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Introduction 

The introduction or re-introduction of an aquatic predator can influence potential prey 

populations through both direct and indirect effects that reverberate through the host community 

(Stein 1979, Miller et al. 1988, He and Kitchell 1990, Vigliano et al. 2009).  Predation will 

directly reduce prey abundance, but may only become important if the predation rate measurably 

increases the mortality rate of prey above some acceptable level. The magnitude of direct 

predation effects are influenced by the degree of spatial-temporal overlap of predators and prey, 

size-structured predator-prey interactions, diet composition and consumption rates of predators, 

and the abundance of predators and prey (Sih et al. 2010).  Indirect effects of predators can also 

be important influences on the growth and survival of prey species (Peckarsky et al. 2008, 

Schmitz et al. 2008).  Predators might also differentially feed on a particular species, thus 

benefitting other species by competitive release or predation buffering.  Predation risk can alter 

behavior, habitat use, foraging success, time budgets (i.e., foraging versus refuging), or 

temporal-spatial distribution and movement patterns of potential prey (He and Kitchell 1990, 

Okuyama 2009).  These anti-predator behaviors can result in reduced growth rates during 

vulnerable life stages.  Size-selective mortality can be a strong force regulating juvenile salmonid 

populations during freshwater (Biro et al. 2003a,b, 2005) and early marine life stages (Parker 

1971; Ward et al. 1989; Henderson and Cass 1991; Sogard 1997; Beamish et al. 2004; Moss et 

al. 2005; Cross et al. 2009; Duffy 2009; Ruggerone et al. 2009).  Therefore, factors that reduce 

growth during juvenile life stages can ultimately lead to significantly lower survival in 

subsequent life stages, particularly for anadromous fishes (Beauchamp et al. 2007; Duffy 2009). 

Bull trout (Salvelinus confluentus) were listed as threatened in 1998 under the 

Endangered Species Act (ESA) and are native to coldwater habitats in western North America 

ranging from northern Nevada to the southern Northwest territories, and from the Pacific Coast 

to the Rocky Mountains (Cavender 1978, Haas and McPhail 1991, Reist et al. 2002).  They were 

extirpated from the Clackamas River basin in northwestern Oregon approximately fifty years ago 

with the last verified observation in 1963 (Goetz 1989).  In compliance with the ESA, the United 

States Fish and Wildlife Service (USFWS) proposed to reintroduce bull trout into the Upper 

Clackamas River above North Fork Reservoir as a nonessential experimental population.  The 

Upper Clackamas River is an important producer of Lower Columbia River anadromous fishes, 



containing populations of ESA-listed Lower Columbia River spring Chinook salmon, Lower 

Columbia River coho salmon, Lower Columbia River steelhead, and non-listed coastal cutthroat 

trout, all of which exhibit primarily stream-type life history patterns prior to seaward migration.   

The productivity of freshwater habitats is an important component of the Pacific salmon 

Onchorhynchus spp. life cycle.  Habitat complexity is often cited as beneficial to juvenile 

stream-type Pacific salmon, because it can buffer the river system from extreme environmental 

events such as flooding and mass wasting (Bell et al. 2001).  Temporal and spatial use of rearing 

and foraging habitats by juvenile salmonids can reflect the complexity of the habitat available, 

with individuals using a variety of habitats or regions of a river system on a seasonal or 

ontogenetic basis (Quinn and Peterson 1996).  In-stream trapping conducted by the Clackamas 

River Fisheries Working Group (CRFWG) (CRFWG 1995-2006) consistently reported 

migrations by juvenile salmonids within and emigration from the Upper Clackamas River 

throughout the year, indicating complex use patterns throughout the river system.  Annual 

monitoring by the CRFWG also indicated that freshwater productivity for juvenile Pacific 

Salmon has declined, but mechanisms driving this decline have not been identified. 

Feasibility assessments and risk management evaluations of the proposed reintroduction 

of bull trout concluded that the establishment of a bull trout population in the Clackamas River 

was likely and would have minimal to negligible negative impacts on native fish populations 

(Shively et al. 2007, Marcot et al. 2008).  Current and future food web studies can address some 

uncertainties identified by Marcot et al. (2008) including, prey and predator abundance and size 

structure, prey and predator productivity, trophic structure, and seasonal predation vulnerability 

by species of conservation concern.  Even minimal risk of extirpation is a concern for managers 

tasked with the conservation and recovery of listed anadromous salmonids.  Consequently, 

monitoring the ecological effects of the reintroduced bull trout population, as it assimilates into 

the Upper Clackamas River food web, was identified as a top priority for the monitoring and 

evaluation of the reintroduced population. 

Bull trout are generally top predators in aquatic habitats.  Bull trout commonly consume 

prey with higher energy content such as fish eggs or fish but also consume aquatic insect larvae 

and salmon carcasses when seasonally available.  In the Skagit River, WA, bull trout became 

piscivorous around FL = 100 mm where fish comprised 56% of the estimated biomass consumed 



annually by a size structured unit population of 1000 individuals > 300mm.  In addition to fish 

prey, bull trout in the Skagit River consumed marine derived food sources with high energy 

density such as Pacific salmon eggs as well as lower energy content foods like adult Pacific 

salmon carcasses and aquatic insect larvae (Lowery 2009).  In Lake Billy Chinook, OR, bull 

trout were both major predators on kokanee and cannibalistic (Beauchamp and Van Tassell 

2001).  Bull trout in coastal Washington and Puget Sound migrate to marine waters and consume 

high quality prey such as surf smelt (S. Brenkman NPS unpublished data).  Consumption of both 

high and low quality prey highlights the behavioral plasticity in feeding by bull trout in response 

to seasonal variation in food quality and quantity.  Bull trout appear capable of adopting 

migratory life history strategies to exploit seasonally-predictable sources of abundant or high-

quality food.  The fluvial and anadromous life history of bull trout in the Skagit River, the shift 

from historically fluvial to adfluvial forms after formation of Lake Billy Chinook, and the 

anadromous life histories in coastal Washington rivers are examples of this plasticity.   

In the Upper Clackamas Basin, the reintroduced bull trout population would initially be 

small, so the ability to detect ecologically-relevant responses by the host assemblage will require 

a focus on sensitive indicators of response.  While bull trout abundance is low, evidence and 

effects of direct predation will likely be harder to detect and quantify than changes in growth 

rates, size-age distribution, and temporal-spatial distribution patterns by juvenile salmonids and 

other fishes, as a result of indirect, non-consumptive effects of predation risk.  Changes in 

behavior or habitat use by juvenile salmonids in response to increased predation risk would 

likely result in reduced feeding and growth rates, thus potentially reducing survival during the 

remainder of freshwater rearing and subsequent marine life stages.  This study will establish 

quantitative baseline data on seasonal distribution, size structure, growth and feeding patterns of 

juvenile anadromous salmonids and other key fishes within specific habitats of the Upper 

Clackamas Basin and will enable subsequent comparison of these response indicators through 

different phases of the bull trout reintroduction and establishment.  

The objectives of this study were to determine how the Upper Clackamas River food web 

currently functions by: 1) identifying temporal distribution patterns with an emphasis on 

important seasonal growth habitats for protected salmonids;  2)  quantifying their feeding and 

growth performance within those habitats; 3) quantifying the consumption demand of other 



species within the food web that potentially share common prey with anadromous salmonids;  

and  4) identifying the current predation risk to salmonids by predatory fish.  

Study Area 

The Clackamas River is located in northwest Oregon in Clackamas County (Figure 1).  

This investigation took place within the Upper Clackamas River, defined as all portions of the 

river and tributaries upstream of and including the North Fork (NF) reservoir at RM 30.  The 

primary sampling locations were the tributary habitats of Big Bottom, Oak Grove Fork and 

Pinhead Creek (Figure 1), and NF Reservoir (Figure 2).  The free flowing sections of the 

mainstem Clackamas River above NF Reservoir could not be sampled effectively within the 

logistical limitations of this study, but methodical seasonal sampling for biological data (diet, 

size structure, growth) was conducted in the river-reservoir transition zone (Figure 2).  The 

North Fork Reservoir is an impoundment of approximately 122 hectares created by the North 

Fork Dam operated by Portland General Electric.  The Reservoir is approximately 8.5 km long 

with a mean depth of 16 m and a 37-m maximum depth. The surface elevation of the reservoir 

did not fluctuate appreciably during [or among?] sampling periods.  Surface temperatures were 

measured seasonally and ranged from 5.5˚C in winter to 18.1˚C in summer.  Weak thermal 

stratification occurred in late summer where the surface temperature is 2.6-3.4˚C warmer than 

the deepest portion of the water column.  The upstream portion of the reservoir is relatively 

shallow and the downstream portion of the reservoir near the forebay of the NF Dam is steep 

sided with little littoral habitat.  The river-reservoir transition zone is characterized by moderate 

flow during periods of spill in spring and negligible to moderate flow other times of the year.  

This created seasonal stream- then lake-like conditions which influenced the physical conditions 

related to the production or availability of insects and zooplankton in this habitat. 

Big Bottom is a large complex of permanent and ephemeral braided channels connected 

to the mainstem Clackamas River and is considered an important area for Pacific salmon 

production.  We sampled three sites in the Big Bottom region (BB1, BB2, BB3):  BB1 and BB2 

were ground water fed and contained adequate flow for fish year round.  The mouth of BB1 was 

located approximately 300 m from the mainstem Clackamas River, BB2 was located 

approximately 50m from the confluence of the channel and mainstem.  BB3 was a small side 

channel off of the mainstem and only contained water during the spring runoff period.   



The Oak Grove Fork is a major tributary and an important source of all three listed 

anadromous fishes within the study area, particularly steelhead.  Pinhead Creek is a stable spring 

fed stream that is expected to be a likely bull trout spawning location once the population 

becomes established.  Only wild-produced fishes are permitted to pass the NF dam; therefore, the 

Upper Clackamas River is considered a wild fish only system with one exception.  Hatchery 

rainbow trout O. mykiss are planted in the NF reservoir for a put and take fishery during spring, 

summer, and early fall.  This is the only non-wild produced fish within the study area.  There are 

three other nonnative fish species in the upper Clackamas river watershed including brown trout 

Salmo trutta in NF Reservoir, brown trout and kokanee O. nerka in reservoirs located on Oak 

Grove Fork, and brook trout S. fontanalis in some of the alpine lakes and short sections of the 

lake outlet streams in the headwaters of the Clackamas River.  The remaining fishes in these 

habitats are: dace Rhinichthys spp., largescale sucker Catostomus macrocheilus, Pacific lamprey 

Lampetra tridentata,  shorthead sculpin Cottus confusus, mountain whitefish Prosopium 

williamsoni, Pacific salmon and trout: Chinook salmon O. tshawytscha, coho salmon O. kisutch, 

cutthroat trout O. clarki, rainbow trout, and anadromous steelhead O. mykiss. 

Methods 

We documented seasonal distribution, diet, size structure, growth, and abundance in the 

primary tributary habitats, and NF Reservoir.  Only seasonal distribution, diet, growth, and size 

structure data were collected in the mainstem transition zone into the reservoir.  These data were 

used as inputs for bioenergetics model simulations to quantify seasonal feeding and growth 

performance by juvenile salmonids within these habitats in response to ambient thermal regime 

and food supply.  The model simulations also calculated seasonal consumption rates on all prey 

categories to determine the current feeding rates and consumption demand for key prey eaten by 

each age class and species.  These simulations were also applied to the other abundant species in 

the Clackamas River tributary habitats and North Fork Reservoir in order to assess the relative 

importance of competitive or predation-prey interactions within the existing fish community.  

We used backpack electrofishing in the tributary streams and river-reservoir transition zone and 

a combination of hydroacoustics, gillnetting, snorkeling, and limnology in the NF Reservoir to 

collect data and samples.   



Tributary Sampling 

Population data (density, abundance, biomass) and biological samples (e.g., diet, size, 

scales, stable isotopes, etc.) were collected seasonally in tributary habitats.  Sampling for 

abundance and standing stock biomass of fishes was conducted within tributary habitats using 

three pass electrofishing (Temple and Pearsons 2007) during May, August, and November 2009, 

and January 2010.  Numerical abundance and standing stock biomass were estimated using 

MicroFish Software (Van Deventner and Platts 1989).  We sampled one sampling unit in Oak 

Grove Fork and Pinhead Creek and three sampling units in Big Bottom.  A sampling unit was 

defined as a section of stream where length was approximately six times the wetted width.  We 

selected this length due to the logistical constraints of sampling these habitats and to ensure we 

sampled a majority of fishes present in these locations.  Stream sampling units were enclosed 

with block nets to prevent immigration and emigration.  We attempted to sample each unit once 

per season depending on environmental conditions.  Oak Grove Fork was effectively sampled for 

population data and biological samples during summer, autumn, and winter.  High flow rates 

prevented sampling during spring.  In BB1 and BB2, population data and biological samples 

were collected in spring, summer, and autumn, but during winter, only biological samples could 

be collected at just BB1. BB3 was only sampled in spring, because it was dewatered in other 

seasons.  Pinhead Creek was sampled all four seasons. 

The river-reservoir transition zone was defined as the upstream portion of the NF 

Reservoir inundation zone extending approximately 3 river kilometers upstream of Promontory 

Point. Width varied from 300-600 meters with depths ranging from 2-5 meters depending on 

season.  Flow varied within the reach and was dependent on upstream flow and spill at  

NF Dam.  In general flow was highest in spring and autumn and lowest in summer and winter. 

Only biological samples were collected in this site via electrofishing during spring, summer, and 

autumn.  

Length, weight, scales, otoliths, white muscle, fin, and diet samples were collected from 

most fishes in all locations. Length and weight were used to characterize the biomass and size 

structure of individual populations.  Scales and otoliths are used to estimate age and annual 

growth.  White muscle, fin clips, or whole fish were used in stable isotope analysis.  In 

compliance with scientific collection and handling permits (UW IACUC permit #3286-18, 



NOAA permit #s 14490 & 15016), a subset of protected Pacific salmon juveniles were 

anesthetized in buffered tricane methanosulfonate (MS-222), then length, weight, scales, and fin 

tissue were collected.  Stomach contents were obtained by gastric lavage (n=26 coho salmon 

released, n=125 kept, n=49 O. mykiss released, n=98 kept).  The fish were allowed to recover 

before release back into the sample reach.  The other species of fish captured (cutthroat trout and 

shorthead sculpin) were euthanized with an overdose of buffered MS-222, then species, length, 

weight, stomach contents, scales, and a tissue sample of muscle or fin were collected from each 

fish captured.  Coastal cutthroat trout were caught in low numbers (n=58), so we did not achieve 

our target sample size for this species.  Due to the wide range of sizes of shorthead sculpin all 

individuals were kept to ensure accurate length/weight relationships and biomass estimates from 

the smallest (18.3mm) to the largest (107.9mm) individual.  All samples were placed on ice in 

the field and frozen within three hours of collection.  

Reservoir Sampling 

Reservoir sampling consisted of seasonal vertical temperature profiles, depth-stratified 

zooplankton collections, vertical light profiles, turbidity measurements, shoreline snorkel 

surveys, hydroacoustics, and gill netting during May, August, December 2009 and January 2010.  

Temperature and zooplankton were collected at two fixed sites within the reservoir: one near the 

confluence of the North Fork Clackamas Arm in the main body of the NF Reservoir and one near 

the forebay of the NF Dam along the log boom.  Temperature profiles were collected using a 

(YSI model here) at 1m intervals.  When thermally stratified, the epilimnion was represented by 

the 0-5 m depth interval.  Zooplankton were collected in 0-5 m and 0-15 m vertical hauls using a 

conical 30-cm-diameter, 363-μm-mesh net.  The NF Reservoir was effectively sampled all four 

seasons.  A total of 49 seasonal gill net sets were deployed (spring n=10, summer n=13, autumn 

n=14, and winter n=12) with horizontal sinking gill nets consisting of paired small mesh (2.5, 3.2, 

3.8, 5.1, 6.4, and 7.6 cm stretched mesh) and large mesh (8.9, 10.2, 11.4, 12.7, and 15.2 cm stretched 

mesh) nets.  Gill nets were set perpendicular to the northern shore of the NF reservoir to avoid 

capturing migrating Pacific salmon smolts which generally oriented along the southern shore 

during outmigration (D. Cramer personal communication).  The paired small- and large mesh 

nets were set perpendicular to shore with the shallow end at bottom depths of approximately 4m 

and 10 m to maximize vertical coverage in the shallow reservoir.  Due to the shallow depth of 

the reservoir and presence of recreational watercraft, a minimum bottom depth of 4 m was 



selected for the 2-m high gill nets during this study.  This ensured the safety of boaters and 

sampling gear by keeping the top of the nets at least 2 m below the surface.  Soak time was 

varied (6-12 hours) in order to reduce mortality on juvenile Pacific salmon.  Varied soak time did 

not appear to affect CPUE; however, longer soak times resulted in predation by signal crayfish 

Pacifasticus leniusculus on captured fish during summer.    

