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Relationship to LRP:  28 
This SOW contributes to Element 3 and Element 4 of the LRP and the following goals, actions, 29 
and tasks: 30 

1. Element 3-Management of nonnative aquatic species. 31 
a. Goal 3.2-Prevent introduction and establishment of other nonnative species 32 

i. Action 3.2.3-Identify potential invasive nonnative species and control 33 
their introduction and escapement into the main river, floodplain, and 34 
tributaries. 35 

1. Task 3.2.3.2-Coordinate with other programs, agencies, and 36 
activities to track occurrences of nonnative species. If a potential 37 
invasive species problem is identified, develop and implement 38 
preventive actions. 39 

2. Element 4-Monitoring and evaluation of fish and habitat in support of recovery actions. 40 
a. Goal 4.1-Monitor fish populations of the San Juan River 41 

i. Action 4.1.1-Develop and implement standardized monitoring plan for 42 
fish 43 
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1. Task 4.1.1.2-Conduct larval, juvenile, and adult fish sampling to 44 
determine if reproduction is occurring, locate spawning and 45 
nursery areas, gauge extent of annual reproduction, and identify 46 
distribution of fish. 47 

b. Goal 4.2-Monitor habitat availability and use 48 
i. Action 4.2.1-Develop and implement standardized monitoring program 49 

for habitat 50 
1. Task 4.2.1.2-Monitor water quality, stream flow, habitat, and 51 

temperature in the San Juan River. 52 
ii. Action 4.2.2-Identify and refine habitat/fish relationships. 53 

1. Task 4.2.2.1- Identify and quantify principal river reaches and 54 
attributes of habitats important to each life-stage of endangered 55 
fish. 56 

 57 
Accomplishment of FY 2021 Tasks and Deliverables, Discussion of Initial Findings and 58 
Shortcomings: 59 
 60 
Background 61 
Backwaters are the preferred habitat of early life stage Razorback Suckers (Xyrauchen texanus) 62 
and Colorado Pikeminnow (Ptychocheilus lucius) (Minckley et al. 1991; Mueller 2006; Zeigler 63 
and Ruhl 2016). These federally-endangered species can spawn successfully in the San Juan 64 
River, as larvae are present in the river and its backwaters during April through June (Farrington 65 
et al. 2016). However, these young-of-year (YOY) fishes are largely absent from the river by 66 
August, suggesting some environmental factor or factors are limiting recruitment to the juvenile 67 
stage during July-August (i.e., a recruitment bottleneck; (Farrington et al. 2016). Several 68 
hypotheses may explain this impediment to recovery, including a lack of backwater nursery 69 
habitat for development, inadequate physicochemical conditions in backwaters, starvation, 70 
and/or predation in backwaters. Finally, although backwaters are important habitat for the early 71 
life stages of imperiled fishes, there is a high degree of variability among backwaters in terms of 72 
habitat characteristics. For instance, long-term habitat mapping in the San Juan River has 73 
identified several backwater types, including: 1) island and 2) secondary channel backwaters. 74 
There is a suite of environmental differences between these backwater types, which may cause 75 
them to differ in their ability to function as nursery habitats for imperiled fishes.  76 
 77 
It is currently unclear whether early life stages of imperiled fishes exhibit a preference for 78 
secondary channel over island backwaters. For instance, age-0 fish may prefer secondary channel 79 
backwaters because they function as refugia from flow fluctuations given their lower 80 
connectivity to the mainstem. However, the lower connectivity between secondary channel 81 
backwaters and the mainstem may cause them to dry more frequently compared to island 82 
backwaters, which could decrease their hydrologic stability in the opposite direction (i.e., more 83 
drying) relative to island backwaters (i.e., more high flow pulses). But, island backwaters that 84 
experience a greater frequency of silt-laden monsoonal flow pulses may have higher turbidity 85 
and siltation compared to secondary channel backwaters (Bliesner and Lamarra 2000; Heins et 86 
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al. 2004). In addition to having clearer water and less silt, secondary channel backwaters may 87 
also have lower water temperatures and higher dissolved oxygen concentrations compared to 88 
island backwaters, as they are located more proximal to the channel margin that allows for 89 
greater shading from canopy cover. Less shading may result in greater hyperthermia and hypoxia 90 
in island backwaters, although the more stagnant flow in secondary channel backwaters could 91 
also result in these same harsh conditions. More-frequent and higher magnitude monsoonal flows 92 
in island backwaters compared to secondary channel backwaters may cause lower resource 93 
availability (i.e., algal and macroinvertebrate abundance), which could influence the recruitment 94 
success of imperiled fishes (Papoulias and Minckley 1990; Bestgen 1996). Lastly, predation 95 
pressure is a final explanation for the variation in recruitment and abundance of imperiled YOY 96 
