HOR and NOR fish. All salmon placed above the dam 
from 2009 and onward were of NOR. Sixty-four percent of outplants were tissue-sampled in 
2007, whereas in later years, 100% of outplants/transports were sampled. Our parentage analysis 
focused on determining the number of salmon transported above the dam in 2010 and 2012, and 
the number of below dam adults returning to the South Santiam River during 2011-2012, that 
assigned as progeny of salmon outplanted/transported above the dam during 2007-2009. 
Parentage analysis for the 2011 transport population is ongoing.  
 
Seven percent (48/700) of 2010 transports were the progeny of salmon outplanted during 2007 
and 73% (733/1010) of 2012 salmon transports were the progeny of salmon placed above the 
dam during 2007-2009. Furthermore, 10% (11/113) of salmon carcasses sampled from below 
Foster Dam were identified as the progeny of salmon placed above the dam during 2007-2009. 
Females placed above the dam during 2008 experienced approximately twice the mean fitness of 
males (females: 2.07±3.90 offspring; males: 1.03±2.66 offspring), regardless of whether they 
were of HOR or NOR. Moreover, later outplant/transport dates were associated with higher 
fitness, a result potentially driven by more favorable spawning conditions for later 
outplants/transports or lower apparent pre-spawn mortality for fish outplanted/transported late in 
the season.  
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Future work is planned to investigate the parentage of 2013 Chinook salmon transports and from 
below the dam, all of which will facilitate estimates of total lifetime fitness, i.e. fitness estimated 
based on the contribution of all major adult offspring age classes (3, 4, and 5-year olds), for the 
2008 outplant/transport population. These estimates will be used to examine temporal 
fluctuations in demography, through effects on cohort replacement rate and effective population 
size. 
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 Wild winter steelhead populations have declined in the upper Willamette River Basin and are 
listed as “threatened” under the Endangered Species Act.  The U.S. Army Corps of Engineers 
funded the Pacific Northwest National Laboratory (PNNL) to begin to determine whether 
releases of non-native juvenile hatchery summer steelhead into the South Santiam River (a 
tributary to the upper Willamette River) have the potential to negatively affect the wild winter 
steelhead population there. 


The purpose of this study was to determine the extent to which juvenile hatchery summer 
steelhead Oncorhynchus mykiss and wild winter steelhead overlap in space and time and to 
evaluate the effect of various hatchery release practices (direct and volitional releases) on the 
potential of juvenile hatchery summer steelhead to negatively affect naturally-produced O. 
mykiss.  Because it is not possible to visually discern juvenile winter steelhead from resident 
rainbow trout, we treated all unclipped juvenile O. mykiss as one group that represented juvenile 
wild winter steelhead. 


The objectives were to 1) determine the spatial and temporal distribution of juvenile hatchery 
summer steelhead, which were released as smolts, 2) determine whether specific hatchery release 
practices (direct vs. volitional release) affected the spatial and temporal distribution of juvenile 
hatchery summer steelhead, and 3) characterize the behavioral interactions between juvenile 
hatchery-origin summer steelhead and naturally-produced O. mykiss. 


A combination of radio telemetry and direct observations (i.e., snorkeling) were used to 
determine the potential for negative interactions between hatchery summer and wild winter 
steelhead juveniles in the South Santiam River.  Both radio telemetry and direct observations 
were used to determine the spatial and temporal distribution of hatchery summer steelhead in 
areas containing naturally-produced O. mykiss.   


Data collected with two independent methods in 2013 in the South Santiam River watershed 
indicated that a substantial portion of the hatchery summer steelhead released as smolts did not 
rapidly emigrate from the South Santiam River.  Based on radio telemetry, we found that the 
majority of the tagged fish were last detected in the Santiam River Basin and less than one-third 
of the tagged fish were last detected in the Willamette River downstream of Willamette Falls.  
Further, snorkeling revealed that residual hatchery steelhead (those present >30 days after 
release) were present in all locations visited through the final snorkel survey on July 19, 2013.  
Therefore, based on the first year of field data, it appeared that there was the potential for 
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residual juvenile hatchery summer steelhead and naturally-produced O. mykiss to overlap in 
space and time in the South Santiam River.  Confirming this overlap is the first stage of 
evaluating the potential for negative ecological interactions to take place in this area. 
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Viable salmonid population (VSP) models provide a framework for investigating how specific 
actions have population level impacts. Stage-specific life cycle models provide outputs that are 
rolled up into VSP scores to rank alternative actions. We have been collaborating with several 
agencies to develop life cycle models in support of the Biological Opinions for the Willamette 
Basin Dams. Specifically, we have developed these life cycle models to evaluate a range of 
operational and structural actions at the dams to improve survival, productivity, and diversity of 
spring Chinook salmon in the McKenzie, North and South Santiam, and Middle Fork rivers. We 
will discuss components of these life cycle models, and using model output, highlight the 
potential impact of different actions to various Willamette Basin populations. In addition, 
sensitivity analyses can highlight which model inputs are most influential, and we demonstrate 
this approach for the McKenzie River Chinook population model. 
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