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Background 

Backwaters are the preferred habitat of early life stage (i.e., larvae and juvenile) Razorback 
Suckers (Xyrauchen texanus) (Minckley et al. 1991; Mueller 2006).  For example, in the San 
Juan River larvae were captured at higher densities in backwaters when compared to other 
mainstem habitats such as low velocity runs (Farrington et al. 2016).  Furthermore, the only 
juvenile Razorback Sucker captured from the San Juan River in the last 18 years during small-
bodied fish monitoring was from a large backwater in fall 2015 (Zeigler and Ruhl 2016).  
Backwaters are important habitat for early life stages of other imperiled fishes as well.  Of the 
juvenile Colorado Pikeminnow (Ptychocheilus lucius) captured in 2016, approximately 48% 
were captured in large backwaters compared to 17% captured in the main channel and 35% in 
secondary channels (Zeigler and Ruhl 2016).  The importance of backwater habitat to early life 
stages of imperiled fishes has made the restoration of this habitat an important management goal 
throughout the Colorado River Basin (CRB) (USFWS 2002a; USFWS 2002b). As in other parts 
of the CRB, backwater formation in the San Juan River has been reduced by flow regulation and 
concomitant geomorphic changes in the river channel (Holden 1999). 

Razorback Sucker can spawn successfully in the San Juan River, as larvae are present in the river 
and its backwaters during April through June (Farrington et al. 2016). However, these young-of-
year (YOY) fishes (i.e., both larvae and juvenile age-0 fishes) are largely absent from the river 
by August, suggesting some environmental factor or factors are limiting recruitment to the 
juvenile stage of the population (i.e., a recruitment bottleneck) (Farrington et al. 2016).  Several 
hypotheses may explain this impediment to recovery, including a lack of backwater nursery 
habitat for development, inadequate physicochemical conditions in backwaters, starvation, 
and/or predation in backwaters.  Identifying the environmental factor(s) responsible for the 
recruitment bottleneck of Razorback Suckers has important management implications, because 
once the source of a roadblock is identified, actions can be taken to alleviate that problem.   

Although backwaters are important habitat for the early life stages of imperiled fish, there is a 
high degree of variability among backwaters in terms of habitat characteristics.  For instance, 
Bliesner and Lamarra (2000) demonstrated that geomorphological characteristics and resource 
availability varied in backwaters along the longitudinal gradient (i.e., upstream to downstream) 
of the San Juan River.  Backwaters positioned more upstream tended to have the highest resource 
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availability, although their upstream location resulted in higher gradient and water velocity in the 
adjacent mainstem, which presumably prevented larvae from settling in these backwaters 
(Bliesner and Lamarra 2000).  Although Bliesner and Lamarra (2000) examined longitudinal and 
temporal changes in backwaters generally, they did not investigate differences among different 
types of backwaters.  Long-term habitat mapping in the San Juan River has identified three types 
of backwaters, including: 1) backwaters associated with secondary channels, 2) island 
backwaters, and 3) point bar backwaters (Fig. 1; Lamarra et al. In prep).  Secondary channels are 
narrower and receive less flow than the main channel, and when they stop flowing, form 
secondary channel backwaters that are connected to the main channel at their downstream end, 
but are disconnected at their upstream end (Fig. 1A; Landers et al. 2002; Yager et al. 2013).  
Island backwaters are zero-velocity habitats that form in off-channel habitats between an island 
and the river bank, or at the downstream end of an island (Fig. 1B).  Point bars are formed by 
alluvial deposits on the inside bend of a river (Legleiter et al. 2011).  When zero-velocity habitats 
form on the downstream end of a point bar, a backwater is formed (Fig. 1C). Island and point bar 
backwaters exhibit high connectivity with the main river channel, whereas secondary channel 
backwaters are less connected to the main channel (Lamarra et al. In prep).  Furthermore, 
backwaters associated with secondary channels increase in size with increasing base flows, but 
total backwater area does not change since there is an associated reduction in island and point bar 
backwaters (from hereon, main channel backwaters) as base flow increases (Lamarra et al. In 
prep).  Thus, changes in base flow result in variation in the size, stability, and type of backwater, 
meaning the amount and type of backwater habitat in the San Juan River is dependent on flow 
regulation (Lamarra et al. In prep).   

