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Executive Summary 

 

 Sampling during 2017 small-bodied fishes 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), 2,688 fishes were captured across 37 

primary, 19 secondary, and 25 zero velocity (i.e., large backwater and embayment) channel sites. Only 58% of 

all captured fishes were native, with native Speckled Dace Rhinichthys osculus (N = 1,378) and non-native 

Western Mosquitofish Gambusia affinis (N = 544) and Red Shiner Cyprinella lutrensis (N = 428) comprising the 

top three numerically abundant species. A single Roundtail Chub Gila robusta was captured in 2017 at a 

primary channel site located at RM 123.8. Densities of all common native (i.e., Bluehead Sucker Catostomus 

discobolus, Flannelmouth Sucker Catostomus latipinnis, Speckled Dace) species were significantly lower in 2017 

than most other years since 2003, but densities of Red Shiner and Western Mosquitofish were significantly 

higher than years since 2013. 

 Forty-three Colorado Pikeminnows Ptychocheilus lucius were captured river-wide during 2017 small-

bodied fishes monitoring, including 5 wild age-0 fish and 38 age-1 fish. This was the second consecutive year 

that wild age-0 Colorado Pikeminnow have been captured during annual small-bodied fishes monitoring in 

the San Juan River. All age-0 captures occurred in Reach 3, with two fish captured in a large backwater 

channel and three captured in a small backwater located in a secondary channel. The greatest number of age-1 

Colorado Pikeminnow were captured in Reach 5 (N = 14) and Reach 4 (N = 11). Density of age-1 Colorado 

Pikeminnow in 2017 was significantly higher than most years since 2003, but still lower than the highs 

observed in 2007, 2010, and 2011. No age-0 or age-1 Razorback Sucker Xyrauchen texanus were captured in 

2017. 

 The number of fishes captured in Reach 7 in 2017 was numerically higher than any previous year, 

with 89% of all fishes being native. The most commonly captured species in Reach 7 was Speckled Dace (N 

= 739), Flannelmouth Sucker (N = 611), and Fathead Minnow Pimephales promelas (N = 164). Only 1 River 

Ecosystem Restoration Initiative (RERI) and two Reference channels were sampled in 2017, likely due to the 

low flows that occurred during monitoring. Only a single fish, a Western Mosquitofish, was captured in the 

RERI channel, however, several fishes (N = 33) were captured in the sampled Reference channels including 

three Colorado Pikeminnow. 

 Along with the continuation of small-bodied fishes monitoring for assessing the recovery of 

Colorado Pikemnnow and Razorback Suckers, tagging options for small (< 130 mm TL) age-1 Colorado 

Pikeminnow should be investigated. Approximately 58% of the age-1 Colorado Pikeminnow captured in 

2017 were less than 130 mm TL, the current minimum length for tagging with passive integrated transponder 

(PIT) tags. If Colorado Pikeminnow will only be handled at age-1 and as adults, a significant number of small 

age-1 fish may go untagged. Any untagged wild fish will significantly reduce the SJRIP’s ability to assess their 

recruitment to adults, as well as track their movements and survival. Laboratory studies to assess the ability to 

PIT tag fish as small as 100 mm TL should be initiated to increase our understanding on the effects of fish 

length on survival and growth after PIT tagging. A similar study on Razorback Suckers could also be initiated 

in preparation for the eventual capture of small wild fish of this species. 
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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. 

METHODS 

Sampling.— In 2017, 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 5 – 12 and 

18 – 22 September (Figure 1). Discharge during sampling averaged 603 cfs and ranged from 506 cfs to 779 

cfs at Four Corners, CO (Figure 2). 

Sampling occurred in the primary channel at designated 3-mile intervals and all secondary (less than 

20% of total flow) and large (> 50 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. 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. At least two seine 

hauls, one across the mouth and one parallel to its long axis were made at each zero velocity channel site 

unless the mouth was too narrow in which case at least one seine haul, parallel to the zero velocity channel’s 

long axis, was made. Types and descriptions of mesohabitats sampled during small-bodied fishes monitoring 

in the San Juan River are given in Table 1. 

