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Background 

Sampling efforts dating back to the 1980s in the San Juan River arm of Lake Powell have 
documented the occurrence of razorback sucker (Xyrauchen texanus). Between the 1980s and 
2010, regular captures of razorback suckers have been made by different investigators and 
different sampling gears. In 2011 and 2012, Francis et al. (2015) conducted intensive surveys on 
the San Juan River arm of Lake Powell and captured 147 adult razorback suckers. Population 
estimations from samples in 2012 suggested a population size of 527 (239 – 1312) in the 
reservoir, but due to poor recapture rates and limited sampling of a large geographical area, these 
estimates are likely biased low and inaccurate. Furthermore, additional sampling in the Colorado 
River arm of Lake Powell has identified even greater numbers of razorback suckers, including 
many fish that use areas outside of the inflow area, suggesting that the lake may provide suitable 
habitat for adult razorback suckers. Indeed, Cathcart et al. (in prep) used a combination of remote 
PIT antennas and sampling to document the occurrence of 499 razorback suckers below the San 
Juan River waterfall near Piute Farms in spring 2015 (hereafter termed Piute Farms Waterfall, 
Figure 1). The detection of these fish at the waterfall during 4 months in 2015 suggests a much 
larger number of fish are using this area, especially if 20-40% of razorback sucker are untagged. 
Sampling of the Piute Farms Waterfall in spring 2016 resulted in the capture of an additional 50+ 
razorback suckers. Fish caught in the 1980s and 1990s were clearly wild fish, however, more 
recent captures of PIT tagged fish, indicate at least some of the razorback suckers in the river-
reservoir habitat complex were 
stocked in the upper San Juan 
River and have dispersed 
downstream. However, a 
relatively large percentage of fish 
(i.e., 20 – 40%) captured in Lake 
Powell and in the river below the 
waterfall were not PIT tagged. 
Although this might be due to tag 
loss or fish that were never tagged 
prior to stocking, there is the 
potential for natural recruitment 
in the river-reservoir habitat 
complex.  

Given the uncertainty in the size 
of the population of razorback 
sucker in the river-reservoir habitat 
complex, potential for natural 
recruitment, and the seemingly high abundance of fish below the Piute Farms Waterfall, this 
proposal has the overarching goal of identifying the role, if any, of the reservoir and lower San 
Juan River below the waterfall in the life cycle and ecology of razorback suckers in the San Juan 
River Basin. 

Figure 1.  Piute Farms Waterfall, Utah. 
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Specific objectives 

1) Determine population size and the prevalence of recruitment in the San Juan River –
Lake Powell habitat complex between the Piute Farms Waterfall (Figure 1) and Piute
Canyon in Lake Powell (Figure 2) during spring and summer over a three-year period.

2) Determine the contribution of stocked razorback suckers to Lake Powell and the San Juan
River below the waterfall.

3) Sample for larvae and young-of-year razorback suckers in habitats throughout the San
Juan River–Lake Powell habitat complex with seines to document spawning and
recruitment of razorback suckers.

4) Evaluate movements of razorback suckers that are i) captured in the reservoir, ii)
captured in the river between the Piute Farms Waterfall and the reservoir, iii) captured
below the waterfall and transported upstream of the waterfall, and iv) control fish that are
captured upstream of the waterfall and released at point of capture using mobile telemetry
and submersible ultrasonic receivers (SURs) to determine how razorback suckers use the
inflow, lake, and river habitats.

Study Area, Access and Personnel Needs 

Previous research has focused on the area between Piute Canyon and the Piute Farms Waterfall 
(Figure 2). A similar study area is proposed here. Because this area is extremely remote, the 
logistics of access will potentially limit sampling effort, but recent efforts by USFWS, Utah 
DWR, BOR and others have provided evidence on the feasibility of working in this area. The 
Piute Farms Waterfall is accessed by dirt road and can serve as a base camp and/or boat 
launching site. Additionally, it may be possible to use the Clay Hills access to launch a boat that 
can be portaged over the waterfall. For sampling in Lake Powell and its confluence with the San 
Juan River it is possible to launch a boat at Hall’s Crossing and motor to the study area (~60 
miles to Piute Canyon) or use an inflatable boat (e.g., Zodiac) to access the lake from the 
waterfall. It is likely that a combination of boat types and access will be necessary. Boats and 

Figure 2. Google Earth image (downloaded 22 March 2016) of study area including key landmarks. 
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motors necessary for field work are available through the Bureau of Reclamation, Salt Lake City 
office and are not requested here. Additionally, USFWS and Utah DWR are funded to assist in 
collections in the San Juan River arm of Lake Powell, and this effort will be tightly linked to the 
objectives of the proposed research.  

