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Background 
 
Dam construction and invasive species have irreversibly transformed the aquatic ecosystem of 
the Colorado River Basin. Impoundments altered the natural flow regime that simultaneously 
shaped environmental conditions of stream systems as well as the life history traits of native 
fishes that interacted with them (Olden et al. 2006). Specific to stream flow magnitude, the 
reduction of high spring flows have likely reduced the ability of stream channels to migrate and 
facilitated the encroachment of nonnative vegetation, further reducing channel heterogeneity 
through bank armoring (Tickner et al. 2001). Understanding and ameliorating the combined 
deleterious effects of altered flows and nonnative vegetation will be a continued challenge for 
managers charged with endangered fish recovery in these ‘novel’ ecosystems (sensu Hobbs et al. 
2006). 

Since 1962, the geomorphology of the San Juan River has been severely affected by the 
construction of Navajo Dam and the subsequent proliferation of nonnative riparian vegetation has 
resulted in channel simplification and loss of aquatic habitat. The San Juan River’s stream 
channel is longitudinally and laterally heterogeneous between Navajo Dam and Lake Powell 
(Bliesner & Lamarra, 2000) and most large-scale stream heterogeneity stems from anastomosing 
channels that form relatively spatially stable stream braids (or secondary channels; Franssen et al. 
2015). In 1998, the San Juan River Basin Recovery Implementation Program (SJRIP) developed 
flow recommendations for Navajo Dam operations to mimic a more natural hydrograph aimed at 
improving spawning and rearing conditions for the endangered Colorado Pikeminnow 
Ptychocheilus lucius and Razorback Sucker Xyrauchen texanus (Holden et al. 1999). However, 
since these flow recommendations were enacted, Navajo Dam operations have failed to meet the 
highest discharge flow targets at the recommended frequency and duration (largely due to the 
extended drought experienced in the basin during this time; SJRIP 2018). These high flow targets 
were aimed at creating and maintaining important low-velocity stream habitats. Accordingly, the 
scarcity of high spring flows over the last two decades also coincided with a reduction in the 
number of flowing secondary channels and backwater habitats in the system, presumably due to 
the river’s reduced ability to move and rework channel substrates (Lamarra and Lamarra 2016). 
The reduced availability of these low-velocity habitats could be a key component limiting the 
recruitment of wild-spawned Razorback Sucker and stocked Colorado Pikeminnow in the San 
Juan River. 

To date, the SJRIP has devoted minimal efforts into creation and maintenance of habitats 
presumed to be important for larval fish growth and recruitment, likely due to the presumption 
these habitats would be made available through successful implementation of the 1999 flow 
recommendations (SJRIP 2018). Nonetheless, since 2011, non-SJRIP funds provided for 
increased flow persistence in seven degraded secondary channel systems (i.e., Phase I and II) by 
removing sediment that hindered inflow from the primary channel as well as removal of riparian 
nonnative vegetation along the secondary channel corridors (Keller-Bliesner Engineering, 2012; 
Lamarra et al. 2018). These relatively large-scale projects demonstrated secondary channel 
habitats in the San Juan River could be modified to increase the persistence of flow and that 
juvenile native fishes would readily occupy these newly formed habitats (Lamarra et al. 2018). 
Inarguably, the success of these habitat restoration projects could only be diminished by their 
apparent short-term persistence. Indeed, woody debris in the form of an uprooted tree as well as a 
continuingly growing cobble bar at the inflow area of Phase II currently threatens its existence. 
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Overall, these two phases of habitat restoration have provided much needed insight into the 
likelihood endangered fishes will use these types of restored habitats as well as the potential 
life-span of these relatively large-scale efforts. 

Here, we propose small-scale efforts to create and maintain low-velocity habitats to aid the 
recovery of endangered fishes in the San Juan River through removal of impediments to flow at 
the upstream interface of secondary and main channels in the San Juan River. Primarily, our 
efforts will focus on removal of woody debris in the inflow area of secondary channels prior to 
spring run-off. This debris traps sediment and reduces the amount of flow entering these channels 
during elevated discharges. Figures 8 and 12a-12c illustrate the type of small-scale effort that 
would be needed to alleviate flow impediments through the removal of dead and downed woody 
debris. The main intent from this activity will be to allow the river to conduct the ‘heavy lifting’ 
of sediment removal in the secondary channels during the run-off period. Secondly, high volume 
gas-powered water pumps will be used to open those secondary channels that have been bermed 
by sediment following spring run-off (Figure 12c). Additionally, further effort to remove debris 
will occur at secondary channels where flow impediments occur in preparation for the following 
spring run-off. We think an approach of spreading our efforts among several secondary channel 
sites rather than focusing on one or two channels mitigates the risk of the project and provides 
more immediate responses of habitat enhancement in perpetually degrading secondary channel 
inflow areas. Moreover, because all work will be accessed by raft, the number of channels that 
can potentially be maintained will not be limited by road access. The overarching goal of the 
project will be maintaining flow (or wetted backwater or embayment habitats) in each of 11-15 
secondary channels after spring runoff for the duration of the fish growing season each year. 

