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EXECUTIVE SUMMARY 
 

 Sampling during 2019 small-bodied fishes (SBF) monitoring in the San Juan River occurred from 
River Mile (RM) 196.1 (Bloomfield, NM) downstream to RM 52.8 (Mexican Hat, UT) during the first 
three weeks of September. Within the commonly sampled area (Reaches 3 – 6), 2,799 fish were captured 
across 33 primary, 34 secondary, and 35 zero velocity (i.e., large backwater and embayment) channel 
sites. A near record low percentage (23%) of all captured fish were native, with native Speckled Dace 
Rhinichthys osculus (n = 427) and non-native Red Shiner Cyprinella lutrensis (n = 1,732) comprising the 
top two numerically abundant species. Densities of all common native fish (i.e., Bluehead Sucker 
Catostomus discobolus, Flannelmouth Sucker Catostomus latipinnis, and Speckled Dace) were 
significantly lower in 2019 than most other years since 2003, but density of Red Shiner was significantly 
higher than all years since 2013. 

Sixteen Colorado Pikeminnows Ptychocheilus lucius were captured river-wide during 2019 
small-bodied fishes monitoring, including 12 wild age-0 fish and 4 age-1 fish. This was the third year that 
wild age-0 Colorado Pikeminnow have been captured during annual small-bodied fishes monitoring in the 
San Juan River since 2016. All age-0 captures occurred in Reaches 2 and 3, with most (n = 8) fish 
captured in a single large backwater channel at RM 79.2. Density (E(CPUE); fish / 10 m2) of age-0 
Colorado Pikeminnow was similar to density observed in 2017, but significantly lower than 2016. Most 
age-1 Colorado Pikeminnow were captured in Reach 5 (n = 4) with a single capture in Reach 3. Density 
of age-1 Colorado Pikeminnow in 2019 was significantly lower than most years since 2003. Razorback 
Sucker Xyrauchen texanus was not captured in 2019. 
 The number of fish captured in Reach 7 in 2019 (n = 12) was numerically lower than any 
previous year, with 66% of all fish being native. The most commonly captured species in Reach 7 were 
Speckled Dace (n = 6) and Western Mosquitofish Gambusia affinis (n = 2). Three River Ecosystem 
Restoration Initiative (RERI) and two Reference channels were sampled in 2019. Despite the high flows 
that occurred during spring runoff, low numbers of fish were detected. Only 18 fish were captured at 
RERI sites and the majority were Speckled Dace. No fish were captured in the sampled Reference 
channels. Low fish captures in both Reach 7 and in the RERI channels make interannual comparisons 
difficult.  
 In summary, 2019 SBF monitoring detected near record low ECPUE of non-endangered native 
fishes, mirroring the record lows detected in 2017. This finding is concerning and consistent with the 
long-term negative trends observed in ECPUE for most fishes. Decreased recruitment success of common 
species could indicate river wide conditions that do not support a healthy fish community. However, in all 
of the four most recent years of SBF monitoring (2016 – 2019) recruitment of endangered Colorado 
Pikeminnow (2016, 2017, 2019) and Razorback Sucker (2016, 2018) was observed. Documentation of 
both common and endangered fishes by SBF monitoring is an important component in assessing recovery 
of Colorado Pikeminnow and Razorback Sucker in the San Juan River and also for evaluating the 
effectiveness of management actions on the entire fish community. Continued monitoring of small-bodied 
and age-0 fishes in the San Juan River will be important for documentation of wild cohorts as well as 
elucidating management actions and environmental conditions that influence fish densities in the river. 
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INTRODUCTION 
 

Task 4.1.2.2 of the San Juan River Basins Recovery Implementation Program’s (SJRIP) Long-
Range Plan specifies the need for juvenile and small-bodied fishes (SBF) monitoring to locate areas and 
habitats used for rearing and to determine if young fish are surviving and recruiting into adult populations 
(SJRIP 2016). The goal of SBF monitoring is to quantitatively assess the effects of management actions 
on survival of post-larval early life stages of native and nonnative fishes, document their recruitment into 
subsequent life stages, and use this information to recommend appropriate modifications to recovery 
strategies for Colorado Pikeminnow Ptychocheilus lucius and Razorback Sucker Xyrauchen texanus in 
the San Juan River (SJRIP 2012). The specific objectives for SBF monitoring are: (1) annually document 
the occurrence and density of native and nonnative age-0/small-bodied fishes in the San Juan River; (2) 
document and characterize mesohabitat use by age-0 Colorado Pikeminnow, Razorback Sucker, and 
Roundtail Chub Gila robusta, as well as other age-0 and small-bodied native and nonnative fishes in the 
primary channel, secondary channels, and large backwaters; (3) obtain data that will aid in the evaluation 
of the responses of native and nonnative fishes to different flow regimes and other management actions; 
(4) track trends in native and nonnative species populations; (5) Characterize patterns of mesohabitat use 
by native and nonnative small-bodied fishes. 

 
METHODS 

 
Sampling— In 2019, SBF monitoring in the San Juan River occurred from River Mile (RM) 196.1 
(Bloomfield, NM; Geomorphic Reach 7) to RM 52.8 (Mexican Hat, UT; Geomorphic Reach 2) on 4 – 11 
and 16 – 20 September (Figure 1). During Sampling discharge averaged 1,174 cfs and ranged from 1,044 
to 1,445 cfs. Mean daily water temperature (°C) averaged 18.6°C and ranged from 16.2 to 21.6°C at Four 
Corners, CO USGS Gage 09371010 (Figure 2).  