One or two people funded on this project will help assist USFWS and Utah DWR with the lake 
sampling.  A minimum crew of 3 people also will be present for sampling the river portion of the 
study reach.  To ensure the safety of the field crews, they will be outfitted with satellite radios 
and we will develop contingency plans for exiting the study reach in the case of boat or motor 
failure.  Two people (one graduate student and one research technician) that have extensive 
experience with boats and river sampling on the San Juan River and elsewhere have been 
identified for the project (Note, in response to feedback from the SJRRIP.   

Methods 

Objective 1: Estimate population size and the potential of recruitment of razorback sucker in the 
San Juan River – Lake Powell habitat complex 

Surveys of the San Juan River arm of Lake Powell will be conducted with a combination of boat 
electrofishing and trammel nets, following protocols used by Francis et al. (2015). Crews from 
KSU will assist the USFWS out of Grand Junction, CO, and Utah DWR in Moab, UT who are 
funded to continue their sampling efforts for razorback sucker in the San Juan River arm of Lake 
Powell.  The proposed sampling effort will coordinate sampling to maximize the number of fish 
marked and recaptured, leading to greater accuracy and precision in population estimates as well 
as tracking dispersal of marked individuals.  To maximize efficiency, locations where previously 
large numbers of razorback suckers were located will be targeted (e.g., Spencer’s Camp and 
Neskehi Wash). In addition, acoustic- and radio-tagged fish (see below) will be used to identify 
aggregations and spawning locations. Additional sampling at randomly selected locations or at 
equally spaced intervals throughout the study area will be used to identify other potential 
locations within this habitat complex.  These random sampling locations will also help evaluate 
sampling location bias in Mark-Recapture population models (see below). 

Surveys of the San Juan River between the Piute Farms Waterfall and the confluence with Lake 
Powell will be conducted with boat mounted electrofishing, seines, cast netting, trammel nets, 
and trap nets. We know from recent pilot efforts is 2015, we gaged the feasibility of these 
methods within the first river mile below the waterfall.  For the proposed work, we expect to 
conduct monthly forays in the spring to sample the entire reach between the waterfall and the 
confluence with Lake Powell.  As with the reservoir sampling, telemetry will be used to locate 
aggregations of fish (see Objective 4).   

Sampling will be conducted monthly from March through July. This time period has resulted in 
the most efficient captures of razorback suckers because it coincides with spawning. Each 
monthly sampling bout will include a minimum of 4 - 5 days sampling in the river and 4 - 5 days 
in the reservoir.  Prior to initial sampling in 2017, a scouting trip will be made to identify 
potential habitats in the study area to stratify sampling efforts and increase our ability to quantify 
the population dynamics of the entire river and reservoir between the waterfall and Piute 
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Canyon.  Ideally, the river and reservoir can be partitioned into sampling “reaches” that will 
allow an objective means of distributing sampling effort throughout the study area.   

Population estimates will be made using multiple mark and recapture models (i.e., multiple 
recapture events will occur within and across years; White and Burnham 1999).  We will work 
closely with population modelers to identify the appropriate model structures to account for 
potential bias in our sampling.  Anticipated bias might include open population, random 
distribution of sampling effort, and sex biased capture probabilities.  Given the previous success 
at recapturing large numbers of individuals, it is likely we will be able to obtain robust 
population estimates. 

Objective 2: Determine the contribution of stocked razorback suckers to Lake Powell and the 
San Juan River below the waterfall. 

Through active capture methods (netting and electrofishing) and detections at PIT tag antennas, 
the number and composition (age, sex, size) of both PIT-tagged and non-PIT tagged fish will be 
determined. Remote PIT tag antennas (submersible type) will be placed at a minimum of two 
locations following methods of Cathcart et al. (in prep).  Over the last two years, these PIT tag 
antennas have recorded hundreds of razorback suckers below the waterfall.  These locations will 
include one at the base of the waterfall and another at a constriction point in the river upstream of 
the confluence with Lake Powell.  Further, telemetry studies (see Objective 4) will also provide 
information on movement of fishes downstream of the waterfall. 

Objective 3: Identify spawning and recruitment of razorback sucker in the San Juan River – Lake 
Powell habitat complex 

Concurrent with netting and electrofishing surveys, shoreline seining will be conducted at 
locations where aggregations of suckers are found as well as at random (or equally-spaced) 
sampling locations as described above. Larval seines will be used to quantify density (number 
per unit area) of fishes in these habitats, with a focus on slackwater habitats.  Light traps will also 
be used to identify larvae and potential spawning areas.  Sampling will be conducted monthly 
and will occur throughout the study area based on an assessment of habitat available and access.   

