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The Buttonbush Project 

• Big picture goal: apply a bioenergetic modeling approach to determine side 
channel enhancement benefits for juvenile salmonids.

• Project goal: generate a spatially explicit drift foraging model for juvenile 
Chinook at the restored Buttonbush Park site using:

• Macroinvertebrate drift sampling data from 2018

• Hydrodynamic model outputs (SRH-2D) representing pre- and post-project 
conditions

• A blend of existing drift foraging submodels from the literature 



What is a drift foraging model?

It describes the net energy gained or lost for an individual juvenile 
salmonid holding station in flow and feeding on suspended food items. 



Many approaches have attempted to describe 
Eulerian flow volumes as longitudinal “stream tubes”

These models require lots of assumptions about the 
minutiae of predatory movement and energy costs



Hughes et al. (2003) is the only example of an attempt to 
validate an existing drift foraging model (using videography)



Instead of generating a drift foraging model from a single 
fish’s perspective, why not model a “foraging domain” 





2018 Macroinvertebrate Drift Sampling

On each sampling date: 

• Up and downstream samples

• Samples in the main channel and side 
channel complex

• Morning and midday samples

• 3 replicates at each location and time, 
resulting in 69 usable sample reps in 
2018



Key drift sampling data attributes

• Velocity magnitude

• Depth

• Water temperature 

• Month of sample

• Discharge

• Calorie rate per sample (Cal/s) <- biomass rate <- invert 
density rate 

Key predictors:

Predicting:



Macroinvertebrate taxonomic community composition retained after 
converting biomass data to calorimetric data: 

Calorie data sources:
• All but Cnidaria: Cumminns and Wuycheck (1971) 
• For Cnidaria: Norrbin and Båmstedt (1984)

n = 75 n = 31



Quick summary of drift sample training data (calorie rate predictors)
Categorical data: Categorical data fit as numeric: Continuous numeric data:

Also 6 
different 
discharge 
scenarios!



Using a Random Forest model to predict calorie rates 

• User selects a fixed number of trees to be generated by 
the model (typically > 500)

• At each node in a given tree, a bifurcation of a predictor 
variable is encountered. Values are randomly selected 
each time. 

• Predictions in each tree are based on training data. 
Predictions are then averaged across all trees.   

• In our case:
• Training data comes from the 69 drift sample reps
• Test data is discretized on a cell-by-cell bases from 

the SRH-2D model outputs (# of wetted cells)

Habitat suitability example from Džeroski (2009)



Random Forest variable importance plots for predicting Cal/s. 

Post-project model = more training data = greater node purity 



Computational Fluid Dynamics in River Channels

14

Maddock (2013)

1D 2D 3DSRH-2D uses this approach



Macroinvertebrate calorie rates for 2018 seining dates 

2/21/18  Q: 1501cfs, 11.0°C 2/27/18  Q: 2303cfs, 9.9°C

4/2/18  Q: 1511cfs, 11.7°C 4/19/18  Q: 1392cfs, 11.4°C

5/1/18  Q: 1389cfs, 13.1°C 5/16/18  Q: 2871cfs, 11.8°C

Cal/s



NREI and the pedigree of drift foraging models:

From Piccolo et al. 2014

NREI = net rate of energy intake (expressed in 
Cal/s or J/s)

Positive terms = net energy gained via foraging

Negative terms = energy costs due to:
• Swimming cost
• Egestion
• Excretion
• Other cost estimates (predation strike, 

searching, etc.) 

We borrowed submodels and parameter values 
from these papers:



Structure for 
NREI model:
NREI = C - S
Energy gained in units of Cal/s: 

𝐶 = 0.7( 𝐶𝑎𝑙 𝑟𝑎𝑡𝑒 ) × 0.48

0.7 = assimilable proportion of 
macroinvertebrate tissue consumed

0.48 = prey capture success proportion 

These parameters come from Hughes et 
al (2003) via experimental observation.

Energy lost in units of Cal/s: 

S = R + F + U

R is the “swimming cost” as referenced by Hayes et al. (2000, 2016) but 
originally from Elliot (1976):

𝑅 =
𝑎( 𝑚𝑎𝑠𝑠 )𝑏1𝑒𝑏2∗[𝑇𝑒𝑚𝑝]𝑒𝑏3∗[𝑉𝑚𝑎𝑔] × 4.1868

86,400

F and U are terms for egestion and excretion, respectively. Sourced from 
Kitchell et al. (1977) and Elliot (1976).  

𝐹, 𝑈 = 𝐶 × 𝑎 × 𝑇𝛽 × 𝑒𝛾𝑃

Where C, T, and P are consumption rate, temperature, and a proportionality 
constant.



FL vs. body mass relationship from seining data 
used to interpolate mean mass for each scenario: 



NREI Results



Testing hypotheses with NREI
Paired t tests comparing the six scenarios in pre- and post-project condition.



Proposed next steps:

• Compute growth potential in terms of caloric content (weekly)

• Make assumptions about rearing density by morphological unit type

• Estimate density effects on growth rate

• Sum the calories available per week per habitat unit per scenario

• Based on assumed fish densities, compute how much weekly growth 
occurs per fish 

…Compare modeled weekly individual growth rates to observed growth 
rates?



Linking growth to caloric content of added tissue 

• Edsall et al (1999) computed 
energy content per unit dry weight 
tissue put on during growth

• They used juvenile coho

• Growth is sensitive to temperature

• We can use values that correspond 
to the highest feeding ration:

Tissue baking protocols for deriving dry weight energy content come from: 

AOAC (Association of Official Agricultural Chemists). 1965. Official methods of analysis, 

volume 10, Washington, D.C.



Rearing densities by habitat type

Using unpublished seine survey data on the 
Mokolumne from 1997-2004, we can convert 
CPUE’s to mean rearing densities by 
morphological unit type.  

We can conduct a morphological unit analysis 
for each scenario and sum available calories per 
MU patch. 

Then we will have density polygons for each 
NREI scenario and an estimate of rearing density 
across the model domain. 

Morphological unit delineations from Wyrick and Pasternack (2012)



Estimating density effects to growth rate

• Corzier et al (2010) modeled length at date for juvenile Chinook as a function of density and temperature. We can create 
a 1-week ΔFL to correspond to the Edsall et al. numbers for energy content of weekly tissue growth. 

• We can apply this model to MU polygons in each NREI scenario to compute % growth rate polygons as a function of 
density. 

Best performing 
model is also 
most relevant 
for us! 



Applying the final growth model:

B =

𝑖

𝐺𝑖 𝐹𝑖

Where:
B = total added biomass per week in the site (g/wk)
Gi = individual fish growth in patch i per week (g/wk)
Fi = # of fish in patch i (#)

𝐹𝑖 = 𝜌𝑖𝐴𝑖

Where:
ρi = density of fish in patch i (#/m2, from unpublished Mokelumne data) 
Ai = area of patch i

𝐸𝑖 =
𝜏𝑖
𝑒𝑖

Where:
τ = energy content per g of tissue at temperature i (Cal/g, from Edsall et al 1999) 
e =energy available per patch per week (Cal/wk)

Where:
E = weekly tissue growth potential in patch I (g/wk)
g = weekly growth rate at temperature i and density i (proportionality constant, 
from Crozier et al (2010))

𝐺𝑖 = 𝑔𝑖
𝐸𝑖
𝐹𝑖



First 
paper 
develops 
and 
analyzes 
NREI 

Second 
paper links 
NREI to 
growth 
potential 
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