All captured fishes were identified to species and measured for total length (mm TL) and standard 

length (mm SL). All native fishes were released and nonnative fishes removed from the river. Fishes too small 

to easily be identified in the field were fixed in 10% formalin and returned to the laboratory. After collection 

of fish, the sampled width and length of each mesohabitat was measured to the nearest 0.1 m and recorded. 

The depth and dominant substrate at five generalized 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 arrows indicates the area sampled 
during small-bodied fishes monitoring in 2017. 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) at Four Corners, CO (USGS gage 09371010) during the 2017 water year. The grey horizontal 
bars indicate when small-bodied fishes sampling occurred in 2017. 
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 Six different covariates, and a single interaction between two of the covariates, were identified to 

model CPUE0/1 and CPUE+ (Table 2). The river mile (RiverMile), 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. The interaction 

between Year and Reach (Year:Reach) was also selected to help identify spatial differences in presence and 

abundance between years. 

 

  

 

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. 

15 2003 2017 

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

4 3 6 

RiverMile River mile, measured to the nearest tenth, where the 
sample was collected. Continuous variable. 

500 68.4 180.6 

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 

Year:Reach The interaction between Year and Reach. 42 --- --- 

 

 

 

 A global model with all six covariates and the single interaction term 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 – 2017. Reaches 3 – 6 have been routinely sampled since 2003, 

while sampling in Reaches 2 and 7 have varied temporally. Summary information on the number of fish 

captured is provided for Reach 7 from 2012 – 2017. Only a few sites in Reach 2 were sampled in 2017 (Figure 

3), and only approximately 15 of its 51 miles, so no information on fish captures or trends over time are 

provided 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 

3.2.1 (R Core Team 2015) 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 37 primary channel sites (10,000 m2), 19 

secondary channel sites (3,720 m2), and 25 zero velocity sites (2,768 m2) (Figure 3). A total of 2,688 fishes 

were captured, 1,573 (58%) of which were native (Table 3). Native Speckled Dace Rhinichthys osculus (N = 

1,378) were the most numerically abundant species captured, followed by nonnative Western Mosquitofish 

Gambusia affinis (N = 544), Red Shiner Cyprinella lutrensis (N = 428), and Channel Catfish Ictalurus punctatus (N 

= 105). Density (fish/10 m2) of fishes in both the primary channel and secondary channels were lower than 

2016, with density in secondary channels being the lowest since 2003 (Figure 4). A negative trend in the 

density of fishes in the primary channel and secondary channels has occurred since 2003. The density of 

fishes in zero velocity channels has been highly variable since 2003, but has had a negative trend since 2011. 

The proportion of native fishes captured dropped in all three channel types, with proportions of native fishes 

in secondary channels and zero velocity channels being the lowest observed in at least the previous four years. 

 

 

 

Table 3. Number of fish captured by species and channel type during small-bodied fishes 
monitoring on the San Juan River in 2017 in Reaches 3 - 6. 

Species 
Primary 
channel 

Secondary 
channels 

Zero velocity 
channels Total 

  Bluehead Sucker 42 2 0 44 

  Colorado Pikeminnow         

    Age-0 0 3 2 5 

    Age-1 17 12 8 37 

  Flannelmouth Sucker 79 4 5 88 

  Roundtail Chub 1 0 0 1 

  Razorback Sucker         

    Age-0 0 0 0 0 

    Age-1 0 0 0 0 

  Speckled Dace 1303 56 19 1378 

Total natives 1442 77 34 1553 

  Black Bullhead 0 0 5 5 

  Channel Catfish 67 31 7 105 

  Common Carp 2 0 4 6 

  Fathead Minnow 15 6 15 36 

  Largemouth Bass 2 2 2 6 

  Western Mosquitofish 104 92 348 544 

  Plains Killifish 2 0 3 5 

  Red Shiner 56 9 363 428 

Total nonnatives 248 140 747 1135 

Total (% native) 1690 (85%) 217 (35%) 781 (4%) 2688 (58%) 
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Figure 3. The location of primary channel (top), secondary channel (middle), and zero-velocity channel (bottom) sites sampled during 2017 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, triangles) of all fishes, proportion of native fishes captured (circles), and total area sampled (100s 

m2, grey bars) in the primary channel, secondary channels, and zero velocity channels (bottom) during small-bodied fishes monitoring 

in the San Juan River from 2003 – 2017.
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Colorado Pikeminnow.—Forty-three Colorado Pikeminnows were captured river-wide during sampling in 2017, 

five of which were wild age-0 fish. This is the second time, and second consecutive year, that wild age-0 