fishes among backwaters. For instance, several nonnative fishes and crayfish occur in backwaters 97 
and can prey heavily on native age-0 fishes. These nonnatives tend to reach higher densities in 98 
secondary channel compared to island backwaters (Franssen et al. 2015), which could lessen the 99 
nursery quality of secondary channel backwaters.       100 
 101 
We have provided several explanations for why secondary channel backwaters may be superior 102 
habitat for imperiled YOY fishes relative to island backwaters, although high abundances of 103 
nonnatives in secondary channel backwaters could reduce their quality. However, it is currently 104 
unknown whether stability, physicochemical habitat quality, resource availability, and/or 105 
predation pressure actually differ between backwater types. As such, differences between 106 
secondary channel and island backwaters need investigation to help identify the environmental 107 
factor(s) responsible for the recruitment bottleneck of imperiled San Juan fishes. Identifying this 108 
recruitment bottleneck has important management implications, because once the source of a 109 
roadblock is identified, actions can be taken to alleviate that problem. If secondary channel 110 
backwaters do indeed exhibit greater habitat quality and resource availability for imperiled 111 
fishes, then environmental flows management (Tharme 2003; Propst and Gido 2004) could be 112 
used to increase the coverage of this habitat because of the positive relationship between base 113 
flows and amount of secondary channel backwaters (Lamarra et al. In prep).    114 
 115 
Objectives and Hypotheses 116 
The objectives of our study are to compare hydrologic stability and connectivity, 117 
physicochemical characteristics, resource availability, and nonnative density between secondary 118 
channel and island backwaters in the San Juan River. To accomplish these objectives, we are 119 
testing five hypotheses and their associated predictions.   120 
 121 
Hypothesis and Prediction #1:  Stability differs between secondary channel and island 122 
backwaters because secondary channel backwaters exhibit lower connectivity with the San Juan 123 
River mainstem; secondary channel backwaters will exhibit greater stability compared to island 124 
backwaters because they experience less frequent, lower magnitude, and shorter duration 125 
monsoonal flow pulses. However, secondary channel backwaters may dry more frequently 126 
compared to island backwaters, which could decrease their hydrologic stability. 127 
 128 
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Hypothesis and Prediction #2: Shading differs between secondary channel and island 129 
backwaters because secondary channel backwaters are located nearer the margin of the San Juan 130 
River mainstem; secondary channel backwaters will exhibit greater shading compared to island 131 
backwaters because of greater canopy cover.  132 
 133 
Hypothesis and Prediction #3: Physicochemical characteristics differ between secondary 134 
channel and island backwaters because of differences in stability and shading; secondary channel 135 
backwaters will have lower turbidity, coarser substrate, cooler water temperatures, and higher 136 
dissolved oxygen concentrations because of greater stability and shading.  137 
 138 
Hypothesis and Prediction #4: Resource availability differs between secondary channel and 139 
island backwaters because of differences in stability and shading; secondary channel backwaters 140 
will have greater algal and macroinvertebrate abundance because of greater stability.   141 
 142 
Hypothesis and Prediction #5: The density of nonnatives differs between secondary channel 143 
and island backwaters; secondary channel backwaters will have more nonnatives. 144 
 145 
Study Area, Site Selection, and Sampling Regime 146 
This study is being conducted in backwaters of the San Juan River located between river mile 147 
(RM) 149 (Shiprock, NM) and RM 93 (Montezuma Creek, UT) (Fig. 1). This stretch of river was 148 
chosen because it contains a high density of secondary channel backwaters (Lamarra et al. in 149 
Prep). Within this 56-mile stretch we (i.e., Blake Hansen, Amber Bell, Michaela Fishback, and 150 
James Whitney) did an initial scouting trip during July 06-09 to select our study sites. Within this 151 
reach we found 15 island backwaters but only 10 secondary channel backwaters. We assigned 152 
each island backwater a number and then randomly-selected 10 of the 15 islands, which along 153 
with the 10 secondary channel backwaters plus the Phase III wetland near RM 107, provided us 154 
with our 21 sample sites (Fig. 1). 155 
 156 
We (four people previously-mentioned plus Eliza Gilbert) did a second float trip during July 13-157 
16 where we deployed one water level logger (Onset HOBO U20L-01 water level logger) and 158 
two electrical resistance sensors (HOBO Pendant loggers modified to measure relative 159 
conductivity instead of light) in each of our study backwaters (i.e., 21 water level loggers and 40 160 
electrical resistance sensors total; electrical resistance sensors were not deployed in the Phase III 161 