It is currently unclear whether early life stages of imperiled fish exhibit a preference for 
secondary channel over mainstem backwaters.  For instance, age-0 fish may prefer secondary 
channel backwaters because they function as refugia from flow fluctuations because of their 
lower connectivity to the mainstem. As such, secondary channel backwaters are less prone to 
scouring events during the monsoon season in July through September (Adams and Comrie 
1997), a time period when nearly all age-0 Razorback Sucker disappear from the river.  High-
velocity monsoonal flows in main channel backwaters could displace imperiled YOY fish to the 
main channel where they would experience higher mortality (Robinson et al. 1998; Valdez et al. 
2001; Gido and Propst 2012). Further, mainstem backwaters that experience a greater frequency 
of silt-laden monsoonal flows may have higher turbidity, total suspended solids, and siltation 
compared to secondary channel backwaters (Bliesner and Lamarra 2000; Heins et al. 2004).  
High turbidity may hinder YOY feeding because of poorer water clarity (De Robertis et al. 2003; 
Manning et al. 2014), plus high suspended sediment loads can clog and damage gills, thus 
interfering with respiration (Sutherland and Meyer 2007; Clark Barkalow and Bonar 2015).  In 
fact, larval Razorback Sucker exhibit a preference for clear water over turbid water (Johnson and 
Hines 1999).  However, nonnative predators feed more effectively on age-0 Razorback Sucker in 
clear water compared to turbid water, thus, higher turbidity may also benefit YOY fish by 
reducing predation (Johnson and Hines 1999).   
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More-frequent and higher magnitude monsoonal flows in mainstem backwaters compared to 
secondary channel backwaters may cause lower resource availability, which could influence the 
recruitment success of imperiled fishes (Papoulias and Minckley 1990; Bestgen 1996).  For 
instance, monsoonal floods could scour the substrate and water column of benthic and pelagic 
invertebrates, respectively, more often in main channel compared to secondary channel 
backwaters (Speas 2000).  Benthic (e.g., chironomids) and pelagic (e.g., cladocerans and 
copepods) macroinvertebrates are the most frequently occurring prey items in the diets of YOY 
Razorback Sucker (C. Pennock unpublished data), leaving them potentially more prone to 
starvation in main channel backwaters.  Furthermore, differences among backwaters in water 
clarity and substrate size may limit basal productivity in main channel versus secondary channel 
backwaters.  More stable secondary channel backwaters would exhibit lower turbidity that 
allows for greater light penetration that could stimulate photosynthesis of phytoplankton and 
periphyton, and may also have greater substrate size (e.g., pebble and cobble rather than silt and 
sand) that provides a stable attachment surface for periphyton (Burkholder 1996; Hillebrand 
2002).  In turn, greater algal productivity in secondary channel backwaters may exert bottom-up 
control on the availability of benthic and pelagic macroinvertebrates, as algal productivity is a 
primary factor influencing invertebrate secondary production (Wotton 1988; Whitney et al. 
2014).   

Secondary channel backwaters are located nearer the riparian zone and channel margin of the 
San Juan River, and as such they may receive greater shading from canopy cover and canyon 
walls.  More shading may result in more benign physicochemical conditions in secondary 
channel backwaters compared to main channel backwaters that receive more direct sunlight.  For 
instance, direct solar radiation in main channel backwaters could cause water temperatures to 
exceed the upper thermal limit of imperiled age-0 fishes, resulting in hyperthermia, heat stress, 
and heat-induced mortality (Sweeney 1993; Smale and Rabeni 1995; Poole and Berman 2001; 
Kappenman et al. 2010; Deslauriers et al. 2016).  Further, higher water temperatures may result 
in hypoxia and anoxia that could suffocate fish (Carlson and Siefert 1974; Fontenot et al. 2001), 
since the solubility of oxygen decreases as water temperatures increase.  Both hyperthermia and 
hypoxia could results in greater YOY mortality in main channel compared to secondary channel 
backwaters. 

