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FIGURE 2.—Map of the Weber River watershed located in northern Utah. The
Weber River drains the Uinta and Wasatch Mountains and flows primarily northwest into
the Great Salt Lake. The contemporary bluehead sucker range extends approximately
104 river km from Wanship Dam downstream to the Ogden River inlet.
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FIGURE 3.—Delta peak annual discharge for two Weber River, UT USGS gages
plotted across year. Delta peak annual discharge represents peak annual discharge of a
downstream site (USGS gage 10136500 at Gateway, UT; downstream of most major
dams and diversions) minus peak annual discharge of an upstream, “reference” site
(USGS gage 10128500 near Oakley, UT; above all major dams and diversions).
Polygons represent periods on the main stem Weber River with no very large dams (> 47

m height; white), one very large dam (Echo Dam; light gray), and two very large dams

(Echo and Wanship Dams; dark gray). The solid black line represents linear regression
of delta peak annual discharge across time (adjusted r? = 0.10; p < 0.01). The dashed

black line represents delta peak annual discharge of zero, at which the peak annual
discharge is equal at the upstream and downstream sites.
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FIGURE 4.—Day of year (DOY) of peak annual discharge for two Weber River,
UT USGS gages plotted across year. The DOY 130 represents May 10 and the DOY 200
represents July 19. (a) USGS gage 10128500 near Oakley, UT, above all major dams and
diversions; record exists from 1905-2016. (b) USGS gage 1013200 at Echo, UT,
downstream of Echo Dam; record exists from 1927-1958 and 1989-2016. Black lines
represent generalized additive model (GAM) predictions and gray polygons represent +
1.96 standard error around GAM predictions.
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FIGURE 5.—Length-frequency histogram of the bluehead sucker sub-population
inhabiting the Weber River, UT reach between Echo and Wanship Dams (Figure 2).
These data represent all bluehead sucker sampled in this reach in July 2014 (n = 62).
Only the first encounter was included if fish were sampled multiple times during July
2014.
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FIGURE 6.—Map of Ferron Creek, UT extending upstream from Millsite
Reservoir. In cooperation with UDWR biologists, | surveyed 7.52 km of Ferron Creek
(through range of blue and red colored reaches down to reservoir) for bluehead sucker in
spawning condition in July 2016. | sampled 137 unique bluehead sucker and located 11
spawning reaches (blue lines on map). In addition to surveying habitat characteristics in
spawning reaches, | additionally surveyed 10 non-spawning reaches for comparison.
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FIGURE 7.—Habitat variables that differed significantly between spawning and
non-spawning reaches in the Weber River, UT, based on ANOVA (Wilcoxon rank sum
test; p < 0.05). Surveyed in June - September 2015 and May - June 2016. All values are
reported per river km. Dark line indicates median value of data. Upper and lower edge
of boxes indicate first and third quartiles of data. Edge of whiskers indicate smallest and
largest values of data. Points outside of boxplots indicate outlier data.
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FIGURE 8.—Partial dependence plots for random forest classification of
significant habitat characteristics (Table 4) in the Weber River, UT. The y-axis displays
the predicted probability of classifying a reach as a spawning reach with average values
for all other significant predictor variables. Greater logit(spawning) values have a more
positive influence for classification in the model (i.e., when y-axis values are greater, the
model is more likely to classify a reach as a spawning reach). Variables displayed per
km are per river km.
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FIGURE 9.—Habitat variables that differed significantly between spawning and
non-spawning reaches in Ferron Creek, UT, based on ANOVA (t-test; p < 0.05). |
surveyed eleven spawning reaches and ten non-spawning reaches in July 2016. Percent
geomorphic complexity represents proportion of each reach composed of non-planar
geomorphic units (riffles and pools). Data are displayed as mean values (points) with
standard error around the mean.
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FIGURE 10.—Partial dependence plots for random forest classification of
significant habitat characteristics (Table 4) in Ferron Creek, UT. The y-axis displays the
predicted probability of classifying a reach as a spawning reach with average values for
all other significant predictor variables. Greater logit(spawning) values have a more
positive influence for classification in the model (i.e., when y-axis values are greater, the
model is more likely to classify a reach as a spawning reach).
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FIGURE 11.—Partial dependence plots for random forest regression of
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FIGURE 12.—Model results for backwater sampling linear mixed-effects
regression. Loge total sucker sampled are plotted against backwater maximum depth.
The solid line indicates the grand mean model prediction. The different points and
dashed and dotted lines indicate the model predictions for the two years of the study. The
fact that more sucker juveniles are sampled in 2016 than in 2015 is likely due to the fact |
sampled more thoroughly in 2016 (i.e., backpack electrofished in addition to seining).
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FIGURE 13.—Full model juvenile growth predictions plotted across water
temperature. Lines represent model predictions for the mean of each velocity treatment,
measured as tank discharge (slow, medium, and fast). Colored polygons represent
standard error around the prediction for the mean of each velocity treatment. Juvenile
growth differed significantly between the slow and fast velocity treatments at cooler
temperatures but not at warmer temperatures.
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FIGURE 14.—Full model juvenile growth predictions plotted across tank
discharge (Q; m®s). Colored lines represent model predictions for the mean of each
temperature treatment (cool, tepid, and warm). Colored polygons represent standard
error around the prediction for the mean of each temperature treatment. Juvenile growth
differed significantly between slow and fast velocity treatments in the cool temperature
treatment only.
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TABLE 8.—Weber River, UT spawning reach location (UTM zone 12 N
coordinates, center of reach), abundance of ripe bluehead sucker (BHS) sampled, linear
reach distance, channel width, abundance of large woody debris (LWD; small, medium,
and large), and abundance of LWD jams. See Methods section for definitions of LWD
size classes. | surveyed spawning reaches in June-September 2015 and May-June 2016.