wetland; also the water level logger at Phase III was deployed in the air rather than under water 162 
so that it could record atmospheric pressure to correct our other water level measurements). The 163 
water level loggers record pressure (pounds per square inch), which can be converted to water 164 
depth using HOBOware Pro software after accounting for atmospheric pressure. We obtained 165 
atmospheric pressure data from the logger we deployed at the Phase III wetland. The electrical 166 
resistance sensors record relative conductivity (unitless), such that their readings are near zero 167 
when they are dry and >1,000 when submerged in water (typically around 10,000-15,000). Both 168 
logger types also recorded water temperature (°C). In each backwater we positioned the water 169 
level logger and one of the electrical resistance sensors on the same t-post in the deepest part of 170 
backwater, then we placed the remaining electrical resistance sensor on a rebar in the lowest 171 
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elevation point between a backwater and the mainstem, such that it would record a hydrologic 172 
connection between a backwater and the mainstem if one were present. As such, our deep 173 
electrical resistance sensor was deployed to measure if a backwater dried entirely (i.e., 174 
permanence), while the shallow electrical resistance sensors was positioned to measure 175 
connectivity with the mainstem. All loggers were set to record every 30 minutes in backwaters 176 
from July 16th – September 13th. However, because they were swept away or buried in silt by 177 
high flows, we lost three water level loggers (two islands and one secondary channel) and four 178 
electrical resistance sensors (one shallow island, two deep islands, and one deep secondary 179 
channel). We used the water level loggers to calculate several metrics that described variation in 180 
water depth within a backwater, including the overall coefficient of variation (CV) and range for 181 
depth throughout the entire ~2-month deployment period, as well as the maximum change in 182 
depth over a 12-hr period and between consecutive 24-hr daily averages. For both electrical 183 
resistance sensors, we quantified the proportion of observations that were <1,000 to calculate the 184 
proportion of time a backwater was dry (deep electrical resistance sensor) or disconnected from 185 
the mainstem (shallow electrical resistance sensor). We also used temperature data from the 186 
water level loggers to calculate mean water temperature throughout the entire deployment 187 
period. 188 
 189 
We completed five data collection trips in our study reach, including July 21-26 (Trip #1), 190 
August 3-8 (Trip #2), August 17-22 (Trip #3), August 31-September 5 (Trip #4), and September 191 
14-19 (Trip #5). We performed all of our sampling during July-September because this is the 192 
critical post-spawning time frame when young-of-year Razorback Sucker and Colorado 193 
Pikeminnow typically disappear from the San Juan (Farrington et al. 2016). Furthermore, 194 
because San Juan River discharge is usually high enough (i.e., > 42.5 m3/sec [1,500 ft3/sec]) 195 
during April-June such that our study sites would be flowing-water rather than standing-water 196 
environments, we wanted to avoid sampling during this time period since our study’s focus was 197 
on non-flowing backwater habitats. Blake Hansen, Amber Bell, and Michaela Fishback 198 
participated in all trips, James Whitney went on the July 21-26 trip, and A.J. Keith went on the 199 
August 31-September 5 trip. During each sample trip we planned to sample 21 total backwaters, 200 
which would have resulted in 105 total sample sites throughout the entire study season. 201 
However, we were only able to sample 94/105 sample sites because both high flows and 202 
backwater drying prevented us from sampling some sites during certain sample trips. For 203 
example, the Phase III Wetland was not sampled during trips #2 and #5 because it was dry. We 204 
sampled 20/21 sites during Trips #1-#3 and 17/21 during Trip #4-#5. Finally, we also picked up 205 
the data loggers, t-posts, and rebar during Trip #5. 206 
 207 
During each sample trip we mapped out a 50 m long sample reach within a study site, and then 208 
positioned three sampling transects at the downstream (0 m), middle (25 m), and upstream 209 
portions (50 m) of a sample habitat. Starting at the downstream transect and then working 210 
upstream, at each transect we measured turbidity (nephelometric turbidity units [NTUs]; ExTech 211 
Turbidity meter), dissolved oxygen (mg/L; Extech DO600 Waterproof ExStik II Dissolved 212 
Oxygen Meter), and pelagic chlorophyll-a concentration (measures algal biomass in µg/L; 213 
Turner Designs FluoroSense Handheld Fluorometer). Also, along each transect we took five 214 
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evenly-spaced cross-sectional measurements of depth (m; Johnson Telescoping Leveling Rod) 215 
and substrate (measured via tactile and visual examination and given a categorical rating ranging 216 