Water temperature may interact with basal resource availability to influence YOY recruitment 
success.  Warmer water temperatures result in greater fish metabolic rates (Fry 1947), meaning 
fish need more food at warmer temperatures relative to cooler temperatures (Houde 1989).  Fish 
can also attain higher growth rates at warmer temperatures (Houde 1989), but only if enough 
food is available to sustain their growth (Bestgen 2008).  As such, fish in warm water with high 
rates of resource productivity may exhibit extremely high growth rates, but fishes in warm water 
with lower productivity may be more prone to starvation (Houde 1989).  Investigating resource 
availability and its relationship with backwater type may inform conservation.  For instance, if it 
is found that low resource availability from frequent monsoonal flooding coupled with high 
temperatures from direct sunlight occur in main channel backwaters, this unsuitable age-0 habitat 
could be reduced by increasing base flows (Lamarra et al. In prep).  Higher base flows creates 

Page 256



SOW 19-New1 

more secondary channel backwaters (Lamarra et al. In prep), which may have greater resource 
availability because of infrequent flooding and cooler temperatures from riparian and canopy 
shading.  

Predation pressure is a final explanation for the variation in recruitment and abundance of YOY 
Razorback Suckers among backwaters.  For instance, several small-bodied nonnative fishes 
occur in backwater habitat and can prey heavily on native age-0 fishes, including Red Shiner 
(Cyprinella lutrensis), Fathead Minnow (Pimephales promelas),  and Western Mosquitofish 
(Gambusia affinis) (Tyus and Haines 1991; Ruppert et al. 1993; Brandenburg and Gido 1999; 
Tyus and Saunders 2000).  In fact, Bestgen et al. (2006) concluded that predation by Red Shiners 
interacting with environmental factors limited the recruitment success of Colorado Pikeminnow 
in the Green River.  These small-bodied nonnative predators are abundant in secondary channel 
backwaters in the San Juan River, although their densities decreased in between 1999 and 2012 
(Franssen et al. 2015).   

A lack of large, stable, zero-velocity nursery habitat without large-bodied nonnative predators is 
one explanation for the recruitment bottleneck of Razorback Suckers in the San Juan River.  
However, even if this ideal nursery habitat were present in the San Juan River, it is currently 
unclear whether Razorback Sucker larvae could successfully recruit from the larval to juvenile 
stage.  To test this hypothesis, the Phase III Habitat Restoration Project is proposed to be 
implemented in 2019 to create more quality nursery habitat via the construction of a ~1 hectare 
artificial wetland near river mile (RM) 107 (Gori et al. 2018).  The Phase III project also aims to 
measure physicochemical conditions and larval predation pressure (i.e., via small-bodied fish 
monitoring) in the constructed wetland, but does not plan to measure resource availability.  If 
benthic and/or pelagic algae and macroinvertebrates are scarce in the artificial wetland relative to 
demand, this lack of food for imperiled larval fishes could hinder the success of this project.  
Monitoring is needed to assess resource availability in the Phase III wetland. 

