
1 
 

Phase II Channel Restoration Monitoring 

Final Report 2015 
 

Prepared By: 

Daniel Lamarra, Ecosystems Research Institute  

David Gori, The Nature Conservancy 

Vincent Lamarra, Ecosystems Research Institute 

Matthew P. Zeigler, New Mexico Department of Game and Fish 

Michael Farrington, American Southwest Ichthyological Researchers 

 

 

Prepared for: 

 The San Juan River Recovery Implementation Program 

 

 

 

 

 

May 2016 

 

 

 

 

 

 

 



2 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



3 
 

Table of Contents 
1.0 Executive Summary ....................................................................................................................................... 7 

2.0 Introduction .................................................................................................................................................... 9 

3.0 Project Objectives ....................................................................................................................................... 10 

4.0 Study Area ...................................................................................................................................................... 10 

5.0 Methods........................................................................................................................................................... 11 

      5.1 Methods of Habitat Monitoring ........................................................................................................ 11 

      5.2 Methods for Channel Monitoring ..................................................................................................... 12 

      5.3 Methods for Channel Stage Monitoring ......................................................................................... 12 

      5.4 Fish Collection Methods ...................................................................................................................... 13 

      5.5 Larval Fish Sampling Methods .......................................................................................................... 14 

6.0 Results and Discussion .............................................................................................................................. 14 

      6.1 Stage Results ............................................................................................................................................ 14 

      6.2 Channel Transect Profiles .................................................................................................................. 18 

      6.3 Habitat Distribution ............................................................................................................................. 25 

      6.4 Temporal Habitat Change ................................................................................................................... 32 

      6.5 Fish Density & Assemblage ................................................................................................................ 38 

7.0 Conclusions .................................................................................................................................................... 40 

8.0 References...................................................................................................................................................... 42 
 

 

 

 

 

 

 

 

 

 



4 
 

List of Figures and Tables 

Figure 4-1. Phase II restoration site showing the location of the cross-channel transects, 
temperature-pressure sensors, and field camera. Reach designations and island complexes are 
also indicated. ................................................................................................................................................................  11 

Table 5-1. The 14 habitat types mapped in this investigation ............................................................................ 12 

Figure 6-1. The status (flowing or not-flowing) of the secondary channel located at River Mile 136 
in the San Juan River prior to restoration as a function of flow at the time of observation ......... 11 

Figure 6-2. Stage (feet) and flow (cfs) in the San Juan River immediately upstream of the restored 
secondary channel inflow at the Phase II site. Data are for 2015. ........................................................... 16 

Figure 6-3. Stage (feet) in the outflow area (at Transect T-6) of the Phase II main secondary channel
 ................................................................................................................................................................ ............................. 16 

Figure 6-4. Stage (feet) in Tertiary A at Transect T-3 at the Phase II site ...................................................... 17 

Figure 6-5. Stage (feet) in Tertiary B at Transect T-5 at the Phase II site. ..................................................... 17 

Figure 6-6. Water temperatures in the restored main secondary channel at the channel entrance 
from the San Juan, the mid-point in the channel distance, and at the outflow back into the San 
Juan. Data are in degrees Fahrenheit. .................................................................................................................. 18 

Figure 6-7. Elevations of the stream bed relative to a 0 benchmark at Transect T-1, Phase II main 
secondary channel. Data are for April, July and November, 2015. .......................................................... 19 

Table 6-1. A summary of the changes in cross-sectional area at each transect during 2015. Positive 
values represent a gain in area (erosion) while negative values are a loss in area (deposition). 
Values in parenthesis indicate the percent gain or loss based from the initial cross-sectional 
area (April) ..................................................................................................................................................................... 20 

Figure 6-8. Elevations of the stream bed relative to a 0 benchmark at Transect T-2, Phase II main 
secondary channel. Data are for April, July and November, 2015. .......................................................... 20 

Figure 6-9. Elevations of the stream bed relative to a 0 benchmark at Transect T-4, Phase II main 
secondary channel. Data are for April, July and November, 2015………………………………………….21 

Figure 6-10. Elevations of the stream bed relative to a 0 benchmark at Transect T-6, Phase II main 
secondary channel. Data are for April, July and November, 2015. .......................................................... 22 

Figure 6-11. Elevations of the stream bed relative to a 0 benchmark at Transect T-3, Phase II 
Tertiary A. Data are for April, July and November, 2015. ........................................................................... 23 

Figure 6-12. Elevations of the stream bed relative to a 0 benchmark at Transect T-5, Phase II 
Tertiary B. Data are for April, July and November, 2015. ........................................................................... 24 



5 
 

Figure 6-13 The elevations of the stream bed relative to a 0 benchmark at the Control site, Transect 
T-C. Data are for April, July and November, 2015. ......................................................................................... 25 

Figure 6-14. The total wetted area, expressed in m2, for each sample reach and date (lines in the 
above graph). In addition, the mapped habitat areas in each reach are expressed as a percent of 
the entire total wetted area for that channel type. Reaches 11-4 are located in the Phase II main 
secondary channel and Reach 5 corresponds to Tertiary Channel B. .................................................... 22 

Table 6-2. The relative cover of habitat types in Reach 1, expressed as a percent of total wetted area, 
for the April, July and November, 2015 mapping, Phase II restoration site……………………………27  

Table 6-3. The relative cover of habitat types in Reach 2, expressed as a percent of total wetted area, 
for the April, July and November, 2015 mapping, Phase II restoration site. ....................................... 28 

Table 6-4. The relative cover of habitat types in Reach 3, expressed as a percent of total wetted area, 
for the April, July and November, 2015 mapping, Phase II restoration site. ....................................... 28 

Table 6-5. The relative cover of habitat types in Reach 4, expressed as a percent of total wetted area, 
for the April, July and November, 2015 mapping, Phase II restoration site. ....................................... 29 

Table 6-6. The relative cover of habitat types in Reach 5, expressed as a percent of total wetted area, 
for the April, July and November, 2015 mapping, Phase II restoration site. ....................................... 30 

Table 6-7. The relative cover of habitat types in the Control Channel, expressed as a percent of total 
wetted area, for the April, July and November, 2015 mapping in the RERI Phase II. ...................... 31 

Figure 6-15. The temporal gain or loss in Total Wetted Area (TWA) between April and November in 
each of the study reaches. A positive vlaue indicates an increase in TWA in November. ............. 28 

Figure 6-16. The gain or loss in the percent cover of low-velocity habitat area from April to 
November. A positive value (gain) indicates a greater percent cvoer of that habitat type in 
November than in April.. ........................................................................................................................................... 29 

Figure 6-17. The gain or loss in the percent cover of dominant habitat types from April to 
November. ................................................................................................................................................................ ....... 29 

Figure 6-18. The relationship between percent differences in shoal area and the precent difference 
in run or riffle area from April to November 2015 in the Phase II secondary main channel 
(Reaches 1-4) ................................................................................................................................................................ . 30 

Figure 6-19. The difference in the percent cover of habitats between April and November in the 
Control Channel. ........................................................................................................................................................... 30 

Figure 6-20. The habitat richness (number of individual polygons per 100 linear meters) for the 
Phase II main secondary channel, the Tertiary Channel B, and the Control Channel. Data are for 
April, July and November, 2015. ............................................................................................................................ 31 



6 
 

Figure 6-21. The distribution of habitat counts by habitat type, channel type, and date. Values for 
each habitat type are expresses as the percent of the total habitat count. .......................................... 37 

Figure 6-22. The density (# fish/m2) of native and non-native fish caught in each channel type. ...... 33 

Figure 6-23 The density (# fish/m2) of native and non-native fish caught in sample period in each 
sample period at the Phase II and Control sites. ............................................................................................. 34 

Figure 6-24. The density (# fish/m2) of native and non-native fish caught in different meso-habitats 
at the Phase II and Control sites. ........................................................................................................................... 34 

Figure 6-25. The per cent of total catch for native, non-native and Colorado pikeminnow for the 
three sample periods at the Phase II and Control sites. ............................................................................... 35 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



7 
 

 

1.0 Executive Summary  
A number of analytic tools were used to address the project objectives and determine the 
effectiveness of the restoration process at the Phase II channel restoration site (RM 137). At the 
site, the main secondary channel was sampled at a number of locations. In addition, two tributaries 
to the main secondary channel (Tertiary A and Tertiary B) as well as a control channel were 
sampled. Sample design was to collect data before and after spring runoff (April and July) and 
before and after the summer monsoon season (July to November). 