Colorado Pikeminnow have been captured in the San Juan River since standardized small-bodied fishes began 

in 1998. All five wild age-0 Colorado Pikeminnows were captured in Reach 3, with two captured in a large 

backwater and the remaining three in a small backwater mesohabitat located in a secondary channel (Figure 

5). Most (97%) age-1 Colorado Pikeminnow were captured within the commonly sampled area with only one 

captured, in Reach 2, outside of these four reaches. The greatest number of age-1 fish were captured in Reach 

5 (N = 14), followed by Reach 4 (N = 11), with only 3 fish captured in Reach 6. It is unknown if any of the 

captured age-1 Colorado Pikeminnow were wild because approximately 434,000 unmarked age-0 Colorado 

Pikeminnow were stocked into the river in November 2016 (Furr 2017), eliminating the ability to distinguish 

between wild and hatchery-origin fish. 

 The final Delta-GLM model for age-1 Colorado Pikeminnow included CPUE0/1(Year + Reach + 

Mesohabitat + RiverMile + sampDis + Year:Reach)CPUE+(Year + Channel + RiverMile) 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. 

The E(CPUE) of age-1 Colorado Pikeminnow in 2017 was significantly higher (P < 0.05) than most 

previous years but significantly lower than 2007, 2010, and 2011 (Figure 6). It cannot be determined if the 

higher E(CPUE) of age-1 Colorado Pikeminnow in 2017 was due to the cohort of wild fish in 2016, if 

survival of stocked hatchery-origin fish in 2016 was higher than previous years, or a combination of both. 

The annual variation in E(CPUE) of age-1 Colorado Pikeminnow is high and there appears to be a general 

increasing trend through time. However, the E(CPUE) has still not increased to levels that were observed in 

2007, 2010, and 2011. 

Razorback Sucker.—Four Razorback Suckers were captured river-wide in 2017 during small-bodied fishes 

monitoring, all fish were adults (mean = 404 mm TL, range = 352 – 459 mm TL). No age-0 or age-1 

Razorback Suckers were captured in 2017. 

Common Native Species.— Bluehead Sucker Catostomus discobolus were the 6th most commonly collected species 

in 2017. The final Delta-GLM model for Bluehead Sucker included CPUE0/1(Year + Reach + Channel + 

Mesohabitat + RiverMile + Year:Reach)CPUE+(Year + Reach + Channel + Mesohabitat + RiverMile + 

sampDis) but only received 37% 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 7). There appears to be no long term trend in the E(CPUE)  of 

Bluehead Suckers. 
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Figure 5. Location of age-0 (top panel) and age-1 (bottom panel) Colorado Pikeminnow captured during annual small-bodied fishes monitoring on the San Juan River in 2017. 
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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-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 - 2017. Shown for each model is the sample size (N), 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 N 
Dev. 
(%) AUC   Top Model N 

Dev. (%) 
  wi 

Age-1 
Colorado 
Pikeminnow 

Year + Reach + Mesohabitat + 
RiverMile + sampDis + 
Year:Reach 

6043 14 0.79 

  

Year + Channel + RiverMile 217 18   0.07 

Bluehead 
Sucker 

Year + Reach + Channel + 
Mesohabitat + RiverMile + 
Year:Reach 

6341 27 0.86   Year + Reach + Channel + 
Mesohabitat + RiverMile + 
sampDis 

732 23   0.37 

Channel 
Catfish 

Year + Reach + Mesohabitat + 
RiverMile + Year:Reach 

6341 34 0.88   Year + Channel + Mesohabitat + 
RiverMile + sampDis 

1341 11   0.20 

Fathead 
Minnow 

Year + Reach + Channel + 
Mesohabitat +RiverMile + 
Year:RiverMile 

6341 30 0.88   Year + Channel + Mesohabitat + 
RiverMile + sampDis 

571 36   0.65 

Flannelmouth 
Sucker 

Year + Reach + Channel + 
Mesohabitat + RiverMile + 
sampDis + Year:Reach 

6341 18 0.79   Year + Reach + Channel + 
Mesohabitat + RiverMile + 
sampDis 

1199 25   0.57 

Red Shiner Year + Reach + Channel + 
Mesohabitat + RiverMile + 
sampDis + Year:Reach 