We have provided several explanations for why secondary channel backwaters may be superior 
habitat for imperiled YOY fishes relative to main channel backwaters, although high abundances 
of nonnatives in secondary channel backwaters could reduce their quality.  However, it is 
currently unknown whether stability, habitat quality, resource availability, and/or predation 
pressure actually differ between backwater types.  As such, differences between secondary 
channel and mainstem backwaters are in need of investigation before environmental flows 
management can be implemented, as it would be ineffective to increase the area of secondary 
channel backwaters via elevated base flows if this is not better habitat than main channel 
backwaters (Lamarra et al. In prep).  If secondary channel backwaters do indeed exhibit greater 
habitat quality and resource availability for imperiled fishes, then environmental flows 
management (Tharme 2003; Propst and Gido 2004) could be used to increase the coverage of 
this habitat because of the positive relationship between base flows and amount of secondary 
channel backwaters (Lamarra et al. In prep).    

Objectives and Hypotheses 
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The objective of the proposed work is to compare stability, physicochemical characteristics, 
resource availability, and small-bodied predator density between secondary channel and main 
channel backwaters (i.e., island and point bar) in the San Juan River.  To accomplish this 
objective we will test five hypotheses and their associated predictions (Fig. 2).   

Hypothesis and Prediction #1:  Stability differs between secondary channel and mainstem 
backwaters because secondary channel backwaters exhibit lower connectivity with the San Juan 
River mainstem; secondary channel backwaters will exhibit greater stability compared to main 
channel backwaters because they experience less frequent, lower magnitude, and shorter duration 
monsoonal flows.  

Hypothesis and Prediction #2: Shading differs between secondary channel and mainstem 
backwaters because secondary channel backwaters are located nearer the margin of the San Juan 
River mainstem; secondary channel backwaters will exhibit greater shading compared to main 
channel backwaters because of greater canopy cover and canyon wall influence.  

Hypothesis and Prediction #3: Physicochemical characteristics differ between secondary 
channel and mainstem backwaters because of differences in stability and shading; secondary 
channel backwaters will have lower turbidity, larger substrate, cooler water temperatures, and 
higher dissolved oxygen concentrations because of greater stability and shading.  

Hypothesis and Prediction #4: Resource availability differs between secondary channel and 
mainstem backwaters because of differences in stability and shading; secondary channel 
backwaters will have greater algal and macroinvertebrate biomass because of greater stability.  
Also, we will test for differences in resource availability among the Phase III artificial wetland, 
secondary channel, and mainstem backwaters as part of this hypothesis.    

Hypothesis and Prediction #5: The density of small-bodied nonnative predators differs between 
secondary channel and mainstem backwaters; secondary channel backwaters will have more 
nonnative predators (Franssen et al. 2015).  

Study Area, Site Selection, and Sampling Regime 
This study will be conducted in backwaters of the San Juan River located between RM 149 
(Shiprock, NM) and RM 93 (Montezuma Creek, UT) (Fig. 3).  This stretch of river was chosen 
because it contains a high density of secondary channel backwaters (Lamarra et al. In Prep).  
Within this 56-mile stretch we will attempt to sample 10 secondary channel and mainstem 
backwaters per sample trip (20 total backwaters per sample trip).  Potential backwater sites will 
be scouted using recent habitat maps and surveys in April-May.  We will also sample resource 
availability (i.e., Hypothesis #4) in the Phase III artificial wetland at RM 107, in addition to all of 
the other study backwaters.  Ten backwaters per category per sample trip (i.e., 20 total) was 
chosen because Lamarra et al. (In Prep) indicated that this is a realistic estimate of the total 
number of available backwaters in our study reach during late spring, summer, and early fall.  
However, given the dynamic and ephemeral nature of backwaters and their dependence on flow 
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in the mainstem (Bliesner and Lamarra 2000; Lamarra et al. In Prep), the total number of 
backwaters sampled per trip may be more or less than 10.  Regardless, we will strive to sample 
as many backwaters as flow conditions will allow to maximize our sample size and inference for 
statistical analysis.  Also, the variable nature of backwaters may result in some backwaters being 
sampled only once while others get sampled repeatedly.  This will be an issue for the testing of 
Hypothesis #1 since it relies on deployed data loggers (see below), but will not be an issue in 
testing Hypotheses #2 - #5.  So long as we have replication of each backwater type regardless of 
the identity of any individual backwater, our study design will allow us to test Hypotheses #2 - 
#5.  Sampling will commence when discharge of the San Juan River falls below ~1,500 cubic 
feet per second (cfs), as most secondary channel backwaters will likely be flowing when 
discharge is greater than this.  As such, sampling will typically start around July 15th, but may be 
earlier or later depending on flow conditions.  Sample trips will then be conducted every 14 days 
until the end of September, resulting in ~6 sample trips per year in 2019 and 2020.  If flows 
become elevated above 1,500 cfs during our sample period because of monsoonal rainfall or 
otherwise, a sample trip will be delayed until flows drop back below 1,500 cfs threshold.  During 
each sampling trip we will raft from backwater to backwater collecting data as described below.  
Each sample trip will take ~5 days to complete. 