from smallest to largest of clay, silt, sand, gravel, pebble, cobble, boulder, and bedrock), and we 217 
also measured transect width (m). At the transect midpoint we took one measurement of percent 218 
canopy cover facing upstream using a spherical concave densiometer. We also measured large 219 
woody debris (LWD) area (m2) within each site by quantifying the length and average width of 220 
all submerged LWD, then summing together all LWD areas within a site. These variables 221 
allowed us to measure physicochemical characteristics (e.g., turbidity, dissolved oxygen, percent 222 
substrate composition, LWD habitat area, mean backwater width and depth, and canopy cover) 223 
and basal resource availability (chlorophyll-a).   224 
 225 
We quantified macroinvertebrate availability in three distinct habitat types in each study site. 226 
First, at each transect we collected pelagic macroinvertebrates (i.e., zooplankton and drifting 227 
benthic macroinvertebrates) by hauling a plankton tow with 250 µm mesh for 2 m (0.063 m3 228 
sample volume), and we collected benthic macroinvertebrates by taking benthic core samples at 229 
randomly-positioned locations along each transect (sample area = 0.018 m2). Transect 230 
macroinvertebrate samples were always taken after water quality measurements (i.e., turbidity, 231 
dissolved oxygen, and chlorophyll-a) but before physical habitat measurements (i.e., depth, 232 
substrate, width, and canopy cover) to minimize disruption of macroinvertebrates prior to 233 
sampling. We also attempted to collect two LWD macroinvertebrate samples per site, although 234 
some sites lacked LWD and thus we could not collect a sample. Large woody debris samples 235 
were taken by enclosing and sawing a piece of LWD into a bucket, and then scrubbing that LWD 236 
within a bucket to dislodge macroinvertebrates into water held within the bucket. To get sample 237 
area of the LWD, the length of each piece was multiplied by its circumference (sample area 238 
ranged from 0.003-0.175 m2; mean = 0.039 m2). All macroinvertebrate samples were elutriated, 239 
sieved (250 µm mesh), then preserved in Whirl-Paks with 10% formalin. All macroinvertebrate 240 
samples were processed in the laboratory by splitting them from 0 to 7 times using a Fulsom 241 
plankton splitter, then individuals were identified to family or class and measured for total length 242 
to the nearest mm using 1 mm square grid paper. Josh Holloway and Blake Hansen processed the 243 
majority of the macroinvertebrate samples. Published length-mass relationships were then used 244 
to estimate biomass (mg of dry mass) from length (Burgherr and Meyer 1997; Benke et al. 1999; 245 
Sabo et al. 2002). Biomass was estimated for each macroinvertebrate taxon, then biomass values 246 
of macroinvertebrate taxa were summed separately for pelagic, benthic, and LWD samples to 247 
provide estimates of macroinvertebrate resource availability. We opted to use length-mass 248 
regressions to estimate macroinvertebrate biomass because this technique is faster than direct 249 
weighing (Burgherr and Meyer 1997; Benke et al. 1999), which is important for our study given 250 
the large number of macroinvertebrate samples we have to process per study season (i.e., 634 in 251 
2021). Furthermore, length-mass regression estimation of macroinvertebrate biomass is more 252 
accurate than direct weighing since preserving some macroinvertebrate species in 10% formalin 253 
can cause weight loss of specimens prior to weighing (Howmiller 1972). In total we collected 254 
and processed 55,500 macroinvertebrates from 634 macroinvertebrate samples, including 263 255 
plankton samples (7,142 individuals), 273 core samples (42,353 individuals), and 98 LWD 256 
samples (6,005 individuals).  257 
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 258 
To quantify fish and crayfish density in backwaters we seined (4.6 m x 1.8 m seine with 3.2 mm 259 
mesh) our 50 m study reaches from upstream to downstream. However, we did not perform any 260 
seining in the Phase III wetland. All fish and crayfish were identified to species, measured for 261 
total length (TL) to the nearest mm, and then returned to their sample site. Density was 262 
calculated by dividing the number of individuals by sample area, and total nonnative fish, 263 
nonnative crayfish, and native fish density were expressed as #/100m2. We collected 15,601 fish 264 
across 14 fish species, of which 13,016 were nonnative from 9 species (Table 1). We also 265 
collected 659 crayfish, all of which were nonnative Virile Crayfish (Faxonius virilis).  266 
 267 
Results Disclaimer 268 
We would like to emphasize that all results we are presenting below are preliminary, and we are 269 
not drawing any definitive conclusions at this time since we will be collecting another year of 270 
data for these hypotheses during 2022. After we collect our second year of data we will run 271 
statistical analyses to formally test our hypotheses such that we can draw objective conclusions. 272 
Furthermore, we also draw few preliminary conclusions for the Phase III Wetland since it was 273 
dry in 2/5 sample trips.   274 