Results for each of the major data sets collected were as follows: 

Flow and Stage in the Restored Channels 

• Stage and flow data in the Phase II secondary channel indicated that the restoration 
effort was successful. Prior to restoration (1993 – 2012), the Phase II channel never 
flowed when discharge was less than 659 cfs, while after restoration efforts the Phase II 
channel flowed continuously during 2015 even when discharges were 400 cfs.  

• The pressure sensors were placed at each transect location and corrected for changing 
atmospheric barometric pressures provided 15-minute stage data in both the San Juan 
River and the restored secondary and tertiary channels. The data were found to mirror 
the San Juan River USGS station at Shiprock New Mexico.  

• The tertiary channel had mixed results. Tributary A, was totally dewatered except for 
periods of high flow (spring runoff). Tributary B flowed constantly, but appeared to be 
dewatered at low flows. 

Across-Channel Profiles (Transects) 

• Six locations (across-channel transects) were surveyed in the secondary channel 
complex.  

• The transect data indicated that the main stem secondary tended to be eroded during 
spring runoff but refilled with sediment in the monsoon season.  

• In 3 of the 4 main secondary channels, deposition was greater than erosion over the 
2015 study period.  

• The tertiary channels had mixed results. Channel A only flowed at runoff and was filled 
with sediment for the remainder of the year, while Tertiary B flowed consistently but 
down-cut with extensive bed erosion.  

 

Habitat Data 

• Analysis of the habitat data indicated both spatial and temporal trends in habitat area 
and counts in both restored and control channels. 
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•  Within the Phase II main secondary channel, runs and shoals dominated on a percent of 
wetted area basis compared to other habitat types.   

• Low-velocity habitats such as backwaters, embayments, pools and eddies had low 
relative cover (expressed as a percent of total wetted area) but were present during all 
sample dates.  

• Within the Phase II main channel, the reaches with island complexes had greater 
relative cover of low velocity habitats and higher habitat richness. Over the three 
sample periods, the richness in habitats types remained fairly stable with only a slight 
increase over time.  

• The Control channel historically had flowing water in 95% of observations (n=27) from 
1993-2012. This channel had the highest initial habitat richness in April and richness 
increased over the subsequent two sampling periods. Based upon these observations, 
we hypothesize that the persistence of flow may lead to higher habitat richness in the 
restored secondary channel system over 

Fisheries Data  

• Mean catch per unit effort (density) of native fishes and non-native fishes were greater 
in April than July and November,  

• When sample dates were compared, native and non-native fish densities were 
significantly greater in April than later in the season. For natives, catch per unit effort 
was also significantly greater in July than in November.  

• Native fish density varied by meso-habitat with more significantly more individuals 
caught per unit effort in riffles than any other habitats.  Non-native fish density showed 
no statistically significant differences among habitats.  

•  Ten age 1+ Colorado pikeminnow were caught in the Phase II restored channel in all 
three sampling periods, representing 1.8% to 8% of the total catch. Thus, the Phase II 
site is providing suitable habitat for endangered fishes.  These fish were captured in the 
habitat-rich lower section of the main secondary channel. 
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2.0 Introduction 
In November 2010, The Nature Conservancy (TNC), in cooperation with the United States Fish and 
Wildlife (USFW), the San Juan River Recovery Implementation Program (SJRIP), and the Bureau of 
Reclamation (BOR) started a restoration project on secondary channels, backwaters and low 
velocity habitats in the San Juan River near Shiprock, New Mexico. Evidence collected by the SJRIP 
suggested that restoring these critical habitat types would aid in the recovery of endangered 
species (Holden, 1977, Joseph et al 1977, Tyus and Karp, 1989, 1990, Wick et al. 1982.) and help 
restore a natural geomorphic process to the San Juan River.  Backwaters and secondary channels 
are critical to the survival of young of the year and juvenile native fish, including Colorado 
pikeminnow and razorback sucker (Propst and Hobbes 1999; Archer et al. 2000). Retention studies 
after stocking of Colorado pikeminnow and razorback sucker showed that secondary channels were 
important habitats for stocked endangered fish, especially during the initial first months after 
stocking (Golden and Holden 2005).  

The initial restoration project proposed habitat enhancement and restoration at six abandoned 
secondary channel sites on the San Juan River.  The proposed construction methods were to: 1) 
excavate the inlets of previously selected abandoned secondary channels in order to re-establish 
continuous flow into the channel and create sustainable critical habitat that would be accessible to 
endangered species; and 2) remove non-native Russian olive and salt cedar from the banks of the 
restored channels using mechanical and chemical methods. Six River Ecosystem Restoration 
Initiative (RERI) sites were restored by December 2011 reintroducing 2.2 miles of previously 
abandoned secondary channels and removing 26 acres of non-native riparian vegetation.  
Cooperative monitoring of the RERI sites for flow, habitat availability, and the presence of small 
bodied/larval fishes began in early 2012 and continues to the present.   

With the observed persistence of the RERI sites, staff from TNC, Bureau of Reclamation, U.S. Fish 
and Wildlife Service (USFWS), Ecosystems Research Institute (ERI), Keller-Bleisner Engineering 
(KBE), and American Southwest Ichthyological Researchers (ASIR) met in Albuquerque, New 
Mexico at the USFWS New Mexico Ecological Services Field Office in August 2013 to identify 
suitable sites for Phase II of the channel restoration project; the interdisciplinary team identified 
twelve sites for field investigation.  KBE preformed preliminary investigation of these sites in 
October 2013, and later that month, a small team visited the top five sites, recommending the 
rehabilitation of a complex of abandoned channels located at approximately river mile 134.5 to 
river mile 137.1 (Figure 4-1).  KBE started the permitting process, survey work, site design and 
archeological surveys in January 2014.  Site construction work by the San Juan Dineh Water Users 
Inc. and the Southwest Conservation Corps began in October 2014 and was completed in November 
2014. 

In April 2015, intensive fish, habitat, and flow/stage monitoring began in the Phase II restoration 
site, followed by two repeat monitoring trips in July and November of 2015. The monitoring design 
included sampling pre- and post-spring runoff and pre- and post-monsoon season.  
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3.0 Project Objectives 
The following five objectives were designed to address potential changes in habitats, channel 
geomorphology and fish assemblages at the Phase II channel restoration site, in attempt to 
determine the overall effect of restoration efforts and the success or failure of the restoration effort.   

Objective 1. Measure changes in habitat features, channel geomorphology, larval fish 
abundance, and small-bodied fish abundance in the restored channels over three years 
following completion of the restoration treatments.  

Objective 2. Measure seasonal changes in habitat features, channel geomorphology larval fish 
abundance, and small-bodied fish abundance, in the restored channels, from prior to spring 
runoff to late fall during each of the three years following completion of restoration treatments. 

Objective 3. Compare the relative abundance of small-bodied fish collected in different meso-
habitats in the restored site to determine whether there are preferences for specific meso-
habitats.  

Objective 4. Measure changes in habitat features and channel geomorphology of the restored 
channels associated with environmental flow releases or large floods that may occur over the 
three years following completion of restoration treatments.    

Objective 5. Compare habitat features, channel geomorphology, larval fish abundance and 
small-bodied fish abundance between restored channels and a control secondary channel site.   

These five objectives support several goals and actions identified in of the 2015 Long Range Plan of 
the San Juan Recovery Implementation Program (SJRIP). They are: 

Goal 4.2:  Monitor habitat use and availability. 

Action 4.2.3 and 4.2.4:  Identify, characterize, and quantify suitable habitat; identify and 
refine habitat/fish relationships. 

Goal 4.3:  Evaluate habitat restoration strategies and monitor habitat restoration strategies and 
monitor habitat restoration projects. 

Action 4.3.1 and 4.3.2:  Evaluate and implement habitat restoration strategies; monitor 
habitat restoration projects.  