The length and area of sample sites will depend upon backwater size.  A general 
recommendation in stream sampling is to survey a reach length equal to 40 times the average 
width to provide a representative sample, with a maximum length of 300 m for a sample reach 
(Klemm and Lazorchak 1994; Lazorchak et al. 1998).  We will follow these guidelines when 
sampling San Juan River backwaters.  Also, we will not sample any backwaters < 30 m2 in area 
(Zeigler and Ruhl 2016), as a backwater this small would be too ephemeral to provide 
meaningful data.  In a database containing information on 332 secondary channel and 2,057 main 
channel backwaters (2,389 total) in the San Juan River, the mean length and width of secondary 
channel backwaters was 240 m (median = 169 m; range = 13 – 1,442 m) and 3.2 m (2.72 m; 0.22 
– 10.10 m), respectively, while that of main channel backwaters was 58 m (29 m; 1 – 1,161 m)
and 1.3 m (0.92 m; 0.10 – 8.03 m), respectively (N. Franssen; unpublished data).  Therefore,
since most of the backwaters in the San Juan River are of a smaller size, our size criteria will
result in a large proportion of total backwater area being sampled for most backwaters, allowing
us to accurately characterize backwater conditions.

Materials and Methods 

Hypotheses #1: Backwater Type and Stability 

Upon arrival each backwater will be categorized as a secondary channel or mainstem backwater.  
In each backwater a HOBO MX2001 data logger (Onset Company, Bourne MA) will be 
deployed in the deepest part of the backwater and will be set to record water level every 30 
minutes.  To reduce the influence of the mainstem, the logger will be deployed some distance 
from the backwater mouth, with that distance dictated by backwater length.  The logger will be 
housed in a PVC casing and will be attached to a t-post to lessen the chance that it will be 
displaced during high flows.  When possible, data loggers will be placed in inconspicuous 

Page 259



SOW 19-New 1 

locations to decrease the probability of being noticed and potentially vandalized.  Additionally, 
we will measure the frequency and duration of flow from the mainstem into backwaters using 
electrical resistance sensors (Jaeger and Olden 2012).  Based on the change in relative 
conductivity, these sensors (i.e., customized Onset TidbiT Temperature Data loggers) can 
determine whether the logger is dry (low relative conductivity) versus submersed by water (high 
relative conductivity) where the sensor is deployed in the substrate (Blasch et al. 2002; Goulsbra 
et al. 2009).  We will deploy a sensor such that it will be able to detect when water is flowing 
from the mainstem into the backwater.  For secondary channels this location will be near the 
upstream head of the backwater, and in mainstem backwaters the sensor will be located in the 
backwater mouth.  Sensors will be placed in the lowest elevation point in-between the main 
channel and the backwater to ensure a flow connection is recorded when present.  Electrical 
resistance sensors will be housed in a PVC casing and will be attached to a t-post to prevent them 
from being displaced during high flows.  When possible, resistance sensors will be placed in 
inconspicuous locations to decrease the probability of being noticed and potentially vandalized.  
Data from water level loggers and resistance sensors will be downloaded every sample trip.  
From the continuous measurements collected by electrical resistance sensors we can calculate the 
frequency and duration of flow into backwaters, and with the water level loggers we can 
calculate the magnitude and variability of flow events. Finally, we will also deploy an electrical 
resistance sensor by the water level logger in the deepest part of a backwater located some 
distance from the backwater mouth (depending on backwater length) to assess whether or not a 
backwater dries completely in-between sampling events.    