Sampling occurred in the primary channel at designated 3-mile intervals and all secondary (less 
than 20% of total flow) and large (> 30 m2) zero velocity channels (i.e., backwaters and embayments) 
when encountered (SJRIP 2012). At each sampling site, the river mile, geographic coordinates (UTM 
NAD83), and water quality parameters (e.g., dissolved oxygen, conductivity, and temperature) were 
recorded. All mesohabitats (e.g., riffle, run, pool) present within a site (except zero velocity channels) 
were sampled in rough proportion to their availability using a 3.0 x 1.8 m (3.0 mm heavy duty Delta 
untreated mesh) drag seine. Mesohabitats were delineated according to Bliesner et al. 2009 (Table 1).  
Uncommon mesohabitats (e.g., debris pools and backwaters) were sampled in greater proportion to their 
availability than common mesohabitats. Seine hauls were made in at least five different mesohabitats at 
most sites; however, if habitat was homogeneous, as few as three seine hauls were made. A minimum of 
two seine hauls, one across the mouth and one parallel to its long axis were made at zero velocity 
channels. However, sampling was restricted to seine hauls parallel to the long axis of the zero velocity 
channel if the mouth was too narrow to sample. 

All captured fish were identified to species and measured for total length (mm TL). Native fishes 
were returned to the river. Nonnative fish were removed. Endangered fish were measured for total (mm 
TL) and standard length (mm SL), weighed (g), and released into the habitat they were captured in. 
Captured endangered fish greater than 130 mm TL were interrogated for a passive integrated transponder 
(PIT) tag. If no PIT tag was found, one was inserted. Fish too small to easily identify in the field were 
fixed in 10% formalin and returned to the laboratory for identification. After collection of fish, the 
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sampled width and length of each mesohabitat was measured to the nearest 0.1 m and recorded. The depth 
and dominant substrate at five random locations, and any cover (e.g., boulders, debris piles, large woody 
debris) associated with the mesohabitat were also recorded.  
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Figure 1. Map of the San Juan River indicating the location of Geomorphic Reaches and river miles (RM). The section of the river between the two red arrows indicates the area 
sampled during small-bodied fishes monitoring in 2019. Map insert indicates the location of the San Juan River in the states of Colorado, New Mexico, and Utah.
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Data Analysis— The catch-per-unit-effort (CPUE, fish/10 m2) was calculated for each species by seine 
haul. Small-bodied fishes monitoring is designed to target post-larval small-bodied and juvenile fishes in 
the San Juan River, so only post-larval and fish less than 200 mm were used to calculate CPUE. A cutoff 
of 200 mm TL was used because it includes all ages of small-bodied fishes and is close to the average 
length of age-1 large-bodied fishes in the San Juan River (Ryden 2000; Durst and Franssen 2014).  

Due to longitudinal differences in species distributions, life history, and rarity (e.g., Colorado 
Pikeminnow), capture rates for a specific species are highly variable between seine hauls. The resulting 
distribution of CPUE data for a species has a substantial proportion of zeros and is often right skewed. 
These “zero-inflated” datasets do not fit a normal distribution, making traditional statistical analysis using 
parametric techniques improbable. To account for the significant number of zeros and highly skewed 
data, a Delta-GLM was used to model the Expected-CPUE (E(CPUE), fish/10 m2) for each species. The 
Delta-GLM approach combines two separate components: (1) a logistic model estimating the probability 
of presence (CPUE0/1) fitted using a GLM with a binomial distribution and a logit link, and (2) a model 
for log-transformed CPUE only when the species is present (CPUE+) fitted using a Gaussian GLM 
(Stefánsson 1996; Fletcher et al. 2005; Acou et al. 2011; Vasconcelos et al. 2013). The E(CPUE) is then 
obtained by multiplying the response variables predicted by the CPUE0/1 and CPUE+ models. A 
correction factor, as suggested by Sprugel (1983), was used to reduce the bias in the log-transformed data 
when calculating E(CPUE). This approach models the two aspects of the data (i.e., presence/absence and 
positive CPUE) separately, allowing for evaluation of how covariates influence the two separate 
processes. Furthermore, the approach is much simpler and easier to interpret than other methods such as 
mixture models (Fletcher et al. 2005).  

 
Figure 2. San Juan River discharge (cfs) and water temperature at Four Corners, CO (USGS gage 09371010) during the 2019 
water year. The grey horizontal bars indicate when small-bodied fishes sampling occurred in 2019. 
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 Five different covariates were identified to model CPUE0/1 and CPUE+ (Table 2). The 
geomorphic reach (Reach), channel type (ChannelType), and mesohabitat type (Mesohabitat) covariates 
were all identified and recorded in the field for each seine haul. ChannelType consisted of three levels, 
primary, secondary, and zero velocity. Mesohabitats were combined to create five levels based on 
velocity. The five Mesohabitat categories included zero velocity (backwater and embayment), near zero 
velocity (pool and slackwater), low velocity (eddy and shoal), run, and riffle. The discharge (cfs) at time 
of sampling (sampDis) was calculated as the mean daily discharge (cfs), as measured at Four Corners, CO 
(USGS gage 09371010), on the day sampling occurred.  
 

Table 1. Definitions of mesohabitats typically sampled during small-bodied fishes monitoring in the San 
Juan River. Definitions from Bliesner et al. 2009. 
Mesohabitat Definition 
Backwater Typically a body of water off-channel in an abandoned secondary mouth, behind a bar or in 

a bank indention, water depth from < 10 cm to > 1.5 m, no perceptible flow, substrate 
typically silt or sand and silt. Little or no mixing of backwater and channel water. 

Pool Area within channel where flow not perceptible or barely so; water depth usually ≥ 30 cm; 
substrate silt, sand, or silt over gravel, cobble, or rubble. 

Eddy Same as pool, except water flow is evident (but slow) and direction typically opposite that 
of channel or circular. 

Shoal Generally shallow (≤ 25 cm) areas with laminar flow (very slow to slow velocity: ≤ 5 
cm/sec) over sand or cobble substrate. 