6341 32 0.86   Year + Channel + Mesohabitat + 
sampDis 

1549 36   0.41 

Speckled Dace Year + Reach + Channel + 
Mesohabitat + RiverMile + 
sampDis + Year:Reach 

6341 19 0.78 

  

Year + Reach + Channel + 
Mesohabitat + RiverMile + 
sampDis + Year:Reach 

3321 29 

  

0.97 

Western 
Mosquitofish 

Year + Reach + Channel + 
Mesohabitat + RiverMile + 
Year:Reach 

6341 26 0.87   Year + Channel + Mesohabitat + 
RiverMile + sampDis 

367 23   0.12 
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Figure 6. The expected catch-per-unit-effort (ECPUE, fish/10 m2) of age-1 Colorado Pikeminnow in Reaches 3 – 6 from 2003 to 

2017. Note that zero age-1 Colorado Pikeminnow were captured in 2003 so the ECPUE is 0 fish/10 m2. Circles represent mean 

ECPUE estimates and bars represent 95% confidence intervals. 

 

Flannelmouth Sucker Catostomus latipinnis were the 5th most commonly captured species in 2017, although 

only 88 specimens were captured. The final Delta-GLM model for Flannelmouth Sucker included 

CPUE0/1(Year + Reach + Channel + Mesohabitat + RiverMile + sampDis + Year:Reach)CPUE+(Year + 

Reach + Channel + Mesohabitat + RiverMile + sampDis) and received 57% 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 2017 was significantly 

lower (P < 0.05) than any previous year since 2003 (Figure 7). Since 2003, E(CPUE) appears to be decreasing. 

The decreasing trend may be influenced by the high E(CPUE) observed in 2003 and 2004. Removing these 

two high years, E(CPUE) of Flannelmouth Sucker has been stable since 2005. 

 Similar to previous years, Speckled Dace were the most numerically abundant fish captured during 

2017 SBF monitoring, comprising 51% of all fish captured. The final Delta-GLM model for Speckled Dace 

included CPUE0/1(Year + Reach + Channel + Mesohabitat + RiverMile + sampDis + 

Year:Reach)CPUE+(Year + Reach + Channel + Mesohabitat + RiverMile + sampDis +Year:Reach) and 

received almost all (97%) 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 2017 was significantly lower (P < 0.05) than all 

other previous years except 2014 and 2015 (Figure 7). Despite a few high years, the E(CPUE) of Speckled 

Dace has an overall decreasing trend since 2003. 

Common Nonnative Species.— Channel Catfish were the 3rd most commonly captured nonnative species in 2017, 

and the 4th most common overall. The final Delta-GLM model for Channel Catfish included CPUE0/1(Year 

+ Reach + Mesohabitat + RiverMile + Year:Reach)CPUE+(Year + Channel + Mesohabitat + RiverMile + 

sampDis) but received only 20% of the AICc weight (Table 4). The CPUE0/1 model had a relatively high 
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goodness-of-fit in comparison to other species, however the CPUE+ model had the 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 similar 

to 2012 (P > 0.05) and only significantly higher than 2015 (P < 0.05; Figure 8). 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 7th most commonly captured fish in 2017 with only 36 

specimens captured in Reaches 3 – 6. The final Delta-GLM model for Fathead Minnow included 

CPUE0/1(Year + Reach + Channel + Mesohabitat + RiverMile + Year:Reach)CPUE+(Year + Channel + 

Mesohabitat + RiverMile + sampDis) and accounted for 65% of the AICc weight (Table 4). The goodness-

of-fit for the top model’s CPUE0/1 and CPUE+ components were among the highest of any species, 

indicating a relatively good ability to predict presence and abundance of the species. Fathead Minnow 

E(CPUE) in 2017 was significantly lower (P < 0.05) than all years except 2007 and 2011 (Figure 8). 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 2nd most commonly captured nonnative species and the 3rd most commonly 

captured overall in 2017. The final Delta-GLM model for Red Shiner included CPUE0/1(Year + Reach + 