Hypotheses #2 and #3: Shading and Physicochemical Variables 

Several habitat variables will be quantified along equally-spaced transects in a backwater.  The 
number of transects per backwater will depend upon backwater length.  For backwater sites with 
total site lengths of 150 m – 300 m, the distance between transects will equal 10% of backwater 
length (i.e., in a 300 m backwater, transects will occur every 30 m), and as such will result in 10 
transects per backwater (Klemm and Lazorchak 1994; Lazorchak et al. 1998).  For backwaters < 
150 m in length, transects will be spaced 10 m apart, resulting in a variable number of transects 
depending on length.  To limit the influence of the mainstem on habitat measurements, transects 
will not be positioned in the mouth of the backwater where it connects to the mainstem (if 
applicable).  Shading resulting from canopy cover and canyon walls will be quantified at each 
transect midpoint in a backwater using a spherical concave densiometer, providing an estimate of 
percent canopy coverage.  The wetted surface area (m2) of a backwater will be calculated by 
multiplying backwater length (m) by the mean wetted width (m) of a backwater measured at 
each transect.  Also, along each transect five measurements of depth (measured with a Hach 
topset wading rod) and substrate (e.g., clay, silt, sand, gravel, pebble, cobble, boulder, and 
bedrock) will be taken.  The five locations per transect will be at river right (#1), then 25% (#2), 
50% (i.e., transect midpoint; #3), and 75% (#4) of the distance from river right to river left, and 
then finally at river left (#5) (Klemm and Lazorchak 1994; Lazorchak et al. 1998).  The substrate 
at a transect location will be determined with visual and tactile examination.  If there is a mixture 
of substrates at a location, the location will be assigned the category of whichever substrate is 
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dominant.  These measurements will generate an estimate of mean depth, maximum depth, and 
percent coverage of fine (clay + silt + sand) and coarse substrates (gravel + pebble + cobble + 
boulder + bedrock) for each backwater.  Mean backwater depth (m) will also be multiplied by 
backwater surface area (m2) to calculate backwater volume (m3).  Water temperature in a 
backwater will be measured every two hours using the HOBO MX2001 data logger, which 
records temperature in addition to water level.  Backwater turbidity in nephalometric turbidity 
units (NTUs) will be measured using an Aquaflor handheld fluorometer (Turner Designs, San 
Jose, CA), and dissolved oxygen (mg/l and % saturation) will be measured using an Extech 
heavy duty dissolved oxygen meter (FLIR Commercial Systems, Nashua, NH).   

Hypothesis #4: Resource Availability 

Algal biomass will be measured by quantifying pelagic and benthic chlorophyll a concentrations. 
Phytoplankton concentrations will be measured by taking a 500 ml water sample from each 
backwater.  The water sample will be collected from various depths in the water column at 
multiple backwater locations until a 500 ml Nalgene collection jar is filled, thus providing a 
representative sample.  The water sample will then be filtered through a Whatman glass 
microfibre filter (grade GF/C), with chlorophyll a then extracted from the filter by submersing it 
in 95% ethanol for 12 hours.  Chlorophyll a concentration (µg/L) will then be measured using an 
Aquaflor handheld fluorometer followed by correction for sample volume (Wetzel and Likens 
2000; Rice et al. 2017).  In fine substrates (i.e., silt and sand) benthic chlorophyll a samples will 
be collected using a core sampler (3.2 cm inside diameter), and in coarse substrates (i.e., gravel, 
pebble, and cobble) whole rocks will be collected.  Benthic samples will be collected from six 
habitat transects per backwater (approximately every other transect); three replicates will be 
collected along each transect near river right, river left, and the transect midpoint, with either 
whole rocks or core samples pooled into the same transect Whirl-Pak.  The composition of the 
pooled transect sample (e.g., transect #1 = 2 cores + 1 whole rock; transect #3 = 3 whole rocks) 
will be recorded in the field notebook.  Samples will be kept in the dark in a cooler with dry ice, 
and then transported back to the lab where they can be frozen.  95% ethanol will be used to 
extract chlorophyll a from benthic samples for 12 hours, with chlorophyll a concentration 
(µg/cm2) determined with a fluorometer followed by correction for sample surface area (core 
size or rock size) (Sartory and Grobbelaar 1984; Steinman et al. 2017).  This sampling will be 
performed in backwaters and in the Phase III artificial pond. 