Objective 4: Characterize movement behaviors of razorback sucker within the San Juan River – 
Lake Powell habitat complex and fish transplanted above the Piute Farms Waterfall 

In spring 2016, 15 razorback suckers captured below the Piute Farms Waterfall were implanted 
with 4-year acoustic tags and released near the Hogback Diversion. An additional 5 razorback 
suckers were captured near the Hogback Diversion and implanted with acoustic tags and released 
in the river. Movement of those fish is being tracked passively using SURs placed at the PNM 
weir, Hogback Diversion, Shiprock, Four Corners, Mexican Hat and at the Waterfall. Similar 
methods will be used in 2017 – 2019 but expanded to include fish that are i) captured in the 
reservoir and released in the reservoir (15 tagged fish), ii) captured in the river between the Piute 
Farms Waterfall and the reservoir and released at point of capture (15 tagged fish), iii) captured 
below the waterfall and transported upstream of the waterfall (15 tagged fish), and iv) control 
fish that are captured upstream of the waterfall and released at point of capture (5 tagged fish). 
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Additional SURs will be deployed at the lower end of the study area (Piute Canyon) and at least 
one other location in the reservoir (e.g., Neskahi Wash). SURs as well as monthly active tracking 
of acoustic- and radio-tagged fish will be used to identify locations and movements of fish 
during various times of the year. Habitat use of fish in the reservoir and river as well as the 
number of fish that attempt to move upstream but are impeded by the Piute Farms Waterfall will 
help identify the percentage of fish that are lake residents, river residents, and fish that use both 
habitats.  

Deliverables 

An annual report will be provided each year of the study using the same timeline as reports 
required for the SJRIP and Reclamation.  Likewise, an annual oral report will be given at both 
the SJRIP Annual Researcher’s Meeting in February and the Annual Public Meeting in May.  At 
the completion of the project a final report will be delivered to both the SJRIP and Reclamation.  
Scientific publications of the work will be prepared as the work progresses and at the completion 
of the project. 
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Budget 

Start date: 1/1/17  End date: 12/30/20 

PI Keith Gido  

Year 1 Year 2 Year 3 Year 4 Total 
Salaries and Wages 
 PI - Keith B. Gido (1 month summer support @ 
$10,000/month) $10,000 $10,000 $10,000 $10,000 $40,000 
Graduate Research Assistant ($29,000/yr) $29,000 $29,000 $29,000 $29,000 $116,000 

Research Assistant ($40,000/yr x 0.5 year) $20,000 $20,000 $20,000 $0 $60,000 

 Total Personnel Costs $59,000 $59,000 $59,000 $39,000 $216,000 

Fringe Benefits 

 Faculty - 34% $3,400 $3,400 $3,400 $3,400 $13,600 

Graduate Research Assistant - 5.5% $1,595 $1,595 $1,595 $1,595 $6,380 

 Field assistant – 32.0% $6,400 $6,400 $6,400 $0 $19,200 

 Total Fringe Benefits $11,395 $11,395 $11,395 $4,995 $39,180 

Travel 

 Lodging (camp site fees and hotel: $2000/yr); 
Airfare to 1 meeting/yr ($600); Per diem 
($1000/yr except year 4)   $3,600 $3,600 $3,600 $1,000 $11,800 

  Total Travel Costs $3,600 $3,600 $3,600 $1,000 $11,800 

Supplies (include mileage) 
 Field supplies: Vehicle (4 trips/ yr from KS to 
Utah; 8000 miles x $0.50/mile = $4000); Misc 
equipment (Trammel and seine nets $2500 year 1; 
expendibles $1000); sonic tags (50 x $300 each; 
year 1) $22,500 $5,000 $5,000 $0 $32,500 

  Total Supply Costs $22,500 $5,000 $5,000 $0 $32,500 

Total Direct Costs $96,495 $78,995 $78,995 $52,870 $307,355 

Indirect Costs - 17.5% MTDC (CESU project) $16,887 $13,824 $13,824 $9,252 $53,787 

Total Project Costs $113,382 $92,819 $95,819 $62,122 $361,142 
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Budget Justification 

Personnel – Each year, funds are requested to support one month of the lead PI (Gido) summer 
salary and a graduate research assistant. For years 1 – 3, funds are requested to support an 
experienced field assistant for 6 months to assist with field work and laboratory and data analysis 
when not in the field.  Both the graduate research assistant and the field assistant will be skilled 
in boating and sampling large rivers. 

Travel – Funds are requested to support lodging and per diem associated with field work. Airfare 
is included for travel to one meeting per year. 

Supplies – Includes mileage for travel to field sites from Manhattan, Kansas and other supplies 
necessary for sampling and telemetry research. 

Indirect Costs – This grant would go through the Cooperative Ecosystems Study Unit (CESU) 
agreement in place with Kansas State University which allows a 17.5% overhead rate.  
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