Hydroacoustic surveys were used to quantify the seasonal, size-specific abundance and 

diel distribution patterns of fishes in the pelagic habitat of the reservoir.  Hydroacoustic surveys 

were conducted during May, August, and December 2009 and January 2010, using a zigzag 

pattern from shore to shore. These transects were repeated during daylight, crepuscular, and 

night surveys each season.  We towed tow multiplexed split-beam 200 kHz transducers configured 

in downlooking (6.8o full beam angle) and side-looking  (12.8o full beam angle) orientations, linked 

to a Biosonics DE-6000 scientific echosounder (Noise threshold -60 dB bottom threshold 60m, ping 

rate 3pps, pulse width 0.3ms, and target acceptance criteria using minimum and maximum 

normalized pulse length of 0.30-1.50 at -6dB from peak amplitude.  Hydroacoustic data were 

analyzed using standard echo counting techniques (Beauchamp et al. 1997, 2009) with EchoView 4.8 

software (Myriax Pty. Ltd.) to estimate depth-specific densities of fish within different size classes.  

Fish schools were not encountered; therefore, single target counts were used exclusively to analyze 

hydroacoustic data.  Extensive groundwater input created numerous columns of bubbles; these false 

targets had to be identified and manually excluded during post-processing, before analysis could 

proceed.  Dorsal-aspect target strengths from the vertical transducer were converted to fish lengths 

using Love's (1971) equation.  Once converted, fish were combined into size classes (15-95mm, 96-

300mm, and 301-500mm) and compared to seasonal size-structured proportional catch composition 

from gillnetting to estimate the species specific standing stock biomass of fishes in the NF Reservoir.  

Target strengths from the horizontal transducer were used to estimate fish density within the upper 

4.6-18.2 m of the water column over a range of 10-40 m from the boat.  Horizontal hydroacoustic 

data cannot reliably estimate target size, but can be used to estimate the density of all targets with TS 

> -60 dB to enumerate the numbers of fish in the upper water column. These shallow water targets 

were presumably rainbow trout, mountain whitefish, or juvenile Chinook salmon.  

Hydroacoustic estimates of large (FL > 300 mm) limnetic fish (adult brown trout and 

mountain whitefish) or benthically oriented (sucker spp.) fishes are generally too variable to use 

for opportunistic population assessment and can misappropriate species abundance estimates in 



multi-species communities (Beauchamp et al. 2009, but see Yule 2000, and Gangl and Whaley 

2004); therefore, the hydroacoustic results and analysis focused on smaller fishes.  We calculated 

population estimates for these larger fishes to structure consumption estimates, but these 

estimates should be considered very coarse due to the high variability and potential biases 

discussed above.   

To assess fishes that were too small to be sampled by gill nets and too close to shore to be 

detected in the hydroacoustic transects, we used a strip transect snorkel survey along the 

perimeter of the NF reservoir to determine seasonal fish (30-150 mm FL) use of the littoral zone.  

The survey consisted of single or paired swimmers following 2-m wide strip transects originating 

from shore.  The 2-m width was chosen to allow total detection of all fishes within the transect.  

Few fish 30-150 mm were observed outside the 2-m strip, but only those fish observed within the 

2-m wide strip were included in the counts. All fish observed within a transect were identified to 

species and grouped into either 30-50 mm FL or 50-150 mm FL size classes.  A subsample of 

juvenile salmonids were collected and measured to verify size classes.  We only quantified 

juvenile salmonids, other fish observed are reported in the results section.  To estimate the 

number of fishes we used a ratio estimator (eq. 6.1 in Cochran 1977):  

 

 

Where:  is the estimated number of fish in the littoral zone of the NF Reservoir, A is the total 

area of the littoral zone, w is the constant width of the transect,  j is the jth transect, fj is the 

number of fish counted in the jth transect, and lj is the length of the jth transect.  
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Where l is the mean transect length, F is the fraction of the total area sampled in this survey and 

is defined as: 

  

 

 

and
∧

R is the ratio estimator: 

∧

R  =  

 Juvenile Chinook salmon were counted in the 30-50 mm and 50-100 mm size classes. Juvenile 

coho salmon and unidentified salmonids were observed in 30-50 mm and 50-150mm size ranges.     

Zooplankton Biomass and Production Estimates  

Standing stock biomass of primary crustacean zooplankton species was estimated from 

empirical data, and production was estimated using a production/biomass regression model 

(Stockwell and Johannsson 1997).  Zooplankton were identified to genus, counted, and body 

length (from the base of the helmet to the base of the tail spine or setae) was measured for the 

first 15 individuals of each taxon using a dissecting microscope with a digital camera and Image 

Pro image analysis software.  Body mass was estimated using taxon-specific length-wet weight 

relationships (Dumont et al. 1975).  Zooplankton biomass density (g/L), at 0-5m and 5-15m, was 

expanded to the whole reservoir based on bathymetric information provided by PGE (JB Hoy 

and J Daniels PGE unpublished data) resulting in a whole reservoir estimate of zooplankton 

standing stock biomass.  

Age and Growth 

Age, size structure, and growth were examined among sites and habitats for Chinook and 

coho salmon, rainbow, cutthroat, brown trout, mountain whitefish, and sucker using scales 

collected from the preferred area (Scarnecchia 1979).  All scales were read three times by two 

independent readers and only those scales that could be read consistently were used in this study.  

Ages of sculpin were estimated by size modes in length frequency distributions.  Length/weight 
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relationships were applied to length-at-age data (Table 1) to estimate weight-at-age at each 

sampling location for each species. The annual growth increments in terms of weight were used 

as inputs for bioenergetics model simulations (Table 2). 

Diet Analysis 

Diet composition for each species was analyzed with respect to changes in the 

proportional weight contribution, MWi from Chipps and Garvey (2007), of each prey category to 

the diet by season, habitat type, and size class of consumer (Beauchamp et al. 2007).  Prey items 

were identified under a dissecting microscope.  Fish prey were identified to species, and standard 

lengths (SL mm) were measured whenever possible.  Prey items were classified into groups 

based on energetic content and similarities in ecological function or by the foraging modes used 

by fish to obtain them (i.e., benthic, drift, surface, and piscivory) rather than their taxonomic 

status.  For example, the energy density of immature aquatic invertebrates is lower than adult 

aquatic or terrestrial invertebrates, so the latter two were grouped for more accurate 

determination of energy densities.  Vertebrate prey items were more variable in energy density, 

and were identified to species whenever possible.  All stomach contents were blotted dry and 

weighed to the nearest 0.001g wet weight.  After all diet items were identified, the contents were 

preserved in a solution of 95% ethanol and archived. 

Stable Isotope Analysis 

Stable isotope analysis was used to provide a time-integrated signal for the food web 

relationships of key species in tributary and reservoir habitats.  The stable isotope data provided 

a useful method for corroborating diet data and for identifying changes in trophic interactions 

related to ontogenetic or habitat shifts.  For juvenile Pacific salmon, analysis occurred at the start 

and end of the growing season (Spring and Autumn/Winter). Resident fishes were analyzed at 

various times of the year.  Stable isotope ratios of carbon and nitrogen in the tissues of fish and 

invertebrates can describe the trophic position of key species (herbivores, invertebrate predators, 

fish predators, etc) and the primary energy pathways of the food web (e.g., benthic, pelagic, 

detritus-based; Peterson and Fry 1987; Vander Zanden and Rasmussen 1999).  In general, δ13C 

isotope values are similar between prey and consumer and can be used to identify the flow of 

energy through the ecosystem after a correction of ≈1‰ per trophic level (DeNiro and Epstein 



1976; Vander Zanden and Rasmussen 2001).  Stable isotopes of nitrogen concentrate in tissues 

and are good indicators of trophic level.  Trophic levels in the ecosystem are generally indicated 

by an increase of approximately 3.4‰ for δ15N between prey and their consumers (Minagawa 

and Wada 1984; Vander Zanden and Rasmussen 2001).  These stable isotope ratios allow 

researchers to determine the trophic position and energy pathways available to different members 

of a food web (Johnson et al. 2002; Post 2002, McIntyre et al. 2006).       

Stable isotopes were measured using a continuous flow Carlo Erba 2100 elemental 

analyzer interfaced with a Thermo-Finnigan Deltaplus isotope ratio mass spectrometer (Mark 

Haught, University of Washington, School of Oceanography Stable Isotope Laboratory, Seattle, 

WA). Stable isotope ratios, in δ notation, were reported as a ratio (R) of the heavy isotope to the 

light isotope (13C/12C or 15N/14N) normalized by internationally recognized reference standards: 

 ( )[ ] 1001/ tan ⋅−= dardssampleRRδ  

The reference material was Vienna Pee Dee belemnite limestone for carbon and 

atmospheric N2 for nitrogen. 

Bioenergetics Modeling 

Consumption was estimated using the Wisconsin bioenergetics model (Hansen et al. 

1997).  Species-specific physiological parameter sets were used for Chinook and coho salmon 

(Stewart and Ibarra 1991), steelhead-rainbow trout (Rand et al. 1993), cutthroat trout 

(Beauchamp et al. 1995), brown trout (Dieterrman et al. 2004), sculpin spp. (Moss 2001), and 

whitefish spp. (Rudstam et al. 1994).  The most common application of the model estimates 

consumption by an average representative from each age class based on growth achieved over 

some specified time interval (e.g., season or year), given the observed changes in diet 

composition and thermal regime.  We used the model to estimate daily consumption by the 

average individual from each age/size class of key fish species within tributary and reservoir 

habitats of the Upper Clackamas River food web.  Simulations fit daily consumption estimates to 

annual growth increments, based on seasonal changes in size-specific diet composition, and 

monthly changes in the thermal experience of the consumer.  Bioenergetics simulations were run 

to estimate the baseline feeding rate and growth performance associated with each age class of 

each life history strategy observed or reported for anadromous salmonid populations in the study 



area.  The bioenergetics model expressed feeding rate as a percentage of the theoretical 

maximum consumption (% Cmax) possible for a consumer of a given size under the thermal 

regime experienced.  Because the bioenergetics model accounts for the otherwise confounding 

effects of variable temperatures and body sizes when estimating growth or consumption, the 

simulated feeding rates can be useful indicators of food supply or accessibility for different 

species and life stages within distinct habitats.  These baseline feeding rates and growth 

performance metrics can then be compared to analogous metrics among years, during and after 

the bull trout introduction to determine whether feeding rate or growth performance changed. 

Life histories of juvenile Pacific salmon were modeled based on observed habitat use 

from tributary and reservoir sampling in this study, historic stream trapping by the CRFWG, and 

juvenile Pacific salmon monitoring by PGE.  Seasonal migrations within the Upper Clackamas 

River system have been monitored by the CRFWG for approximately 10 years (CRFWG 1995-

2006) primarily through the use of in-stream screw traps at: 1) the mouth of Oak Grove Fork, 2) 

the mouth of Fish Creek, 3) in the mainstem Clackamas in Big Bottom (near Switch Creek), and 

4) near the mouth of the South Fork Clackamas.  In addition, a trap was operated in NF 

Reservoir on the juvenile bypass facility operated by PGE at the NF Dam.  Different life history 

strategies were inferred from modal seasonal movement and distribution patterns and were 

simulated to reflect the most common stage-specific habitat use patterns by juvenile salmonids in 

order to estimate their growth performance and seasonal consumption demand for key prey 

resources under current conditions. 

Temperatures used in model simulations originated from various sources.  Reservoir 

temperatures were a combination of reported vertical temperature profiles (PGE 2000, 2001) and 

seasonal vertical temperature profiles from this study.  Thermal stratification within the reservoir 

was generally weak or lacking and the depth distribution of acoustic targets did not exhibit 

behaviors consistent with thermal stratification, so the average temperatures across all depths 

were used for thermal experience in the reservoir simulations.  Temperatures for Big Bottom (D. 

Shively, USFS, personal communication) and Pinhead Creek (T. Shibihara, PGE personal 

communication) were provided by local biologists.  Temperatures for Oak Grove Fork were 

accessed from the Clackamas River Water Providers long term dataset consisting of monthly 

grab samples averaged over ten years. 



Bioenergetics simulations were used in two ways: 1) to evaluate the seasonal feeding and 

grow performance resulting from each of the major life history strategies observed for juvenile 

Chinook, coho, and steelhead within the Upper Clackamas River Basin;  and 2) to estimate the 

annual population-level consumption demand by the major fish species in each habitat.  

In the first application, seasonal feeding rate and growth performance was estimated for 

the average individual fish employing each of the common life history strategies observed in the 

basin.  Simulations estimated the amount of consumption required to satisfy the seasonal growth 

observed for different species and age classes within and between habitats through the year.  For 

each species, distinct size modes were tracked within or between habitats (e.g., see Figures 3-5 

below) to obtain the initial and final body mass used as inputs to the model for fitting 

consumption to seasonal growth increments.  These simulations calculated the feeding rate and 

growth efficiency of the average fish for each major life history combination of species-age 

class-habitat.  Simulations for Chinook and coho salmon started May 1st and ended in mid-

January, which corresponded to the last sampling date when discrete size modes could still be 

identified with reasonable certainty.  Age-0 O. mykiss emerged and began exogenous feeding at 

some unknown time between the May and August sampling periods.  Consequently, there was 

too much uncertainty in reconstructing their growth trajectories from emergence until body mass 

was first measured in August.  Therefore, the simulations for age-0 steelhead started in August 

and extended through November, January, and then May, August, and November of the 

following year.  The estimated feeding rates were obtained from model outputs (estimated 

proportion of maximum consumption or % Cmax), growth efficiencies (food consumed/observed 

growth), and the energetic quality of common prey were used to compare feeding and growth 

performance of key fish species in all habitats.  Growth performance is affected by four major 

factors: body size, temperature, feeding rate, and the energy density of prey, and the 

bioenergetics model can account for all of these factors explicitly (Beauchamp 2009).  Feeding 

rates and growth efficiencies are commonly used to evaluate quality of foraging habitats while 

accounting for the effects of temperature and prey quality.  The energetic quality of prey (energy 

density, J/g wet weight) consumed provides context for evaluating feeding rate and growth 

efficiencies.  For example consumers would require a higher feeding rate of low-energy density 

prey to achieve an observed growth rate than would be needed if prey with higher energy density 

were eaten (Hanson et al. 1997). 



In the second application, the annual population-level consumption demand for prey was 

estimated for each the major fish species within each habitat.  Seasonal bioenergetic simulations 

were performed on age-specific growth cohorts representing the most commonly observed life 

history strategies for Chinook and coho salmon and O. mykiss.  The simulations estimated the 

feeding rate and biomass of each prey category consumed on a daily basis (g/d) over the duration 

of the simulation.  Simulations for each cohort started on May 1 (simulation day 1) and ended 

April 30 the following year (simulation day 365).   

Model inputs for the energy densities (J/g wet weight) of consumers and prey were 

obtained from literature values (Table 3).  Annual energy budgets were calculated to determine 

the importance of different food sources during different seasons and life stages for key fish 

species in the food web.  The estimated biomass of each prey consumed during each season and 

life stage in the model simulations was multiplied by the corresponding energy density of prey to 

calculate the total energy contributed by each prey category during different seasons and life 

stages.  

Individual consumption estimates were expanded to the population level based on 

observed life histories, gill netting, direct population estimates from electrofishing and 

hydroacoustics, and population modeling.  For migrant fishes, we only estimated consumption 

for individuals since accurate accounting of their residency in various habitats was uncertain.  In 

tributary streams we estimated consumption based on observed size structure from electrofishing 

and population estimates from the depletion survey.  Population estimates varied seasonally, but 

a regular pattern of recruitment and mortality was not observed; therefore, we treated tributary 

habitats as open populations where fishes immigrate and emigrate at will.  As such, annual 

population level consumption estimates in tributary streams were calculated  based on the single 

point estimate of standing stock biomass and population size for that species in that 

season/location.  Any missing data (seasonal population estimate or missed size class) was 

derived by averaging between the adjacent sampling intervals.  Consumption estimates in the NF 

Reservoir were calculated in a similar way (based on hydroacoustics rather than electrofishing) 

except for mountain whitefish.   