BHS Channel Number

Spawning sampled; Reach width (m); LWD of LWD
reach Location ripe length wetted abundance jams
number (UTM); X, Y (total) (m) (bankfull) (Sm,Md, Lg) (area; m?)
297 465779, 4528403 5(22) 350 16.3(17.0) 84(42,30,12) 1(50)
293 465689, 4529222 11 (35) 400  16.4(20.5) 57(20,20,17) 1(9)
250 459767, 4539623 6(7) 300 19.9 (22.3) 16 (13, 3,0) 1(5)
234 457260, 4542408 17 (29) 600 18.6 (21.8) 9(3,6,0) 1(105)
198 449867, 4544728 11 (16) 300 20.0(23.1) 13(7,5, 1) 0 (0)
197 449647, 4544896 4 (15) 300 15.4(18.7) 10 (5, 4, 1) 0 (0)
190 448684, 4544237 8 (10) 300 20.0(22.3) 24 (16, 8, 0) 0(0)
187 447967,4544123 2 (3) 300 20.1 (23.2) 20 (14, 6, 0) 0(0)
82 428218, 4554561 5(6) 300 13.0(23.1) 18(8, 7, 3) 0(0)
54 420914, 4554477 10 (13) 300 15.1(21.3) 22(7,14,1) 0 (0)
50 419971, 4554884 3 (5) 300 17.2(22.4) 43(36,6,1) 1(25)
49 419726, 4555127 2(2) 300 17.4(21.2) 20(15,5,0) 0 (0)
37 417022, 4556693 5(5) 300 14.2 (30.5) 36(19,11,6) 2 (215)
32 416185, 4557823 9(10) 300 14.3 (21.2) 23 (18, 3,2) 1(36)
31 416188, 4558204 7 (10) 375 17.0(24.5) 24(17,7,0) 0 (0)
26 416788, 4559447 2 (4) 300 17.2(25.7) 24(14,9,1) 0 (0)
24 416827, 4560176 5(10) 300 15.7 (19.8) 33 (24,9, 0) 0(0)
22 416870, 4560789 10 (13) 300 17.9(28.9) 36(23, 10, 3) 1(50)
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TABLE 9.—Weber River, UT spawning reach geomorphic complexity, number
of geomorphic units, and percent (%) fines, gravel, cobble, and boulders. See Methods
section for definitions of geomorphic complexity and substrate size classes. | surveyed

spawning reaches in June-September 2015 and May-June 2016.

Number of
geomorphic

Spawning Geomorphic units;

reach complexity (%) pools, riffles, Fines Gravel Cobble Boulders
number (riffles, pools) backwaters (%) (%) (%) (%)
297 25.4 (18.3,7.1) 3,3,6 18.9 37.8 38.7 4.5
293 38.1(24.4,13.7) 3,4,4 20.2 51.9 25.0 2.9
250 7.5(2.3,5.2) 1,2,0 126 42.0 42.0 3.4
234 0.5 (0.5, 0.0) 0,11 6.6 62.3 29.2 1.9
198 10.4 (10.4, 0.0) 0,20 21.7 39.1 34.8 4.3
197 7.1(2.3,4.8) 1,10 17.0 349 37.7 10.4
190 6.0 (3.5, 2.5) 1,20 36.3 17.6 46.1 0.0
187 8.0(0.9,7.1) 1,10 33.9 30.4 34.8 0.9
82 27.1(27.1,0.0) 031 2.5 49.2 20.8 27.5
54 10.0(10.0, 0.0) 0,2,0 17.6 46.6 35.1 0.8
50 13.7 (4.0,9.7) 2,1,0 17.0 30.4 42.0 10.7
49 19.3(7.9,11.4) 1,1,0 14.6 28.5 48.8 8.1
37 11.2(10.0, 1.1) 1,2,2 29.8 52.6 17.5 0.0
32 13.5(13.5,0.0) 0,4,2 21.1 52.3 23.9 2.8
31 24.2 (15.7, 8.5) 4,3,1 10.7 41.8 46.7 0.8
26 11.6 (6.9, 4.7) 1,1,0 14.5 37.6 34.2 13.7
24 27.5(19.0, 8.5) 2,2,0 13.2 50.9 24.6 11.4
22 42.9(38.4,4.5) 2,2,1 4.2 45.8 49.2 0.8
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TABLE 10.—Weber River, UT non-spawning reach location (UTM zone 12 N
coordinates, center of reach), linear reach distance, channel width, abundance of large
woody debris (LWD; small, medium, and large), and abundance of LWD jams. See
Methods section for definitions of LWD size classes. | surveyed non-spawning reaches