Run Typically moderate or rapid velocity water 10-30 cm/sec with little or no surface 
disturbance. Depths usually 10–74 cm but may exceed 75 cm. Substrate usually sand but 
may be silt in slow velocity runs and gravel or cobble in rapid velocity runs. 

Riffle Area within channel where gradient is moderate (5 cm/m), water velocity usually moderate 
to rapid (10 to 31 cm/sec), and water surface disturbed. Substrate usually cobble and rubble 
and portions of rocks may be exposed. Depths vary from < 5 to 50 cm, rarely greater. 

Chute Rapid velocity (≥ 30 cm/sec) portion of the channel (often near center) where gradient ≥ 10 
cm/m. Channel profile often U- or V-shaped. Depth typically ≥ 30 cm. Substrate large 
cobble or rubble and often embedded. 

Slackwater Low velocity habitat usually along inside margin of river bends, shoreline invaginations, or 
immediately downstream of debris piles, bars, or other in-stream features, but deeper than 
shoals (> 25 cm). 

Isolated 
pool 

Small body of water in a depression, old backwater, or side channel, not connected to the 
channel as a result of receding flows. 

Embayment Open shoreline depression similar to a backwater but that faces upstream. Typically at the 
top end of abandoned secondary channels or bars. 

Rapid Deep, high gradient, high velocity areas often with standing waves. 
Pocket 
water 

Low velocity water similar to slack water, but in boulder fields. These usually occur in 
channel margins in the canyon reaches. 

Plunge The transition area below a riffle or chute where the channel deepens into a run with 
transition from high to low velocity. 
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Table 2. Description of covariates used to model CPUE0/1 and CPUE+, number of levels or unique 
number, and the minimum and maximum. 

Covariate Description N Minimum Maximum 
Year Year when the sample was collected. Categorical 

variable. 
16 2003 2019 

Reach Geomorphic Reach, as described in Bliesner and 
Lamarra (2000), where the sample was collected. 
Categorical variable. 

4 3 6 

ChannelType Channel type where the sample was collected. 
Categorical variable. 

3 --- --- 

Mesohabitat Mesohabitat category where the sample was 
collected. Categorical variable. 

5 --- --- 

sampDis Mean daily discharge, as measured at Four Corners, 
CO (USGS gage 09371010) on the day the sample 
was collected. Continuous variable. 

136 369 6720 

 
 A global model with all five covariates was created for both the CPUE0/1 and CPUE+ models. The 
dredge function in the MuMin package (Bartoń 2016) for R was then used to model all possible 
combinations of explanatory variables with Year being fixed in all models. The negative log-likelihood 
from both models were combined and used to calculate Akaike’s Information Criterion with a correction 
for finite sample sizes (AICc). The combined model with the lowest AICc was used to estimate E(CPUE) 
for each species. Residual plots were examined to ensure that the assumptions of the final CPUE0/1 and 
CPUE+ models were met.  
 The CPUE0/1 and CPUE+ models were assessed for fit and predictive capability. The Area Under 
the Curve (AUC) of the Receiver Operating Characteristic (ROC) was used to test the predictive accuracy 
for the CPUE0/1 model (Peterson et al. 2008). The AUC of the ROC ranges from 0.5 to 1.0 with 0.5 
indicating no fit and a 1.0 a perfect fit (Fielding and Bell 1997). Goodness-of-fit for both models was 
assessed using the deviance explained (%). The deviance explained (%) ranges from 0 to 100 with higher 
numbers indicating that covariates in the model better explain variation in the response variable (i.e., 
better predictive ability).  
 The Delta-GLM approach was used to model E(CPUE) (fish/10 m2) for only common native and 
nonnative species in Reaches 3 – 6 from 2003 – 2019, with the exception of age-0 Colorado Pikeminnow. 
Reaches 3 – 6 have been routinely sampled since 2003, while sampling in Reaches 2 and 7 have varied 
temporally. Age-0 Colorado Pikeminnow E(CPUE) was modeled including Reach 2 because it was 
sampled in all years that detections of age-0 Colorado Pikeminnow occurred. Data from 2018 was 
excluded from analysis due to the truncated sampling that occurred during that year (Zeigler and Wick 
2019). Summary information on the number of fish captured is provided for Reach 7 from 2012 – 2019. 
Only a few sites in Reach 2 were sampled in 2019 (Figure 3), and only approximately 15 of its 51 miles, 
so only age-0 Colorado Pikeminnow captured within Reach 2 were included in this report. Total number 
of age-0 and age-1 Colorado Pikeminnow and Razorback Suckers, as well as total number of other native 
and all nonnative fishes is reported for the River Ecosystem Recovery Initiative (RERI) and Reference 
secondary channels. Additional information on which RERI and Reference secondary channels were 
sampled since 2012 is also reported. All statistical analyses were performed using R 3.6.2 (R Core Team 
2019) and utilizing the MASS (Venables and Ripley 2002), plyr (Wickham 2011), pROC (Robin et al. 
2011), and MuMIn (Barton 2016) packages. 
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RESULTS 

Commonly Sampled Area (Reaches 3 – 6)  
Within the commonly sampled area, monitoring occurred at 33 primary channel sites (5,293 m2), 

34 secondary channel sites (5,297 m2), and 35 zero velocity sites (2,932 m2; Figure 3). A total of 2,799 
fish were captured, 652 (23%) of which were native (Table 3). Nonnative Red Shiner Cyprinella lutrensis 
(n = 1,732) and native Speckled Dace Rhinichthys osculus (n = 427) were the most numerically abundant 
species captured. Density (fish/10 m2) of fish in both the primary channel and secondary channels were 
lower than most years, with density in secondary channels being the second lowest since 2003 (Figure 4). 
A negative trend in the density of fish in the primary channel and secondary channels has occurred since 
2003. The density of fish in zero velocity channels has been highly variable since 2003, but has had a 
negative trend since 2011. The proportion of native fish captured decreased in the primary channel, with 
proportions of native fish in secondary channels and zero velocity channels increasing slightly from 
record low proportions observed in 2017. 
 