 275 
Preliminary Results for Hypothesis #1 276 
Hydrologic variability tended to be somewhat greater for islands compared to secondary channel 277 
backwaters, as the y-intercepts for the coefficient of variation of depth, range of depth, and 278 
maximum changes in depth over 24-hour and 12-hour periods were higher for islands compared 279 
to secondary channels when these variables were plotted against longitudinal position (i.e., river 280 
mile; Fig. 2). Furthermore, flow variation appeared to increase in a downstream fashion for both 281 
backwater types (Fig. 2). However, mainstem connectivity did not differ between backwater 282 
types, as on average island and secondary channels were connected to the mainstem 99.1% and 283 
100% of the time, respectively (Fig. 3). Lastly, complete drying of backwaters was rare for both 284 
backwater types, as on average island backwaters were aquatic 98.3% of the time, and secondary 285 
channel backwaters held at least some water 96.6% of the time (Fig. 3). One secondary channel 286 
backwater (i.e., secondary channel #1 at river mile 142) was dry 17% of the time however. 287 
Similar to depth variability, backwater permanence appeared to increase in a downstream fashion 288 
for both backwater types. In conclusion, we find some support for our hypothesis that secondary 289 
channel backwaters are more stable compared to island backwaters, although that does not 290 
appear to be because they are less connected to the mainstem. The greater variability of island 291 
backwaters appears to occur because of larger depth changes during high flow events. 292 
 293 
For our electrical resistance sensor results we found that on average mainstem connectivity was 294 
greater than backwater permanence. This should be hydrologically impossible, as backwaters 295 
should become disconnected from the mainstem much before they dry completely. We think 296 
these incongruent results occurred because of malfunctions by our electrical resistance sensors 297 
related to premature battery failures and some loggers recording high relative conductivity even 298 
when they were dry. We are working to correct these issues prior to our 2022 field season so that 299 
we can obtain more reliable mainstem connectivity data. 300 
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 301 
Preliminary Results for Hypothesis #2 302 
In accordance with our predictions, shading in secondary channels (mean percent canopy cover = 303 
21.0%) was greater than islands (mean = 8.5%; (Fig 4). Furthermore, there were few temporal 304 
changes in shading across sample trips. The greater shading in secondary channel compared to 305 
island backwaters is likely a consequence of them being positioned nearer the riparian zone, 306 
allowing them to receive shading from species such as Russian Olive (Elaeagnus angustifolia). 307 
These results supported our prediction for hypothesis #2. 308 
 309 
Preliminary Results for Hypothesis #3 310 
We saw little evidence that secondary channel backwaters had more benign water chemistry 311 
compared to islands. For instance, turbidity and dissolved oxygen were comparable between the 312 
two backwater types, but turbidity in both declined throughout the second half of our sampling 313 
season (Fig. 5). Further, we acknowledge that we underestimated turbidity in both backwater 314 
types, as our turbidity meter could only read values up to 1,000 NTU, which were frequently 315 
exceeded during our study; when this occurred, we recorded 1,000 NTU for the value. In contrast 316 
to turbidity and dissolved oxygen, mean water temperature did differ between backwater types, 317 
as it was on average 1°C cooler in secondary channel backwaters compared to islands (Fig. 6). 318 
However, this was largely driven by a single secondary channel study site (i.e., secondary 319 
channel #2 at river mile 141), that had a much cooler temperature (mean = 18.5°C) compared to 320 
all other sites (lowest mean across all other study sites = 20.9°C). When secondary channel #2 321 
was removed from analysis, there were more minimal differences in water temperature between 322 
island (mean = 22.5°C) and secondary channel backwaters (mean = 21.8°C). The cooler 323 
temperatures in secondary channel #2 appear to be driven by groundwater inputs.  324 
 325 
Similar to water chemistry, we observed few differences in physical habitat between secondary 326 
channel and island backwaters. Initially, secondary channels tended to have greater silt coverage 327 
(~65%) and less coarse substrate (i.e., gravel, pebble, and cobble combined; ~15% coverage) 328 
compared to islands (~45% silt and ~30% coarse substrate), although these differences vanished 329 
throughout the duration of our study period, as coverage of substrate categories was nearly 330 
identical by the fifth and final sample trip (~80% silt and 10% coarse substrate in both types; Fig. 331 
7). Furthermore, both backwater types filled up with silt and lost coarse substrate during the 332 
monsoon season, although silt deposition was more pronounced in islands compared to 333 