in June-July 2015.

Channel Number
Reach  width (m); LWD of LWD
Non-spawning Location length wetted abundance jams
reach number (UTM); X, Y (m) (bankfull) (Sm, Md, Lg) (area; m?)
320 467035, 523660 300 14.6 (17.3) 22(11,10,1) 1(25)
318 466970, 524090 300 17.1(24.9) 26(20,5,1) 2 (250)
317 466890, 524355 300 16.6 (29.0) 32 (25,4, 3) 1(75)
316 466880, 524620 300 19.1(31.4) 54(25,16,13) 1(25)
41 417942, 556340 300 16.3(57.5) 64 (30, 29, 5) 3 (275)
34 416460, 557410 300 19.9 (28.2) 27 (15,7,5) 1 (50)
27 416697, 559170 300 15.5(21.7) 35(26,7,2) 0(0)
18 416874,561770 300 18.6 (22.3)  27(14,12,1) 0(0)
13 416885,563170 300 17.7(22.6)  41(21,17,3) 1 (50)
4 416346, 564557 300 15.7(22.9) 35(21,10,4) 1(210)




TABLE 11.—Weber River, UT non-spawning reach geomorphic complexity,
number of geomorphic units, and percent (%) fines, gravel, cobble, and boulders. See
Methods section for definitions of geomorphic complexity and substrate size classes. |
surveyed non-spawning reaches in June-July 2015.
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Number of
Non- geomorphic
spawning Geomorphic units;
reach complexity (%)  pools, riffles, Fines Gravel Cobble Boulders
number (riffles, pools) backwaters (%) (%) (%) (%)
320 8.8 (7.8,1.0) 1,2,4 17.4 28.4 50.5 3.7
318 19.5(14.0,5.4) 2,3,3 6.1 32.5 61.4 0.0
317 25.6(21.5, 4.0) 1,4,1 13.4 223 63.4 0.9
316 31.8(29.8, 2.0) 1,51 26.1 18.3 55.7 0.0
41 20.8(19.5,1.3) 1,33 12.0 35.2 50.0 2.8
34 16.2 (0.0, 16.2) 2,0,0 24.8 23.9 15.6 35.8
27 21.5(19.7,1.8) 1,4,0 11.9 33.0 41.3 13.8
18 12.7 (11.7, 1.0) 1,10 14.3 55.5 25.2 5.0
13 17.6(12.3,5.4) 1,20 18.0 55.0 24.3 2.7
4 16.4(9.3,7.1) 4,4,2 7.0 64.9 22.8 5.3
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TABLE 12.—Ferron Creek, UT spawning (sp) and non-spawning (non) reach
location (UTM zone 12 N coordinates, center of reach), abundance of ripe bluehead
sucker (BHS) sampled (reported only for spawning reaches), linear reach distance,
channel width, abundance of large woody debris (LWD; small, medium, and large), and
abundance of LWD jams. See Methods section for definitions of LWD size classes. |
surveyed reaches in July-August 2016.