4.0 Study Area 
The Phase II channel restoration site is located on the San Juan River at river mile 137 through river 
mile 134, approximately 10 miles west of Shiprock, New Mexico (Figure 4-1).  The Phase II site 
consists of one main secondary channel and two tertiary channels.  The main secondary channel is 
approximately 2.3 miles long and had an average wetted area of 34,400 m².  The main channel is 
made up of multiple complex island areas connected by reaches of run/riffle complexes. Tertiary A, 
a previously abandoned tertiary channel, is approximately 0.72 miles long with a potential wetted 
area of 2,500 m². Tertiary A only flowed during spring runoff from May 8th 2015 to July 8th 2015.  
Tertiary B, also a previously abandoned channel, is approximately 0.63 miles long and had an 
average wetted area of 2,900 m². Tertiary B flowed continuously over the duration of the study 
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period. It is made up of mostly riffle/run complexes with a single newly constructed island. Overall, 
the Phase II restoration site is approximately 3.65 miles in total length, and had an average total 
wetted area of approximately 37,330 m². In addition to the Phase II restoration site, a consistently 
flowing natural secondary channel located at river mile 129 was monitored as a control site.  The 
control site is approximately 0.40 miles long, with an average wetted area of 6,915 m². This site has 
been monitored periodically since April 2012 as part of the Phase I RERI project.   

 

Figure 4-1. Phase II restoration site showing the location of cross-channel transects, 
temperature-pressure sensors, and field cameras. Reach designations and island complexes 
are also indicated.  

5.0 Methods  

5.1 Methods of Habitat Monitoring 
Post-construction aerial imagery was acquired from Digital Globe Inc. for the Phase II and control 
sites; images were taken on February 4, 2015, with a pixel resolution of approximately 40 cm.  The 
flows at the time of image capture were between 804 cubic feet per second (cfs) and 828 cfs. At the 
time of image capture, all channels, (constructed or natural) were flowing.    

Using ESRI Arcmap 10.0, digital images of the channels were geo-referenced and transformed into 
personal document format (pdf) files and printed with a 1:200 inch ratio. The prints were placed 
into map books and sleeved in transparent Mylar page covers.   
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During each sampling period, all channels (if flowing) were walked and their habitats were mapped 
by drawing representative polygons on the Mylar covered maps in the attempt to duplicate the 
distribution and areal cover of habitats in the channel. Each polygon was coded using 14 
established San Juan River habitat types (Table 5-1.)  

                                         Table 5-1. The 14 habitat types mapped in this investigation. 

                                       

Laboratory post-processing consisted of scanning all hand mapped Mylar sleeves into digital high- 
resolution Joint Photographic Experts Group (JPEG) files using an EPSON 4490 Photo-scanner. All 
individual JPEG files were geo-referenced onto the above mentioned satellite base map.  Wetted 
area and individual habitat polygons were subsequently digitized to quantify habitat count, habitat 
area, and habitat perimeter for each geo-referenced location.  Following vectorization, all habitat 
polygons data were exported from Arcmap 10.0 into Microsoft Excel for statistical analysis.  

5.2 Methods for Channel Monitoring 
Six cross-channel surveying transects were established at various locations in the Phase II main 
secondary channel, the two tertiary channels, and the control channel (Figure 4-1). The bed 
elevations of the across-stream transects were measured every 0.5 meter and at all major landform 
topographical breaks including the waters edge.  All measurements were made to the nearest 2 
centimeters using a metered stadia rod and a Spectra Precision LL 300N self-leveling laser transit.  
Transit data were transcribed in field, and post processed in the laboratory using Microsoft Excel. 

5.3 Methods for Channel Stage Monitoring 
Six Onset HOBO Water Level and Temperature series U20L probes were installed near each 
transect location as well as in the main San Juan River near the mouth of the Phase II channel 
(Figure 4-1), in order to assess the presence or absence of inundation and flow.  Each probe 
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recorded pressure and temperature every 15 minutes. In order to obtain site-specific water depths, 
and temperature, each probe was calibrated in the lab in order to convert pressure to water depth. 
The initial pressure measurements were corrected for atmospheric pressure changes using a 
reference probe that was installed on site but not submersed in the channels. The reference probe 
was collecting data at the same time step as the submerged probes.  Probes were launched on April 
29, 2015 and have provided near continuous stage and temperature data for each channel over the 
course of the project. For redundant stage data verification, automatic game cameras were installed 
at the mouth of the main Phase II channel as well as the outlet of the main secondary channel back 
into the San Juan River. The cameras captured daytime hourly (09:00 – 18:00) high definition 
photos as well as recording air temperature and atmospheric barometric pressure.  A flow history 
of the Phase II restoration site was characterized prior to the restoration effort through a 
retrospective analysis of aerial imagery from 1993 through 2013.  This past habitat mapping data 
was combined with and analysis of Google Earth images to create a binary data set (flowing or not 
flowing). The data were then referenced to the San Juan River flows recorded at the time of 
observation at the USGS gauge site at Shiprock, New Mexico (Station No. 09368000). 

5.4 Fish Collection Methods 
The Phase II restoration site fish assemblage was monitored using the small-bodied fishes sampling 
protocol established by the SJRIP.  The Phase II restoration site was divided into six distinct 
reaches.  Four of these reaches make up the main secondary channel and ranged in linear distance 
from 1620 meters to 774 meters.  Each tertiary channel and the control channel were individual 
reaches.  The reaches were delineated by distinct geographic landmarks such as the tertiary 
channels diverging from the main channel or large island complexes (Figure 4-1).  Water quality 
(pH, dissolved oxygen, temperature, and conductivity) were measured and recorded at the 
beginning of each reach.  The meso-habitats were sampled for fish within each reach in the same 
proportion as their overall occurrence in that reach (Table 5-1).  Data from each meso-habitat 
sampled was recorded separately within each reach.  If present, all meso-habitat types were 
sampled within the reach, with a target sample size of 8 seine hauls per reach.   The average 
number of seine hauls per reach over the course of the study period (April – November) was 13 and 
ranged from 6 to 25 depending on habitat availability and diversity.  Each seine haul sample was 
recorded on the habitat maps for the purpose of data integration and redundancy.   

Fishes were collected with a 3.0 m x 1.8 m (3.0 mm heavy Delta mesh) drag seine.  All captured 
native fish were identified by species and enumerated. In addition, each fish was measured, 
recorded and released.  Nonnative fishes were removed from the river system after measurements 
were taken and recorded.   

Following fish collection, the seine area (length x width), target habitat type, water depth and 
dominant substrate (measured at 5 generalized locations within the area of the seine haul) were 
measured and recorded for each seine haul sample.  

Because of low catch rates during small-bodied fishes sampling, the number of fish captured by 
species were grouped into native and non-native species.  Density of native and non-native fishes 
for each individual seine haul was then calculated as the number of fish captured per square meter 
(fish/m²) sampled.  The calculated densities were then used to test differences between sampling 
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dates (i.e. April, July, and November), channel type (i.e. Phase II-Main, Phase II-Tertiary B, Control),  
and meso-habitat (e.g. riffle, run, pool) for both natives and non-natives.  Data failed to meet the 
assumptions of one-way ANOVA test even after log (x+0001) transformation, so differences were 
tested using the non-parametric Kruskal-Wallis ANOVA for Ranks test.  Post-hoc Dunn’s test for 
multiple comparisons was used to determine differences between groups following a statistically 
significant Kruskal-Wallis test (Dunn 1964).  Due to the natural variability often observed in age-0 
fish populations, an α of 0.10 was used to determine statistically significant differences (Brown and 
Guy 2007). An α of 0.05 was used when assessing the assumptions of normality (Shapiro-Wilk test) 
and homogeneity of variance (Bartlett’s test).  All statistical analyses were performed using R3.2.1 
(R core Team 2015). 

5.5 Larval Fish Sampling Methods 
All available low-velocity nursery type habitats (e.g. backwater, embayment, shoals) were sampled 
according to larval fish collection protocols established by the SJRIP Larval Fish Monitoring 
Program.  Nursery type habitats were sampled with a fine mesh larval seine measuring 1 m x 1 m 
(0.8 mm mesh).  All fishes captured large enough to be field identified were measured, counted, 
recorded, and depending on status (native or non-native) returned to the river or removed from the 
system.  Fishes too small to field identify were labeled and preserved in 10% formalin, and 
returned to the laboratory for identification by personnel from ASIR.  Following larval fish 
collection, seine haul locations were recorded on habitat maps.  Area seined, relative depth, 
dominant substrate and habitat type were also recorded.   