 
Task 1: Reconnaissance of secondary channels for treatment prior to spring run-off (trip 1) 
 
Methods 
 
To identify potential sites for treatment, we conducted a remote sensing GIS analysis from 
Shiprock to Sand Island (river miles 148 - 76) and identified secondary channels whose 
upstream entrances appeared to contain woody debris impeding channel flow. This resulted in 
identification of 11 channels (Figures 1-11) that have persisted in recent times at variable base 
flows (Table 1). To “ground-truth” the GIS analysis and determine the type of work required to 
treat each of these 11 secondary channels, a spring reconnaissance trip will be conducted prior 
to spring run-off. During this trip an extensive visual record of both the upstream and 
downstream portions of the secondary channel will be made through photography and flow 
characteristics will be observed and documented (i.e., entire channel flowing, backwater or 
embayment present, or no flow). An effort will also be made during this trip to identify other 
secondary channels, not recognized during the GIS analysis, which would benefit from small-
scale removal of woody debris to increase secondary channel flow. 
 
Personnel, equipment, and timeline 
 
This trip would require 2-3 people with personnel from agencies representing the principal 
investigators participating. Equipment would include water vessels (either a single raft, 
cataraft, or kayaks) and take 4-5 days. 
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Task 2: Remove woody debris impeding secondary channel flow prior to spring run-off (trip 2) 
 
Methods 
The purpose of this trip will be to remove woody debris at the inlet of the secondary channels to 
increase the volume of flow going into each channel during spring runoff. Our prediction is that 
removal of these flow impediments will increase the likelihood that the secondary channel will be 
wetted at base flows and will help clean the channel’s outlet, which in turn increase the likelihood 
of a backwater forming at base flow. Before work is conducted, the site will be extensively 
photographed to document levels of change. All woody material that is removed will be placed on 
the river’s bank high enough to keep it from reentering the river during high water. High pressure 
water pumps mounted on rafts will be used to excavate any buried woody material to aid its 
removal. 
 
Personnel, equipment, and timeline 
 
This trip would require 4-5 people with personnel from agencies representing the principal 
investigators will participate in this trip. At a minimum, two 16’ rafts, two high pressure pumps 
and hoses, shovels, and Pulaskis would be used. Depending on the type and extent of woody 
debris identified during the reconnaissance trip, winches and pruning equipment such as limb 
saws, battery operated reciprocating saws, tree pruner, chainsaws, etc. will be required. We 
estimate a day of work at each secondary channel and expect trip 2 to take 10-15 days, dependent 
on the identification of additional channels during trip 1. 
 

Task 3: Ensure secondary channels are wetted post spring run-off (trip 3) 
 
Methods 
 
This trip will be conducted after spring run-off during base flows (hopefully July). The purpose of 
the trip will be to ensure secondary channels provide fish habitat by being wetted and connected 
to the main channel. Each channel would be assessed as flowing, containing a backwater or 
embayment, or not flowing and extensive photography will be taken. If the channel is not 
flowing, then the impediment will be identified and eliminated. It is most likely that the 
impediment would again be woody debris or the deposition of a sediment berm (see Figure 12c 
for an example). High pressure water pumps will be used to create at least a 0.3 x 1.0 m cross 
sectional channel between the main stem river in hopes of withstanding up to a ~0.25 m drop in 
stage. 
 
Personnel, equipment, and timeline 
 
This trip would require the same number of personnel and equipment as trip 2. We would still 
estimate a day of work at each secondary channel but expect the trip to take less time, 
approximately 7-10 days. 
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Task 4: Evaluation and reporting 
 
Methods 
 
After spring runoff, we will assess whether each channel is wetted and note the discharge of the 
river at the time of visit. We will use the photography from trip 3 and obtain data from the 
larval/small-bodied fish and habitat monitoring efforts to assess our effectiveness at providing 
fish habitat. The goal of this project is to have 100% of the channels flowing or contain 
backwaters or embayments at base flows. To assess whether removal of impediments to flow at 
these 11 secondary channels (plus any additional channels identified during trip 1) was 
successful, we will compare the percent of channels with flow to a historical benchmark 
(described below). 
 
We obtained fall habitat monitoring data (2011-2016 and 2018) for each of the 11 secondary 
channels identified through the GIS analysis (Table 1). For each channel, we identified whether 
it was flowing, which was defined as either fully wetted or containing a backwater or 
embayment. The median discharge at habitat monitoring mapping was 750 cfs. At this flow, for 
these 11 secondary channels, the highest percentage of flowing channels was in 2016 at 82%. 
Therefore, we would consider this project successful if >82% of the 11+secondary channels are 
wetted at base flow during the summer months. 
 
Long-term (5 months to 1 year) success of opening these channels will be assessed using 
coordinated monitoring by the larval and small-bodied fishes crews. These fish monitoring 
efforts often stop at all secondary channels to sample. The location of all channels opened during 
this project will be provided to fish monitoring crews. These sites will be visited during routine 
monitoring efforts to determine if they are flowing or have an embayment or backwater. The 
small-bodied fishes crew will take photographs of each channel site in September. The 
presence/absence of native and native fishes will be determined from these monitoring efforts 
and be used to help assess channel use when flowing. 
 