Table 3. Number of fish captured by species and channel type during small-bodied fishes 
monitoring on the San Juan River in 2019 in Reaches 3–6. 

Species 
Primary 
channel 

Secondary 
channels 

Zero velocity 
channels Total 

  Bluehead Sucker 2 1 18 21 
  Colorado Pikeminnow         
    Age-0 0 0 12 12 
    Age-1 0 1 3 4 
  Flannelmouth Sucker 26 44 118 188 
  Roundtail Chub 0 0 0 0 
  Razorback Sucker         
    Age-0 0 0 0 0 
    Age-1 0 0 0 0 
  Speckled Dace 258 125 44 427 
Total natives 286 171 195 652 
  Black Bullhead 0 0 13 13 
  Channel Catfish 2 6 2 10 
  Common Carp 0 1 0 1 
  Fathead Minnow 12 15 155 182 
  Largemouth Bass 0 5 11 16 
  Western Mosquitofish 31 18 144 193 
  Plains Killifish 0 0 0 0 
  Red Shiner 61 107 1,564 1,732 
Total nonnatives 106 152 1,889 2,147 
Total (% native) 392 (73%) 323 (53%) 2,084 (9%) 2,799 (23%) 
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Figure 3. The location of primary channel (top), secondary channel (middle), and zero velocity channel (bottom) sites sampled during 2019 small-bodied fishes monitoring on the 
San Juan River. Note that sampling occurred only from River Mile 196.1 (middle of Reach 7) downstream to River Mile 52.8 (top of Reach 2).
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Figure 4. The density (fish/10 m2, cirles) of all fish, proportion of native fish captured (triangles), and total area sampled (m2, 
grey bars) in the primary channel (top), secondary channels (middle), and zero velocity channels (bottom) during small-bodied 
fishes monitoring in commonly sampled Reaches (3 – 6) of the San Juan River from 2003 to 2019. Note that the y-axis for 
primary channels sampled area differs from other graphs and 2018 is omitted due to a lack of sampling. 
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Colorado Pikeminnow—Sixteen Colorado Pikeminnows were captured river-wide during sampling in 
2019, twelve of which were wild age-0 fish. This is the third time that wild age-0 Colorado Pikeminnow 
have been captured in the San Juan River since standardized monitoring of small-bodied fishes began in 
1998; 2016 and 2017 were the previous two years. All age-0 captures occurred in Reaches 2 and 3, with 
most (n = 8) fish captured in a single large backwater channel at RM 79.2 within Reach 3 (Figure 5). 
Most age-1 Colorado Pikeminnow (n = 3) were captured within Reach 5 with only a single fish captured 
in Reach 3. All age-1 Colorado Pikeminnow were captured at unique sampling sites. It is unknown if any 
of the captured age-1 Colorado Pikeminnow were wild because 430,723 unmarked age-0 Colorado 
Pikeminnow were stocked into the river in November 2018 (Furr 2019), eliminating the ability to 
distinguish between wild and hatchery-origin fish.  

The final Delta-GLM model for age-0 Colorado Pikeminnow included CPUE0/1(Year + Reach + 
Mesohabitat + sampDis +)CPUE+(Year) but had a low AICc weight (Table 4). The goodness-of-fit 
(evaluated using deviance explained) for the top CPUE0/1 and CPUE+ models were very low, indicating 
that the selected covariates explained little-to-none of the variation in the data. Density (E(CPUE)) of 
age-0 Colorado Pikeminnow in 2019 was significantly lower (P < 0.05) than 2016 but similar to 2017 
(Figure 6).  
 The final Delta-GLM model for age-1 Colorado Pikeminnow included CPUE0/1(Year + Reach + 
Channel + Mesohabitat + sampDis)CPUE+( Year + Reach + Channel + Mesohabitat + sampDis) but had 
a very low AICc weight (Table 4). Although the top model was used to estimate E(CPUE), the very low 
AICc weight indicates that the probability of this model being the “best” model is low. The goodness-of-
fit (evaluated using deviance explained) for the top CPUE0/1 and CPUE+ models was very low, indicating 
that the selected covariates explained little of the variation in the data. Although no significant difference 
between the probability of presence was observed between channel types (i.e., primary, secondary, zero 
velocity), secondary channels had a significant positive effect on the abundance of age-1 Colorado 
Pikeminnow in comparison to the primary channel and zero velocity channels. In addition, there was no 
significant difference in the probability of presence among mesohabitat types except riffles, which had a 
significant negative effect on presence. Age-1 Colorado Pikeminnow probability of presence in Reach 5 
was significantly higher than in Reach 3 and 4, there was however no significant Reach effect on the 
abundance of Age-1 Colorado Pikeminnow.   

The E(CPUE) of age-1 Colorado Pikeminnow in 2019 was significantly lower (P < 0.05) than 
most previous years and similar to 2005, 2009, 2012 and 2013 (Figure 7). The dominant feature of age-1 
Colorado Pikeminnow E(CPUE) is high annual variation and there does not appear to be a general trend. 

Razorback Sucker—No Razorback Sucker were captured in 2019. 