6.0 Results and Discussion 

6.1 Stage Results 
Stage analysis indicated that historically the Phase II restoration site did not flow at or below 659 
cfs but always flowed at or above 930 cfs (Figure 6-1). The secondary flowed 70% of times when 



15 
 

flows were between 659 cfs and 930 cfs (9 out of 13 observations). 

  

 
At the Phase II site, the water stage was measured at six locations using Onset HOBO water Level 
and Temperature series U20L probes. The sites are shown in Figure 4-1.  Three probes were 
installed in the secondary channel at the inflow, outflow, and near the linear center of the channel.  
Tertiary channels each had a single probe installed near the divergence from the main channel.  In 
addition to monitoring the Phase II channel, a single water level sensor was also installed on the 
main stem of the San Juan River immediately upstream of the secondary channel.   

Once corrected for changes in atmospheric barometric pressure, water depths and water 
temperatures were recorded every 15 minutes at each site.  In addition, the flow in the San Juan 
River was also collected in 15-minute time steps from the USGS gauge (Station No. 09368000) at 
Shiprock, New Mexico.  This station was immediately upstream from the study site. The flow data at 
Shiprock was adjusted for travel time and compared to the stage data in the San Juan at the 
secondary channel entrance (Figure 6-2). Flow and stage in the San Juan River at the Phase II site in 
2015 was characterized by a large spring run-off event culminating on June 12th with a peak flow of 
9,100 cfs followed by a long period of declining flows until mid-July.  Summer and fall flows were 
driven by seven large monsoonal events beginning during the descending limb of the hydrograph. 
Each storm increased the stage of the river 1.25 to 2 feet (Figure 6-2).  

Figure 6-1. The status (flowing or not flowing) of the secondary channel located at River Mile 
136 prior to restoration as a function of flow at the time of observation. 
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Figure 6-2. Stage (feet) and flow (cfs) in the San Juan River immediately upstream of the restored 
secondary channel inflow at the Phase II site. Data are for 2015. 

 
Stage in the main secondary channel was also measured at the outflow transect site (T-6) near the 
confluence with the San Juan River.  Hydrograph patterns for the secondary channel mimicked the 
hydrograph for the main stem of the San Juan River with a large spike in stage and flow on June 12th 
with subsequent changes in stage as a result of snowmelt runoff and monsoonal events throughout 
the rest of the year.  Flow in the main secondary channel was continuous throughout the water year 
and ranged from the peak of 9,100 cfs in the main stem of the San Juan to a minimum base flow of 
400 cfs in October 2015, indicating that the restoration effort achieved its goal of restoring 
continuous flow to the Phase II main secondary channel (Figure 6-3). 

 

Figure 6-3. Stage (feet) in the outflow area (at Transect T-6) of the Phase II main secondary channel. 

 
Stage for Tertiary A channel was measured at the divergence of the tertiary channel and the main 
secondary channel of the Phase II site.  Tertiary A consistently flowed from May 7, 2015 to July 9, 
2015 with a maximum increase of stage of 2.4 feet on June 8th. This corresponded to the first high 
peak in the San Juan River of approximately 5,000 cfs.  Tertiary A did not experience a secondary 
peak indicating that the channel had started to fill in and was subsequently never observed to flow 
at any date after spring runoff for the remainder of the study period in 2015 (Figure 6-4). 
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Figure 6-4. Stage (feet) in Tertiary A at Transect T-3 at the Phase II site. 

The stage of Tertiary B was measured at transect T-3, 20 meters below the divergence from the 
main secondary channel.  Tertiary B had a maximum stage increase of 2.1 feet on June 12, 2015 
corresponding to the 9,100 cfs measured in the main channel of the San Juan River.  Tertiary B 
flowed consistently during spring runoff from April 29 to July 19, 2015 and appeared to flow 
intermittently during summer and fall monsoonal storm event (Figure 6-5). See Section 6.2 for 
further discussion. 

 

 

Figure 6-5. Stage (feet) in Tributary B recorded at Transect 5 at the Phase II site. 

Temperature was monitored at each site, every 15 minutes and paired with the stage data.  The 
ranges of water temperatures were comparable in the main secondary channel (inflow and mid-
channel) and the upstream site in the main stem of the San Juan River. San Juan River temperatures 
ranged from 54.3° F to 75° F over the period of observation.  The main secondary channel 
temperatures ranged from 55.2°F to 68.2°F. However, subtle differences in temperatures were 
evident between the last station in the secondary channel and the main stem of the San Juan River. 
The main secondary channel outflow station (T-6) had recorded temperatures consistently lower 
than the mid-point station of secondary channel and the main stem of the San Juan River (Figure 6-
6).  

Temperature differences were as much as 5°F colder than the adjacent San Juan River entering the 
secondary channel during the summer months.  Consistently colder temperatures in the lower main 
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secondary channel site most likely indicated the influence of colder hyporheic flow from the 
adjacent main stem of the San Juan River into the Phase II secondary channel. Direct observations 
(V. Lamarra 2015, personal communication) indicated that the groundwater depth in the adjacent 
floodplain alluvial aquifer was at the same elevation as the secondary channel water elevation 
between the two temperature stations (T4 and T6). The ground water temperature was 45o F.   

 

 

Figure 6-6. Water temperatures in the restored main secondary channel at the channel entrance from 
the San Juan, at the mid-point in the secondary channel, and at the outflow into the San Juan. Data 
are in degrees Fahrenheit. 

 

In summary, pressure sensors were placed at each transect location and corrected for changing 
atmospheric barometric pressures and provided 15-minute stage data in both the San Juan River 
and the restored secondary and tertiary channels. The stage data mirrored San Juan River flows 
recorded at the USGS station at Shiprock New Mexico. The USGS station is 10 miles upstream of the 
restored channel. After restoration, water flowed in the secondary channel at all times, including 
flows as low as 400 cfs. The lowermost station, located just above the secondary’s outflow back into 
the San Juan River displayed the same pattern as in the inflow station (T2) sensor. This indicates 
that the entire secondary channel was wetted over the entire study period. The tertiary channel had 
mixed results. Tributary A, was totally dewatered except for periods of high flow (spring runoff), 
whereas Tributary B flowed continuously but appeared to be dewatered at low flows. 

6.2 Cross-Channel Transect Profiles 
The uppermost secondary channel transect (T-1) was located at the mouth of the Phase II main 
secondary channel and the San Juan River; the transect originated on the northeast bank of the 
secondary channel and terminated on a large cobble bar in the main stem of the San Juan River.  
This was the location of channel excavation.  All values of elevation were calculated as negative 
elevation values (feet) relative to the transect stake.  Over the three sample periods, April 27th, July 
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26th, and November 3rd, Transect T-1 had maximum relative depths ranging from -4.96 to -5.15 feet 
with an average maximum depth of -5.05 feet below the survey benchmark (Figure 6-7). 

                                      

Figure 6-7. Elevations of the stream bed relative to a 0 benchmark at Transect T-1, Phase II main 
secondary channel. Data are for April, July and November, 2015. 

A comparison of the cross-sectional areas before and after spring runoff, before and after the 
monsoon season, and over the entire year is shown in Table 6-1.  The summary data indicates that 
after spring runoff, the transect area increased by 22.8 ft2.  This 7.8% change in area was 
presumably the result of erosion caused by spring runoff flows. During the interval between July 
and November (i.e. the monsoon season), the channel lost capacity (deposition) by -16.5 ft2. Over 
the entire study period, the channel had a net gain of 6.4 ft2, corresponding to a 2.2% increase in 
cross-sectional area between April and November. 

Transect T-2 was located in the Phase II main secondary channel approximately 90 meters 
downstream from the inflow (Transect T-1); it was also an area of excavation. This transect 
originated on the east bank of the Phase II inflow channel and ended on a large cobble bar on the 
west side of the channel.  The wetted distance of T-2 ranged from 12.3 to 16 feet, and it had 
maximum depths ranging from -4.75 to -5.20 feet.  The average maximum depth was -5.00 feet 
(Figure 6-8). 
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Table 6-1. A summary of the changes in cross-sectional area at each transect during 2015. Positive 
values represent a gain in area (erosion) while negative values represent a loss in area (deposition). 
Values in parenthesis indicate the percent gain or loss based on the initial cross sectional area (April). 