Channel + Mesohabitat + RiverMile + sampDis + Year:Reach)CPUE+(Year + Channel + Mesohabitat + 

sampDis) and accounted for 41% of the AICc weight (Table 4). Although the support for the top model was 

low, the goodness-of-fit for the CPUE0/1 and CPUE+ models was higher than most other species except 

Fathead Minnow. The E(CPUE) of Red Shiner in 2017 was significantly higher (P < 0.05) than the previous 4 

years (2013 – 2016) but was significantly lower (P > 0.05) than all other years since 2003 (Figure 9). Although 

an increase in E(CPUE) was observed in 2017 in comparison to other recent years, densities of Red Shiner 

still remain low in comparison to previous years. 

Western Mosquitofish were the 2nd most commonly captured species in 2017 and accounted for 20% 

of the total catch in Reaches 3 – 6. The final Delta-GLM model for Western Mosquitofish included 

CPUE0/1(Year + Reach + Channel + Mesohabitat + RiverMile + Year:Reach)CPUE+(Year + Channel + 

Mesohabitat + RiverMile + sampDis) but was only 21% 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. The E(CPUE) of Western Mosquitofish has been increasing 

since 2013, but the 2017 density is still significantly lower (P < 0.05) than most previous years (Figure 9).  

In addition to the common nonnatives captured in 2017, small numbers of Black Bullhead Ameiurus 

melas (N = 5), Common Carp Cyprinus carpio (N = 6), Largemouth Bass Micropterus salmoides (N = 6), and 

Plains Killifish Fundulus zebrinus (N = 5) were also captured. 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 2017. Circles represent mean ECPUE estimates and bars 

represent 95% confidence intervals. Note that the y-axis differs among graphs.
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Figure 8. 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 2017. Circles represent mean ECPUE estimates and bars represent 95% confidence intervals. 
Note that the y-axis differs between graphs.
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Figure 9. 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 2017. Circles represent mean ECPUE estimates and bars represent 95% confidence intervals. 
Note that the y-axis differs between graphs and there is a break in the y-axis from 1 to 10 fish/10 m2 of the top panel. 

 

Reach 7 

 Sampling in Reach 7 occurred on 21 and 22 September 2017. Five Primary channel sites (1,058 m2), 

three zero velocity channels (160 m2), and no secondary channels were sampled (Figure 3). A total of 1,555 

fishes were captured within this reach, 89% of which were native. The most numerically abundant species 

captured was Speckled Dace (N = 739), followed by Flannelmouth Suckers (N = 611), then Fathead 

Minnows (N = 164) (Table 5). Low numbers of Green Sunfish Lepomis cyanellus (N = 1), Largemouth Bass (N 

= 1), Plains Killifish (N = 3) and Western Mosquitofish (N = 5) were also captured in Reach 7. Although 

only half of Reach 7 is sampled each year, monitoring has continued to indicate that this section of river 

supports high numbers of native fishes and low numbers of nonnatives in comparison to reaches 

downstream.
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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 
- 2017. 

Species 2012 2013 2014 2015 2016 2017 

  Bluehead Sucker 40 98 80 30 16 31 

  
Colorado 
Pikeminnow             

    Age-0 0 0 0 0 0 0 

    Age-1 0 0 0 0 0 0 

  Flannelmouth Sucker 15 438 105 76 3 611 

  Mottled Sculpin 0 1 0 0 0 0 

  Razorback Sucker             

    Age-0 0 0 0 0 0 0 

    Age-1 0 0 0 0 0 0 

  Speckled Dace 563 752 499 304 82 739 

Total Natives 618 1289 684 410 101 1381 

  Black Bullhead 0 1 0 0 0 0 

  Brown Trout 0 3 0 0 0 0 

  Fathead Minnow 40 20 13 7 63 164 

  Green sunfish 1 1 0 0 0 1 

  Largemouth Bass 0 0 0 0 1 1 

  Mosquitofish 67 5 0 4 2 5 

  Plains Killifish 4 1 1 5 2 3 

  Red Shiner 0 0 1 0 8 0 

  White Crappie 0 0 0 0 1 0 

Total Nonnatives 112 31 15 16 77 174 

Total fishes (% Native) 730 (85%) 1320 (98%) 699 (98%) 426 (96%) 178 (57%) 1555 (89%) 
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River Ecosystem Restoration Initiative (RERI) Secondary Channels 