secondary channels (Fig. 7). Our backwater study sites filling with silt may also explain why 334 
their mean widths and depths also declined throughout the study period (Fig. 8), although these 335 
changes in habitat dimensions may be related to variation in discharge as well (Fig. 6). Lastly, 336 
the decline in mean width may explain why LWD habitat area declined throughout our study, 337 
especially in secondary channels (Fig. 9). Secondary channels had much more LWD habitat at 338 
the beginning of the study (~70 m2) compared to islands (~25 m2), but by the end of the study, 339 
secondary channels only had about 20 m2 of LWD, and islands had nearly lost their LWD habitat 340 
entirely (Fig. 9). As backwaters filled with silt and declined in width and depth, they had less 341 
water to submerge LWD, which became terrestrial instead of aquatic. 342 
 343 
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In contrast to our predictions, physicochemical differences were not substantial between island 344 
and secondary channel backwaters, as both had high turbidity and silt coverage. Furthermore, 345 
throughout the study period both backwater types filled with silt, declined in width and depth, 346 
and lost their LWD habitat. These changes meant less backwater habitat was available for YOY 347 
fishes, and what habitat remained was of poorer quality at the end of the study period compared 348 
to the beginning. All these changes could be detrimental to native fish recruitment. 349 
 350 
Preliminary Results for Hypothesis #4 351 
There were three notable results from our quantification of backwater resource availability: 1) 352 
overall differences in resource availability between backwater types were minimal (Figs. 10 and 353 
11), benthic macroinvertebrates were much more abundant than pelagic or LWD 354 
macroinvertebrates (Fig. 11), and 3) benthic macroinvertebrate availability sharply declined by 355 
the third sampling trip in mid-August (Fig. 11). The lack of resources overall contrasted with our 356 
initial predictions, but this was likely a consequence of poor habitat quality in backwaters (i.e., 357 
high turbidity [Fig. 5] and silt coverage [Fig. 7]). The decline in benthic macroinvertebrates 358 
likely occurred from monsoonal freshets (Fig. 6) that dislodged and displaced 359 
macroinvertebrates. The lack of basal resources overall coupled with the monsoon-induced 360 
reduction in benthic invert biomass would both cause San Juan River backwaters to be poor 361 
nursery habitats for imperiled YOY fishes. 362 
 363 
Preliminary Results for Hypothesis #5 364 
Nonnative fishes (overall mean = 48 individuals/100m2) were much more abundant than native 365 
fishes (overall mean = 8/100m2), and this was especially true in secondary channel backwaters 366 
where they achieved their greatest densities (overall mean = 61/100m2 compared to 34/100 m2 in 367 
islands; Table 1; Fig. 12). However, in both backwater types the density of nonnatives and 368 
natives sharply declined after the first sample trip, which occurred following a monsoonal flow 369 
pulse on July 24-25 that resulted in a substantial fish kill. However, nonnatives appeared to be 370 
more resilient to this fish kill compared to natives, as nonnative density rebounded by the final 371 
sampling trip, while native density never recovered during our study. This may be due to life 372 
history traits (e.g., spawning season timing and duration) of nonnatives that allows them to 373 
reproduce and recruit during the monsoon season, thus enhancing their resilience to disturbance 374 
compared to native fishes. Patterns for nonnative Virile Crayfish were similar to those of 375 
nonnative fish, as they were also more abundant in secondary channel (4/100m2) compared to 376 
island backwaters (2/100m2), and also had densities that plummeted after the first sampling trip 377 
that bounced back by the final sampling trip (Fig. 13). As such, these results supported our 378 
hypothesis that predicted nonnatives would be denser in secondary channel compared to island 379 
backwaters, although this did not necessarily mean islands had higher nursery quality, since they 380 
also had high nonnative densities.      381 
 382 
Preliminary Conclusions 383 
We found few substantial differences between secondary channel and island backwaters in terms 384 
of their ability to function as nurseries for imperiled YOY fishes, as both seemed to have low 385 
habitat quality. Furthermore, both backwater types exhibited chronic and acute deterioration 386 
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throughout our study period that occurred during the monsoon season. For instance, even prior to 387 
the monsoon season, both backwater types had high densities of nonnatives that could prey upon 388 
and compete with native YOY fishes, thus decreasing backwater quality. However, there was a 389 
monsoonal flow pulse on July 24-25 that resulted in a large observed fish kill of nonnatives and 390 
natives alike throughout a substantial portion of the San Juan River in Utah, likely as a 391 
consequence of an acute decline in water quality. Unfortunately for conservation, nonnative 392 