Timeline 
 
We propose this project as a two-year effort and will submit annual reports in line with the San 
Juan River Basin Recovery Implementation Program’s guidelines. 
 
Permitting 
 
We have contacted the Navajo Nation Environmental Protection Agency and the Army Corp of 
Engineers and are currently working through the permitting process. Initial discussions with their 
personnel indicated our proposed work will be permitted in the time frame needed to conduct the 
work. 
 
Budget Justification 
 
Our goal was to make this project as efficient as possible. The highest costs the first year will likely be 
associated with equipment purchases followed by salaries and per diem (see Table 2 for suggested 
equipment). Most labor will be provided in the form of summer technicians from Navajo Nation. 
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Further, the second year of the project should see a reduction in cost due to most equipment already 
being purchased the year prior. 
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Table 1. Summary of wetted states of 11 secondary channels between 2011 and 2018 and the river’s discharge at each mapping 
evaluation. The states of each channel were categorized as “Flow” as freely flowing, “None” with no part of the channel wetted, “BW” 
for a backwater at the downstream end, and “Emb” for an embayment on the upstream end. The percent of channels that were wetted 
(i.e., Flow, BW, or Emb) was quantified for each year and the percent of years each channel was wetted was also quantified. 
 

  Discharge at mapping (cfs)  
   950 750 1500 750 750 750 500  
  Annual Channel State  
 

RM 
 
River Side ~Length 

(m) 

 
2011 

 
2012 

 
2013 

 
2014 

 
2015 

 
2016 

 
2018 

Percent 
Years 

Wetted 
127.2 Right 1200 None Flow Flow Flow Flow Flow None 71% 
124.0 Left 1500 Flow Flow Flow Flow Flow BW None 86% 
122.8 Left 1700 Flow Emb Flow None None None None 43% 
114.2 Left 1000 BW None Flow BW None None None 43% 
113.6 Left 650 None None Flow None None BW None 29% 
105.9 Left 600 None None BW None None BW None 29% 
103.3 Left 900 None None Flow None None Flow None 29% 
99.0 Left 650 Flow BW Flow None BW BW&Emb None 71% 
97.2 Left 400 None None BW None None BW None 29% 
92.1 Right 800 Flow BW Flow None BW BW&Emb None 71% 
78.4 Right 850 Flow Emb Flow None BW Flow None 71% 

  Percent 
Channels 
Wetted 

 
55% 

 
55% 

 
100% 

 
27% 

 
45% 

 
82% 

 
0% 
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Table 2. Proposed equipment list needed to eliminate woody debris and sediment from the inflow areas of secondary channels. 
 

Part QTY  Cost Distributor 
3" Trash pump and Hose kit from Home Depot 1  $897.09  Home Depot 
Floating Home Fire Fighting Pump System 1  $2,395.00  www.jjsfiresupply.com 
Pulaski w/sheaths 3  $332.40  Forestry Suppliers 
Shovel 3  $204.75  Forestry Suppliers 
Tree Limb Saw 3  $637.38  Forestry Suppliers 
Limb Saw Blades 3  $229.47  Forestry Suppliers 
Honda EU2200i Portable Inverter Generator — 2200 
Surge Watts, 1800 Rated Watts, CARB-Compliant, 
Model# EU2200iTA 1 

 

$1,009.00  www.northerntool.com 
Dewalt radio/charging station 1  $219.00  www.toolnut.com 
Reciprocating Saw Dewalt 2  $344.00  Home Depot 
Reciprocating Blades pk10 2  $79.97  Home Depot 
Dewalt Battery extra 6  $539.91  Home Depot 
HD limb loppers 3  $74.25  Forestry Suppliers 
Z-drag Kit 1  $299.95 nrs.com 
Camera with tripod 1  $800.00  
Chainsaw Powered Winch 1  $899.00  https://www.westechrigging.com/capstan-cs.html 

MS-311 Chainsaw 2  $979.90  Noel's Inc. 
Performance zip chaps - 6 layer 2  $219.98  Noel's Inc. 

TOTAL   $10,161.05  
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Figures. 

 

Figure 1. River mile 127.2 on river right. The top panel shows the entire secondary channel, the 
bottom shows a closer view of woody debris impeding flow. 
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Figure 2. River mile 124.0 on river left. The top panel shows the entire secondary channel, the 
bottom shows a closer view of woody debris impeding flow. 
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Figure 3. River mile 122.8 on river left. The top panel shows the entire secondary channel, the 
bottom shows a closer view of woody debris impeding flow. 
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Figure 4. River mile 114.2 on river left. The top panel shows the entire secondary channel, the 
bottom shows a closer view of woody debris impeding flow. 
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Figure 5. River mile 113.6 on river left. The top panel shows the entire secondary channel, the 
bottom shows a closer view of woody debris and Russian olivs impeding flow. 
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Figure 6. River mile 105.9 on river left. The top panel shows the entire secondary channel, the 
bottom shows a closer view of woody debris impeding flow. 
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Figure 7. River mile 103.3 on river left. The top panel shows the entire secondary channel, the 
bottom shows a closer view of woody debris impeding flow. 
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