 All River Ecosystem Restoration Initiative (RERI) secondary and Reference channels were sampled 

on 6 September 2017. Only 1 RERI secondary channel and 2 Reference channels were flowing at the time of 

sampling, likely due to low flow (Figure 2; Table 6). The RERI secondary channel that was flowing had little 

water in the channel, limiting available habitat for fish. Although few of the channels were flowing, 2 RERI 

secondary channels and 1 Reference channel were backwaters at the time of sampling. Data from these 

backwaters were included in the commonly sampled area analysis but not in the RERI channel summary here. 

 Only one fish, a Western Mosquitofish, was captured in the sampled RERI secondary channel (Table 

7). The number of fish captured in Reference channels was also low (N = 33), 80% of which were nonnative. 

However, three Colorado Pikeminnows were captured in the Reference channel at River Mile 129.0. 

 

 

 

 

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 - 2017. 

    Sampled? 

Site Type River Mile 2012 2013 2014 2015 2016 2017 

Reference 134.3 Yes No2 Yes Yes Yes Yes 

Reference 133.5 Yes No2 No2 No4 No4 No4 

RERI 132.2 No1 Yes Yes No1 No1 No1 

RERI 132 Yes Yes Yes Yes Yes No5 

RERI 130.7A Yes Yes No2 No1 Yes Yes 

RERI 130.7B Yes No3 Yes No3 No3 No3 

Reference 129 Yes Yes Yes No1 Yes Yes 

RERI 128.6 No2 No2 No2 No1 No1 No4 

RERI 127.2 Yes Yes No2 Yes No2 No1 

Reference 122.7 Yes Yes 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 - 2017 

  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 

 

DISCUSSION 

 Densities of native species, except Colorado Pikeminnow, were statistically lower than most other 

years since 2003. The cause of low densities in 2017 for these species is unknown, as the magnitude of spring 

runoff in 2017 was similar to 2016, and high flows are expected to be beneficial for native species in the San 

Juan River (Propst and Gido 2004). In contrast, nonnative Western Mosquitofish and Red Shiner both 

showed significant increases in density to levels that were higher than any other year since 2012. Density of 

Channel Catfish decreased significantly compared to 2016, but given the high interannual variability in the 

species density, it is hard to develop any conclusions on what caused this decrease. Additional investigations 

into the link between temporal variations in flow, habitat, and age-0 fish densities would be beneficial for 

increasing our understanding  of the effects of spring and summer flow recommendations. 

 Wild age-0 Colorado Pikeminnow have been captured in two consecutive years during small-bodied 

fishes monitoring. This is an important milestone for the SJRIP because previous to 2016, no known wild 

age-0 Colorado Pikeminnow were captured during SBF monitoring since it began in 1998 (Zeigler and Ruhl 

2017). The number of wild age-0 fish captured in 2017 (N = 5) was lower than 2016 (N= 23), but an 

explanation for the apparent lower number of wild fish in the system in 2017 is probably unattainable until 

additional years of data are collected. 

 The density of age-1 Colorado Pikeminnow significantly increased in 2017, and was higher than any 

other year since 2003 except 2007, 2010, and 2011. Reasons for the increase are unknown, but a wild cohort 

in 2016 and increased survival of stocked age-0 Colorado Pikeminnow due to increased zero and near-zero 

velocity habitat from high 2016 flows could be potential explanations. However, approximately 434,000 

unmarked age-0 Colorado Pikeminnow were stocked into the river in 2016, making it difficult if not 

impossible to determine what effect the wild 2016 cohort had on age-1 densities in 2017. Continued 

investigation into a reliable field identifiable mark for age-0 and age-1 Colorado Pikeminnow is needed if 

stocking continues and differentiation between stocked and wild fish is desired.  