fishes and crayfish appeared to be more resilient to this monsoonal flow pulse compared to 393 
natives, as nonnative densities rebounded by the end of our study period, while native densities 394 
remained consistently low throughout the remainder of our study. Additionally, during the 395 
monsoon season our backwaters filled with silt, and as this occurred coarser substrate became 396 
scarcer, thus resulting in a chronic degradation of habitat quality. Habitat availability for YOY 397 
fishes also declined in backwaters, as mean widths, depths, and LWD area were all substantially 398 
less by the end of our study in mid-September compared to the beginning in mid-July. This loss 399 
of backwater habitat was likely related to silt deposition that lowered the ability of backwaters to 400 
hold water. Lastly, macroinvertebrate abundance also declined during the monsoon season, 401 
potentially resulting in lower food supply for fishes in backwater nurseries. As such, our 402 
preliminary results indicated that the monsoon season could be responsible for the recruitment 403 
bottleneck of imperiled native fishes, as the chronic (i.e., siltation, reduction in habitat area, and 404 
loss of macroinvertebrates) and acute (i.e., monsoonal flow pulse induced fish kills) 405 
environmental changes that it produced were harmful to fishes. But, it is impossible to draw 406 
definitive conclusions from a single year of data, as it is presently unclear whether the 407 
monsoonal-induced environmental degradation we observed in 2021 is characteristic of all 408 
monsoon seasons in the San Juan, or instead, is a rare occurrence that we just happened to 409 
observe. Another year of sampling during 2022 may help to elucidate this phenomenon further.  410 
 411 
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Table. 1. Summary of fishes and crayfish captured from our 20 sample sites during 2021. 475 
Classification Common Name Scientific Name Backwater Type 
   Island Secondary Channel Total 
Nonnative Fish Red Shiner Cyprinella lutrensis 1,580 2,830 4,410 
 Common Carp Cyprinus carpio 13 13 26 
 Fathead Minnow Pimephales promelas 695 1,714 2,409 
 Black Bullhead Ameiurus melas 342 917 1,259 
 Channel Catfish Ictalurus punctatus 112 132 244 
 Plains Killifish Fundulus zebrinus 1 7 8 
 Western Mosquitofish Gambusia affinis 969 3,683 4,652 
 Green Sunfish Lepomis cyanellus 0 1 1 
 Largemouth Bass Micropterus salmoides 1 7 8 
Nonnative Crayfish Virile Crayfish Faxonius virilis 154 505 659 
Native Fish Colorado Pikeminnow Ptychocheilus lucius 5 0 5 
 Speckled Dace Rhinichthys osculus 273 115 388 
 Flannelmouth Sucker Catostomus latipinnis 754 1,396 2,150 
 Bluehead Sucker Pantosteus discobolus 14 24 38 
 Razorback Sucker Xyrauchen texanus 2 2 4 
Total 9 nonnative fish; 5 native fish  4,914 11,346 16,260 

476 
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 477 
Figure 1. Map of the San Juan River basin (broad extent) and the section of the San Juan River 478 
where backwaters were studied for this project during 2021 (fine extent). Shiprock denotes the 479 
upstream end of the study reach and Montezuma Creek marks the downstream end of the study 480 
reach. 481 
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 482 
Figure 2. Flow variation versus longitudinal position (i.e., river mile) for our island (ISL) and 483 
secondary channel (SC) backwater study sites in 2021. Flow variation metrics were calculated 484 
from water level loggers that recorded depth in backwater study sites every 30 minutes during 485 
July 16 – September 13. CV = coefficient of variation, which is unitless; depth in feet is the unit 486 
for all other graphs in this figure. River mile 149 (Shiprock, NM) denotes the upstream end of 487 
our study reach, while the downstream end is demarcated at river mile 93 (Montezuma Creek, 488 
UT). 489 
 490 
 491 
 492 
 493 
 494 
 495 
 496 
 497 
 498 
 499 
 500 
 501 
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 502 
Figure 3. Proportion of observations when study backwaters exhibited a hydrologic connection 503 
to the mainstem (top panel) and proportion of observations when backwaters were aquatic (i.e., 504 
not completely desiccated). Both metrics are plotted against river mile, and were measured with 505 
modified HOBO Pendant data loggers that record relative conductivity, wherein loggers were 506 
considered to be dry when values were <1,000 and were classified as aquatic when values were ≥ 507 
1,000. Relative conductivity was recorded in backwater study sites every 30 minutes during July 508 
16 – September 13. River mile 149 (Shiprock, NM) denotes the upstream end of our study reach, 509 
while the downstream end is demarcated at river mile 93 (Montezuma Creek, UT). 510 
 511 
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 512 
Figure 4. Differences (overall mean = straight horizontal line) and trends (non-linear lines) in 513 
mean percent canopy cover between island backwaters, secondary channel backwaters, and the 514 
Phase III wetland in the San Juan River in between Shiprock, NM and Montezuma Creek, UT in 515 
2021. Trip #1 = July 21-26; Trip #2 = August 3-8; Trip #3 = August 17-22; Trip #4 = August 31-516 