Common Native Species—Bluehead Sucker Catostomus discobolus were the 6th most commonly 
collected species in 2019. The final Delta-GLM model for Bluehead Sucker included CPUE0/1(Year + 
Reach + Channel + Mesohabitat+sampDis)CPUE+(Year + Reach + Channel + Mesohabitat + RiverMile 
+ sampDis) but only received 46% of the AICc weight (Table 4). Low AICc weight and low goodness-of-
fit indicates that the covariates in the top model explained little of the variation in the data. Density 
(E(CPUE)) of Bluehead Suckers in 2017 was significantly lower (P < 0.05) than any previous year, 
although density has been highly variable since 2003 (Figure 8). Despite the interannual variability in the 
E(CPUE) of Bluehead Suckers, it appears that it has been generally declining since 2003. 
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Figure 5. Location of age-1 (top panel) and age-0 (bottom panel) Colorado Pikeminnow captured during annual small-bodied fishes monitoring on the San Juan River in 2019. 
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Table 4. Results for the top CPUE0/1 and CPUE+ models used to predict the expected catch-per-unit-effort (ECPUE) of age-0 and age-1 Colorado 
Pikeminnow, Bluehead Sucker, Channel Catfish, Fathead Minnow, Flannelmouth Sucker, Red Shiner, Speckled Dace, and Western Mosquitofish 
captured during small-bodied fishes monitoring in Reaches 3 – 6 of the San Juan River from 2003 to 2019. Shown for each model is the degrees of 
freedom (df) of the null model, deviance explained (Dev. %), area under the curve (AUC) is shown for the CPUE0/1 model and the AICc weight (wi) 
is shown for the final Delta-GLM. 
  CPUE0/1   CPUE+     

Species Top Model df 
Dev. 
(%) AUC   Top Model df Dev. (%)   wi 

Age-0 
Colorado 
Pikeminnow 

Year + Reach + Channel + 
Mesohabitat + sampDis  

474 19 0.84 

  

Year  18 <1   0.50 

Age-1 
Colorado 
Pikeminnow 

Year + Reach + Channel + 
Mesohabitat + sampDis  

6644 10 0.76 

  

Year + Reach + Channel + 
Mesohabitat + sampDis  

226 21   0.11 

Bluehead 
Sucker 

Year + Reach + Channel + 
Mesohabitat + sampDis  

6877 23 0.83   Year + Reach + Channel + 
Mesohabitat + sampDis  

745 23   0.46 

Channel 
Catfish 

Year + Reach + Mesohabitat + 
sampDis  

6341 33 0.88   Year + Reach + Channel + 
Mesohabitat + sampDis  

1355 11   0.27 

Fathead 
Minnow 

Year + Reach + Channel + 
Mesohabitat  

6942 25 0.86   Year + Reach + Channel + 
Mesohabitat + sampDis  

596 35   0.56 

Flannelmouth 
Sucker 

Year + Reach + Channel + 
Mesohabitat + sampDis  

6942 13 0.74   Year + Reach + Channel + 
Mesohabitat + sampDis  

1257 21   0.66 

Red Shiner Year + Reach + Channel + 
Mesohabitat + sampDis  

6942 28 0.85   Year + Reach + Channel + 
Mesohabitat + sampDis  

1597 35   0.59 

Speckled Dace Year + Reach + Channel + 
Mesohabitat + sampDis  

6942 18 0.78 

  

Year + Reach + Channel + 
Mesohabitat + sampDis  

3421 22 

  

0.99 

Western 
Mosquitofish 

Year + Reach + Channel + 
Mesohabitat + sampDis  

6942 23 0.85   Year + Reach + Channel + 
Mesohabitat + sampDis  

365 21   0.37 
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Figure 6. The expected catch-per-unit-effort (ECPUE, fish/10 m2) of age-0 Colorado Pikeminnow in Reaches 2 – 4 from 2003 to 
2019. Note that age-0 Colorado Pikeminnow were not captured from 2003 to 2015 so the ECPUE is 0 fish/10 m2 in those years 
and 2018 is omitted due to inconsistent sampling. Circles represent mean ECPUE estimates and bars represent 95% confidence 
intervals. 

 

Figure 7. The expected catch-per-unit-effort (ECPUE, fish/10 m2) of age-1 Colorado Pikeminnow in Reaches 3 – 6 from 2003 to 
2019. Note that age-1 Colorado Pikeminnow were not captured in 2003 so the ECPUE is 0 fish/10 m2 and 2018 is omitted due to 
inconsistent sampling. Circles represent mean ECPUE estimates and bars represent 95% confidence intervals. 
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Flannelmouth Sucker Catostomus latipinnis were the 4th most commonly captured species in 
2019, although only 188 specimens were captured. The final Delta-GLM model for Flannelmouth Sucker 
included CPUE0/1(Year + Reach + Channel + Mesohabitat + sampDis )CPUE+(Year + Reach + Channel 
+ Mesohabitat + sampDis) and received 66% of the AICc weight (Table 4). The selected covariates for the 
top model had little predictive ability because the goodness-of-fit for both the CPUE0/1 and CPUE+ 
models were low. The E(CPUE) of Flannelmouth Sucker in 2019 was significantly lower (P < 0.05) than 
all years except 2017 (Figure 8). Since 2003, Flannelmouth Sucker E(CPUE) appears to be decreasing. 
The decreasing trend may be influenced by the high E(CPUE) observed in 2003, 2004, and 2010. 
Removing these three high years stabilizes the interannual variability of Flannelmouth Sucker E(CPUE).  
 Despite comprising an unusually low percentage (15%) of all fish captured, Speckled Dace were 
the second most numerically abundant fish captured during 2019 SBF monitoring, The final Delta-GLM 
model for Speckled Dace included CPUE0/1(Year + Reach + Channel + Mesohabitat + 
sampDis)CPUE+(Year + Reach + Channel + Mesohabitat + sampDis) and received almost all (99%) of 
the AICc weight (Table 4). Although there was high support for the selected model, goodness-of-fits for 
the CPUE0/1 and CPUE+ models were still low. Similar to Bluehead and Flannelmouth Suckers, the 
E(CPUE) of Speckled Dace in 2019 was significantly lower (P < 0.05) than almost all other previous 
years except 2017 (Figure 8). Despite a few high years, the E(CPUE) of Speckled Dace has an overall 
decreasing trend since 2003. 