With the continued presence of wild age-0 Colorado Pikeminnow in the San Juan River, laboratory 

investigation into tagging options for small age-1 Colorado Pikeminnow should be a top priority for the 

SJRIP. Approximately 58% of the age-1 Colorado Pikeminnows captured in 2017 were less than 130 mm TL, 

the current minimum length at which fish are PIT tagged. The current recommendation which precludes 

handling of all Colorado Pikeminnow which are not adults, except for age-1 fish, may result in a significant 

number of fish not being tagged. Lack of tagged fish in the river, may limit our ability to assess the 

recruitment of wild fish to adults, and also limit our ability to determine survival and track their movements. 
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Other recovery programs have investigated the effects of tag loss and mortality on small endangered fishes 

and found little effect of using 12 mm PIT tags on small fish (< 100 mm) (Archdeacon et al. 2009; Ward et al. 

2015). Similar laboratory investigations into the effects of using 12-mm PIT tags on small (< 130 mm) 

Colorado Pikeminnow should be explored, along with the development of updated PIT tagging 

recommendations and protocols. 

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 second consecutive year of wild age-0 Colorado 

Pikeminnow being captured 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 which alter their densities in 

the river. 
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APPENDIX A: 

RESPONSES TO REVIEWER COMMENTS 
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Reviewer: Wayne Hubert 

 

I commend the authors for the application of an innovative analytical approach to CPUE data, but the report 

is incomplete in regard to the modeling efforts.  I believe that there is a lot that is left out of the Methods and 

Results sections of the report.  What is the sampling design? How are fish sampled and CPUE data obtained?  

What are the variables that have been used to model CPUE0/1 and CPUE?  What is the specific definition of 

each variable? How are they measured in the field?  What is the structure of the data set used in the Delta-

GLM modeling (i.e., years of data; sample sizes; distributions and means of observed values of individual 

variables, etc.)?  Is the data set available to researchers so they can independently assess and analyze the data?    

I think the authors need to do substantially more in their interpretation of the various top models (Table 2).  

For example, the authors describe the final Delta-GLM model for age-1 Colorado Pikeminnow (line 107) as 

“CPUE0/1(Year + Reach + Mesohabitat + RiverMile + sampDis + Year:Reach) and CPUE(Year + Channel 

+ RiverMile).”  The best models yield more that an estimate of ECPUE.  What do the variables in the top 

model indicate that is relevant to understanding of the environmental factors affecting occurrence and CPUE 

of age-1 Colorado Pikeminnow?  What does the AICc weight and R2 indicate regarding the quality of the top 

model?  The models need to be interpreted so that members of the BC, CC, stakeholders, and decision 

makers can comprehend their values.  If the models for individual species beyond Colorado Pikeminnow 

merit inclusion in the report, they also merit detailed explanations of what they indicate that is relevant to the 

SJRRIP.   

Response: We agree with the majority of the statements provided by Dr. Hubert and tried to address 

all of them within the final report including providing more information on the sampling design and 

analysis, and increasing the discussion of the results from the Delta-GLM analysis for age-1 

Colorado Pikeminnow. However, we choose to keep discussions of results from the Delta-GLM for 

other species brief. This allowed the report to remain short, a request from the Program Office, but 

also included what we felt was the most important information for common native and nonnative 

species, their trends in density through time. 
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Reviewer: Steve Ross 

 

Congratulations on a generally excellent report. I found the maps to be very helpful in understanding the 

distribution of age-0 and age-1 small-bodied fishes in the three types of sample areas. The analyses are 

thorough and the writing is generally clear and concise, except for one major issue. 

 

My greatest concern is that you have not explained what your analyses of habitat use actually mean. Your 

analyses using Delta-GLM may be useful, but the reader needs to come away from these analyses with a clear 

understanding of what they mean biologically. For instance, do you really think that most readers of your 

report gain an understanding of drivers of Channel Catfish abundance by reading “The final Delta-GLM 

model for Channel Catfish included CPUE0/1(Year + Reach + Mesohabitat + RiverMile + 

Year:Reach)CPUE+(Year + Channel + Mesohabitat + RiverMile + sampDis) but received only 20% of the 

AICc weight?” Remember that the purpose of a report of this nature is to communicate your results to a 

varied readership, many of whom may be involved in making decisions on whether to continue supporting 

your work! One of the most challenging aspects of data analysis is not the actual running of statistical 

packages, but in clearly interpreting what the analyses tell you about the biology of the species in question. 