Since Chinook salmon were a major consumer in North Fork Reservoir throughout the 

year, we had to construct their seasonal population dynamics in order to simulate their 



consumption demand on major prey resources.  We assumed that recruitment of age-0 fry to the 

reservoir was only just beginning during sampling in May. Combined hydroacoustic and gill 

netting surveys estimated that 176,000 age-0 Chinook salmon were in the reservoir during 

August, 24,600 in early December, and 3,700 in January.  We further assumed that fry 

immigration into the reservoir peaked on July 1st at an arbitrarily-selected abundance of 300,000, 

then abundance declined due to natural mortality to the estimated 176,000 in August.  

Abundance was then allowed to decline daily, using an instantaneous daily mortality value fitted 

to the estimated abundances of 24,600 on December 1st and 3,700 in mid-January.    

The mountain whitefish population was assumed to reside in the NF Reservoir year 

round, except during spawning, based on high levels of parasites observed in the peritoneal 

cavities of all size classes captured.  We used the population estimate of mountain whitefish 96-

300 mm from the autumn evening hydroacoustics survey to model their population structure.  

Mountain whitefish are late fall/early winter spawners, and we hypothesized that staging 

adfluvial mountain whitefish would be accurately represented during this period.  We then 

iteratively fit an annual survival rate, resulting with S = 52%, to structure the reservoir 

population for individuals 96-300mm.  Once fit, we assumed a fry to age 1 survival rate of 10% 

to characterize the population structure (following Beauchamp and Shepard 2008).  We then 

converted these survival rates to instantaneous daily mortality rates to model annual daily 

population level consumption (Table 4).  

 

Results 

Seasonal habitat use patterns 

General life history patterns expressed by juvenile Pacific salmon were identified as 

tributary resident, fluvial, and adfluvial prior to seaward migration. Tributary residents reared in 

tributary streams or braided channels in Big Bottom for 1-2 years.  Fluvial fishes migrated to 

mainstem habitats within 3 months of emergence and may also use other habitats seasonally 

within the riverscape.  Adfluvial fishes occupied the NF reservoir for 1-3 years. A fourth migrant 

life history type was assumed to exist in the Upper Clackamas River and was characterized by 

using multiple habitats over unknown time scales.  We did not focus on this life history type due 



to lack of adequate samples.  However, stream trapping conducted by the CRFWG has identified 

cohorts of fish immigrating and emigrating from some habitats that are not always size structured 

as expected.  This suggests that there are within-system migrations to foraging/rearing habitats 

that are characteristic of a migrant life history.  In the following section, note the units used for 

density estimates.  In-stream densities are reported as biomass (g/m2), but the reservoir values are 

reported as numerical density by volume (#/m3).  

Chinook salmon—Spring Chinook salmon exhibited a predominantly lacustrine rearing strategy 

in the Upper Clackamas Basin.  Age-0 Chinook salmon initially observed in riverine (Big 

Bottom and Pinhead Creek), transition zone, and reservoir habitats during spring, but were 

primarily found in NF Reservoir for the remainder of the year (Figure 3).  During spring, 

densities of age-0 Chinook were highest in Pinhead Creek (0.006 g/m2; Table 5) and in shallow 

littoral regions of NF reservoir (0.301 fish/m2).  During the remainder of the year, densities of 

age-0 Chinook salmon were highest in NF Reservoir in both nearshore and offshore habitats 

during summer (0.026/m3), autumn (0.005/m3), and winter (0.001/m3;  Table 6).  Age-0 Chinook 

salmon grew quickly in the reservoir from spring through summer and autumn.  After spring, 

Chinook were extremely rare in non-reservoir habitats, and were significantly smaller than those 

found concurrently in the reservoir (Figure 3).  During winter, the reduced numbers and more 

disjunct size distribution suggested that little or no growth occurred between autumn and winter, 

and immigration-emigration of fish from or to other locations might have occurred.  The older 

age 2 and 3 Chinook salmon were only encountered in the NF Reservoir. 

The differences in habitat-specific density, size structure, and growth suggest at least two 

patterns of habitat use by juvenile Chinook salmon. First, an adfluvial life history where age-0 

Chinook salmon migrated to the NF reservoir soon after emergence in spring to rear in NF 

reservoir for 1-3 years, as evidenced by length at age (Table 1; Figure 3).  Second, a fluvial life 

history where juvenile Chinook used tributaries, Big Bottom, or the mainstem during the first 

growth year, then likely rearing in the mainstem during subsequent growth periods.  Evidence of 

mainstem rearing by juvenile Chinook salmon was supported by observations of a bimodal out 

migration by smolts from the Upper Clackamas River, with one pulse in spring and the second 

pulse in autumn (CRFWRG 1995-2006).  The hydroacoustic and gill net surveys from this 

investigation identified a marked reduction in use of the NF Reservoir by Chinook salmon from 



autumn to winter which corresponds to the outmigration and rearing patterns reported by the 

CRFWRG (1995-2006).  

Coho Salmon—In contrast to spring Chinook salmon, age-0 and age-1 coho salmon primarily 

utilized tributary habitats and the transition zone during the growing season; measurable numbers 

of juvenile coho were only found in NF Reservoir during winter and the following spring as age-

1 smolts (Figure 4).  The highest juvenile coho densities in terms of both biomass and numbers 

were found in Big Bottom, followed by Oak Grove and Pinhead Creek, with maximum biomass 

and numerical densities during summer then declining through autumn and winter in these lotic 

habitats (Table 5). The size and growth of juvenile coho salmon varied among habitats.  

Bimodal size distributions of age-0 coho were evident in Big Bottom during spring through fall.  

The secondary mode of larger juveniles was consistently larger than the modal sizes from other 

habitats except the few age-0 coho found in NF Reservoir during summer (Figure 4).  During 

summer-autumn, the primary mode of smaller coho in Big Bottom was smaller than the modal 

sizes in Oak Grove and the transition zone.  Age-0 coho were consistently smallest in Pinhead 

Creek during summer-winter.  Juvenile coho salmon were captured in the river-reservoir 

transition zone in spring, summer, and autumn, but densities could not be quantified; the 

transition zone was not sampled in winter.  Use of the NF reservoir by coho salmon was 

generally low and varied seasonally with the highest densities observed in spring (0.008/m3) and 

winter (0.001/m3), but very low densities in summer and autumn (>0.001/m3; Table 6).   

The patterns in seasonal CPUE combined with differences in habitat-specific growth 

rates (Figure 4) suggest that coho salmon expressed at least two life history strategies within the 

basin. First, coho salmon generally reared in tributary habitats for over a year and were present in 

most habitats.  Our sampling indicates this might be their primary strategy in the Upper 

Clackamas River.  A second life history type characterized by more transient behavior is 

illustrated by the following observations.  Coho salmon reared in tributaries during spring, 

occupied Big Bottom during summer and autumn, then moved to NF Reservoir during winter.  

Rearing was also observed in the river-reservoir transition zone suggesting a fluvial component 

of the coho salmon population.  Lake-rearing coho were also observed, but their catch rates, 

especially during the peak summer-autumn growing season, were very low in comparison to 

Chinook salmon (Figures 3-4; Table 6).  Juvenile coho were not observed in the littoral zone 



except in spring, thus suggesting that lake rearing by coho salmon was not as common as rearing 

in the streams or mainstem-transition zone.   

Steelhead-Rainbow trout—Juvenile steelhead-rainbow trout were most heavily concentrated in 

Oak Grove throughout the year, whereas their use of other lotic habitats and NF Reservoir 

appeared minimal (Figure 5).  O. mykiss densities were highest in Oak Grove Fork in summer 

(1.278 g/m2) and lowest in winter (0.741 g/m2).  O. mykiss were captured consistently but in low 

densities in Pinhead Creek during summer (0.023 g/m2), autumn (0.002 g/m2), and winter (0.052 

g/m2), in Big Bottom 2 only in Autumn (0.043 g/m2), and in the river-reservoir transition zone in 

summer.  Densities of O. mykiss in the NF Reservoir were highest in autumn and winter and 

lower during spring and summer.  In general, O. mykiss were found in the highest densities and 

exhibited the most complex size structure in Oak Grove Fork.  Other habitats such as Pinhead 

Creek and Big Bottom contained O. mykiss but in much lower densities and less complex size 

structures (Figure 5).  The NF Reservoir O. mykiss population varied seasonally and individuals 

did not show evidence of year round use of the reservoir.  This suggests that O. mykiss were 

primarily tributary residents, and likely mainstem residents as well, with a smaller adfluvial 

component to the population. The observed size structure and size at age of O. mykiss in tributary 

streams differed from the size structure and size at age in the NF Reservoir.  Notably, the length 

at age of O. mykiss in tributaries differed from previous observations of length at age for 

steelhead smolts reported by Hansen et al. (2000; in CRFWG 2000).  This suggests that 

steelhead likely rear in habitats distinct from resident rainbow trout.  The length at age for O. 

mykiss observed in the NF reservoir is similar to those for steelhead reported by Hansen et al. 

(2000) but this observation cannot distinguish the mechanism(s) responsible for this increased 

growth (i.e. better growth conditions in the NF Reservoir vs. increased feeding rate in lotic 

habitats).     

Resident Fishes--Of the resident fishes sampled in tributary streams, shorthead sculpin 

represented the highest densities in all habitats and seasons in terms of biomass (0.148-4.989 

g/m2) and numbers (0.002-1.14/m2) except for cutthroat trout in Big Bottom 1 during autumn 

(1.116 g/ m2) (Table 5).  Other resident fishes, mountain whitefish and longnose dace, were 

observed in the diets of piscivorous fishes, but were not collected in specific sampling sites.  In 

addition to fish we collected, giant salamander larvae Dicamptodon spp. were found seasonally 



at all tributary sites and signal crayfish Pacifastacus leniusculus at both Big Bottom site 2 and 

NF Reservoir.  Length at age by habitat for shorthead sculpin and coastal cutthroat trout are 

given in the Appendix (Figures A 1 & 2).     

Seasonal Abundance and Distribution of Fish and Zooplankton in North Fork Reservoir 

Brown trout, juvenile coho salmon, rainbow trout, hatchery rainbow trout, largescale 

sucker, and mountain whitefish were captured every season in NF Reservoir.  Juvenile Chinook 

salmon were too small for gill netting in spring (age-0 Chinook were assessed with littoral 

snorkeling surveys-see below), but were captured in gill nets during summer, autumn, and 

winter. Large scale sucker were caught at the highest rates all seasons at a rate of 5.43-25.75 fish 

per net, Chinook salmon were caught at 1.5-4.38 per net, and brown trout were caught in the 

lowest numbers at 0.07-0.38 fish per net (Table 6).  Cutthroat trout were not captured in NF 

Reservoir but were collected in the fish bypass facilities operated by PGE (D. Cramer personal 

communication), suggesting that NF Reservoir was used more as a migratory corridor than as a 

rearing habitat for cutthroat trout.  No prespawning adult salmon were collected during netting 

but one steelhead kelt (spring) and one spawned-out female coho salmon (autumn) were captured 

during netting.  Spawned out coho were observed during shoreline snorkeling in fall suggesting 

that some moved or were washed downstream to the NF reservoir prior to death.  The steelhead 

kelt was released alive. 

 Shoreline snorkeling surveys indicated extensive use of the littoral zone, by juvenile 

Chinook and coho salmon during spring, dace and sculpin during summer, but no regular use of 

the littoral zone by any fish species in autumn and winter.  We only quantified salmonids during 

spring, estimating no less than 10,987 (3025 SE) age-0 Chinook salmon and 795 (491 SE) age-0 

coho salmon in the 30-50mm size class occupying the littoral zone of the NF Reservoir.  Larger 

Chinook salmon (50-100mm) were less abundant (23; 15 SE).  Coho salmon in the larger size 

class were more numerous than Chinook salmon but highly variable; 316 (180 SE) 50-150mm.  

Thirty five (22 SE) unidentified salmonids 120-150mm were also estimated in the littoral zone.  

The hydroacoustic surveys recorded seasonal use of the NF reservoir, diel behavior, and 

the vertical and horizontal distributions of small fishes (15-300 mm FL; Figure 6).  In spring, the 

smallest size class of fish (15-95 mm) was distributed throughout the water column with higher 



modal densities near the surface and the bottom during daylight.  Crepuscular densities were 

evenly distributed throughout the water column, and nocturnal densities were highest near the 

surface, with a secondary density mode at approximately 25m.  The intermediate size class (96-

300 mm) was generally below 10 m depths during daylight and night, whereas some moved 

above 10 m during crepuscular periods.  The side looking transducer indicated increased fish 

densities in the upper water column at dusk. 

Summer diel distributions of fishes indicated a general two-fold increase in fish densities 

compared to spring (Figure 6).  During daylight, fish were evenly distributed throughout the 

water column. During crepuscular periods, densities of the smaller fish increased in the upper 10 

m.  At night, densities of smaller fish increased further in the upper 10-m layer, whereas the 

modal density of fish in the 96-300mm size class shifted deeper to 20-24m.  Side looking results 

indicated that densities of fish near the surface were generally similar throughout the diel 

sequence and were considerably lower than the peak dusk and night densities detected at 5-10 m 

by the downlooking transducer.   

In autumn fish densities declined markedly across all periods and size classes (Figure 6).  

Day and crepuscular periods indicated low densities throughout the water column. Densities 

increased at night with a high-density peak of 96-300 mm fish in the 15-20m depth range.  

During winter, fish were distributed throughout all depths. Relatively high densities of the largest 

fish (301-500 mm) were concentrated in the upper 10 m during all diel periods, but was highest 

at night.  Density estimates from the side looking transducer were similar during all diel periods. 

The gill net catch composition was applied to these density estimates to derive population 

estimates and diel behavior of small pelagic fish (<300mm) which were predominantly juvenile 

Pacific Salmon (Table A1).  We estimated approximately 70,000 age-1 coho salmon and no 

pelagic Chinook salmon during spring (but see above in the snorkeling results), 259 coho salmon 

and 176,005 Chinook salmon in summer, no coho salmon and 24,648 Chinook salmon in 

autumn, and 2,455 coho salmon and 3,682 Chinook salmon in winter.  These values correspond 

with the observed outmigration timing and count estimates for juvenile salmon outmigrants 

reported by PGE, where the majority of Chinook salmon left the system in two pulses: first in 

November-December and second during March-April prior to our May sampling.  Yearling and 

older Chinook migrated out of the reservoir before May, whereas the age-0 Chinook in the lake 



were confined to shallow littoral regions during spring and were only accessible via snorkeling.  

The majority of coho salmon migration occurs in May-July, and most had likely not yet left the 

NF Reservoir during our spring sampling. 

The estimates for large fish were too variable to allow reliable density or abundance 

estimates due to the presence of the abundant largescale suckers that sporadically ascended into 

the water column, potentially biasing population estimates for the other large fishes.  Therefore 

hydoacoustics were used to inform assumptions about relative abundance and behavior of large 

fishes but could not be used to accurately estimate their abundance.   

Zooplankton- Daphnia were the predominant zooplankter in the reservoir throughout the 

year, but exhibited a strong seasonal production cycle.  The Daphnia bloom started sometime 

after sampling in mid-May.  Densities were extremely low in spring (≤0.003 Daphnia/L), 

greatest in summer (3.2-9.8 Daphnia/L), undetectable during autumn, and very low during 

winter (0.007/L). When present, Daphnia densities were much higher in the 0-5 m depth interval 

than at 5-15 m depths.  The biomass of crustacean zooplankton in the NF reservoir fluctuated 

seasonally, generally following the trend in seasonal densities (Table 7).  During May, the 

standing stock biomass in the reservoir was very low for Daphnia (30 kg) and copepods (44 kg).  

By August, zooplankton biomasses increased approximately three orders of magnitude to 32 MT 

of Daphnia, 6MT of copepods, and 6 MT of Leptodora.  No macro-zooplankton were detectable 

during November, and biomasses were very low in January with 24 kg of Daphnia and 4 kg of 

copepods.  

Seasonal Diet Composition 

Diets in Tributary and Transition Zone --Seasonal variability in diet composition was driven 

mostly by size-class and species (Table 8).  All members of tributary food webs consumed 

primarily immature aquatic insects.  Benthically-oriented sculpin consumed harpacticoid and 

cyclopoid copepods, amphipods, and gastropods.  Juvenile Pacific salmon and resident trout fed 

predominantly on drift organisms, consuming adult aquatic and terrestrial insects.  Piscivory was 

uncommon in tributary habitats, but did occur.  Cutthroat trout 96-300mm were the only 

piscivores in Big Bottom 1 preying on mountain whitefish.  In the Oak Grove Fork during 

summer coho salmon 15-95mm consumed sculpin, as did cutthroat trout and giant salamander 

larvae in the 96-300mm size class;  during winter only rainbow trout in the 96-300mm size class 



consumed sculpin. In Pinhead creek during spring, cannibalism was observed in sculpin 15-

95mm, and cutthroat trout 96-300mm consumed dace.  During summer in Pinhead creek 

cutthroat trout 15-95mm consumed unidentified fish; and in winter, cutthroat trout 96-300mm 

consumed sculpin.  In the river-reservoir transition zone during summer, rainbow trout 15-95mm 

consumed unidentified salmonids and sculpin.  