BHS Channel Number
sampled; Reach width (m); LWD of LWD
Reach Location ripe length wetted abundance jams
number (UTM; X, Y) (total) (m) (bankfull)  (Sm, Md, Lg) (area; m?)
11 (sp) 476965, 331716 3(5) 300 7.4(12.1) 20(8,7,5) 0(0)
10 (sp) 477098, 4331244 3(3) 300 8.4 (9.4) 5(2,2,1) 0(0)
Wl 9 (sp) 477234, 4331015 2 (4) 300 8.7(11.7) 24(16,4,4) 0(0)
% 8 (sp) 477394, 4330798 4 (6) 300 7.7 (12.0) 22(13,3,6) 0(0)
@ 7 (sp) 477615, 4330344 2(2) 300 6.6 (10.3) 8(5,2,1) 0(0)
a9 6 (sp) 478480, 4329778 6(7) 300 7.5(9.5) 14 (6, 5, 3) 0(0)
g 5 (sp) 478866, 4329421 8(19) 670 9.0 (11.6) 0(0,0,0) 0(0)
S| 4 (sp) 479832, 4328890 2(3) 300 5.9 (8.0) 12 (10,2, 0) 1(5)
'3 (sp) 480088, 4328631 4 (6) 300 7.9 (12.6) 6(4,2,0) 0(0)
2 (sp) 480326, 4328501 8(17) 700 6.8 (9.3) 3(3,0,0) 0(0)
1 (sp) 481244, 4328342 10 (13) 360 9.2(17.1) 4(3,0,1) 0 (0)
10 (non) 476946, 4331460 - 270 7.1(12.6) 7(0,1,6) 0(0)
w 9 (non) 477464, 4330563 - 270 7.5(12.8) 11(7,2,2) 0(0)
-,C% 8 (non) 477865, 4330192 - 330 5.7 (8.9) 3(2,1,0) 0(0)
Q| 7 (non) 478090, 4330079 - 330 6.7 (11.2) 17(10,5,2) 0(0)
_E’ 6 (non)  478327,4330019 - 330 8.3(11.3) 10¢(6,3,1) 1(15)
S| 5(non) 479188, 4329231 - 275 7.3(9.9) 4(2,1,1) 0 (0)
Sl 4 (non) 479446, 4329140 - 275 7.3(9.8) 4(2,1,1) 0 (0)
S| 3(non) 479690, 4329114 - 275 5.2 (9.6) 2(1,1,0) 0 (0)
Z| 2 (non)  480702,4328191 - 330 5.4 (10.2) 1(0,1,0) 0(0)
1(non) 480927, 4328289 - 330 6.4 (11.2) 1(0,0,1) 0(0)




TABLE 13.—Ferron Creek, UT spawning (sp) and non-spawning (non) reach

geomorphic complexity, number of geomorphic units, and percent (%) fines, gravel,
cobble, and boulders. See Methods section for definitions of geomorphic complexity and
substrate size classes. | surveyed reaches in July-August 2016.
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Spawning reaches

Non-spawning reaches

Number of
geomorphic
Geomorphic units;
Reach complexity (%) pools, riffles,  Fines  Gravel Cobble Boulders
number (riffles, pools) backwaters (%) (%) (%) (%)
11 (sp)  34.9(22.9,12.0) 4,4,0 37.0 25.0 36.0 2.0
10 (sp) 9.4(1.9,7.5) 3,1,0 25.7 40.6 32.7 1.0
9 (sp) 23.4(13.6,9.9) 4,2,1 20.2 40.4 394 0.0
8 (sp) 24.9 (4.3, 20.6) 8,10 16.3 55.1 28.6 0.0
7 (sp) 43.9 (7.4, 36.5) 53,0 16.0 57.0 26.0 1.0
6 (sp) 8.2(2.5,5.8) 2,1,0 10.8 47.1 39.2 2.9
5 (sp) 9.1 (3.5,5.6) 11,2,0 11.0 36.0 47.0 6.0
4 (sp) 8.1 (5.6, 2.5) 2,2,0 9.1 42.4 40.4 8.1
3 (sp) 4.7 (0.0,4.7) 2,0,0 6.9 48.5 42.6 2.0
2 (sp) 18.6 (3.8, 14.9) 11,2,0 12.0 48.0 33.0 7.0
1 (sp) 36.4 (26.5, 10.0) 6,2,0 14.9 43.6 37.6 4.0
10 (non)  12.6 (8.1, 4.5) 2,2,0 18.0 36.0 45.0 1.0
9 (non) 17.3 (8.6, 8.7) 4,3,0 17.0 38.0 45.0 0.0
8 (non)  24.2(10.9, 13.3) 4,3,0 29.7 40.6 29.7 0.0
7 (non) 15.7 (1.5, 14.2) 52,0 25.5 40.8 32.7 1.0
6 (non) 0.0 (0.0, 0.0) 0,0,0 13.0 52.0 34.0 1.0
5 (non) 6.1 (0.0,6.1) 2,0,0 22.2 31.3 34.3 12.1
4 (non) 9.3(1.8,7.4) 2,2,0 207 396 257 5.0
3 (non) 0.6 (0.0, 0.6) 1,0,0 31.4 41.9 25.7 1.0
2 (non) 5.5(5.5,0.0) 0,1,0 29.8 26.0 32.7 115
1 (non) 4.9 (0.0,4.9) 1,0,0 15.8 39.6 317 12.9
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FIGURE 18.—Model fit for the full model evaluating laboratory juvenile growth
data. (a) Observed juvenile growth (g/g/day) plotted against predicted juvenile growth.
(b) Full model residuals plotted against predicted juvenile growth. (c) Full model
residuals plotted across water velocity. (d) Full model residuals plotted across water
temperature.