Common Nonnative Species—Channel Catfish Ictalurus punctatus were one of the least commonly 
captured nonnative species in 2019, with only 10 individuals being documented during SBF monitoring. 
The final Delta-GLM model for Channel Catfish included CPUE0/1(Year + Reach + Mesohabitat 
+sampDis)CPUE+(Year + Channel + Mesohabitat + RiverMile + sampDis) but received only 27% of the 
AICc weight (Table 4). The CPUE0/1 model had a relatively high goodness-of-fit in comparison to other 
species, however the CPUE+ model had the second lowest of any species. This disparity indicates that the 
top model was reliable at predicting the probability of Channel Catfish being present, but was poor at 
predicting their density when present. The E(CPUE) of Channel Catfish was significantly lower (P > 
0.05) than any other previously sampled year (Figure 9). Since 2003, the E(CPUE) of Channel Catfish 
has been highly variable from year to year, generally with extreme highs followed by extreme lows. The 
E(CPUE) of Channel Catfish has a slightly decreasing trend since 2003, however, the extreme annual 
variations observed in the data make it difficult to determine if any trend is occurring. 
 Fathead Minnows Pimephales promelas were the 5th most commonly captured species in 2019. 
The final Delta-GLM model for Fathead Minnow included CPUE0/1(Year + Reach + Channel + 
Mesohabitat)CPUE+(Year +Reach + Channel + Mesohabitat + sampDis) and accounted for 56% of the 
AICc weight (Table 4). The goodness-of-fit for the top model’s CPUE+ was among the highest of any 
species, indicating a relatively good ability to predict abundance of the species, but unfortunately 
CPUE0/1 was relatively low, indicating lower ability to predict Fathead Minnow presence. Fathead 
Minnow E(CPUE) in 2019 was significantly higher (P < 0.05) than 2017, but similar to most recent years 
of sampling (Figure 9). Since 2006, the E(CPUE) of Fathead Minnow has been low in comparison to the 
highs observed from 2003 – 2005. The E(CPUE) of Fathead Minnow was extremely high from 2003 to 
an apparent crash in 2006. After 2006, the E(CPUE) of the species has been low and stable through time. 

Red Shiners were the most commonly captured species in 2019, comprising nearly 62% of all fish 
captured. The final Delta-GLM model for Red Shiner included CPUE0/1(Year + Reach + Channel + 
Mesohabitat + sampDis)CPUE+(Year + Reach + Channel + Mesohabitat + sampDis) and accounted for 
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59% of the AICc weight (Table 4). Although the support for the top model was somewhat low, the 
goodness-of-fit for the CPUE0/1 and CPUE+ models was higher than most other species indicating that the 
presence and density of Red Shiner are reliably predicted by the model. The E(CPUE) of Red Shiner in 
2019 was significantly higher (P < 0.05) than the previous 5 years (2013 – 2017) and statistically similar 
to most years since 2006 (Figure 10). Although an increase in E(CPUE) was observed in 2019, density of 
Red Shiners still remains similar to most years with the exception of the statistically high densities 
observed in 2003–2005 and 2009. 

Western Mosquitofish Gambusia affinis were the 3nd most commonly captured species in 2019, 
but comprised less than 10% of the total catch in Reaches 3 – 6. The final Delta-GLM model for Western 
Mosquitofish included CPUE0/1(Year + Reach + Channel + Mesohabitat)CPUE+(Year + Channel + 
Mesohabitat + RiverMile + sampDis) and accounted for 37% of the total AICc weight (Table 4). The 
predictive ability of the CPUE0/1 was slightly higher than the CPUE+ model, indicating that the top model 
was slightly better at predicting the presence of the species, however both were relatively low. The 
E(CPUE) of Western Mosquitofish has been relatively stable since 2013 and overall despite two years 
(2004 and 2012) of high E(CPUE) has no general trend (Figure 10).  

In addition to the common nonnatives captured in 2019, small numbers of Black Bullhead 
Ameiurus melas (n = 13), Common Carp Cyprinus carpio (n = 16), and Largemouth Bass Micropterus 
salmoides (n = 16).  These species are generally captured each year but numbers are low in comparison to 
other nonnatives.  
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Figure 7. The expected catch-per-unit-effort (ECPUE, fish/10 m2) of Bluehead Sucker (top panel), Flannelmouth Sucker (middle 
panel), and Speckled Dace (bottom panel) in Reaches 3 – 6 from 2003 to 2019. Circles represent mean ECPUE estimates and 
bars represent 95% confidence intervals. Note that the y-axis differs among graphs and 2018 is omitted due to a lack of sampling.
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Figure 9. The expected catch-per-unit-effort (ECPUE, fish/10 m2) of Channel Catfish (top panel) and Fathead Minnow (bottom 
panel) in Reaches 3 – 6 from 2003 to 2019. Circles represent mean ECPUE estimates and bars represent 95% confidence 
intervals. Note that the y-axis differs between graphs and 2018 is omitted due to a lack of sampling
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Figure 10. The expected catch-per-unit-effort (ECPUE, fish/10 m2) of Red Shiner (top panel) and Western Mosquitofish (bottom 
panel) in Reaches 3 – 6 from 2003 to 2019. Circles represent mean ECPUE estimates and bars represent 95% confidence 
intervals. Note that the y-axis differs between graphs and 2018 is omitted due to a lack of sampling. 