Diets in the Reservoir--In the NF reservoir, aquatic insects and Daphnia spp. were important 

seasonal diet items for most fishes captured. For juvenile salmonids, Aquatic insects, followed 

by copepods were important during the spring. Daphnia were the predominant prey during 

summer, and insects were the primary prey during the remainder of the year (Table 8).  

Piscivory in the NF Reservoir was much more common than in the tributary habitats with the 

non-native fishes responsible for the majority of the piscivory observed.  Brown trout consumed 

unidentified salmonids in the spring and juvenile Chinook salmon, sculpin, and mountain 

whitefish during summer and autumn.  Hatchery rainbow trout consumed juvenile suckers in 

spring and juvenile suckers, sculpin, and mountain whitefish during autumn and winter.  Wild 

rainbow trout consumed sculpin in autumn and dace in winter. 

Stable Isotope Analysis 

Chinook and coho salmon fry initially showed highly enriched maternal δ15N values 

averaging 15.2‰ (SD= 1.5‰) in tributary, transition, and reservoir habitats;  however, δ15N 

declined rapidly in fry > 40 mm FL in all habitats as growth from exogenous feeding on 

invertebrates attenuated the maternal signal (Figure 7 and 8).  Although δ15N values for wild O. 

mykiss were similar to that of resident salmonids or the larger anadromous salmon parr (Figure 

9), even the smallest specimens examined had grown enough to potentially mask a anadromous 

maternal signal.  Therefore, the stable isotope data were equivocal when attempting to separate 

resident from anadromous forms of juvenile O. mykiss.  In NF reservoir, the higher δ15N values 

(11‰-14‰)  for the smaller hatchery rainbow trout (FL < 280 mm) reflected the signal from 

hatchery food; values declined in larger hatchery rainbow as growth diluted the hatchery feeding 

signal, but were still highly enriched compared to other food web members.  

 In Big Bottom, after the maternal anadromous signals in Chinook and coho fry  (Figure 

10a) was diluted by growth into the parr stage (Figure 10b), the δ15N values were most depleted 

for giant salamander larvae (4.8‰-5.2‰) and variable but most enriched in coastal cutthroat 



trout (6.1‰-9.8‰). Sculpins and salmonid parr of all species exhibited considerable overlap in 

δ15N values 5.6‰-8.0‰, suggesting that all were feeding at the same trophic level, thus 

supporting the diet data.  Average δ13C  values suggested moderate overlap among sculpin and 

all species of juvenile salmonids, again supporting the overlap observed in the diet data where 

sculpin consumed primarily benthos and aquatic insects while salmonids consumed aquatic and 

terrestrial insects. 

 In Oak Grove Fork, sculpin occupied a slightly lower trophic level and were distinctly 

segregated by a more depleted δ13C  energy pathway than juvenile salmonids (Figure 11).  This 

supports observations of alternate energetic pathways also found in the diet data, similar to Big 

Bottom but more pronounced.  The stable isotope data suggested potentially greater diet overlap 

between Pacific giant salamander larvae and salmonids in Oak Grove than in Big Bottom. 

 In Pinhead Creek, the δ15N values were generally higher for all species than in the other 

tributaries, as indicated by the relatively high δ15N of gastropods, a basal herbivore (Figure 12).  

Sculpin exhibited an energy pathway (more depleted δ13C values) that was segregated from 

salmonid parr, but occupied the same trophic level. 

 In the river-reservoir transition zone, δ13C ranged from -26.5‰- -12.4‰ and δ15N ranged 

from -1.1‰-12.4‰ (Figures 13a-b).  This follows a similar pattern observed in the tributary 

habitats with some modest segregation via δ13C energy pathways with somewhat similar trophic 

levels between sculpin and salmonid parr.  In addition, dace and suckers occupy considerably 

lower trophic positions, but utilize a broad range of energy pathways as demonstrated by their 

highly variable δ13C values.  Average δ15N values were lowest for lamprey ammocoetes (-1.1‰-

0.5‰), representing a basal filter-feeding herbivore-detritivore.  

 The NF Reservoir contained the most fish species and greater isotopic variability than the 

other habitats sampled with δ13C ranging from -40.3‰ to -17.1‰ and δ15N ranging from 1.9‰-

8.8‰ (Figures 14a).  Although energy pathways overlapped considerably as indicated by the 

generally wide range of δ13C values both within and among species,  the relatively more depleted 

and narrower range of δ13C values for Chinook salmon parr indicated a greater reliance on a 

pelagic energy pathway, feeding primarily on zooplankton prey, supplemented secondarily by 

benthic invertebrates (Figure 14b).  Smaller brown trout (200-325 mm FL) fed at a lower trophic 



level with a greater proportion of benthically-derived prey than larger brown trout (325-450 mm 

FL; Figure 14b, 15).  The elevated δ15N and depleted δ13C of larger brown trout agreed with diet 

data, which indicated that Chinook salmon represented a significant fraction of their diet (Figure 

14b).  The rest of the fish community relied more heavily on benthic energy pathways with 

invertebrates and suckers occupying lower trophic levels, salmonid parr and mountain whitefish 

at intermediate trophic levels, and brown trout and hatchery rainbow trout at higher trophic 

levels.  

Habitatspecific Seasonal Feeding and Growth of Anadromous Salmonids  

Results in the following section will follow a similar format where observed individual 

growth (g/year) and estimated feeding rate, expressed as a percentage of the theoretical 

maximum consumption rate (%Cmax), growth efficiency (growth/consumption = GE), and the 

top contributors to the annual energy budget are reported for each species and cohort (Table 2).    

Chinook salmon—From the seasonal and length frequency distributions, we inferred that age-0 

Chinook salmon used NF Reservoir as the primary rearing habitat from spring through 

emigration the following year.  Bioenergetic model simulations indicated that reservoir-rearing 

age-0 Chinook exhibited high feeding rates (90% Cmax)  from May through November, growing 

an average 25.9 g with high growth efficiency (GE = 12%).  During December and January, 

feeding declined markedly to 39% Cmax and age-0 Chinook experienced 2% weight loss.  Over 

the entire simulation period (May-mid January), Daphnia contributed 73% of the total biomass 

of food consumed, followed secondarily by aquatic insects.  In contrast, age-0 Chinook salmon 

that reared in Big Bottom during May-November only grew 2.9 g, feeding at a low 31% Cmax 

primarily on aquatic insects.  Growth efficiency was higher in Big Bottom (GE = 16%), because 

cooler temperatures remained closer to the optimum range for growth under conditions of limited 

food supply. 

Coho Salmon--Coho salmon primarily used tributary and transition habitats, but their feeding 

and growth rates were considerably lower than for lacustrine-rearing Chinook salmon.  During 

May-July, feeding rates and growth performance for age-0 coho were highest in Big Bottom, 

Oak Grove, and the transition zone (40-42% Cmax, 2.0-2.9 g incremental growth), but were 

much lower in Pinhead Creek (31% Cmax, 0.8 g incremental growth).  During August-

December, feeding (21-31% Cmax) and growth rates were lower than earlier in the growing 



season in all habitats; however, feeding was somewhat higher during August-October in Pinhead 

Creek (31% Cmax) and the transition zone (29% Cmax) than in Big Bottom (21% Cmax) or Oak 

Grove (24% Cmax).  For age-1 coho, Big Bottom was the only habitat containing measureable 

numbers of age-1 coho during May-December, but feeding rates were consistently low (23-30% 

Cmax).  

Steelhead-Rainbow Trout--O. mykiss used Oak Grove Fork as their primary rearing habitat from 

emergence in late spring or early summer through December of the following year.  Age-0 O. 

mykiss fed at a relatively low rate (18% Cmax) during summer, declining to 10% during autumn.  

Feeding and growth appeared to increase to 24% Cmax for age-1 from January through July; 

however, size selective overwinter mortality might have removed the smaller individuals of this 

cohort, thus artificially inflating apparent growth.  Feeding rates increased to 27% Cmax for age-

1 O. mykiss during summer and autumn.  Pinhead Creek was also used secondarily, but low 

sample sizes only allowed tracking of age-0 growth cohorts from August through January of 

their first year.  O. mykiss fed at a low rate during August-November (20% Cmax), and feeding 

rate declined to 14% Cmax during December-January.  Some age 1-2 O. mykiss were 

encountered in NF Reservoir, but samples were too sporadic to track feeding and growth 

performance. 

Population-Level Consumption Demand by Key Species in Lotic Habitats  

Shorthead sculpin consumed 2-3 fold more prey biomass per unit area (g/m2) than the 

combined consumption by other sympatric fishes in the lotic habitats examined (Figures 16a-c).  

Aquatic immature and adult aquatic insects represented the greatest biomass of prey consumed 

annually by all fishes in tributary habitats. Cutthroat trout and juvenile coho salmon were the 

second most-important consumers in Big Bottom and Pinhead Creek (Figures 16a-b), whereas 

O. mykiss followed by coho were the other significant consumers in Oak Grove (Figures 16c).  

Annual consumption demand by the fish community was much higher in Oak Grove (39 g/m2) 

than Big Bottom (6.5-12.5 g/m2) or Pinhead Creek (8 g/m2). Chinook salmon consumed the 

lowest biomass of food in lotic habitats, which reflected the low densities and generally short 

occupation of the stream habitats.  

 



Annual Population-Level Consumption Demand by Key Species in North Fork Reservoir 

Aside from suckers which were not modeled, bioenergetic simulations indicated that 

juvenile Chinook salmon consumed the greatest biomass of invertebrate prey (21.7 metric 

tons/yr, MT/yr)  in North Fork Reservoir, followed by mountain whitefish (6.9 MT/yr; Figure 

17a).  Chinook primarily consumed Daphnia (19.0 MT) from late spring through mid-autumn, 

followed by aquatic insects (2.5 MT) during spring autumn and winter. Approximately half of 

the total consumption demand by Chinook salmon came from the assumed immigration and 

mortality patterns assigned to the population between May and August. Nonetheless, even if 

consumption from the June-July population scenario was removed, Chinook salmon would still 

impose the highest consumption demand in North Fork Reservoir, especially on Daphnia.  

During August, Chinook salmon consumed an estimated 14% of the Daphnia biomass in the 

reservoir. In contrast, mountain whitefish primarily consumed aquatic insects (5.6 MT) followed 

secondarily by Daphnia (0.8 MT), and benthos (0.4 MT). Consumption demand by coho salmon 

was attributed to the pulse of 70,000 smolts passing through the reservoir in spring, but their 

consumption was minor compared to Chinook salmon and mountain whitefish. 

Of the potentially piscivorous salmonids in North Fork Reservoir, brown trout >300 mm 

FL were the most important predator on juvenile Chinook salmon (173 kg/yr plus another 26 kg 

of unidentified salmonids); brown trout also consumed substantial amounts of mountain 

whitefish (241 kg/yr)  and sculpin (110 kg/yr; Figure 17b).  Under the predation scenario that 

assumed 405 brown trout >300 mm FL in the reservoir during summer, 294 in autumn, 187 in 

winter, and 16 in spring, the seasonal consumption estimates translated into annual numerical 

predation losses of 26,700 juvenile Chinook and unidentified salmon (which were also presumed 

to be Chinook), and represented 15% of the estimated abundance of juvenile Chinook in the 

reservoir during August. This estimate accounted for the seasonal changes in both consumption 

by brown trout and prey body weight. Both small and large hatchery rainbow were significant 

piscivores on non-salmonid fishes like suckers (281 kg/yr), sculpin (81 kg/yr), and unidentified 

fish (9 kg/yr; Figure 17b).  Wild O. mykiss < 300 mm FL exhibited minimal piscivory on 

benthic fishes (29 kg dace, 1 kg sculpin), feeding primarily on aquatic insects and secondarily on 

terrestrial insects and Daphnia.   

 



Discussion 

In the Upper Clackamas River Basin, the current life history patterns expressed by 

juvenile anadromous salmonids varied from a heavy reliance on the reservoir during first-year 

rearing by spring Chinook salmon, to lotic rearing by coho salmon in Big Bottom, Pinhead 

Creek, Oak Grove, and the transition zone, to heavy use of Oak Grove Fork by ages 0-1 O. 

mykiss.  These interspecific differences in habitat use influenced feeding and growth 

performance in response to the specific trophic interactions and environmental conditions 

experienced within each habitat.  Each habitat offered a different combination of environmental 

conditions, seasonal food supply, and community of potential competitors and predators.   

In lotic habitats, feeding and growth were considerably lower for all three anadromous 

salmonids species than in North Fork Reservoir.  Bioenergetic simulations determined that the 

slower observed growth was the result of low feeding rates (only 20-50% Cmax), suggesting 

food limitation rather than a thermal constraint.  In fact, the cooler lotic temperatures 

compensated somewhat for the limited food supply by increasing growth efficiency via reduced 

metabolic demands.  Food limitation could result from low overall productivity, intra-specific 

density dependence, or interspecific competition for common food resources.  Aquatic insects 

represented the primary energy pathway supporting salmonids and sculpins in all of the lotic 

habitats, as indicated by both diets and stable isotope analysis.   

Sculpins represented the greatest fraction of fish biomass in all lotic habitats examined, 

and imposed 2-4-fold higher consumption demand on the invertebrate food supply than did 

sympatric salmonids.  Sculpin consumption rate in the Clackamas River (0.69 mean Cmax, range 

0.29-1.40) was much higher than in the Trask River in Northwest Oregon (0.38 mean Cmax) 

(Raggon 2010) suggesting that current conditions are more  favorable for cottids than salmonids.  

In the Trask River Raggon (2010) determined that cottid feeding performance was 4 times 

greater than sympatric cutthroat trout suggesting that resource partitioning (aquatic vs. terrestrial) 

was an important factor structuring the annual energy budgets of cutthroat trout in the Trask 

River drainage.  In the Upper Clackamas River Basin, stable isotope analyses indicated varying 

degrees of diet segregation between sculpin and salmonids, particularly with respect to δ13C 

pathways, ranging from relatively high overlap in Big Bottom to significant segregation in 

Pinhead Creek and Oak Grove Fork, and moderate overlap in the transition zone.   Subsidies 



from terrestrial insects were important for propping up the feeding and growth rates in the 

mainstem habitats of Big Bottom and the transition zone (representing 41-48% of the prey 

biomass consumed annually by coho, 21% for Chinook in Big Bottom), but contributed much 

less to annual consumption in Pinhead Creek (17% for coho, 24% for O. mykiss) and Oak Grove 

Fork (27% for coho, 7% for O. mykiss). 

Piscivory was minimal in lotic habitats, but considerably higher in North Fork Reservoir. 

We detected a relatively low level of piscivory in the upper Clackamas River tributaries 

involving juvenile coho, O. mykiss, cutthroat trout, and sculpin as predators with mountain 

sculpin and mountain whitefish representing the most common fish prey. This suggests that the 

factors currently regulating the structure and function of the lotic fish communities were related 

to environmental conditions, food supply, and potentially competition rather than by predation.     

North Fork Reservoir supported high feeding (90% Cmax) and growth by age-0 Chinook 

salmon during spring through autumn, then no apparent growth during winter.  Daphnia was the 

primary contributor to the high feeding and growth period.  Although the seasonal sampling 

program could not identify the timing or magnitude of the Daphnia bloom  and subsequent 

decline in the reservoir, or the corresponding dietary shift by juvenile Chinook salmon, the 

highly depleted δ13C signature of Chinook compared to other reservoir fishes supported their 

inferred heavy and prolonged reliance on Daphnia during the peak growth period.  Daphnia are 

important prey for other lacustrine-rearing populations of both fall (Rondorf et al. 1990; Koehler 

et al. 1996) and spring-summer Chinook salmon (Muir and Coley 1995).  Moreover, other 

juvenile salmon species exhibit a strong dietary selection for Daphnia that is triggered at very 

low ambient densities (Scheuerell et al. 2005).  The low feeding and growth rates during 

December and January corresponded to the complete absence of macro-zooplankton in the 

reservoir by the end of November. 

In North Fork Reservoir, brown trout > 300 mm FL were identified as the only 

significant predator on Chinook salmon, while also eating substantial amounts of mountain 

whitefish and sculpin.  Hatchery rainbow trout were important predators on juvenile largescale 

suckers, and to a lesser degree on mountain whitefish and sculpin.  The simulated reservoir 

predation scenario suggested that annual losses from brown trout predation represented 15% of 

the juvenile Chinook population estimated to be in the reservoir during August.   