                      

 

                                 

Figure 6-8. Elevations of the stream bed relative to a 0 benchmark at Transect T-2, Phase II main 
secondary channel. Data are for April, July and November 2015. 
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The cross-sectional channel area at Transect 2 decreased during both spring runoff and the 
summer monsoon period (Table 6-1). Overall, the channel lost 9.6 ft2 (-8.3% of initial area) between 
April and November. Although the channel deepened during each of the sampling periods, this 
change was offset by deposition on the adjacent banks (Figure 6-8). 

Main secondary channel Transect T-4 was located near a large island complex approximately 1,900 
meters downstream from the inflow of the Phase II channel.  The wetted width of the secondary 
channel at this site ranged from 15 feet in April to 13 feet in November 2015.  Relative maximum 
depths ranged from -6.8 to -7.00 feet with an average max depth of -6.89 feet (Figure 6-9).                    

                                 

Figure 6-9. Elevations of the stream bed relative to a 0 benchmark at Transect T-4, Phase II 
main secondary channel. Data are for April, July and November, 2015. 

 

The seasonal pattern on Transect T-4 was similar to Transect T-1 with erosion in the spring and 
deposition in the fall except that the deposition in the fall was greater in magnitude that the spring 
erosion. This resulted in a 4.7% net loss of cross-sectional area during the study period (Table 6-1). 

The most downstream main secondary channel transect, Transect T-6, was located 170 meters 
upstream from the confluence of the Phase II channel and the San Juan River.  This transect had 
wetted widths ranging from 18 feet to 39 feet.  Relative maximum depth ranged from -4.42 to -4.70 
feet with an average maximum depth of -4.55 feet (Figure 6-10).  

This cross section had the same seasonal pattern as Transect T-4 located upstream. The relative 
magnitude of spring flow erosion and summer/fall deposition expressed as a percent of the original 
cross-sectional area were almost the same for the two transects. Transect T-6 had a net loss of 5.5% 
of its cross-sectional area between April and November.  
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Figure 6-10. Elevations of the stream bed relative to a 0 benchmark at Transect T-6, Phase II main 
secondary channel. Data are for April, July and November, 2015. 

 

The two secondary channel tributaries (i.e. restored tertiary channels) responded differently to 
spring runoff and monsoon season flows.  Transect T-3 was located on Tertiary Channel A, 50 
meters from its confluence with the main channel and approximately 920 meters downstream of 
the inflow to the Phase II main secondary channel.  At each sampling period, there was no flow at 
Transect 3 so that surveys were untaken without a wetted channel.  The width of the bed ranged 
from 19 feet to 30 feet and the maximum bed depth ranged from -4.42 feet to -2.84 feet indicating 
deposition of 1.58 feet of sediment from April to November 2015 (Figure 6-11).  This observation is 
consistent with the loss of cross-sectional area at this transect which occurred during both time 
periods (i.e. pre/post runoff and pre/post monsoons). Overall, the transect lost 34.4% of its cross-
sectional area between April and November (Table 6-1).  

Transect T-5 was located on Tertiary Channel B, approximately 20 meters from its confluence with 
the main secondary channel and approximately 1,800 meters from the inflow of the main 
secondary channel to the San Juan River.  Transect T-5 was flowing during all three sampling 
events.  In addition to consistent flow, T-5 had the largest change in bed elevation of all transects 
surveyed, an increase in channel depth of > 1 foot indicating a down-cutting process was taking 
place.  The wetted channel width ranged from 9.4 to 10 feet with maximum depths ranging from -3 
feet to -4.4 feet; the average depth was -3.77 feet (Figure 6-12).  Tertiary Channel B had consistent 
gains in cross-sectional area over both runoff and summer/fall monsoon periods.  Overall, the 
channel gained 22.3% in cross sectional area.  These data are consistent with the pressure sensor 
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data collected at the same site. The sensor was placed at the channel bottom in April.  However, 
over the entire sampling period, the bottom of the channel was eroding downward. The water stage 
(as measured by the stationary sensor) was measuring a water depth relative to the April bed 
elevation. Through the summer and fall, the sensor was shallower (further from the stream bottom) 
thus falsely indicating reduced flows or dewatering (Figure 6-5). The sensor will be reset for future 
measurements. 

                                 

Figure 6-11. Elevations of the stream bed relative to a 0 benchmark at Transect T-3, Phase II Tertiary 
A. Data are for April, July and November, 2015. 
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Figure 6-12. Elevations of the stream bed relative to a 0 benchmark at Transect T-5, Phase II Tertiary B. 
Data are for April, July and November, 2015. 

 

The Control channel transect (Transect T-C) was located at river mile 129. It had a history of 
continuously flowing based on past observations. This secondary channel runs from east to west 
across a large debris pile that has created a complex braided inflow channel (Figure 6-13).  
Transect T-C had a measured transect distance ranging from 82 to 86 feet with a braided wetted 
channel width of 13.1 to 35.5 feet and an average wetted width of 27.86 feet.  Maximum relative 
depth ranged from -4.35 to -4.84 feet with an average depth of -4.65 feet.  The transect cross-
section had deposition during runoff (mostly as a large rootwad pile at the entrance) followed by 
erosion during the monsoons. The net result was deposition at this transect during the study period 
(a 10% loss in area). 
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Figure 6-13. Elevations of the stream bed relative to a 0 benchmark at the Control site, Transect T-C. 
Data are for April, July and November, 2015. 

In summary, the across-channel profiles were surveyed at six locations in the Phase II restoration 
complex. The sites corresponded to the locations of the pressure sensors that measured water 
depth every 15 minutes. The transect data indicated that: (1) the main secondary tended to be 
eroded by spring runoff but filled by monsoon season flows; and (2) in 3 of the 4 main secondary 
channel transects, deposition was greater than erosion over the study period (April-November). 
The one station where erosion was greater than deposition was Transect T-1, where the main 
secondary channel entrance is located. The tertiary channels showed different results. Channel A 
only flowed at runoff and was filled with sediment for the remainder of the year, while Tertiary B 
flowed consistently but down-cut with extensive bed erosion. This resulted in anomalous readings 
from the pressure sensor at that site. 

6.3 Habitat Distribution  
All habitats within the delineated wetted area of the Phase II main secondary and tertiary channels 
and the control channel were mapped using the habitat types noted in Table 5-1.  The data were 
summarized for each sampling date and channel type (Phase II tertiary or control channel) as well 
as for the designated reaches in the Phase II main secondary channel. The initial results are 
presented as percentages of the associated total wetted areas (Figure 6-14). 
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Reach 1, a portion of the Phase II main secondary channel, began at the mouth of the main 
secondary channel and ended at the divergence of Tertiary Channel A.  This reach had a linear 
distance of 1,142 meters and a wetted area of 6,055 m² in April.  At this time, Reach 1 made up 
approximately 18.50% of the total habitat for the main channel (Figure 6-14).  Reach 1 was 
comprised of seven habitat types, dominated by runs (81.47%), riffles (8.28%) and shoals (5.83%).  
Low-velocity habitats where present, but they represented less than 1% of the total wetted area of 
this reach (Table 6-2). 

In the July sample period, Reach 1 had a wetted area of 6,383 m² corresponding to 18% of the total 
wetted area of the Phase II main secondary channel.  Reach 1 had 8 habitat types at this time (Table 
6-1). Run type habitats persisted as the dominant habitat type (83.37%) with riffle (6.88%), shoal 
(5.08%) and slackwater (3.74%) comprising the majority of the remaining wetted areas. The 
uncommon low-velocity habitat types (i.e. backwater, rootwad pile, eddy and inundated vegetation) 
were present, but all were less than 1% of the total wetted area in Reach 1.  

In the November sample period, Reach 1 had a wetted area of 6,783 m² and contained 19.68% of 
the total wetted area of the main secondary channel (Figure 6-14).  Within the wetted area of Reach 
1, 9 habitat types were identified.  Run (85.7%), riffle (4.7%), slackwater (4.3%) and shoal (3.8%) 
type habitats again predominated together making up more than 98% of the total wetted area in 
Reach 1.  The remaining low velocity nursery habitat types all persisted at less than 1.1%. 