 

Response: The Delta-GLM was not just an analysis of habitat use. Habitat was one of several 

potential explanatory variables used to model E(CPUE) for common species in the San Juan River. 

The Delta-GLM analysis was primarily used to reduce the number of zeros in the dataset, thereby 

decreasing the variability in the data. We expanded the discussion on what the low AICc weights 

and goodness-of-fit values for each model met. However, we kept the discussion of specific 

covariates to age-1 Colorado Pikeminnow only. The Program Office requested that reports be short, 

with content determined by the PIs. We agree that communicating our results is very important, 

however, we also believe that keeping information brief is also important. We feel that focusing only 

on trends in density for common native and nonnative species was the most important aspect of this 

report and chose not to go into detail about specific results for common species. 

 

Specific comments with inserted material in blue: 

 

Executive summary. Pikeminnow in 2017 were statistically significantly higher than most years since 2003 

 

Response: We corrected the use of statistically, here, and throughout the report. 

 

Lines 10-15. It seems like objectives two and five are redundant, except that Objective (2) specifies age-0. 

Why not combine these? “Objective (2) - document mesohabitat use by age-0 Colorado Pikeminnow, 

Razorback Sucker, and Roundtail Chub Gila robusta, as well as other native and nonnative fishes in the 

primary channel, secondary channels, and large backwaters. Objective (5) - characterize patterns of 

mesohabitat use by native and nonnative small-bodied fishes. 

 

Response: The objectives listed in the report were taken from the 2012 San Juan River Basin 

Recovery Implementation Program Monitoring Plan and Protocols. We agree that objectives 2 and 5 

were similar and combined them into a single objective. 
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Line 36. How comparable is your approach using Delta – GLM to the GLM- mixture model approach used 

by Farrington et al. 2018? 

 

Response: The two methods are similar as they use a two part statistical analysis to model the 

occurrence and positive CPUE portions of the ECPUE. We feel no need to point this out in the 

report however. 

 

Lines 107-109. The final Delta-GLM model for age-1 Colorado Pikeminnow included CPUE0/1(Year + 

Reach + Mesohabitat + RiverMile + sampDis + Year:Reach)CPUE+(Year + Channel + RiverMile) but had a 

very low AICc weight (Table 2). What biologically meaningful statement(s) can you provide based on the 

analyses described above? It suggests that there are annual differences, but what kinds of mesohabitat are 

being used?  The same comment applies to lines 117-119, 129-132, 152-153, 158-160, and 169-171. 

 

Response: We provided information on the channel type and mesohabitat use, based on the model 

predictions, for age-1 Colorado Pikeminnow only. While significant information could have been 

provided for each species, we thought the most important information to include and discuss was 

the changes in E(CPUE) over time for the non-endangered species. We believe that this is a good 

balance between describing the most important outcomes of the sampling, and shortening reports 

as requested by the Program Office. 

 

Lines 109-110. “The ECPUE of age-1 Colorado Pikeminnow in 2017 was statistically significantly higher (P 

< 0.05) than most previous years but statistically significantly lower than…” Saying “statistically” just 

indicates that you used a statistical analysis, but doesn’t differentiate between results that are significantly 

different or not. The terms “significantly” and “statistically” do not mean the same thing. 

 

Response: Corrected in the final report at the identified lines and also throughout. 

 

Lines 132-134. “Similar to Bluehead and Flannelmouth Suckers though, the ECPUE of Speckled Dace in 

2017 was statistically lower (P < 0.05) than all other previous years except 2015 (Figure 7).” I appreciate that 

the confidence intervals are really tight, but are you sure that 2017 was lower than 2014?  

 

Response: This was corrected in the final report. 

 

Line 186. Figure 3 should be Figure 9. 

 

Response: Corrected in the final report. 

 

In figures 7-9, what can you say about long-term trends in abundance of these species? You mention a bit in 

the Discussion, but the statistical analyses and interpretations need to be in the Results. 

 

Response: We added information on the long-term trends for each species in the report. However, 

given the high annual variation in ECPUE, it is difficult to determine if any trends are occurring for 

most species. 

 