The availability of larval prey will be estimated by collecting benthic and pelagic 
backwater macroinvertebrates.  Benthic macroinvertebrates residing in fine-textured benthic 
substrate (i.e., clay, silt and sand) will be sampled using an Eckman grab, whereas benthic 
macroinvertebrates residing coarser substrates (i.e., gravel, pebble, cobble, and boulder) will be 
sampled by scrubbing whole rocks in a bucket (Hauer and Resh 2017).  If large woody debris 
(LWD) is present in a backwater transect, it will be sampled by enclosing a subsection of LWD 
and then removing macroinvertebrates from it (Whitney et al. 2014; Whitney et al. 2015).  
Benthic macroinvertebrate samples will be taken from six habitat transects per backwater 
(approximately every other transect); three replicates will be collected along each transect near 
river right, river left, and the transect midpoint, with whole rocks, core samples, and LWD 
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samples pooled into the same transect bucket, which will then be sieved and stored in 10% 
formalin in a Whirl-Pak.  The composition of the pooled transect sample (e.g., transect #1 = 2 
cores + 1 whole rock; transect #3 = 2 whole rocks + 1 LWD) will be recorded in the field 
notebook.  Pelagic macroinvertebrates (e.g., Copepods and Cladocerans) will be sampled using a 
Wisconsin plankton sampler equipped with a mechanical flow meter that will measure the 
volume of water sampled (De Bernardi 1984), with three pelagic macroinvertebrate samples 
collected per backwater per sample date.  Macroinvertebrates will then be identified, 
enumerated, and measured for total length in the laboratory under a dissecting microscope.  
Published length-mass relationships (Burgherr and Meyer 1997; Benke et al. 1999; Sabo et al. 
2002) will then be used to estimate biomass in grams of dry mass (DM) for each 
macroinvertebrate taxon, then biomass of macroinvertebrate taxa will be summed separately for 
benthic and pelagic samples to provide estimates of benthic and pelagic resource availability.  
This sampling will be performed in backwaters and in the Phase III artificial pond. 

Hypothesis #5: Small-Bodied Nonnative Predators 

The abundance of potential predators in each backwater will be assessed using a combination of 
backpack electrofishing with 1-2 dipnetters (Smith-Root LR-20B backpack electrofisher) and 
seining (4.6m wide X 1.8 m tall; 3.2 mm mesh).  To prevent escape of fishes from our sample 
reach, we will use blocknets to separate our sample reach from the mainstem if necessary, and in 
longer backwaters, from the section of the backwater not sampled.  All potential larval predators 
will be identified to species, measured for total length, and then returned to the backwater from 
whence they came.  Any native fishes captured by this sampling will also be identified, 
measured, and released.  The density of backwater larval predators for each species and in total 
will be calculated by dividing the number of individuals caught by backwater area sampled (m2), 
giving an estimate in #/m2.  