Figure 6-14. The total wetted areas, expressed in m2, for each sample reach and date (lines in 
the above graph). In addition, the mapped habitat areas in each reach are expressed as a 
percent of the entire total wetted area for that channel type. Reaches 1-4 are located in the 
Phase II main secondary channel and Reach 5 corresponds to Tertiary Channel B.  
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Reach 2 of the Phase II main secondary channel began at the termination of Reach 1, where Tertiary 
Channel A diverged from the main channel, and ended at Tertiary Channel B. This reach had a total 
linear distance of 928 meters and was the shortest reach in the main channel.   

In the April study period, the wetted area was 7,209 m² constituting 22.04% of the total wetted 
area in the main secondary (Figure 6-14).  The mapping results in Reach 2 for April produced 8 
different habitat types.  Five habitat types comprised the majority of the wetted area including run 
(72.7%), shoal (16.9%), riffle (4.9%), inundated vegetation (4.6%) and slackwater (2.2%). The 
remaining 3 habitat types, pool, rootwad pile, and eddy, were all present but under 1% of the total 
area (Table 6-4).   

Table 6-2. The relative cover of habitat types in Reach 1, expressed as a percent of total wetted area, 
for the April, July and November mapping, Phase II restoration site. 

                                             

In July, Reach 2 had a wetted area of 7,261 m² (Table 6-3) representing 20.25% of the total wetted 
area of the main channel. Six habitat types were present in July with the majority of the wetted area 
being run (80.9%), riffle (8.9%), shoal (4.9%) and slackwater (3.6%). The remaining low-velocity 
habitat types, eddy and pool, persisted but were less than 1% of the total wetted area.  

 For Reach 2 in November, wetted area was 7,112 m² and represented 20.6% of the total wetted 
area of the Phase II main channel. Eight habitat types were present during this sample period 
(Table 6-3). In decreasing amounts, they were: run (82.5%); riffle (6.9%); shoal (5.3%), slackwater 
(2.7%); pool (1.1%); inundated vegetation (0.6%); eddy (0.4%); and rootwad pile (0.3%).  

Reach 3 of the main channel started at its confluence with Tertiary B and continued through a large 
island complex, terminating at the head of small island structure.  The total distance of this reach 
was 1,173 meters.  

In the April sample period, Reach 3 had a wetted area of 8,464 m² and comprised 24.40% of the 
total wetted area of the Phase II main channel (Table 6-4).  Seven habitat types were identified 
during this survey. Higher relative abundance (cover) of both shoals (20.3%) and riffles (8.0%), in 
addition to lower cover of run type habitat (59.7%) indicated a marked difference in this reach 
compared to the previous two upstream reaches. We believe this was the result of the presence of 
island structures in Reach 3.  The minor habitat types concurrently had higher densities and 
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relative cover in Reach 3 than in Reaches 1 and 2, including slackwater (3.5%), eddy (0.20%), 
rootwad piles (0.02%), and inundated vegetation (4.5%).  

Table 6-3. The relative cover of habitat types in Reach 2, expressed as a percent of total wetted area, 
for the April, July and November mapping, Phase II restoration site. 

                                              

 

Table 6-4. The relative cover of habitat types in Reach 3, expressed as a percent of total wetted area, 
for the April, July and November mapping, Phase II restoration site. 

                                              

 
After spring runoff, the July wetted area for Reach 3 increased to 8,986 m², representing 25.2 % of 
the total wetted area for the main channel (Figure 6-3).  

Reach 3 was comprised of 9 habitat types in July. As in April, there were lower percentages of run 
type habitats (67.8%) along with increased percentages of riffle (9.7%) and shoal (14.3%) type 
habitats. Thus, the habitat complexity observed in the April mapping persisted in July.  Higher 
complexity in this reach also was evident from the presence of nursery type backwater habitat 
(0.03%), pool habitat (1.6%) and eddy habitat (0.2%). In addition, both inundated vegetation 
(2.2%) and rootwad piles (0.5%) were present and contributed to habitat richness.  
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In November, the wetted area of Reach 3 was 8,639 m² or 25.1% of the total wetted area of the 
main channel.  Seven habitat types were present. Although run type habitats dominated the reach at 
74.7% of its wetted area, the relative abundance of runs was still lower than found in Reaches 1 and 
2 (Table 6-4).  Riffle (11.1%) and shoal (9.0%) type habitats both persisted at higher percentages 
when compared to the two upper reaches. Low-velocity nursery habitats were present in the form 
of slackwater (2.5%), eddy (0.5%) rootwad piles (0.05%) and inundated vegetation (2.2%).  

Reach 4 was the lowest reach in the Phase II main secondary channel. It started at the head of a 
small island complex and continued through two large island structures (flow dependent) ending at 
the confluence with the San Juan River. This reach had a linear distance of 1,621 meters.  

 

Table 6-5. The relative cover of habitat types in Reach 4, expressed as a percent of total wetted area, 
for the April, July and November mapping, Phase II restoration site. 

                                          

 

During the initial April sampling, Reach 4 had a wetted area of 11,634 m² or 34.87% of the main 
secondary channel (Figure 6-3) and consisted of 7 habitat types.  With the presence of island 
complexes, higher habitat diversity or richness was found. Although reduced in relative importance, 
run type habitat (65.0%) continued to make up the majority of the wetted area. However, a much 
higher percentage of shoal type (27.5%) habitat along with riffle type (5.3%) habitat contributed to 
the reach’s complexity.  Low-velocity nursery type habitats were present in the form of backwaters 
(0.07%), slackwaters (1.8%), eddies (0.3%) and inundated vegetation (0.3%). All contributed to 
this reach’s high complexity in April.  

 During the July sampling period, Reach 4 experienced the highest amount of wetted area with 
12,843 m², encompassing 36.16% of the total wetted area of the Phase II main channel (Table 6-5).  
During the July period, 9 habitat types were identified within Reach 4.  Run type habitat (58.0%) 
existed at its lowest levels and correlated with a marked increase in low velocity habitat types.  
Slackwater (23.07%), pools (3.19%), backwater types (0.08%) and embayment types (0.43%) were 
at relatively high densities and contributed to the increase in the complexity for Reach 4.  
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 During the final sample period (November), the wetted area was 11,870 m² and consisted of 9 
habitat types.  Run type habitat again comprised the majority of the wetted area of this reach 
(79.6%), followed by riffle (8.6%), shoal (5.7%), slackwater (3.7%) and pool (1.7%).  All remaining 
low-velocity habitats, including vegetation-associated habitats persisted at less than 1% of the total 
wetted area (Table 6-4) 

The first tributary channel, designated Tertiary A, was not sampled for habitat or fish. The tributary 
was not flowing in April, July or November.  

The second tributary channel, Tertiary B, was an abandoned side channel that had been excavated 
during the construction process.  The resultant channel was steep banked and narrow with a total 
length of 1,100 meters. A small island was created during restoration near the center of the reach 
and at the confluence with the San Juan River. Tributary B was designated as Reach 5.  

Table 6-6. The relative cover of habitat types in Tertiary Channel B, or Reach 5, expressed as a percent 
of total wetted area, for the April, July and November mapping, Phase II restoration site. 

                                     

  

During the April survey, the wetted area in Reach 5 was 2,814 m².  The low wetted area for its 
linear length was indicative of the overall narrow wetted width of the Reach 5 channel.  Six types of 
habitats were identified in the April survey.  Run habitat (86.2%) constituted the majority of the 
wetted area of the channel followed by shoal (7.1%) and riffle (5.5%). The last two habitats were 
found around the islands and contributed to the overall habitat complexity in the Reach (Table 6-6).  
Low-velocity habitats were represented by slackwater (0.8%) and eddy (0.5%).  

 During the July sampling period, the wetted area of Reach 5 increased to 3,060 m² with 6 habitats 
identified within the wetted area.  Run habitat type decreased to 76.1% with a corresponding 
increase in the relative cover of riffle habitat (21.6%). The formation of riffle/run complexes 
indicated changes in the channel bed as noted from the transect data, contributing to the formation 
of habitat types (i.e. riffles) that have higher flow velocities.  Shoal habitat type decreased (1.6%) 
because of the lack of deposition in this reach (Table 6-6).  
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 In the November sampling, the wetted area of Reach 5 was 2,812 m², nearly identical to the area 
found in the April survey. Only 5 habitat types were identified with the majority of the wetted area 
being runs (76.0%) and riffles (21.3%). The transect surveys indicated that little to no down cutting 
occurred between July and November suggesting that the Tertiary B channel may have stabilized 
(Figure 6-12).  