Reach 7 
Sampling in Reach 7 occurred on 18 and 19 September 2019. Five Primary channel sites (644 

m2), three secondary channels (398 m2), and no zero velocity channels were sampled (Figure 3). A total of 
12 fish were captured within this reach, two-thirds of which were native. The most numerically abundant 
species captured was Speckled Dace (n = 6), followed by Western Mosquitofish (n = 2; Table 5). This 
was the lowest number of fish captured in Reach 7 since sampling began in 2012. Due to the low number 
of fish captured in 2019, interannual comparisons of native fish proportion within Reach 7 are difficult 
and likely invalid.
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Table 5. Number of fish captured by species during small-bodied fishes monitoring in Reach 7 of the San Juan River, 2012 – 2019. 
Note that 2018 is omitted due to a lack of sampling.  
Species 2012 2013 2014 2015 2016 2017 2019 
  Bluehead Sucker 40 98 80 30 16 31 1 

  
Colorado 
Pikeminnow              

    Age-0 0 0 0 0 0 0 0 
    Age-1 0 0 0 0 0 0 0 

  
Flannelmouth 
Sucker 15 438 105 76 3 611 1 

  Mottled Sculpin 0 1 0 0 0 0 0 
  Razorback Sucker              
    Age-0 0 0 0 0 0 0 0 
    Age-1 0 0 0 0 0 0 0 
  Speckled Dace 563 752 499 304 82 739 6 
Total Natives 618 1289 684 410 101 1381 8 
  Black Bullhead 0 1 0 0 0 0 0 
  Brown Trout 0 3 0 0 0 0 0 
  Fathead Minnow 40 20 13 7 63 164 1 
  Green sunfish 1 1 0 0 0 1 0 
  Largemouth Bass 0 0 0 0 1 1 0 
  Mosquitofish 67 5 0 4 2 5 2 
  Plains Killifish 4 1 1 5 2 3 1 
  Red Shiner 0 0 1 0 8 0 0 
  White Crappie 0 0 0 0 1 0 0 
Total Nonnatives 112 31 15 16 77 174 4 
Total fish (% Native) 730 (85%) 1320 (98%) 699 (98%) 426 (96%) 178 (57%) 1555 (89%) 12 (67%) 
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River Ecosystem Restoration Initiative (RERI) Secondary Channels 
All River Ecosystem Restoration Initiative (RERI) secondary and Reference channels were 

visited on 5 September 2019. More than half of the RERI (n = 4 of 6) and Reference (n = 3 of 4) channels 
were flowing, but one of each respective channel type was unable to be sampled because the flow 
exceeded the definition of a secondary channel (Table 6). Two of the RERI channels (RM 132.2 and 
RM127.2) were not sampled because they were dry despite high base flows during sampling, a pattern 
that has been observed in most recent years of sampling (Figure 2; Table 6). The RERI channel at 128.6 
was sampled but it was noted during sampling that the connectivity was marginal and the channel width 
was narrow (< 3 m). 
 A total of eighteen fish were captured in RERI channels, most of which were native species 
comprised of Speckled Dace (n = 15) and Flannelmouth Sucker (n = 2). A single Fathead Minnow was 
captured at the RM 132.0 RERI channel. No fish were captured in the Reference channels. Overall the 
number of fish captured was very low in all channels sampled during 2019 compared to most prior years 
(Table 7).  
 

Table 6. Information for River Ecosystem Restoration Initiative (RERI) and Reference secondary channels 
sampled during small-bodied fishes monitoring in the San Juan River from 2012 – 2019. 

    Sampled? 
Site Type River Mile 2012 2013 2014 2015 2016 2017 2019 
Reference 134.3 Yes No2 Yes Yes Yes Yes Yes 
Reference 133.5 Yes No2 No2 No4 No4 No4 No3 

RERI 132.2 No1 Yes Yes No1 No1 No1 No1 
RERI 132 Yes Yes Yes Yes Yes No4 Yes 
RERI 130.7A Yes Yes No2 No1 Yes Yes Yes 
RERI 130.7B Yes No3 Yes No3 No3 No3 No3 

Reference 129 Yes Yes Yes No1 Yes Yes Yes 
RERI 128.6 No2 No2 No2 No1 No1 No4 Yes 
RERI 127.2 Yes Yes No2 Yes No2 No1 No1 

Reference 122.7 Yes Yes No2 No2 No2 No2 No2 
1Channel was dry              
2Channel was unable to be located            
3Channel flow exceeded secondary channel definition          
4Secondary channel was mostly dry and sampled as a large 
backwater         
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Table 7. Captures of age-0 and age-1 Colorado Pikeminnow, age-0 and age-1 Razorback Sucker, 
and all other native and nonnative fishes less than 200 mm total length in River Ecosystem 
Restoration Initiative (RERI) and Reference secondary channels from 2012 – 2019. Data from 2018 
is excluded due to a lack of sampling. 

  RERI channels   Reference channels 

Year 
Colorado 

Pikeminnow 
Razorback 

Sucker Native Nonnative   
Colorado 

Pikeminnow 
Razorback 

Sucker Native Nonnative 
2012 2 0 54 32   0 0 43 140 
2013 0 0 36 14   0 0 41 21 
2014 2 0 17 35   0 0 7 1 
2015 0 0 15 1   0 0 2 0 
2016 0 0 114 3   2 0 17 0 
2017 0 0 0 1   3 0 4 29 
2019 0 0 17 1  0 0 0 0 

 
DISCUSSION 

 
 Densities of native species, except age-0 Colorado Pikeminnow, were statistically lower than 
most other years since 2003. The cause of low densities in 2019 for these species is unknown, as the 
spring peak runoff met or exceed nearly all of the SJRIP peak flow recommendations (21 days at 5,000 
cfs, 10 days at 8,000 cfs and 5 days at 10,000 cfs), and high flows are expected to be beneficial for native 
species in the San Juan River (Propst and Gido 2004). In contrast, densities of Red Shiner increased to 
their highest levels since 2012. Densities of other nonnative fishes remained similar to densities observed 
during recent years of SBF monitoring. Current SBF monitoring efforts analyze and report the combined 
captures of age-0 and age-1+ fish for commonly captured species, and while this is consistent with long-
term reporting it may diminish the ability to compare interannual variations of densities and longitudinal 
distribution. Additional investigations into the link between temporal variations in flow, habitat, and age-
0 fish densities would increase our understanding of the effects of spring and summer flow 
recommendation implementations and would similarly benefit from separately reporting age-0 and age-1+ 
fish. 