These estimates of predation losses should be considered within the bounds of the 

sampling limitations and analyses that were possible in this study.  The predation estimates were 

highly sensitive to assumptions regarding the seasonal abundance of brown trout in the reservoir 

(i.e., peak abundance of 405 predators in summer, declining seasonally to a minimum of 16 

during spring); furthermore, converting these predation losses into mortality estimates would 

require accurate estimates of the number of juvenile Chinook salmon entering the reservoir.  

Peak immigration of juvenile Chinook salmon into the reservoir probably occurred in late spring, 

and attrition from predation and other sources of natural mortality or emigration likely reduced 

abundance significantly before the population assessment was performed in August.  Thus, 

predation losses likely represented an annual mortality rate of less than 10% of the juvenile 

Chinook salmon population that entered the reservoir.  Despite the uncertainties described above, 

this predation scenario reasonably accounted for seasonal variability in predator abundance and 

diet (supported by stable isotope analysis), and effects of the thermal regime on seasonal 

consumption rates.  This scenario suggests that predation mortality for juvenile Chinook salmon 

and other salmonids appears to be relatively low in the reservoir under current conditions.  

However, a significant limitation to this study was the inability to sample for short-term, acute 

predation responses while pulses of juvenile salmonids were migrating into or out of the 

reservoir.  Other studies have demonstrated that acute predation can be hard to detect without 

very-high sampling frequency during pulses of prey fish availability, but can result in severe 

mortality over very short periods (days or weeks; Cartwright et al. 1998; Baldwin et al. 2000; 

Beauchamp et al. 2007).  

The source of brown trout in North Fork Reservoir was likely Timothy Lake or Harriet 

Lake, both reservoirs on the Oak Grove Fork.  The vectors for transporting brown trout to the NF 

Reservoir are either spill from the upper dams on Timothy and Harriet lakes or through Frog 

Lake, the forebay of the Oak Grove powerhouse.  Natural reproduction in other parts of the 

system is possible but has not been documented.  Although brown trout were caught in low 

numbers, they were captured consistently all four seasons, suggesting a persistent presence, 

regardless of the vector for transport.    

Density dependent mortality can be a major factor influencing the abundance and size 

structure of salmon populations (Ward et al. 2008a-b).  Kostow and Zhou (2006) determined that 



stocking hatchery summer steelhead in the Upper Clackamas River reduced the productivity of 

winter steelhead by increasing density dependent mortality for winter steelhead.  Although 

current salmonid densities in the Upper Clackamas River are relatively low,  the low feeding 

rates estimated for juvenile salmonids in lotic habitats suggest that food limitation already occurs 

and could potentially be exacerbated as densities of trophic competitors increase.  In the 

Connecticut River, high sculpin densities were associated with low survival of juvenile Atlantic 

salmon, independent of other native species (Ward et al. 2008a-b).  High sculpin density can also 

alter lower trophic level processes such as leaf shredding by invertebrates (Konishi et al. 2001); 

conversely, the growth rates and size structure of sculpin can be reduced by the presence of 

predatory fishes even if direct predation is rare (Zimmerman and Vondracek 2007).   

The current spatial-temporal distribution patterns and associated feeding and growth 

performance of anadromous salmonids provide context for evaluating potential responses to the 

re-itroduction of bull trout into the Upper Clackamas River Basin.  Bull trout exhibit a wide 

range of feeding behaviors, from seasonal specialization to generalist feeding patterns, but 

generally become piscivorous at a relatively small size in fluvial habitats (Fraley and Shepard 

1989; Lowery 2009), and become highly piscivorous in lake and reservoir populations at 

intermediate to large sizes (Beauchamp and Van Tassell 2001; Clarke et al. 2005).  Juvenile bull 

trout in tributaries to the Skagit River, WA consumed primarily aquatic insects until reaching a 

fork length of 100 mm when they began to prey on small fishes.   Coho salmon and O. mykiss 

were the most common salmonid fishes present and consumed.  No sculpin were found co-

occurring with bull trout in the tributaries, but fluvial adult bull trout in the mainstem Skagit 

River fed heavily on sculpin (Lowery 2009).  Juvenile bull trout >110mm in the Flathead River 

system in MT consumed sculpin and trout (Fraley and Shepard 1989).   

In the Upper Clackamas River, juvenile salmon, sculpin, cutthroat trout, and O mykiss 

would be the most abundant fishes available as prey for piscivorous bull trout in the tributaries.  

Small sculpin would be available year round and juvenile coho salmon would be available in 

most lotic habitats during spring through fall, whereas age 0-1 O. mykiss would primarily be 

available in Oak Grove Fork.  Newly-emerged Chinook salmon fry would be available briefly as 

prey in tributaries during spring, before and during their migration to North Fork Reservoir, with 

much lower densities of stream-rearing forms remaining Big Bottom and Oak Grove Fork 



through the first growing season.  Since piscivorous bull trout routinely consume other salmonids 

up to 40-50% of their own body length (Beauchamp and Van Tassell 2001; Beauchamp et al. 

2007), a 100-mm yearling bull trout would be capable of eating juvenile salmonids from the time 

of emergence through the 1-3 months needed to outgrow the gape-limitation threshold of the 

relatively abundant age-1 year class.  The age-0 salmon and steelhead would likely remain 

vulnerable to predation by all older age classes of bull trout in the basin.  Mountain whitefish are 

common prey of both fluvial and adfluvial bull trout, but were not found in the tributary habitats.  

A modest adfluvial population of mountain whitefish was found in North Fork Reservoir, but we 

speculate that many more will be found in the mainstem river habitats that we were unable to 

sample.  Adult fluvial bull trout are primarily piscivorous, feeding on seasonally abundant 

resident or anadromous prey fishes, but can also consume significant amounts of salmon eggs, 

carcass flesh, and invertebrates (Lowery 2009).  However, given the relatively low escapement 

levels for Chinook and coho salmon, and the absence of species that exhibit high spawner 

densities like pink, chum, or sockeye salmon, the contribution of salmon eggs and carcasses is 

expected to be a relatively minor portion of the diet for bull trout in the Clackamas Basin, unlike 

the very significant contribution of these marine energy subsidies to the annual energy budget of 

bull trout in the Skagit River.  Therefore, predation demand by bull trout will have to be satisfied 

by primarily by resident and anadromous fishes in tributary, mainstem, and reservoir habitats, 

and secondarily by invertebrates when prey fish availability is low.   

A seasonal examination of the relative abundance, size distribution, and trophic 

interactions of fishes in the mainstem Clackamas River will be necessary to determine whether 

the mainstem serves as important seasonal or year-round rearing habitat for juvenile salmon or 

steelhead, and to determine whether significant populations of resident fishes like mountain 

whitefish or sculpin represent either important competitors with juvenile salmonids or alternative 

prey for bull trout.  

There is a reasonable probability that some or all of the subadult and adult bull trout will 

adopt an adfluvial life history strategy as was observed for the donor population when the 

Deschutes River was impounded to form Lake Billy Chinook.  The primary forage base for bull 

trout in North Fork Reservoir would be the short-duration pulses of juvenile salmon and 

steelhead migrating seasonally into or out of the reservoir, and a year-round supply of largescale 



suckers, juvenile Chinook salmon, mountain whitefish, hatchery rainbow trout, and sculpin.  In 

addition, although sculpins were not sampled effectively in the reservoir, they were found in 

measurable amounts in the diets of brown trout and hatchery rainbow trout.  Even during 

summer, thermal stratification in the reservoir is weak and is unlikely to offer an effective 

thermal refuge for juvenile Chinook salmon from predatory bull trout or brown trout.  Since 

juvenile Chinook salmon in the basin rely heavily on the reservoir as a nearly year-round rearing 

habitat and currently achieve high feeding and growth rates,  it will be important to monitor both 

direct predation impacts and indirect effects such as changes in diel distribution and feeding 

which would likely reduce growth and survival.  

Predators can have wide ranging direct and indirect effects on their prey populations 

(Woodward et al. 2008).  The direct effect of predation (mortality) on prey populations is often a 

main focus of population level predator-prey evaluations (Beauchamp 2007).  Estimating direct 

predation effects is certainly important for quantifying mortality, but the indirect or non-

consumptive effects could potentially be a stronger influence on the growth, distribution, and 

ultimate survival of prey (Lima 1998).  Anti-predator strategies can include refuging behavior, 

spatial-temporal segregation, and ontogenetic shifts in growth and energy allocation (Biro et al. 

2003).   

Juvenile Pacific salmon exhibit complex habitat use patterns across their native and 

introduced range and often shift habitat use in response to a changing environment.  Examples 

include juvenile coho salmon using beaver dams (Pollock et al. 2004), juvenile Chinook salmon 

rearing in lakes or reservoirs (Rondorf et al. 1990, Koehler et al 2006), and increased use of 

intentionally placed large woody debris and engineered log jams (Whiteway 2010).  The 

behavioral and ecological plasticity of juvenile Pacific salmon will provide managers, tasked 

with monitoring the Upper Clackamas River bull trout reintroduction, context for evaluating the 

ecological effects of an establishing predator population.  Bull trout also exhibit complex 

migratory behavior within (Nelson et al. 2002, Mogen and Kaeding 2005) and among river 

systems (Brenkman and Corbett 2005).  For example, the proposed donor stock from the 

Metolious River, OR, a tributary of the Deschutes River, was originally fluvial, but the 

installation of dams on the mainstem Deschutes River created the Lake Billy Chinook reservoir 

and bull trout have adopted fluvial and adfluvial life histories.  



This analysis compiled seasonal trophic dynamics of fishes in tributary, river-reservoir 

transition zone, and reservoir habitats for key salmonid and non-salmonid members of the basin 

food web in order to characterize the current structure and function of the Upper Clackamas 

River food web; however, important uncertainties remain regarding the role of mainstem habitat 

and whether all major life history strategies were examined for juvenile Chinook, coho, and 

steelhead in this basin.  This baseline food web analysis was based on the assumption that the 

selection of habitats sampled were representative of other reaches within the same tributaries and 

other tributaries.  Other tributaries are also heavily utilized by rearing coho salmon and O. mykiss 

(e.g., Strobel 2006).  Although our results suggest that North Fork Reservoir is the primary 

rearing habitat for juvenile spring Chinook salmon in the basin, it is possible that significant 

fluvial rearing cold be occurring in some of the un-sampled tributaries.  Indirect evidence of 

significant fluvial-rearing forms might be detected in by multiple modes in length frequency 

distributions from trapping sites above the reservoir and at the smolt bypass or from back-

calculated growth trajectories using scales. Funding constraints prevent effective sampling in 

mainstem habitats, so important gaps in knowledge remain regarding the role of the mainstem as 

seasonal or year-round rearing and migratory habitat for juvenile anadromous salmonids and 

resident fishes.  Our analysis will aid managers and biologists tasked with monitoring and 

evaluating the performance of the reintroduced bull trout population as it becomes established in 

the Upper Clackamas River food web.  Additional analysis of the mainstem Clackamas River is 

recommended to establish a more comprehensive representation of the trophic dynamics 

currently present in the Upper Clackamas River.  

Recommendations for Monitoring and Evaluation 

During the current investigation in the Upper Clackamas River Basin, no predation on 

juvenile Pacific salmon was detected in the tributaries, and brown trout were the only significant 

predator on juvenile salmon in the North Fork Reservoir.  However, only a portion of the 

mainstem habitat was evaluated during this investigation, and was localized in the transition zone 

at the confluence with North Fork Reservoir. Therefore, a more comprehensive evaluation of 

predation interactions within the Upper Clackamas River mainstem (where large predatory-sized 

fishes like bull trout are likely to reside), from the headwaters to North Fork Reservoir is 

recommended to establish current use by trophic interactions of juvenile salmon and steelhead, 



and other resident fishes vulnerabilities and provide context for monitoring and evaluation of the 

bull trout reintroduction.  Such activities can include snorkel surveys to visually sample 

mountain whitefish and large predatory-sized trout and estimate the size of the mainstem 

predator populations and angling to collect diets and other biological data from those potential 

predators.  Without that evaluation it will be difficult to interpret the results of population level 

monitoring and only habitat specific changes within tributary sites and the NF Reservoir will be 

immediately quantifiable. 

If juvenile Pacific salmon become vulnerable to predation by an introduced bull trout 

population we may see shifts in localized habitat use measured as changes in the relative 

abundance of juvenile Pacific salmon compared to resident fishes (tributary and reservoir).  As 

bull trout populations expand in the reintroduction area, there may be shifts in the duration of 

residency in various habitats (tributary, reservoir, and mainstem).  We hypothesize that the most 

sensitive indicators of ecological change due to the bull trout reintroduction will be changes in 

seasonal distribution and size structure of juvenile salmonids within and among habitats.  With 

these considerations in mind, the following progression of monitoring activities will likely 

capture large scale behavioral and ecological shifts in juvenile salmon populations.   

Future monitoring can take advantage of trapping sites and existing data to identify and 

isolate beneficial and detrimental processes related to life-stage and habitat-specific feeding, 

growth performance, and survival for juvenile salmon. Within-basin growth and movements can 

be measured using existing in-stream trapping methods.  Past trapping efforts using screw traps 

were able to evaluate migration timing and size structure of juvenile Pacific salmon and resident 

fishes.  Weight was also collected from most individuals captured but not reported.  These data 

currently exist, but were not made available for this project.  An evaluation of the length/weight 

relationships of juvenile Pacific salmon among and within species and years will be necessary to 

determine if biomass production as well as numerical production is changing due to the presence 

of the introduced predator.  The ecological effects of bull trout could manifest as shifts in 

numbers of fish moving as well as the mass and length of fish moving; therefore, trapping 

activities should include weight measurements in order to determine which processes are 

involved in production and migratory behavior. 



Tributary indices can be used to evaluate relative change in abundance and residence 

times in habitats where trapping is not feasible.  Protocols similar to the collection methods 

described in the Tributary Sampling section of this report, performed seasonally, will allow 

managers to evaluate localized behavior of prey populations and monitor recruitment patterns of 

bull trout as they begin to colonize various habitats within the Upper Clackamas River system.  

Data such as size structure and length/weight relationships can be collected continuously in order 

to evaluate short term changes in growth.   

Stable isotope analysis can be used as a proxy for diets during monitoring and evaluation 

activities.  Changes in trophic position and energy source for stream and reservoir fishes can be 

detected with stable isotopes and can provide information on the magnitude and direction of 

trophic shifts.  Stable isotope analysis was completed during the current project and, combined 

with the diet analysis, will provide context for future analysis once bull trout become established. 

This will allow habitat specific monitoring of trophic shifts without conducting large scale diet 

analysis.  The diets and stable isotope signatures of bull trout should be evaluated during the 

establishment phase to provide context for future analysis of trophic behavior.  Tissues (frozen or 

dried fin clips) for stable isotope analysis should be collected from all bull trout used during 

reintroduction.  The relatively high turnover rate by smaller, fast-growing bull trout (e.g., fish 

that undergo a two-fold or greater increase in body mass after release) will enable us to examine 

their trophic position and the major energy pathways used in their host environment within 6-12 

months after reintroduction.  Larger subadults and adults could potentially require 12 months 

before their isotopic signatures could be evaluated if using conventional muscle or fin tissue.  

However, samples of epidermal slime can effectively reflect more recent trophic dynamics (e.g., 

over the past 1-2 months;  Church et al. 2009). 

All adult bull trout used for the reintroduction should have an identifiable external mark 

such as an external tag to aid in monitoring efforts.  Mainstem sampling can use a combination 

of snorkeling and angling to determine the presence, abundance, size structure, and trophic 

behavior of fluvial bull trout.  Similar methods used on the Skagit River, WA produced 

comprehensive diet, and size structure data for bull trout >300mm.  These direct observations 

provide important information regarding the performance (production) of the establishing 

population as well as its feeding and migratory behavior.   



Telemetry methods such as pit tagging and acoustic or radio tagging will provide 

information regarding seasonal use of the tributary-river-reservoir system.  Each method has 

strengths and weaknesses as either stationary gate-keepers or for mobile searches.  A key 

consideration is that if bull trout become adfluvial, radio telemetry might not detect signals 

within the reservoir. Spawning locations, foraging migrations, duration of habitat use, and 

common areas of aggregation can be identified with these techniques and will help direct bull 

trout field collection, but careful attention to designing an integrated telemetry program into the 

broader research and monitoring effort will be essential.   

