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Fig. 2.2: Predicted depths and velocities for North Fork Asotin Creek F1H2 at the validation discharge (left), corresponding NREI
predictions (middle), and NREI with predicted fish locations (right).
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Predicted densities, summarized NREI metrics, and fish observations

After simulating flow patterns, drifting invertebrates, steelhead foraging, fish place-

ment, and site-level carrying capacity using the NREI model, I calculated predicted densities

by dividing predicted carrying capacities by site areas, and I calculated predicted biomass

by multiplying predicted densities by mean fish weights. I evaluated the NREI model’s

predictive ability by comparing observed and predicted fish densities. I also tested the

hypothesis that summarized NREI information is relevant to fish populations by plotting

observed fish abundance on the number of suitable foraging locations at each site, observed

fish density (fish/m2) on the proportion of suitable foraging locations, and observed fish

biomass on mean site NREI values (treating negative NREI values as zero, as per Urabe

et al. (2010)).

2.3 RESULTS

2.3.1 Hydraulic modeling

Results from hydraulic modeling indicate models at Charley Creek F1H2 and North

Fork Asotin Creek F1H2 performed well enough to preserve major patterns of depths and

velocities, despite the shallow, turbulent nature and coarse bed materials at these sites

(Figures 2.3, 2.4). For the calibration flows, mean absolute depth errors were 0.05m and

0.05m and mean absolute velocity errors were 0.18m/s and 0.20m/s for Charley Creek F1H2

and North Fork Asotin Creek F1H2, respectively. For validation flows, mean absolute depth

errors were 0.07m and 0.04m while mean absolute velocity errors were 0.16m/s and 0.19m/s.

Though mean errors for North Fork Asotin Creek F1H2 are equal to or greater than those

for Charley Creek F1H2 in three of four cases, the North Fork Asotin Creek F1H2 model

did a better job preserving the overall pattern of depths and velocities. While I was not able

to collect validation data for all 22 sites in this study, all sites were processed identically

up to the stage of validation. Due to the lack of validation data at other sites, I necessarily

assume reasonable results at these two sites suggest the possibility of reasonable results at

others.
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Fig. 2.3: Hydraulic model calibration (top) and validation (bottom) results for Charley
Creek F1H2.
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Fig. 2.4: Hydraulic model calibration (top) and validation (bottom) results for North Fork
Asotin Creek F1H2.
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2.3.2 Drift modeling

Calibration of the Hayes et al. (2007) drift model using a randomly selected subset of

observed drift data and the entryRate model parameter produced mixed results in Charley

Creek F1H2 and North Fork Asotin Creek F1H2. Linear regression between observed and

predicted drift densities was significant at North Fork Asotin Creek F1H2 (p = 0.01, R2

= 0.39; Figure 2.5A), but observed and predicted densities were not well correlated at

Charley Creek F1H2 (Figure 2.5B). Additionally, tuning model predictions with the reEntry

model parameter resulted in unnaturally high predicted concentrations of invertebrates in

the stream margins and I was unable to correct this result using the timeNearBed model

parameter. Tests of the velocity threshold drift model produced high drifting invertebrate

concentrations in the thalweg and in riffles, which is consistent with the paradigm of riffles

as drift sources, but observed and predicted drift densities were not well correlated for

either North Fork Asotin Creek F1H2 (Figure 2.5C) or Charley Creek F1H2. Because

neither model performed well at both sites predicting spatially-variable drift densities, I

elected to assume spatially uniform drift densities, a common assumption in NREI modeling

applications (Hughes et al., 2003; Jenkins and Keeley, 2010; Railsback et al., 2009; Rosenfeld

and Ptolemy, 2012; Urabe et al., 2010). All further analyses, including efforts to estimate

carrying capacity, were conducted under the assumption of spatially uniform drift densities.
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Fig. 2.5: Attempted calibration of the Hayes et al. (2007) drift model using the reentry

rate parameter at North Fork Asotin Creek F1H2 (A) and at Charley Creek F1H2 (B);

Attempted calibration of the velocity threshold drift model at North Fork Asotin Creek

F1H2 (C). Attempted calibration of the velocity threshold drift model in Charley Creek

F1H2 produced similar results.
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2.3.3 Predicted densities, summarized NREI metrics, and fish observations

Linear regression between observed and predicted fish density was significant (R2 =

0.61, p < 0.001, Figure 2.6A). Three John Day sites, however, were dominated by presum-

ably young-of-year steelhead with mean site fish lengths of 69mm, 66mm, and 61mm. For

comparison, the rest of the site means ranged from 86mm to 134mm. Hayes et al. (2007)

cautioned that increased stream tube densities may be necessary for appropriate foraging

predictions when modeling fish smaller than their 0.5m brown trout, and I attempted to

account for this by increasing stream tube density relative to the densities used by Hayes

et al. (2007) (see discussion). Nevertheless, one of these sites appeared to be highly influen-

tial, so I withheld these three sites and repeated the analysis to find that the regression was

still significant (R2 = 0.39, p = 0.004, Figure 2.6B). Although model fit decreased, the slope

of the relationship remained somewhat similar. Basin-specific regression was significant for

sites in the John Day watershed (R2 = 0.66, p = 0.0007 for all sites, Figure 2.6C; R2 = 0.52,

p = 0.019 for sites with mean fish lengths at least 70mm, Figure 2.6D), but observed and

predicted fish densities were not well correlated for study sites in the Asotin Creek water-

shed (Figures 2.6C and D). The total number of suitable foraging positions at each site was

not well correlated with fish abundance, whether all sites were analyzed together or if basins

were analyzed separately (Figure 2.7). The proportion of suitable foraging positions was

weakly significant as a predictor of fish density (R2 = 0.18, p = 0.051, Figure 2.8A) when all

22 sites were included in analysis, but it was not well correlated when sites with very small

fish were excluded from analysis or in individual basins with or without (Figure 2.8B) very

small fish. Finally, mean site NREI was not a significant predictor of fish biomass in the

study sites, whether I considered all sites together or the basins individually (Figure 2.9).

It became apparent during the course of modeling that cross section spacing plays a

role in determining carrying capacity as predicted by the model. In fact, fish placement in

the model can only occur on cross sections (because this is where NREI calculations are

made) by design, so the maximum possible prediction for a site is limited by the number

of cross sections used during simulation. This is less apparent when simulating spatially
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Fig. 2.6: Observed and predicted juvenile steelhead densities for all sites (A; black line),
sites with mean fish length at least 70mm (A; dashed gray line), all John Day sites (B; red
line), John Day sites with mean fish length at least 70mm (B; dashed red line), and Asotin
sites (B; blue line).


