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EXECUTIVE SUMMARY:  

Fishery resources are economically and culturally important in Oregon.  Salmon 
populations have been declining in many rivers across Oregon, particularly rivers in the interior 
of the state that connect to the Columbia River. There is increasing recognition among managers 
who are working toward recovery of salmonid populations within the Columbia Basin that an 
integrated approach involving management actions that consider food webs in addition to 
physical habitat availability are needed.  The abundance and productivity of fish populations are 
clearly constrained by the availability of habitat but they are also influenced by availability of 
prey within these habitats that allow for high sustain population densities and growth rates of 
juvenile fish in particular.  This project focused on river productivity and the food web aspects of 
salmon in the Grande Ronde River in northeastern, Oregon.  The goals of this study were to 
evaluate spatial patterns of potential juvenile salmon food limitation across two river networks, 
and then evaluate impacts of a management action – carcass additions – aiming to alleviate food 
limitation of food webs and fish growth. Over two years, we conducted three related studies to 
improve understanding of food webs in two tributaries of the Grande Ronde River in NE Oregon 
where Spring Chinook (Oncorhynchus tshawytscha) and steelhead (O. mykiss) are imperiled. 
Increased understanding of aquatic food webs in this region and how food web productivity may 
limit juvenile salmonid productivity has the potential to guide management efforts focused on 
salmon and steelhead recovery.  

These research efforts resulted in three published papers, in the journals Ecosphere, Ecosystems, 
and Canadian Journal of Fisheries and Aquatic Sciences. In addition, aspects of this research 
were presented to managers and researchers at the State of the Science meeting in La Grande, 
Oregon (2018), at the Oregon chapter of the American Fisheries Society meeting (2018), and at 
Umea University in Sweden (2018), and to the Department of Fisheries and Wildlife (2019).  
 
OBJECTIVES: 
The goals of this study were to determine factors that are limiting prey production for juvenile 
salmonids in the Grande Ronde River and whether carcass additions are a viable management 
tool to consider in this system where both Spring Chinook (Oncorhynchus tshawytscha) and 
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steelhead (O. mykiss) were historically abundant. To achieve these broader goals, we developed 
three objectives in this study: 

1. Quantify spatial variability of in-stream primary production – the dominant energy source 
fueling food webs in these streams – and see how the patterns of stream autotrophic 
production relate to spatial patterns of juvenile salmon abundances. 

2. Determine how juvenile salmon grow, condition, and survival are affected by the addition 
of salmon carcasses at management-relevant densities 

3.  Determine how the magnitude and pathways in which salmon-derived nutrients are 
incorporated into the food web including the full suite of native fish species, 
invertebrates, and primary producers. 

 
PROCEDURES:  

Objective 1: Primary production is a key energy source at the base of the food web that can limit 
productivity of higher trophic levels including juvenile salmonids. Variability in primary 
production throughout a stream network may therefore affect spatial patterns of energy flow to 
the food web and thus the productivity of juvenile salmonids.  We implemented a network-scale 
study in which we quantified spatial patterns of stream metabolism (gross primary production 
(GPP) and ecosystem respiration (ER)), and juvenile salmonid densities at 50 sites distributed 
across the Grande Ronde River in NE Oregon. To gain understanding of the potential drivers of 
spatial variability in GPP across these sub-basins, we additionally quantified abiotic variables 
expected to influence GPP. Sites were associated with the Columbia Habitat Monitoring 
Program (CHaMP 2016), and thus we were able to leverage data collection efforts conducted by 
Columbia River Inter-Tribal Fishery Commission (CRITFC) and the Oregon Department of Fish 
and Wildlife (ODFW). 
 
Objective 2: The spatial productivity study (objective 1) demonstrated that juvenile salmonids 
were most abundant in areas of the stream network where nutrient concentrations and rates of 
GPP were very low. A potential explanation for oligotrophic conditions in these sections may be 
the drastic reduction of returning adult salmon to these basins. Adult salmon and steelhead 
transport large amounts of carbon and nutrients from the ocean to headwaters, and these 
subsidies can fuel stream food webs by promoting algal growth and enhancing invertebrate and 
fish production. With fewer spawning adults and reduced nutrient subsidies, the growth rates and 
production of juvenile salmonids may be much lower now than historically. To evaluate this 
hypothesis, we added steelhead carcasses to three locations in the upper Grande Ronde River 
(UGR) and quantified juvenile salmonid growth, body condition, and mean size. We additionally 
quantified juvenile salmonid diets to determine whether any potential growth responses were 
attributed to increased consumption of invertebrate prey or alternatively, consumption of eggs 
and carcass tissue. Each of the carcass addition sites were paired with a control site and both 
control and treatment sites were sampled before and after the addition of carcasses. 
 
Objective 3: The loss of subsidies delivered by adult salmon to streams may have broad impacts 
beyond juvenile salmonids (discussed above) to encompass the whole of the stream food web.  In 
this study, we evaluate responses of the broader food web including organisms at the base of the 
food web, invertebrates, salmonids, and non-salmonid fish. The upstream pair was dominated by 



 3 

juvenile Chinook and steelhead while the downstream pair was dominated by native non-
salmonids. In this study we estimated the degree to which taxa assimilated nutrients from 
carcasses, and we evaluated the pathways in which taxa assimilated nutrients. 
 