Monitoring and evaluation of the reintroduction will require an integration of various 

analytical techniques to provide the most comprehensive effort possible.  It is important that the 

current populations of Pacific salmon and steelhead persist while the bull trout population 

becomes established.  It is very likely that bull trout will consume juvenile Pacific salmon, at 

least seasonally; therefore, it is imperative that the trophic behavior of key food web members 

within the upper Clackamas River be monitored continuously to prevent unintended detrimental 

effects to the function of the ecosystem and persistence of current populations. 
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Table 1. Mean fork lengths (FL) -at-age (N, SD) by location for fish caught in the Upper Clackamas River, OR.  Fork lengths were 
measured during late autumn, winter, and spring to correspond the presumptive period of annulus formation prior to the main growing 
season.  An asterisk (*) denotes FL-at-age during the growing season  (summer-autumn) due to a lack of adequate  samples collected 
during the time of annulus formation.  Location abbreviations are defined as; BB 1 is Big Bottom 1, BB 2 is Big Bottom 2, OGF is the 
Oak Grove Fork, Pinhead is Pinhead Creek, Transition is the River-Reservoir Transition Zone, and Reservoir is the NF Reservoir.  
Species abbreviations are as follows; Coho is coho salmon, Cutt is Coastal cutthroat trout,  O. mykiss is wild O. mykiss, Brown is 
brown trout, CHK is Chinook salmon, Hatch  is hatchery rainbow trout, Sucker is largescale sucker, and Whitefish is mountain 
whitefish. 

 
  

    Age               
    1 2 3 4 5 6 7 8 
Location Species Length (mm)        

BB 1 Coho 69 (2,10) 95 (2,7)*       
BB 1 Cutt 84 (6,18) 129 (5,20)* 186 (2,70)*      
BB 2 CHK 66 (2,3)        
BB 2 Coho 64 (4,3) 92 (3,6)*       
BB 2 Cutt 66 (1,NA)        
BB 2 O. mykiss 63 (1,NA)        
OGF Coho 70 (3,5)        
OGF Cutt 93 (1,NA)*  180 (1,NA)*      
OGF O. mykiss 60 (18,5) 114 (13,23)* 145 (3,19)*      

Pinhead Coho 59 (11,9)        
Pinhead Cutt 118 (5,18) 134 (2,22)       
Pinhead O. mykiss 52 (1,NA) 120 (1,NA)       

Transition Coho 89 (1,NA) 92 (1,NA)       
Reservoir Brown   329 (3,77)* 375 (4,102)*     
Reservoir CHK 110 (5,5) 137 (13,11) 176 (1,NA)*      
Reservoir Coho 105 (6,4) 120 (16,5)       
Reservoir O. mykiss  161 (2,16) 207 (3,32) 222 (1,NA)*     
Reservoir Hatch   259 (4,31) 284 (4,20) 340 (1,NA)    
Reservoir Sucker  108 (1,NA) 190 (4,30) 251 (6,38) 389 (3,9) 412 (10,33) 427 (5,44) 443 (1,NA) 

Reservoir Whitefish 135 (1,NA)* 166 (6,17) 215 (8,29) 234 (7,21) 286 (6,23) 308 (1,NA)   



Table 2. Bioenergetics growth inputs and annual simulation outputs by location for key food web 
members in the Upper Clackamas River, OR. Species abbreviations used are defined as Chinook 
salmon-CHK, coho salmon-COHO, coastal cutthroat trout-Cutt, O. mykiss-RBT, hatchery O. 
mykiss- RBT-H, shorthead sculpin-Sculpin, brown trout-Brown, mountain whitefish-Whitefish. 

Species 
Ag
e Location 

Size 
Class 

% 
Cmax 

Initial 
day 

Final 
day 

Initial 
Weight 

(g) 

Final 
Weight 

(g) 
Growth 

(g) 
Consum-
ption (g) GE 

CHK  0  Big Bottom 30-95 31%  1  365  0.38  3.14  2.8  25.8  11%
CHK  0  NF Reservoir 30-95 90%  1  210  0.38  26.30  25.9  220.0  11.8%
CHK  0  NF Reservoir 96-300 39%  210  255  26.30  25.80  ‐0.5  17.5  ‐2.9%
Coho  0  Big Bottom 30-95 40%  1  90  0.66  3.68  3.0  8.1  37.3%
Coho  0  Big Bottom 30-95 21%  91  180  3.68  4.49  0.8  6.4  12.6%
Coho  0  Big Bottom 30-95 23%  181  220  4.49  4.49  0.0  15.4  0.0%
Coho  1 Big Bottom 30-95 23%  1  90  7.56  8.53  1.0  16.3  6.0%
Coho  1 Big Bottom 30-95 24%  91  180  8.53  9.20  0.7  14.3  4.7%
Coho  1 Big Bottom 30-95 30%  181  220  9.20  9.20  0.0  26.0  0.0%
Coho  0 Transition  30-95 42%  1  90  0.56  3.98  3.4  10.1  33.8%
Coho  0 Transition  30-95 24%  91  180  3.98  5.59  1.6  8.7  18.5%
Coho  0 Transition  30-95 29%  181  220  5.59  5.59  0.0  21.1  0.0%
Coho  0 Oak Grove Fork 30-95 31%  1  90  0.72  4.76  4.0  7.8  51.7%
Coho  0 Oak Grove Fork 30-95 31%  91  180  4.76  5.81  1.0  5.0  20.9%
Coho  0 Oak Grove Fork 30-95 23%  181  220  5.81  5.81  0.0  10.4  0.0%
Coho  0 Pinhead Creek 30-95 42%  1  90  1.44  2.59  1.2  11.7  9.8%
Coho  0 Pinhead Creek 30-95 29%  91  180  2.59  3.84  1.2  9.1  13.7%
Coho  0 Pinhead Creek 30-95 23%  181  220  3.84  3.84  0.0  23.2  0.0%
Coho  0  NF Reservoir 30-95 40%  1  365  0.52  12.99  12.5  95.6  13%
Coho  1  NF Reservoir 96‐300  34%  1  365  12.99  20.43  7.4  197.9  4% 
RBT  0 Oak Grove Fork 30-95 18%  1 1 90 1 1.46  2.82  1.4  11.1  12.2%

RBT  0 Oak Grove Fork 30-95 10%  91 1 180 1 2.82  2.25  ‐0.6  3.5  ‐16.3%

RBT  1 Oak Grove Fork 30-95 24%  1  2 210 2 2.25  9.19  6.9  49.1  14.1%

RBT  1 Oak Grove Fork 30-95 27%  211 2 340 2 9.19  22.39  13.2  98.5  13.4%

RBT  0 Pinhead Creek 30-95 20%  1 1 90 1 0.38  0.97  0.6  3.7  15.8%

RBT  0 Pinhead Creek 30-95 14%  91 1 180 1 0.97  1.20  0.2  3.7  6.2%
RBT  1  NF Reservoir 96‐300  23%  1  365  34.72  48.60  13.9  430.7  3% 
RBT  2  NF Reservoir 96‐300  37%  1  365  48.60  193.08  144.5  1382.5  10%
Cutt  0  Big Bottom 1 30-95 29%  1  365  0.47  4.69  4.2  37.8  11%
Cutt  1  Big Bottom 2 30-95 29%  1  365  4.69  11.85  7.2  97.1  7% 
Cutt  2  Big Bottom 2 96‐300  32%  1  365  11.85  30.66  18.8  212.8  9% 
Cutt  0  Pinhead Creek 30-95 31%  1  365  0.85  6.36  5.5  45.7  12%
Cutt  1  Pinhead Creek 96‐300  30%  1  365  6.36  17.11  10.7  186.4  6% 
Cutt  2  Pinhead Creek 96‐300  31%  1  365  17.11  28.44  11.3  115.5  10%

 
1 Day 1=8/1, Day 90=10/30, Day 91=11/1, Day 180=1/30 
2 Day 1=1/1, Day 210=7/30, Day 211=8/1, Day 340=12/10 



Table 2-continued. 

Species 

A
g
e Location 

Size 
Class 

% 
Cmax 

Initial 
day 

Final 
day 

Initial 
Weight 

(g) 

Final 
Weight 

(g) 
Growth 

(g) 
Consum-
ption (g) GE 

Sculpin 0 Big Bottom 1 15-95 33% 1 365 0.16 0.53 0.4 5.8 6% 
Sculpin 1 Big Bottom 1 15-95 47% 1 365 0.53 1.24 0.7 12.1 6% 
Sculpin 2 Big Bottom 1 15-95 63% 1 365 1.24 2.70 1.5 23.9 6% 
Sculpin 3 Big Bottom 1 15-95 82% 1 365 2.70 5.43 2.7 43.0 6% 
Sculpin 4 Big Bottom 1 15-95 92% 1 365 5.43 8.00 2.6 60.3 4% 

Sculpin 5 Big Bottom 1 15-95 
106
% 1 365 8.00 11.93 3.9 83.9 5% 

Sculpin 0 Big Bottom 2 15-95 49% 1 365 0.51 1.17 0.7 12.3 5% 
Sculpin 1 Big Bottom 2 15-95 57% 1 365 1.17 1.97 0.8 19.2 4% 
Sculpin 2 Big Bottom 2 15-95 70% 1 365 1.97 3.28 1.3 29.2 4% 
Sculpin 3 Big Bottom 2 15-95 85% 1 365 3.28 5.46 2.2 45.0 5% 
Sculpin 0 Pinhead Creek 15-95 35% 1 365 0.10 0.33 0.2 2.3 10% 
Sculpin 1 Pinhead Creek 15-95 52% 1 365 0.33 0.78 0.4 5.4 8% 
Sculpin 2 Pinhead Creek 15-95 72% 1 365 0.78 1.76 1.0 11.3 9% 
Sculpin 3 Pinhead Creek 15-95 83% 1 365 1.76 2.84 1.1 17.0 6% 

Sculpin 4 Pinhead Creek 15-95 
110
% 1 365 2.84 5.29 2.4 29.6 8% 

Sculpin 5 Pinhead Creek 15-95 
140
% 1 365 5.30 9.80 4.5 51.1 9% 

Sculpin 0 Oak Grove Fork 15-95 29% 1 365 0.11 0.44 0.3 5.7 6% 
Sculpin 1 Oak Grove Fork 15-95 40% 1 365 0.44 1.12 0.7 12.5 5% 
Sculpin 2 Oak Grove Fork 15-95 47% 1 365 1.12 1.89 0.8 19.6 4% 
Sculpin 3 Oak Grove Fork 15-95 57% 1 365 1.89 3.19 1.3 30.2 4% 
Sculpin 4 Oak Grove Fork 15-95 68% 1 365 3.21 5.00 1.8 43.9 4% 
Sculpin 5 Oak Grove Fork 15-95 75% 1 365 5.00 6.95 1.9 57.9 3% 
Sculpin 6 Oak Grove Fork 15-95 87% 1 365 6.95 10.05 3.1 78.8 4% 
RBT-H 2 NF Reservoir 301-500 29% 1 365 141.81 289.72 147.9 2582.5 6% 
RBT-H 3 NF Reservoir 96-300 29% 1 365 289.72 472.45 182.7 1681.7 11% 
Brown 3 NF Reservoir 301-500 32% 1 365 154.19 542.30 388.1 2494.8 16% 
Brown 4 NF Reservoir 301-500 41% 1 365 542.30 896.72 354.4 1753.4 20% 

Whitefish 0 NF Reservoir 15-95 7% 1 365 0.30 2.86 2.6 29.0 9% 
Whitefish 1 NF Reservoir 301-500 17% 1 365 2.86 35.83 33.0 3109.4 1% 
Whitefish 2 NF Reservoir 96-300 8% 1 365 35.83 51.30 15.5 348.1 4% 
Whitefish 3 NF Reservoir 96-300 11% 1 365 51.30 138.60 87.3 1332.4 7% 
Whitefish 4 NF Reservoir 96-300 14% 1 365 138.60 213.96 75.4 1047.6 7% 
Whitefish 5 NF Reservoir 96-300 15% 1 365 213.96 457.22 243.3 319.7 76% 

 
 
 



Table 3. Energy density values (J/g wet weight) of consumers and prey used for bioenergetics 
simulations. 

Day 
Chinook 
Salmon 

Coho 
Salmon 

O. 
mykiss 

Cutthroat 
Trout

Sculpin 
spp.

Dace 
spp.

Mountain 
Whitefish 

Brown 
Trout 

Sucker 
spp.

Unid. 
Salmonid

1 5200 5200 5200 5200 5369 5369 5369 5200 5369 5200
365 5200 5200 5200 5200 5369 5369 5369 5200 5369 5200

      

Day 
Unid. 
Fish 

Unid. 
Fish 
Egg 

Aquatic 
Insect 

Aquatic 
Pupae

Terr. 
Insect Benthos

Zoo-
plankton  

Gastro-
pod Other  

1 5200 8000 4000 4200 5000 2250 2250 4000 4200
365 5200 8000 4000 4200 5000 2250 2250 4000 4200  

 
 

 

 

 

Table 4. Modeled mountain whitefish population structure based on the estimated standing stock 
biomass of individuals in the 96-300mm size class in the NF Reservoir during autumn. 

 

Size Class Age t Nt 
15-95 0 67440
96-300 1 6744
96-300 2 3499
93-300 3 1815
96-300 4 942
301-500 5 489

 Total age 1-4 13000
S 15-95mm  = 10%  
S 96-500mm = 52%  
Z 15-95mm = -2.3026  
Z 96-500mm = -0.6562  

 

 



Table 5. Seasonal site-specific population estimates from three pass depletion electrofishing in tributary habitats 
during field sampling 2009-2010. Species abbreviations are defined as; COHO juvenile coho salmon, CHK 
juvenile Chinook salmon, CTT cutthroat trout, RBT rainbow trout, SCLP sculpin spp., and SAL salamander spp.  
Biomass (g) referred to the total mass of each species estimated within the area of each sampling unit.  Area is the 
area sampled used to calculate density. 

Species Location  Season  SE Biomass 
(g)  

Area (m2) Numerical 
Density 
(fish/m2) 

Biomass 
Density        
(fish g/m2) 

CHK Big Bottom 2 Summer 1 1 1 200.75 0.005 0.005 

CHK Big Bottom 2 Autumn 2 2 6.4 200.75 0.010 0.032 

CHK Big Bottom 3 Spring 2 1 0.6 137.25 0.015 0.004 

CHK Oak Grove Fork Summer 1 0 3.9 467.5 0.002 0.008 

CHK Pinhead Creek Spring 6 0 2.8 442 0.014 0.006 

COHO Big Bottom 1 Summer 13 1 90.1 433.5 0.030 0.208 

COHO Big Bottom 1 Autumn 12 6 76.6 433.5 0.028 0.177 

COHO Big Bottom 2 Spring 6 1 7.4 200.75 0.030 0.037 

COHO Big Bottom 2 Summer 24 3 101.5 200.75 0.120 0.506 

COHO Big Bottom 2 Autumn 11 11 44.7 200.75 0.055 0.223 

COHO Big Bottom 3 Spring 5 10 1.5 137.25 0.036 0.011 

COHO Oak Grove Fork Summer 19 6 90.5 467.5 0.041 0.194 

COHO Oak Grove Fork Autumn 10 5 58.1 467.5 0.021 0.124 

COHO Oak Grove Fork Winter 4 0 15.9 467.5 0.009 0.034 

COHO Pinhead Creek Spring 15 0 21.6 442 0.034 0.049 

COHO Pinhead Creek Summer 17 2 44.1 442 0.038 0.100 

COHO Pinhead Creek Autumn 13 2 49.9 442 0.029 0.113 

COHO Pinhead Creek Winter 4 0 10.5 442 0.009 0.024 

CTT Big Bottom 1 Spring 13 38 107.4 433.5 0.030 0.248 

CTT Big Bottom 1 Summer 11 1 112.1 433.5 0.025 0.259 

CTT Big Bottom 1 Autumn 25 21 483.6 433.5 0.058 1.116 

CTT Big Bottom 2 Spring 1 1 3.2 200.75 0.005 0.016 

CTT Big Bottom 2 Summer 1 2 1.8 200.75 0.005 0.009 

CTT Oak Grove Fork Summer 2 1 74.9 467.5 0.004 0.160 

CTT Pinhead Creek Spring 8 6 68.5 442 0.018 0.155 

CTT Pinhead Creek Summer 8 0 53.7 442 0.018 0.121 

CTT Pinhead Creek Autumn 5 1 18.2 442 0.011 0.041 

CTT Pinhead Creek Winter 5 0 102.7 442 0.011 0.232 

RBT Big Bottom 2 Autumn 3 0 8.7 200.75 0.015 0.043 

RBT Oak Grove Fork Summer 130 19 597.3 467.5 0.278 1.278 

RBT Oak Grove Fork Autumn 38 3 208.5 467.5 0.081 0.446 

RBT Oak Grove Fork Winter 18 5 346.5 467.5 0.039 0.741 

RBT Pinhead Creek Summer 6 1 10.2 442 0.014 0.023 

RBT Pinhead Creek Autumn 1 0 1 442 0.002 0.002 



Table 5 
Continued 
Species 

Location  Season  SE Biomass 
(g)  

Area (m2) Numerical 
Density 
(fish/m2) 

Biomass 
Density        
(fish g/m2) 

RBT Pinhead Creek Winter 3 0 23 442 0.007 0.052 

SAL Big Bottom 2 Autumn 3 1 15.8 200.75 0.015 0.079 

SAL Oak Grove Fork Autumn 2 0 47.8 467.5 0.004 0.102 

SAL Oak Grove Fork Winter 4 0 69.8 467.5 0.009 0.149 

SCLP Big Bottom 1 Spring 87 22 287.4 433.5 0.201 0.663 

SCLP Big Bottom 1 Summer 38 4 127.9 433.5 0.088 0.295 

SCLP Big Bottom 1 Autumn 32 13 154.9 433.5 0.074 0.357 

SCLP Big Bottom 2 Spring 21 6 29.7 200.75 0.105 0.148 

SCLP Big Bottom 2 Summer 66 29 167.3 200.75 0.329 0.833 

SCLP Big Bottom 2 Autumn 229 461 443.4 200.75 1.141 2.209 

SCLP Big Bottom 3 Spring 15 0 38.8 137.25 0.109 0.283 

SCLP Oak Grove Fork Summer 531 510 2332.4 467.5 1.136 4.989 

SCLP Oak Grove Fork Autumn 74 10 274.8 467.5 0.158 0.588 

SCLP Oak Grove Fork Winter 36 4 123.1 467.5 0.077 0.263 

SCLP Pinhead Creek Spring 114 37 203.3 442 0.258 0.460 

SCLP Pinhead Creek Summer 181 8 398.2 442 0.410 0.901 

SCLP Pinhead Creek Autumn 162 0 262.7 442 0.367 0.594 

SCLP Pinhead Creek Winter 197 52 405.5 442 0.446 0.917 

 



 

Table 6. Seasonal catch per unit effort (mean # fish/net set) in the North Fork Reservoir, OR. 