September 5; Trip #5 = September 14-19. 517 
 518 
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 529 
 530 
 531 
 532 
 533 
 534 
 535 
 536 



18 
 

 537 

 538 
Figure 5. Differences (overall mean = straight horizontal line) and trends (non-linear lines) in 539 
turbidity (NTU = nephalometric turbidity units) and dissolved oxygen (DO) in island 540 
backwaters, secondary channel backwaters, and the Phase III wetland in the San Juan River in 541 
between Shiprock, NM and Montezuma Creek, UT in 2021. Trip #1 = July 21-26; Trip #2 = 542 
August 3-8; Trip #3 = August 17-22; Trip #4 = August 31-September 5; Trip #5 = September 14-543 
19.   544 
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 545 
Figure 6. Differences (overall mean = straight horizontal line) and trends (non-linear lines) in 546 
water temperature in island and secondary channel backwaters in the San Juan River in between 547 
Shiprock, NM and Montezuma Creek, UT in 2021. Temperatures from both backwater types 548 
were plotted against mean daily discharge from the San Juan River at Four-Corners, CO gage 549 
(USGS gage # 09371010). Water temperatures were calculated from water level loggers that 550 
recorded temperature in backwater study sites every 30 minutes during July 16 – September 13. 551 
 552 
 553 
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 569 
Figure 7. Differences (overall mean = straight horizontal line) and trends (non-linear lines) in 570 
substrate coverage in island backwaters, secondary channel backwaters, and the Phase III 571 
wetland in the San Juan River in between Shiprock, NM and Montezuma Creek, UT in 2021. 572 
Course substrate = gravel + pebble + cobble. Trip #1 = July 21-26; Trip #2 = August 3-8; Trip #3 573 
= August 17-22; Trip #4 = August 31-September 5; Trip #5 = September 14-19.   574 
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 575 
Figure 8. Differences (overall mean = straight horizontal line) and trends (non-linear lines) in 576 
mean wetted widths and depths in island backwaters, secondary channel backwaters, and the 577 
Phase III wetland in the San Juan River in between Shiprock, NM and Montezuma Creek, UT in 578 
2021. Trip #1 = July 21-26; Trip #2 = August 3-8; Trip #3 = August 17-22; Trip #4 = August 31-579 
September 5; Trip #5 = September 14-19.   580 
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 581 
Figure 9. Differences (overall mean = straight horizontal line) and trends (non-linear lines) in 582 
the areal coverage of large woody debris (LWD) habitat in island backwaters, secondary channel 583 
backwaters, and the Phase III wetland in the San Juan River in between Shiprock, NM and 584 
Montezuma Creek, UT in 2021. Trip #1 = July 21-26; Trip #2 = August 3-8; Trip #3 = August 585 
17-22; Trip #4 = August 31-September 5; Trip #5 = September 14-19.   586 
 587 
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 605 
Figure 10. Differences (overall mean = straight horizontal line) and trends (non-linear lines) in 606 
chlorophyll-a concentration in island backwaters, secondary channel backwaters, and the Phase 607 
III wetland in the San Juan River in between Shiprock, NM and Montezuma Creek, UT in 2021. 608 
Trip #1 = July 21-26; Trip #2 = August 3-8; Trip #3 = August 17-22; Trip #4 = August 31-609 
September 5; Trip #5 = September 14-19.   610 
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 630 
Figure 11. Differences (overall mean = straight horizontal line) and trends (non-linear lines) in 631 
pelagic, benthic and large woody debris (LWD) macroinvertebrate biomass in island backwaters, 632 
secondary channel backwaters, and the Phase III wetland in the San Juan River in between 633 
Shiprock, NM and Montezuma Creek, UT in 2021. Note the differences in scaling on the y-axes.  634 
Trip #1 = July 21-26; Trip #2 = August 3-8; Trip #3 = August 17-22; Trip #4 = August 31-635 
September 5; Trip #5 = September 14-19.  636 
 637 
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 638 
Figure 12. Differences (overall mean = straight horizontal line) and trends (non-linear lines) in 639 
nonnative and native fish densities in island and secondary channel backwaters in the San Juan 640 
River in between Shiprock, NM and Montezuma Creek, UT in 2021. See Table 1 for fish species 641 
captured by our study, and note the differences in scaling for the y-axes. Trip #1 = July 21-26; 642 
Trip #2 = August 3-8; Trip #3 = August 17-22; Trip #4 = August 31-September 5; Trip #5 = 643 
September 14-19.  644 
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 645 
Figure 13. Differences (overall mean = straight horizontal line) and trends (non-linear lines) in 646 
nonnative crayfish densities in island and secondary channel backwaters in the San Juan River in 647 
between Shiprock, NM and Montezuma Creek, UT in 2021. All individuals captured were the 648 
Virile (Northern) Crayfish (Faxonius virilis). Trip #1 = July 21-26; Trip #2 = August 3-8; Trip 649 
#3 = August 17-22; Trip #4 = August 31-September 5; Trip #5 = September 14-19.  650 
 651 
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