The Control channel is located at River Mile 129, approximately 3 miles downstream of the Phase II 
restoration site.  The control channel was a naturally flowing channel with a linear distance of 775 
meters. The inflow of the Control channel was partially blocked by a large debris pile, creating a 
complex, low velocity braided channel. The Control channel, when mapped, was consistently the 
most diverse from a habitat standpoint in all 3 sampling periods. 

Table 6-7. The relative cover of habitat types in the Control channel, expressed as a percent of the 
total wetted area, for the April, July and November mapping. 

                                      

 

During the April survey, the wetted area of the Control channel was 4,007 m² and consisted of 10 
habitat types. Slackwaters made up the majority of the wetted area at 45.2% along with shoals at 
36.0% Table 6-7). The greater abundance of shoals and slackwaters (i.e. lower velocity habitats 
compared to runs and riffles) in the Control channel than in the restored channels may be due to 
the low inflows into the Control channel and its relatively small wetted area which together 
produced these large low-velocity habitats. Low-velocity nursery habitats were also more abundant 
on a percentage basis than in the restored channels, including backwaters (2.9%), embayments 
(5.3%), and pools (3.4%).   

In the July sampling period, the wetted area of the Control channel was 9,617 m², more than two 
times greater than in April. Eleven habitat types were mapped and their relative abundance had 
changed since the April sampling. The majority of wetted area was now made of runs (49.8%) and 
shoals (37.3%).  Low velocity habitats such as backwaters (0.5%), embayments (0.8%), pools 
(2.8%) and slackwaters (4.4%) were present but decreased in relative cover in July, while eddies 
(0.05%) increased slightly (Table 6-7). High spring flows are believed responsible for adjusting the 
control channel inflow structures allowing higher flows within the control channel and altering the 
habitat structure.   
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In November, the wetted area of the control channel was reduced to 7,119 m² but again had high 
habitat complexity (i.e. 10 habitat types mapped).  As in July, most of the wetted area was 
comprised of runs (63.13%) and shoals (26.83%).  Low-velocity habitat types remained rare but 
present in the form of backwater (0.48%), eddy (0.3%), pool (0.3%) and slackwater (4.5%).  

6.4 Temporal Habitat Change  
The temporal differences in Total Wetted Area (TWA) between the November and April surveys are 
summarized in Figure 6-15.  Within the Phase II main secondary channel, Reaches 1, 3, and 4 all 
gained in wetted area over the study period; the increases ranged from 729 m² to 175m² with an 
average gain of 260 m².  Main channel Reach 2 lost 97 m2 of TWA between April and November, 
while Reach 5 (Tertiary B) remained relatively stable with a loss of only 1.43 m2 due to its steep 
banks and down cutting.  The Control channel gained more wetted area (3,111m²) than any of the 
restored reaches or channels.  

         

Inspection of the changes in the percent cover of low-velocity habitats types by reach or channel 
showed the highest gain to be in slackwater (+3.1%), and pool (+1.7%) type habitats located in 
reaches 1 and 4 respectively (Figure 6-15).  Reach 3 was the only reach that experienced a loss of 
low-velocity habitat area greater than 1% (e.g. slackwater: -1.03%).  

Differences in the more dominant (common) habitats were also compared between April and 
November for each individual reach or channel (Figure 6-17). There were large losses of shoal 
habitat types in all reaches (1-5) ranging from -2.04% in Reach 1 to -21.8% in Reach 4. Conversely, 
run type habitats gained in relative area from April to November ranging from 4.3% in Reach 1 to 
14.9% in Reach 3.  Reach 1 showed the smallest range in variation between gains and losses of 

Figure 6-15. The temporal gain or loss in Total Wetted Area (TWA) between April and November in 
each of the study reaches. A positive value indicates an increase in TWA in November. 
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common habitat types while Reach 4 showed the greatest levels of variation. In Reach 5, shoal and 
run habitats decreased while riffle habitat increased 15.8%. We have speculated that this change 
was due to the change in channel gradient and down cutting.  

        

Although the overall temporal habitat differences for the Phase II secondary channel reaches 
showed little change (<3%) in the uncommon low-velocity habitat types (backwater, embayment,  

            

Figure 6-16. The gain or loss in the percent cover of low-velocity habitats from April to November. A 
positive value (gain) indicates a greater percent cover of that habitat type in November than in 
April.  

Figure 6-17. The gain or loss in the percent cover of dominant habitat types from April to November. 



34 
 

eddy, pool, and slackwater), the dominant habitat types showed larger differences (Figure 6-16, 6-
17).  

There was an inverse relationship between the percent difference in cover of runs and shoals and 
between the percent change in riffles and shoals in the main channel between April and November 
(Figure 6-18). 

Using a linear step-wise multiple regression for the main channel reaches, there was also a 
significant linear relationship between percent change in riffles and runs and the loss of shoals. 

     

A stage change in the main secondary channel from April (0.61 feet) to November (0.77 feet) may 
have been a contributing factor in changing April shoals to November runs and riffles.  

 

 

 

 

Figure 6-18. The relationship between percent differences in shoal area and the percent difference 
in run or riffle area from April to November 2015 in the Phase II secondary main channel (Reaches 
1-4). 
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The Control channel over time showed decrease (loss) in the percent cover of backwaters (-2.5%), 
shoals (-9.2%), and embayments (-5.3%) between April and November and an increase (gain) in 
riffle habitat types (1.4%; Figure 6-19). The largest change in habitats in the control channel 
between April and November occurred with the gain of run habitat (+ 62.8%) and the loss of 
slackwater (-40.8%). As discussed above, the most likely cause was an extremely low inflow into 
the Control channel in April compared to normal inflows in July and November, transforming low 
(to zero) velocity slackwaters into flowing runs.  

Habitat richness was calculated as the total number of individual habitats counted per 100 meters 
of linear channel distance for each sampling period and for each restored secondary, tertiary and 
control channel (Figure 6-20).  During the study period, the main channel showed a slight increase 
in habitat richness over the three sample periods.  The initial richness was 6 habitats per 100 
meters and this increased to 6.9 habitats per 100 meters in November.  Tributary B showed an 
opposite trend.  The initial value was 5.6 habitats per 100 meters, dropping to just 3.1 habitats per 
100 meters by November. The control channel showed the most dramatic changes. This channel 
had the highest initial richness at 7.4 habitats/100 meters, and richness increased to 16.1 habitats 
per 100 meters in November. In July, the Control channel’s richness was 12.3 habitats/100 meter, 
greater than the restored channels during that period (Figure 6-20).   

Figure 6-19. The difference in the percent cover of habitats between April and November in the 
Control Channel. 
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The relative abundance of habitats by count was calculated as a percent of the total number of 
habitat polygons in each channel during each sample period. This analysis illustrates the relative 
abundance of small, low-velocity habitats (i.e. micro-habitats) independent of habitat size (Figure 
6-21).  Although micro-habitats do not constitute a significant percent of the total wetted area, the 
count analysis indicates that the Phase II secondary channels and the control channel have a good 
representation of these low-velocity micro-habitats throughout each channel.  Within the main 
channel, runs ranged from 15.5% in April to 12.9% in November of the total habitat count while 
shoals ranged from 29.9% in April to 11.9% in November; these results show a marked difference 
from the area (percent cover) calculations.  In the Phase II main channel, the percentage count of 
uncommon low-velocity micro-habitats (e.g., eddy, backwater, pool, embayment) remained stable, 
ranging from 1% to 5% whereas more numerous micro-habitats (e.g., inundated vegetation and 
slackwater) ranged from 13% to 26% for slackwaters and 10% to 14% for inundated vegetation 
(Figure 6-21).  In the Control channel, backwaters ranged from 5% of the total habitat count in 
April to 9% in November suggesting that consistent flow in the Control channel has created habitat 
complexity or richness over time including a good representation of micro-habitats that serve as 
semi-permanent nursery habitat for endangered fish. Figure 6-21 illustrates the overall distribution 
of habitat counts through time as a function of the channel type (i.e. Phase II Main Secondary, Phase 
II Tertiary B, Control Channel). 

Figure 6-20. The habitat richness (number of individual habitat polygons per 100 linear meters) for 
the Phase II main secondary channel, Tertiary Channel B, and the Control Channel. Data are for 
April, July and November, 2015. 
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Figure 6-21. The distribution of habitat counts by habitat type, channel type, and sampling date. 
Values for each habitat type are expressed as the percent of the total habitat count. 