 

Season 

Size 

Class 

Net 

Sets 

Brown 

Trout 

Juv. 

Chinook 

Salmon 

Juv. 

Coho 

Salmon 

Wild 

Rainbow 

Trout 

Hatchery 

Rainbow 

Trout 

Sculpin 

spp. 

Adult 

Steelhead 

Sucker 

spp. 

Mountain 

Whitefish 

Spring 15-95 10 0 0 0.100 0 0 0 0 0 0 

Spring 96-300 10 0 0 1.000 0.100 0.300 0 0 2.300 0.400 

Spring 301-500 10 0.100 0 0 0 0.200 0 0.100 6.500 0.200 

Summer 15-95 13 0 0.231 0 0 0 0.077 0 0 0 

Summer 96-300 13 0.077 4.000 0.154 0.154 0.308 0 0 11.08 1.692 

Summer 301-500 13 0.308 0.154 0 0.077 0 0 0 3.923 0.231 

Autumn 15-95 14 0 0 0 0 0 0 0 0 0 

Autumn 96-300 14 0.071 3.000 0 0.500 0.786 0 0 2.000 1.571 

Autumn 301-500 14 0 0 0.071 0.143 0 0 0 3.429 0.071 

Winter 15-95 12 0 0 0 0 0 0 0 0 0 

Winter 96-300 12 0 1.500 1.000 0.583 0.417 0 0 4.417 3.083 

Winter 301-500 12 0.083 0 0 0 0 0 0 21.33 0.083 



Table 7. Seasonal standing stock biomass estimates (kg) for crustacean zooplankton in the NF 
reservoir, OR. Samples were collected at two locations with vertical hauls at 5m and at15m 
details on the equipment and computations are described in the text.  No zooplankton were 
encountered during sampling in Autumn (November).  

 

Season 
Depth 

(m) Daphnia Bosmina Copepods Leptodora Total 
Spring 0-5m 30.1 0.0 44.1 0.0 74.2 
(May) 5-15m 0.0 0.0 0.0 0.0 0.0 
       
Summer 0-5m 28,338.5 20.6 5,323.9 3,554.9 69,232.5 
(August) 5-15m 3,554.3 0.0 653.0 2,387.0 28,077.3 
       
Autumn 0-5m 0.0 0.0 0.0 0.0 0.0 
(November) 5-15m 0.0 0.0 0.0 0.0 0.0 
       
Winter 0-5m 24.1 0.0 4.4 0.0 28.5 
(January) 5-15m 0.0 0.0 0.0 0.0 0.0 

 

 



Table 8. Diet proportions (mean proportion by weight) calculated from observed diets collected seasonally in tributary, river-reservoir 
transition, and reservoir habitats in the upper Clackamas River Watershed. 

Species Habitat 
Size 
Class Season n Sucker Dace 

White-
fish Sculpin Chinook 

Unid. 
Salmonid 

Unid 
Fish 

Unid 
Fish 
Egg 

Aquatic 
Insect 

Aquatic 
Pupae 

Terr. 
Insects 

Amphi-
pod 

Zoo-
plankton 

Gastro-
pod 

Chinook Big Bottom 3 15-95 Spring 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.75 0.00 0.00 0.13 0.13 0.00 

Chinook Big Bottom 2 15-95 Summer 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 

Chinook Big Bottom 2 15-95 Autumn 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.43 0.00 0.57 0.00 0.00 0.00 

Chinook Pinhead 15-95 Spring 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.87 0.00 0.10 0.03 0.00 0.00 

Chinook Oak Grove 15-95 Summer 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 

Coho Big Bottom 2 15-95 Spring 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.86 0.00 0.12 0.00 0.02 0.00 

Coho Big Bottom 3 15-95 Spring 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.79 0.05 0.06 0.10 0.00 0.00 

Coho Big Bottom 1 15-95 Summer 12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.40 0.02 0.48 0.01 0.00 0.08 

Coho Big Bottom 2 15-95 Summer 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.39 0.03 0.56 0.00 0.00 0.01 

Coho Big Bottom 1 15-95 Autumn 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.71 0.02 0.18 0.01 0.00 0.07 

Coho Big Bottom 2 15-95 Autumn 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.46 0.00 0.52 0.01 0.00 0.00 

Coho Big Bottom 1 
96-
300 Summer 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.44 0.00 0.56 0.00 0.00 0.00 

Coho Big Bottom 2 
96-
300 Summer 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.67 0.00 0.20 0.00 0.00 0.00 

Coho Pinhead 15-95 Spring 10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.86 0.02 0.09 0.01 0.00 0.02 

Coho Pinhead 15-95 Summer 16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.67 0.02 0.19 0.01 0.00 0.11 

Coho Pinhead 15-95 Autumn 12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.77 0.00 0.18 0.01 0.00 0.03 

Coho Pinhead 15-95 Winter 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.79 0.00 0.05 0.00 0.00 0.16 

Coho Oak Grove 15-95 Summer 15 0.00 0.00 0.00 0.03 0.00 0.00 0.00 0.00 0.47 0.01 0.46 0.00 0.00 0.03 

Coho Oak Grove 15-95 Autumn 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.86 0.03 0.08 0.00 0.00 0.00 

Coho Oak Grove 15-95 Winter 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 

 



Table 8-Diet in tributaries-continued 

Species Habitat 
Size 
Class Season n Sucker 

Dac
e 

White
-fish Sculpin Chinook 

Unid. 
Salmonid 

Unid 
Fish 

Unid 
Fish 
Egg 

Aquatic 
Insect 

Aquatic 
Pupae 

Terr. 
Insects 

Amphi-
pod 

Zoo-
plankton 

Gastro-
pod 

O.mykiss Big Bottom 2 15-95 Autumn 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.96 0.00 0.04 0.00 0.00 0.00 

O.mykiss Pinhead 15-95 Summer 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.74 0.03 0.15 0.02 0.00 0.00 

O.mykiss Pinhead 15-95 Autumn 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.53 0.00 0.47 0.00 0.00 0.00 

O.mykiss Pinhead 15-95 Winter 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 

O.mykiss Pinhead 96-300 Winter 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.92 0.00 0.00 0.00 0.00 0.07 

O.mykiss Oak Grove 15-95 Summer 62 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.78 0.05 0.17 0.00 0.00 0.00 

O.mykiss Oak Grove 15-95 Autumn 30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.85 0.01 0.14 0.00 0.00 0.00 

O.mykiss Oak Grove 15-95 Winter 13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.93 0.00 0.06 0.01 0.00 0.00 

O.mykiss Oak Grove 96-300 Summer 7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.61 0.10 0.22 0.00 0.00 0.00 

O.mykiss Oak Grove 96-300 Autumn 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.84 0.00 0.00 0.00 0.00 0.00 

O.mykiss Oak Grove 96-300 Winter 2 0.00 0.00 0.00 0.50 0.00 0.00 0.04 0.29 0.17 0.00 0.00 0.00 0.00 0.00 

Cutt Big Bottom1 15-95 Spring 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.99 0.01 0.00 0.00 0.01 0.00 

Cutt Big Bottom2 15-95 Spring 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 

Cutt Big Bottom1 15-95 Summer 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.71 0.03 0.20 0.00 0.01 0.05 

Cutt Big Bottom2 15-95 Summer 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 

Cutt Big Bottom1 15-95 Autumn 10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.66 0.00 0.26 0.05 0.03 0.00 

Cutt Big Bottom1 15-95 Winter 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.83 0.00 0.15 0.00 0.02 0.00 

Cutt Big Bottom1 96-300 Spring 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.77 0.01 0.22 0.00 0.00 0.00 

Cutt Big Bottom1 96-300 Summer 3 0.00 0.00 0.24 0.00 0.00 0.00 0.00 0.00 0.11 0.00 0.21 0.00 0.00 0.36 

Cutt Big Bottom1 96-300 Autumn 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.27 0.00 0.13 0.00 0.00 0.60 

Cutt Oak Grove 15-95 Summer 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 

Cutt Oak Grove 96-300 Summer 1 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Cutt Pinhead 15-95 Spring 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.92 0.00 0.08 0.00 0.00 0.00 

Cutt Pinhead 15-95 Summer 4 0.00 0.00 0.00 0.00 0.00 0.00 0.05 0.00 0.48 0.13 0.18 0.05 0.05 0.06 

Cutt Pinhead 15-95 Autumn 5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.79 0.01 0.11 0.04 0.00 0.02 

Cutt Pinhead 15-95 Winter 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.91 0.00 0.00 0.09 0.00 0.00 

Cutt Pinhead 96-300 Spring 2 0.00 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.79 0.00 0.15 0.00 0.00 0.00 

Cutt Pinhead 96-300 Summer 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.86 0.00 0.14 0.00 0.00 0.00 

Cutt Pinhead 96-300 Winter 4 0.00 0.00 0.00 0.10 0.00 0.00 0.00 0.00 0.87 0.00 0.00 0.00 0.00 0.02 



Table 8-D iet composition in Tributaries--Continued 

Species Habitat 
Size 
Class Season n Sucker Dace 

White-
fish Sculpin Chinook 

Unid. 
Salmonid 

Unid 
Fish 

Unid 
Fish 
Egg 

Aquatic 
Insect 

Aquatic 
Pupae 

Terr. 
Insects 

Amphi-
pod 

Zoo-
plankton 

Gastro-
pod 

Sculpin Big Bottom 1 15-95 Spring 55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.92 0.00 0.00 0.06 0.01 0.00 

Sculpin Big Bottom 1 
96-
300 Spring 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 

Sculpin Big Bottom 1 15-95 Summer 33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.80 0.04 0.01 0.06 0.01 0.03 

Sculpin Big Bottom 1 15-95 Autumn 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.90 0.00 0.00 0.04 0.01 0.05 

Sculpin Big Bottom 1 15-95 Winter 11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.71 0.00 0.00 0.19 0.10 0.00 

Sculpin Big Bottom 2 15-95 Spring 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.69 0.00 0.02 0.24 0.05 0.00 

Sculpin Big Bottom 2 15-95 Summer 38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.84 0.00 0.04 0.09 0.00 0.01 

Sculpin Big Bottom 2 15-95 Autumn 46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.83 0.00 0.00 0.07 0.07 0.03 

Sculpin Big Bottom 3 15-95 Spring 9 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.00 0.92 0.01 0.01 0.02 0.00 0.00 

Sculpin Pinhead 15-95 Spring 42 0.00 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.78 0.01 0.04 0.10 0.00 0.05 

Sculpin Pinhead 15-95 Summer 63 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.85 0.00 0.02 0.03 0.00 0.10 

Sculpin Pinhead 15-95 Autumn 51 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.84 0.00 0.04 0.06 0.00 0.05 

Sculpin Pinhead 15-95 Winter 65 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.84 0.00 0.04 0.07 0.00 0.04 

Sculpin Oak Grove 15-95 Summer 45 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.94 0.00 0.01 0.04 0.00 0.00 

Sculpin Oak Grove 
96-
300 Summer 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 

Sculpin Oak Grove 15-95 Autumn 53 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.98 0.00 0.00 0.02 0.00 0.00 

Sculpin Oak Grove 
96-
300 Autumn 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 

Sculpin Oak Grove 15-95 Winter 29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.98 0.00 0.00 0.02 0.00 0.00 

Sculpin Oak Grove 
96-
300 Winter 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 

Salamander Big Bottom 2 15-95 Autumn 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.96 0.00 0.00 0.01 0.00 0.03 

Salamander Big Bottom 2 
96-
300 Autumn 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.65 0.00 0.00 0.00 0.00 0.35 

Salamander Oak Grove 15-95 Summer 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.97 0.03 0.00 0.00 0.00 0.00 

Salamander Oak Grove 
96-
300 Summer 9 0.00 0.00 0.00 0.26 0.00 0.00 0.00 0.00 0.70 0.00 0.00 0.00 0.00 0.00 

Salamander Oak Grove 
96-
300 Autumn 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 

Salamander Oak Grove 15-95 Winter 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 

Salamander Oak Grove 
96-
300 Winter 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 



Table 8. Diet composition in the Transition Zone 

Species Habitat 
Size 
Class Season n Sucker Dace 

White-
fish Sculpin Chinook 

Unid. 
Salmonid 

Unid 
Fish 

Unid 
Fish 
Egg 

Aquatic 
Insect 

Aquatic 
Pupae 

Terr. 
Insects 

Amphi-
pod 

Zoo-
plankton 

Gastro-
pod 

Chinook Transition 15-95 Spring 10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.85 0.04 0.09 0.01 0.01 0.00 

Coho Transition 15-95 Summer 18 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.44 0.10 0.43 0.00 0.00 0.00 

Coho Transition 15-95 Autumn 9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.34 0.00 0.66 0.00 0.00 0.00 

Coho Transition 15-95 Spring 10 0.00 0.00 0.00 0.04 0.00 0.00 0.05 0.00 0.64 0.05 0.22 0.00 0.00 0.00 

Cutt Transition 15-95 Summer 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.44 0.06 0.44 0.00 0.00 0.00 

Dace Transition 15-95 Spring 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 

Dace Transition 15-95 Summer 31 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.70 0.02 0.19 0.00 0.07 0.00 

O.mykiss Transition 15-95 Summer 4 0.00 0.00 0.00 0.04 0.00 0.03 0.00 0.00 0.28 0.09 0.52 0.00 0.03 0.00 

Sucker Transition 15-95 Summer 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.25 0.00 0.00 0.25 0.00 

Sucker Transition 15-95 Autumn 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.25 0.25 0.00 

Sculpin Transition 15-95 Spring 8 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.88 0.00 0.00 0.02 0.10 0.00 

Sculpin Transition 15-95 Summer 12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.75 0.03 0.02 0.05 0.07 0.03 

Sculpin Transition 15-95 Autumn 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 

 



Table 8. –Continued. Diets in North Fork Reservoir 

Species Habitat 
Size 
Class Season n Sucker Dace 

White-
fish Sculpin Chinook 

Unid. 
Salmonid 

Unid 
Fish 

Unid 
Fish 
Egg 

Aquatic 
Insect 

Aquatic 
Pupae 

Terr. 
Insects 

Amphi-
pod 

Zoo-
plankton 

Gastro-
pod 

Brown Reservoir >300 Spring 1 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Brown Reservoir >300 Summer 3 0.00 0.00 0.46 0.21 0.33 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Brown Reservoir 96-300 Summer 1 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Brown Reservoir >300 Winter 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 

Chinook Reservoir 15-95 Spring 19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.47 0.10 0.14 0.11 0.18 0.00 

Chinook Reservoir 15-95 Summer 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.93 0.00 

Chinook Reservoir 96-300 Summer 16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.00 0.00 0.93 0.00 

Chinook Reservoir 96-300 Autumn 32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.76 0.00 0.18 0.00 0.00 0.00 

Chinook Reservoir 96-300 Winter 17 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 

Coho Reservoir 15-95 Spring 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.79 0.21 0.00 0.00 0.00 0.00 

Coho Reservoir 96-300 Spring 10 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.92 0.04 0.03 0.00 0.00 0.00 

Coho Reservoir 96-300 Winter 12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.99 0.00 0.00 0.01 0.00 0.00 

O.mykiss Reservoir 96-300 Spring 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.95 0.05 0.00 0.00 0.00 0.00 

O.mykiss Reservoir 96-300 Summer 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.00 0.50 0.00 

O.mykiss Reservoir 96-300 Autumn 7 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.00 0.62 0.00 0.18 0.00 0.00 0.00 

O.mykiss Reservoir >300 Autumn 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 

O.mykiss Reservoir 96-300 Winter 7 0.00 0.12 0.00 0.00 0.00 0.00 0.00 0.00 0.88 0.00 0.00 0.00 0.00 0.00 

RBT-H Reservoir 96-300 Spring 3 0.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.67 0.01 0.00 0.00 0.00 0.00 

RBT-H Reservoir >300 Spring 2 0.66 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.34 0.00 0.00 0.00 0.00 0.00 

RBT-H Reservoir 96-300 Summer 6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.20 0.00 0.00 0.30 0.00 

RBT-H Reservoir 96-300 Autumn 10 0.20 0.00 0.28 0.10 0.00 0.00 0.15 0.04 0.12 0.00 0.00 0.00 0.00 0.00 

RBT-H Reservoir 96-300 Winter 5 0.20 0.00 0.43 0.18 0.00 0.00 0.00 0.00 0.16 0.00 0.00 0.00 0.00 0.00 



Table 8-Continued. Diets in reservoir. 