SIGNIFICANT ACCOMPLISHMENTS: 
This project was successful. We accomplished our three objectives and have produced three 
manuscripts, each one addressing an objective. A summary of each manuscript is provided 
below: 
Manuscript (Objective) 1:  

Title: Relating spatial patterns of stream metabolism to distributions of juvenile salmonids at 
the river network scale.  

Authors: MJ Kaylor (Oregon State University); SM White (CRITFC); WC Saunders (USDA 
Forest Service); and DR Warren (Oregon State University) 

The figure below provides a good overview of how spatial data on production, respiration and 
salmonid densities across the Grande Ronde River. 

 
Figure 1: Spatial patterns 
of gross primary 
production (a; GPP), 
ecosystem respiration (b; 
ER), salmonid density 
(c), and the ratio of GPP 
to ER (d) in the upper 
Grande Ronde River (left 
basin) and Catherine 
Creek (right basin). 
Salmonids densities are 
greatest in areas where 
GPP rates are very low.  
 

Status: Published 
Kaylor, Matthew J., Seth M. White, W. Carl Saunders, and Dana R. Warren (2019) Relating 

spatial patterns of stream metabolism to distributions of juvenile salmonids at the river 
network scale. Ecosphere, 10.6: e02781. 

Manuscript (Objective) 2:  
Title: Carcass additions increase juvenile salmonid growth, condition, and size in an interior 
Columbia River Basin tributary.  

Authors: MJ Kaylor (Oregon State University); SM White (CRITFC); ER Sedell (Oregon 
Department of Fish and Wildlife); and DR Warren (Oregon State University)  

After the addition of carcasses in August, juvenile chinook and steelhead growth rates 
substantially increased in treatment reaches relative to controls. From one to three weeks 
after carcass addition, steelhead growth rates were 23, 22 and 6 times greater in the treatment 
reach compared to the control reach of the upstream, middle, and downstream pairs, 
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respectively. Growth responses demonstrate clear food limitation and that growth potential in 
these stream reaches in summer with carcass subsidies is far greater than observed in the 
absence of subsidies. Results also indicate that the effect of carcass additions on growth 
occurred primarily through the consumption of eggs and carcass material rather than through 
increases in primary production and invertebrate production. 

 
Figure 2: Growth rates of juvenile steelhead (O. mykiss) and Chinook Salmon (O. 
tshawytscha) in the three study pairs. The dashed line indicates when carcasses were added. 
Low abundances of Chinook Salmon in pair three precluded analysis, and we were only able 
to tag Chinook Salmon after carcasses were added, due to minimum sizes for tagging set by 
our permits.  

Status: Published  
Kaylor, Matthew J., Seth M. White, Edwin Sedell, and Dana R. Warren (2020) Carcass 

additions increase juvenile salmonid growth, condition, and size in an interior Columbia 
River Basin tributary. Canadian Journal of Fisheries and Aquatic Sciences, 77(4):703-
715. 

 

Manuscript (Objective) 3:  
Title: Food webs respond to carcass additions along a temperature and fish assemblage 
gradient through direct and indirect pathways. Authors: MJ Kaylor (Oregon State University); 
SM White (CRITFC); ER Sedell (Oregon Department of Fish and Wildlife); AM Sanders 
(Oregon State University); and DR Warren (Oregon State University). 
In the stream fish community of the Grande Ronde River, Non-salmonids in the middle and 
downstream study pairs derived 5-10% of their nitrogen from carcass over the study period. 
Assimilation patterns of non-salmonids and a lack of eggs and carcass tissue in diets suggests 
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non-salmonids obtained carcass-derived nitrogen through bottom-up pathways. Across all three 
pairs, salmonids exhibited the greatest assimilation of carcass-derived nitrogen; Chinook and 
steelhead obtained up to 25% and 57% of their nitrogen from carcasses, respectively. In 
contrast to non-salmonids, diet analysis and stable isotope patterns indicated that assimilation 
occurred primarily through direct consumption of eggs and carcass tissue. 

 
Status: Published  
Kaylor, Matthew J., Seth M. White, Edwin Sedell, Ashley M. Sanders, and Dana R. Warren 

(2020) Food webs respond to carcass additions along a temperature and fish assemblage 
gradient through direct and indirect pathways. Ecosystems. Published online 11 May 
2020. 

 
 
BENEFITS & IMPACT:  
Overall, the results from our second objective have had the most impact – largely because this is 
the aspect of the study that was of greatest interest to managers. ODFW in LaGrande has already 
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used these results and has implemented salmon carcass addition effort in the Grande Ronde 
River to stimulate greater juvenile salmon growth.  
 
ADDITIONAL FUNDING RECEIVED DURING PROJECT TERM: 
Additional funding was provided by the Grande Ronde Model Watershed and from the Columbia 
River Inter-Tribal Fishery Commission (CRITFC). Those funds were used to support a graduate 
student, a field technician and the use of a field vehicle during this study. 
 
FUTURE FUNDING POSSIBILITIES:  
Both the Columbia River Inter-Tribal Fishery Commission (CRITFC) and the Oregon 
Department of Fish and Wildlife (ODFW) have expressed interest in finding ways to help 
support a continuation of these studies. 
 