Wild age-0 Colorado Pikeminnow have been captured in 3 of the last 4 years during SBF 
monitoring. This is an important milestone for the SJRIP, because prior to 2016, no known wild age-0 
Colorado Pikeminnow were captured during SBF monitoring since it began in 1998 (Zeigler and Ruhl 
2018). The E(CPUE) of wild age-0 fish captured in 2019 was lower than E(CPUE) observed in 2016 and 
similar to 2017. However, low number of captures and the increased variability associated with zero 
inflated data makes meaningful explanation for the apparent lower number of wild fish in the system in 
2017 and 2019 difficult. 
 The E(CPUE) of age-1 Colorado Pikeminnow significantly decreased in 2019, and was lower 
than most E(CPUE) since 2003. Reasons for the decrease are unknown, truncated sampling efforts in 
2018 did not detect any wild age-0 Colorado Pikeminnow, but approximately 430,000 unmarked age-0 
Colorado Pikeminnow were stocked into the river in 2018. It is possible that the elevated and prolonged 
spring runoff didn’t provide conditions suitable for stocked age-1 Colorado Pikeminnow survival, but 
infrequent captures and the inability to distinguish stocked and wild-produced fish hinders the ability to 
assess the influence of biotic and abiotic variables on age-1 Colorado Pikeminnow density. 
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Age-0 Colorado Pikeminnow were detected in three of the last four years of sampling (2016, 
2017, and 2019), however age-0 Razorback Suckers were present in only two (2016, 2018). The lack of 
Razorback Sucker captured in 2017 and 2019, and the capture of six wild young-of-year Razorback 
Sucker in 2018 likely lends insight into the influence of discharge on the recruitment of the two 
endangered fishes within the San Juan River given the vast difference of those water years (Zeigler and 
Ruhl 2018; Zeigler and Wick 2019). Reproduction by both Razorback Sucker and Colorado Pikeminnow 
has been documented for more than a decade (Farrington et al. 2019), however recruitment past the larval 
stage has been extremely rare in the San Juan River (Golden and Holden 2005; Zeigler and Ruhl 2017; 
Zeigler and Wick 2019). Record low flows in 2018 probably allowed for the recruitment of Razorback 
Sucker to the juvenile stage through a combination of increased growth due to elevated water 
temperatures and likely less downstream transport of early life stages. Interestingly, age-0 Colorado 
Pikeminnow did not have similar success during 2018. This may indicate that contemporary conditions 
within the San Juan River are inadequate to support recruitment for both endangered fishes within a single 
year. Extreme care must be taken to understand and manage both species.   

Small-bodied fishes monitoring is an important component in assessing recovery of Colorado 
Pikeminnow and Razorback Sucker in the San Juan River and also for evaluating the effectiveness of 
management actions on the entire fish community. The third year of documented wild age-0 Colorado 
Pikeminnow production in the river is an important finding for the SJRIP. Continued monitoring of small-
bodied and age-0 fishes in the San Juan River will be important for continued documentation of wild 
cohorts, as well as elucidating management actions and environmental conditions than influence their 
densities in the river. 
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RESPONSE TO COMMENTS 
 

Program Office — Scott L. Durst 
 
Comment — Line 38 “What is the framework you’re talking about here” ……in reference to: 
Continued monitoring of small-bodied and age-0 fishes in the San Juan River and an adaptive 
management framework will be important for documentation of wild cohorts as well as elucidating 
management actions and environmental conditions than influence their densities in the river.  
 
Response — This was edited to state: “Continued monitoring of small-bodied and age-0 fishes in the San 
Juan River will be important for documentation of wild cohorts as well as elucidating management 
actions and environmental conditions that influence fish densities in the river.” 
 
Comment — Line 173 (Table 3) “Check the math at the bottom of this table. It appears the percent native 

is based off the sum in the dace row and total nonnative for the different channel types.”  & 
“Sums native by Channel?” 

Response — Indeed this table was incorrectly calculated. All necessary changes were made to the table 
including adding the native fish totals. Thank you for the very helpful edits. 

Comment — Line 179 (Figure 4 Caption) “It looks like the 45% native in secondary channel indicated in 
Table 3 isn’t reflected in the middle panel. It looks closer to 60% in the figure. But the math in 
the table doesn’t look right so consider double checking that. Also the proportion of native in zero 
velocity of 2% doesn’t appear to show in the bottom panel.” 

Response — Thank you for the edits regarding this figure they were helpful. Indeed, the previous edits to 
the table efficiently addressed the difference in the values for the percent native in the middle 
panel. I also addressed the viewability of the proportion of native in the zero velocity graph 
(bottom panel).  

Comment — Table 4 “It might turn into a really large table but what’s the rationale for only showing the 
top models here?  It seems like it might be insightful to include other models especially when the 
weight of the final model isn’t overwhelming.” 

Response — The top models are presented in this table alone because the necessary space required to 
present all model alternatives for each species / age-class would be a very large table and would 
likely take away from the utility and readability of the table. If this information would be useful it 
could be requested at any time or we could include it in future reports in an appendix. It is our 
understanding that requests were made to shorten the length of annual reports and provide only 
the most useful and pertinent information.  

Biology Committee — Tom Wesche  

Comment — Good job on the report, well-written and comprehensive. Only came across one minor item, 
that being on page 18 under Reach 7. Looks to me like natives were two-thirds of catch, not one-
third. Other than that, the usual fine job we've come to expect from NMGF. Thanks to you, Matt 
and Jill for your excellent work on this. 

Response — Thank you Tom for the comment and thank you for the helpful edit. We corrected this to 
state two-thirds.  
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