 

Species Habitat 
Size 
Class Season n Sucker Dace 

White-
fish Sculpin Chinook 

Unid. 
Salmonid 

Unid 
Fish 

Fish 
Egg 

Aquatic 
Insect 

Aquatic 
Pupae 

Terr. 
Insects 

Amphi-
pod 

Zoo-
plankton 

Gastro-
pod O

WF Reservoir 96-300 Spring 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 

WF Reservoir >300 Spring 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 

WF Reservoir 96-300 Summer 15 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.19 0.15 0.00 0.00 0.53 0.00 

WF Reservoir >300 Summer 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.50 0.00 0.00 0.00 0.00 

WF Reservoir 96-300 Autumn 20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.86 0.00 0.05 0.01 0.00 0.05 

WF Reservoir >300 Autumn 1 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.99 0.00 0.00 0.00 0.00 0.00 

WF Reservoir 96-300 Winter 35 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.99 0.00 0.00 0.00 0.00 0.00 

WF Reservoir >300 Winter 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 

Sculpin Reservoir 15-95 Summer 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 

 



 

Figure 1. Map of the upper Clackamas river basin and sampling locations used in this study. 
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Figure 2. Map of the NF reservoir and sampling locations used during this investigation.  
Biological samples in the River-Reservoir Transition Zone were not used for distribution or 
density estimation but provided diet, size structure, and growth information for this habitat.  
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Figure 3. Length frequencies of juvenile Chinook salmon sampled in riverine, transition 

zone, and reservoir habitats in the Upper Clackamas Basin during different seasons from May 
2009 to January 2010.  Oak Grove could not be sampled during spring due to high flows. 
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Figure 4. Length frequencies of juvenile coho salmon sampled in riverine, transition 

zone, and reservoir habitats in the Upper Clackamas Basin during different seasons from May 
2009 to January 2010.  Oak Grove could not be sampled during spring due to high flows. 
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Figure 5. Length frequencies of juvenile O. mykiss sampled in riverine, transition zone, 

and reservoir habitats in the Upper Clackamas Basin during different seasons from May 2009 to 
January 2010.  Oak Grove could not be sampled during spring due to high flows. 
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Figure 6. Seasonal size structured fish density estimates from hydroacoustic surveys in the North Fork Reservoir, 
OR.  Densities in the 0-2m depth bin are estimated with the side looking transducer.  Side looking data was only 
used to characterize densities of fishes. Numbers near the truncated bars in Summer and Autumn indicate fish 
densities. 



δ13
 C

-40

-30

-20

-10

0

Big Bottom

δ15
N

5

10

15

Pinhead Creek

δ13
 C

-40

-30

-20

-10

0

δ15
N

5

10

15

River-Reservoir Transition

δ13
 C

-40

-30

-20

-10

0

δ15
N

5

10

15

NF Reservoir

δ13
 C

-40

-30

-20

-10

0

Fork Length (mm)
20 40 60 80 100 120 140 160

δ15
N

0

5

10

15

Big Bottom

Pinhead Creek

River-Reservoir Transition

NF Reservoir

 
 

Figure 7. Plots of stable isotope values vs. fork length for Chinook salmon in tributary, 
river-reservoir transition, and reservoir habitats.  Samples were collected in May, August, 
November 2009, and January 2010. Note the zero on the y-axis is shared between δ13C and  
δ15N. 
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Figure 8. Plots of stable isotope values vs. fork length for coho salmon in tributary, river-
reservoir transition, and reservoir habitats.  Samples were collected in May, August, November 
2009, and January 2010. Note the zero on the y-axis is shared between δ13C and δ15N. 
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Figure 9. Plots of stable isotope values vs. fork length for wild O. mykiss in tributary and 
reservoir habitats.  Samples were collected in May, August, November 2009, and January 2010.  
Although none of the fry or parr exhibited elevated δ15N consistent with anadromous origin, the 
sampled specimens were already large enough to have diluted the maternal signal via exogenous 
feeding and a significant post-emergent increase in body mass. 
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Figure 10.  A) Plots of mean δ13C and δ15N stable isotope values for key members of the 

Big Bottom food web (error bars represent one standard deviation). B) The panel on the left 
displays all of the fishes analyzed in this habitat the panel on the right is an enlarged view of the 
same data (note the scale of the x and y axes). The symbols are defined as; CHK Fry are Chinook 
salmon <50mm, CHK Parr are Chinook salmon >50mm, COHO Fry are coho salmon <50mm, 
COHO Parr are coho salmon >50mm, RBT Parr are O. mykiss >50mm, CUTT are coastal 
cutthroat trout, Sculpin are shorthead sculpin, and salamander are giant salamander larvae. 
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Figure 11. Plots of  mean δ13C and δ15N stable isotope values for key members of the Oak Grove 
Fork food web (error bars represent one standard deviation). The symbols are defined as; COHO 
Parr are coho salmon >50mm, RBT Parr are O. mykiss >50mm, Sculpin are shorthead sculpin, 
and salamander are giant salamander larvae. 
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Figure 12. Plots of  mean δ13C and δ15N stable isotope values for key members of the Pinhead 
Creek food web (error bars represent one standard deviation).  The symbols are defined as; CHK 
Fry are Chinook salmon <50mm, COHO Fry are coho salmon <50mm, COHO Parr are coho 
salmon >50mm, RBT Parr are O. mykiss >50mm, CUTT are coastal cutthroat trout, Sculpin are 
shorthead sculpin, and Gastropod are unidentified gastropod spp.  Note: CUTT, RBT Parr, and 
COHO Parr have similar values and exhibit a large degree of overlap.  
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Figure 13.  A) Plots of  mean δ13C and δ15N stable isotope values for key members of the River-
Reservoir Transition zone food web (error bars represent one standard deviation). B) The panel 
on the left displays an enlarged view of the fishes analyzed in this habitat from the right panel 
(note the scale of the x and y axes). The symbols are defined as; CHK Fry are Chinook salmon 
<50mm, COHO Fry are coho salmon <50mm, COHO Parr are coho salmon >50mm, RBT Parr 
are O. mykiss >50mm, CUTT are coastal cutthroat trout, Sculpin are shorthead sculpin, juveniles, 
Lamprey are lamprey ammocoetes, and Sucker are juvenile largescale suckers. 
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Figure 14. A) Plots of  mean δ13C and δ15N stable isotope values for key members of the NF 
Reservoir food web (error bars represent one standard deviation). B) The panel on the left is an 
enlarged view of the same data, but excluding the fish with elevated trophic position from 
anadromous maternal signals (Chinook and coho fry) or hatchery-fed  rainbow trout, (note the 
scale of the x and y axes). The symbols are defined as; CHK Fry are Chinook salmon <50mm, 
CHK Parr are Chinook salmon >50mm, COHO Parr are coho salmon >50mm, RBT Parr are O. 
mykiss >50mm, RBT-H S are hatchery rainbow trout 200-300mm, RBT-H L are hatchery 
rainbow trout 300-500mm, Brown S are brown trout 200-325mm, Brown L are brown trout 325-
450mm,, WF are mountain whitefish, Crayfish are signal crayfish,  Gastropod are unidentified 
gastropod spp., and Sucker are largescale sucker juveniles. 
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Figure 15. Plots of stable isotope values vs. fork length for brown trout in reservoir habitats.  
Samples were collected in May, August, November 2009, and January 2010.  
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Figure 16. Annual estimates of prey biomass consumed (g/m2)by the key species and size classes 
of fish in the Upper Clackamas River watershed in:  A) Big Bottom 1-3;  B) Pinhead Creek; and 
C) Oak Grove. Consumption was based on annual bioenergetics simulations (simulation day1= 
May 1, 2009, simulation day 365 = April 30, 2010) and population estimates within stream 
sampling units from 3-pass depletion electrofishing.    
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Figure 17. Estimates of annual population-level consumption in the NF Reservoir by A) juvenile 
salmon and mountain whitefish; and B) wild brown and rainbow trout, and two sizes of hatchery 
rainbow trout. Consumption was based on annual bioenergetics simulations (simulation day 1= 
May 1, 2009, day 365 = April 30, 2010) and population estimates from hydroacoustics, gill 
netting and spring littoral snorkeling.  Note the 10x difference in Y-axes.  



Appendix 
Table A1. Population estimates of fish in the NF reservoir by species based on results from diel 
hydroacoustic surveys and proportional catches from gillnetting. A. Spring-Summer surveys 

Season  
 
Period  

 Size 
Class  

 
Brown 
Trout  

 Chinook 
Salmon 

 Coho 
Salmon 

 Wild 
O.mykiss 

 Hatchery 
Rainbow Trout   

 
Sucker 

spp,  

 Mtn 
White-

fish 

 Spring   Day   15-95  
          
-    

                 
-    

   
85,879              -               -    

           
-    

           
-    

 Spring   Day  
 96-
300  

          
-    

                 
-    

     
3,216  

          
322            965  

     
7,396  

      
1,286  

 Spring   Day  
 301-
500  

         
14  

                 
-               -               -               29  

        
935  

           
29  

 Spring   Dusk   15-95  
          
-    

                 
-    

   
27,206              -               -    

           
-    

           
-    

 Spring   Dusk  
 96-
300  

          
-    

                 
-    

     
2,258  

          
226            677  

     
5,193  

         
903  

 Spring   Dusk  
 301-
500  

         
31  

                 
-               -               -               62  

     
2,011  

           
62  

 Spring   Night   15-95  
          
-    

                 
-    

   
69,117              -               -    

           
-    

           
-    

 Spring   Night  
 96-
300  

          
-    

                 
-    

     
1,011  

          
101            303  

     
2,325  

         
404  

 Spring   Night  
 301-
500  

          
-    

                 
-               -               -               -    

           
-    

           
-    

 
Summer   Day   15-95  

          
-    

         
67,204             -               -               -    

           
-    

           
-    

 
Summer   Day  

 96-
300  

       
232  

         
12,045  

        
463  

          
463            927  

   
33,355  

      
5,096  

 
Summer   Day  

 301-
500  

          
-    

                 
-               -               -               -    

           
-    

           
-    

 
Summer   Dusk   15-95  

          
-    

       
112,045             -               -               -    

           
-    

           
-    

 
Summer   Dusk  

 96-
300  

       
226  

         
11,747  

        
452  

          
452            904  

   
32,531  

      
4,970  

 
Summer   Dusk  

 301-
500  

       
444  

              
222             -   

          
111              -    

     
5,655  

         
333  

 
Summer   Night   15-95  

          
-    

       
168,861             -               -               -    

           
-    

           
-    

 
Summer   Night  

 96-
300  

       
130  

           
6,739  

        
259  

          
259            518  

   
18,662  

      
2,851  

 
Summer   Night  

 301-
500  

       
809  

              
405             -   

          
202              -    

   
10,318  

         
607  

  

 



 

Table A1-continued-B. Autumn and Winter surveys. 

Season  
 
Period  

 Size 
Class  

 
Brown 
Trout  

 Chinook 
Salmon 

 Coho 
Salmon 

 Wild 
O.mykiss 

 
HatcheryRainbow 

Trout   

 
Sucker 

spp,  

 Mtn 
White-

fish 
 
Autumn   Day   15-95  

          
-    

                 
-               -               -               -    

           
-    

           
-    

 
Autumn   Day  

 96-
300  

         
23  

              
945             -   

          
158            248  

        
630  

         
495  

 
Autumn   Day  

 301-
500  

          
-    

                 
-    

          
34  

            
67              -    

     
1,612  

           
34  

 
Autumn   Dusk   15-95  

          
-    

                 
-               -               -               -    

           
-    

           
-    

 
Autumn   Dusk  

 96-
300  

         
54  

           
2,263             -   

          
377            593  

     
1,508  

      
1,185  

 
Autumn   Dusk  

 301-
500  

          
-    

                 
-    

          
35  

            
71              -    

     
1,700  

           
35  

 
Autumn   Night   15-95  

          
-    

                 
-               -               -               -    

           
-    

           
-    

 
Autumn   Night  

 96-
300  

       
587  

         
24,648             -   

       
4,108         6,455  

   
16,432  

    
12,911 

 
Autumn   Night  

 301-
500  

          
-    

                 
-               -               -               -    

           
-    

           
-    

 Winter   Day   15-95  
          
-    

                 
-               -               -               -    

           
-    

           
-    

 Winter   Day  
 96-
300  

          
-    

           
4,139  

     
2,759  

       
1,610         1,150  

   
12,187  

      
8,508  

 Winter   Day  
 301-
500  

           
4  

                 
-               -               -               -    

     
1,114  

             
4  

 Winter   Dusk   15-95  
          
-    

                 
-               -               -               -    

           
-    

           
-    

 Winter   Dusk  
 96-
300  

          
-    

           
2,654  

     
1,770  

       
1,032            737  

     
7,816  

      
5,456  

 Winter   Dusk  
 301-
500  

         
94  

                 
-               -               -               -    

   
24,131  

           
94  

 Winter   Night   15-95  
          
-    

                 
-               -               -               -    

           
-    

           
-    

 Winter   Night  
 96-
300  

          
-    

           
3,682  

     
2,455  

       
1,432         1,023  

   
10,842  

      
7,569  

 Winter   Night  
 301-
500  

       
373  

                 
-               -               -               -    

   
95,586  

         
373  



 

 

Table A2. Estimated seasonal target densities (n/m3) from diel horizontal hydroacoustic surveys 

in the NF Reservoir, OR. 

 
Season Period Total 
Spring Day 0.000733
 Crepuscular 0.001355
 Night 0.001231
Summer Day 0.003613
 Crepuscular 0.001632
 Night 0.001993
Autumn Day 0.000612
 Crepuscular 0.000461
 Night 0.000873
Winter Day 0.000973
 Crepuscular 0.000988
  Night 0.001057

 
 

 

 

 

 

 

Table A3. Seasonal turbidity measurements from the NF Reservoir, OR 

Date Location

Average 
Turbidity 
(NTU) 

5/18/2009 East 1.50
5/18/2009 West 1.68
8/24/2009 East 0.27
8/24/2009 West 0.30

11/30/2009 East 1.11
11/30/2009 West 1.16

1/11/2010 East 1.14
1/11/2010 West 1.71
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Figure A1. Length at age from modal size distribution measured from spring to spring for 
shorthead sculpin in tributary habitats in the Clackamas river. 
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Figure A2. Length (measured) at age (from scales) for coastal cutthroat trout in tributary habitats 
in the Clackamas river. 
 


	Where is the mean transect length, F is the fraction of the total area sampled in this survey and is defined as:
	Seasonal Diet Composition
	Stable Isotope Analysis
	Habitat-specific Seasonal Feeding and Growth of Anadromous Salmonids 