 

Combining the percentage counts of low-velocity habitats (e.g. inundated vegetation, slackwater, 
rootwad pile, eddy, backwater, pool and embayment), low-velocity habitats represented 36% of the 
total habitat count in the Phase II main secondary channel in April compared to 57% in the Control 
channel. In July, this difference was reduced—the percent count of low-velocity habitats was 47% 
in the main secondary channel compared to 53% in the Control channel. In November, a reversal 
occurred with low-velocity habitats comprising 51% in the Phase II main secondary compared to 
39% in the Control channel. This reversal was the result of an increase in the relative number of 
rootwad piles, pools, and slackwaters in the Phase II main secondary and an increase in the relative 
number of runs, shoals, and riffles in the Control channel. 

The analysis of the habitat data indicated both spatial and temporal trends. Within the Phase II 
main secondary channel, runs and shoals dominated on a percent of wetted area basis for all 
sampling dates.  Low-velocity habitats such as backwaters, embayments, pools and eddies were 
present but relatively uncommon and their percent cover was low.  Within the main channel, the 
reaches with island complexes had more and greater percent cover of low-velocity habitats 
resulting in higher habitat richness in these reaches. Over the three sample periods, habitat 
richness in the main secondary channel showed a slight increase over time.  

The only tertiary channel to flow during sampling was Tertiary Channel B. This channel (as noted 
above) was actively down-cutting from April to November. This resulted in a decrease in habitat 
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richness over the study period. Riffles and runs dominated on a percent of wetted area basis in this 
channel. 

The Control channel historically contained flowing water in 95% of the observations (n=27) since 
1993. This channel had the highest initial habitat richness and richness increased over the 
subsequent two sampling periods. Based upon these observations, we hypothesize that future 
persistence of flow coupled with channel widening during high spring runoff events (thereby 
increasing total wetted area especially at higher flows) will lead to higher habitat richness in the 
newly restored Phase II secondary channel system over time. 

 6.5 Fish Density & Assemblage  
There were no significant differences in the density of native or non-native fishes captured in the 
three different channels (Figure 6-22). Thus, in the early stages of analysis, the Phase II restored 
channels were equivalent to the control channel with respect to the density of small-bodied fishes 
caught within them. 

 

Figure 6-22. The density (# fish/m2) of native and non-native fishes caught in each channel type.  
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In contrast, the density of native and non-native fishes captured varied across the three sampling 
periods (Figure 6-23). Specifically, the density of non-native fishes caught was greater in April than 
in July and November whereas the density of native fishes captured was greatest in April and 
lowest in November.    

  

 

Figure 6-23. The density (# fish/m2) of native and non-native fishes caught in each sample period. 

Figure 6-24. The density (# fish/m2) of native and non-native fishes caught in different meso-
habitats. 
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Finally, the density of native fishes captured varied significantly between meso-habitats and was 
greater in riffles than in the other habitat types (Figure 6-23). In contrast, the density of non-native 
fishes showed no statistically significant differences across different meso-habitat types. 

The proportion of native and non-native fishes captured varied over the three sampling periods. In 
April 469 fishes were captured at the Phase II and Control sites; 35.4% of these were native fish 
(n=166) and 64.6% were non-native (n=303).  Six age 1+ Colorado pikeminnow (Ptychoheilus 
lucius) were captured in the Phase II main secondary channel during the April effort. Pikeminnow 
captures represented 1.3% of the overall catch (Figure 6-25).  The July small  

bodied monitoring effort yielded 75 total captured fishes at the Phase II and Control sites; 65 native 
fish constituted 86.7% of the total catch.  Two age 1+ Colorado pikeminnow were captured in the 
Phase II main secondary channel for 2.7% of the total captures.  At the time of the fall monitoring in 
November, 25 total fish were collected in the Phase II and the Control channels.  There were 22 
native fish captured, including 2 Colorado Pikeminnow in the Phase II main secondary channel, 
constituting 88% and 8% of the total catch, respectively.  Only 3 non-native fish were collected in 
November making up 12% of the total number of fish caught (Figure 6-25). 

7.0 Conclusions 
A number of analytic tools were used to address the project objectives and determine the 
effectiveness of the restoration effort at the Phase II site (RM 137). At the site, the main secondary 
channel was sampled at a number of locations. In addition, two tributaries to the main secondary 
(Tertiary A and Tertiary B) as well as a control channel was sampled. Sample design was to 
simultaneously collect habitat and fish data before and after spring runoff (April and July) and 
before and after the summer monsoon season (July to November). 

Figure 6-25 The per cent of total catch for native, non-native and Colorado pikeminnow for the 
three sample periods. 
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Results for each of the major data sets collected are as follows: 

Stage and Flow Data in the Restored Channels  

• Stage and flow data in the Phase II main secondary channel indicated that the 
restoration effort was successful. Prior to construction (1993 – 2012), the Phase II 
channel never ran when discharge was less than 659 cfs and flowed only 70% of the 
time when flows were between 659-930 cfs. After restoration, however, the Phase II 
channel continuously in 2015 at all flows even when discharges were as low as 400 cfs.  

• The pressure sensors placed at each transect location and corrected for changing 
atmospheric barometric pressures provided 15-minute stage data in both the San Juan 
River and the restored secondary and tertiary channels. The stage data were found to 
mirror the San Juan River flows as recorded at the USGS gage at Shiprock, New Mexico.  

• The tertiary channels showed mixed results. Tributary A was dry except during periods 
of high flow (spring runoff). Tributary B flowed continuously but, from the pressure 
sensor data, appeared to be dewatered at low flows due to channel down-cutting which 
left the sensor suspended above the channel bed (and above the water surface at lower 
flows).   

Across-Channel Profiles (Transects) 

• Six locations were surveyed in the Phase II secondary channel complex.  

• The transect data indicated that the restored main secondary channel tended to be 
eroded (i.e. widened and deepened) during spring runoff but sediment was deposited in 
the monsoon season.  

• In 3 of the 4 main secondary channels, erosion was greater than deposition over the 
study period (April to November).  

• The tertiary channels had mixed results. Sediment was deposited in Tertiary A during 
both the spring runoff and monsoon periods. In contrast, Tertiary B down-cut with 
extensive bed erosion occurring during spring runoff and the monsoon period.   

• More data needs to be collected in for a relevant statistical analysis in relation to 
geomorphic channel changes. 

Habitat Mapping Data  

• The analysis of the habitat data indicated both spatial and temporal trends. 

•  Within the Phase II main secondary channel, the relative cover (percent of total wetted 
area) of runs and shoals dominated.  
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• Low-velocity habitats such as backwaters, embayments, pools and eddies had low 
relative cover but were present during all sample dates.  

• Within the Phase II main channel, the reaches with island complexes had greater 
relative cover and higher percent counts of low-velocity habitats and greater habitat 
richness. Over the three sample periods, habitat richness showed only a slight increase 
over time.  

• The Control channel historically contained flowing water in 97% of the observations 
(n=27). This channel had the highest initial habitat richness and increased substantially 
over the subsequent two sampling periods. Based upon these observations, we 
hypothesize that persistence of flow, including channel widening with associated 
increases in total wetted area; will result in greater habitat richness in the restored 
secondary channel system over time.  

• Multiple years of  data collection is needed in order for antecedent flow, and habitat 
relationship analysis. 

Small-Bodied Fish Data  

• The density (fish/m2) of native and non-native fishes was greater in April than July and 
November.   

• The density of native fishes captured varied by meso-habitat and was significantly 
greater in riffles than in other habitats.  In contrast, the catch per unit effort for non-
native fish was similar across meso-habitats.  

• Ten age 1+ Colorado pikeminnow were caught in the Phase II main secondary channel 
with 2 to 6 individuals caught in each of the three sampling periods. Colorado 
pikeminnow captures represented 1.8% to 8% of the total number of fish caught in the 
three sampling periods indicating the presence of suitable habitat at the Phase II site 
throughout 2015.  All pikeminnow individuals were captured in the habitat-rich lower 
reaches of the main secondary channel. 

• Although more data needs to be collected, early results indicate that the restored 
channel functions in a similar manner as natural secondary channels and holds a similar 
density of native and nonnative fishes. 
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