Our ability to capture fishes may vary among backwaters because of differences in 
habitat characteristics related to depth, turbidity, and substrate size (Tyre et al. 2003; Gu and 
Swihart 2004; Falke et al. 2010).  As such, differences in sampling efficiency among backwaters 
could result in different fish density estimates among backwaters independent of the effect of 
backwater environmental characteristics on fish presence and abundance.  To account for 
differences in sampling efficiency among backwaters, we will perform depletion sampling 
during one sample trip per month (i.e., every other trip).  Depletion sampling will involve 
sampling each backwater site with multiple repeated passes; after each pass all captured fishes 
will be retained and won’t be released until all passes have been completed.  This design will 
allow for the calculation of absolute population size (𝑁𝑁�), catchability (q; Hayes et al. 2007) and 
detection probability (p; MacKenzie et al. 2002), which can then be modeled according to habitat 
characteristics (e.g., depth, turbidity, substrate size).  If capture efficiency is found to vary among 
backwaters, we will use our catchability and detection probabilities to correct our fish density 
estimates, thus making estimates comparable among backwaters.  

Data Analysis 
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Our interrelated hypotheses operate through several intermediary pathways of cause and effect 
relationships, and contain multiple predictor and response variables (Fig. 2).  As such, 
covariance structure analysis, otherwise known as structural equations modeling, is conducive to 
statistically testing our hypotheses (Bollen 1989; Shipley 2000; Infante and Allan 2010).  
Covariate structure analysis (CSA) is a multivariate technique that allows for the modeling of 
relationships among sets of direct and indirect predictors and response variables.  This technique 
is similar to multiple regression analysis or canonical ordination, but differs in the fact that it 
accounts for interrelatedness of predictor variables and indirect effects.  In order to model 
relationships, a priori hypotheses describing the structure among variables and direct and indirect 
effects must first be completed.  These a priori hypotheses (i.e., Fig. 2) are then combined with 
collected sample data to model relationships via path analysis, which then provides output 
describing model fit and the strength of relationships. Model fit will be examined using chi-
squared analysis, root mean squared error approximation, and the normed fit index, whereas 
strength and direction of relationships will be evaluated using multiple correlation and slope 
coefficients (Burcher et al. 2007; Perkin et al. 2014). Covariate structure analysis will be done 
with the flexible partial least squares approach (PLS; Perkin et al. 2014) using the functions in 
the plspm package (Sanchez et al. 2017) in program R version 3.3.3 (R Core Team 2017).  
Results will be displayed using a path diagram. 

We will use one-way multivariate analysis of variance (MANOVA) to test for differences 
in resource availability among secondary channel backwaters, main channel backwaters, and the 
Phase III wetland.  The three categories of wetland or backwater will serve as the predictor 
variable, and response variables will include phytoplankton biomass (chlorophyll a in μg/L), 
periphyton biomass (chlorophyll a μg/cm2), benthic macroinvertebrate biomass (g DM/m2), and 
zooplankton biomass (g DM/L).  The MANOVA assumptions of multivariate normality and 
equality of variance-covariance matrices will be tested using a Shapiro-Wilk test of multivariate 
normality and Box’s M test, respectively.  If assumptions are violated, Box-Cox transformations 
will be applied to the data.  If the MANOVA detects significant differences, we will use separate 
one-way ANOVAs coupled with Tukey’s honest significance difference (HSD) to determine 
which resource availability variables actually differ among predictor variable categories.    

Deliverables 
An annual report will be provided each year of the study using the same timeline as reports 
required for the San Juan River Basin Recovery Implementation Program (SJRIP) and 
Reclamation.  Likewise, an annual oral report will be given at both the SJRIP Annual 
Researcher’s Meeting in February and the Annual Public Meeting in May.  At the completion of 
the project a final report will be delivered to both the SJRIP and Reclamation.  Scientific 
publications of the work will be prepared as the work progresses and at the completion of the 
project. 
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Figure 1. Examples of secondary channel (A), island (B), and point bar (C) backwaters in the 
San Juan River.  Island and point bar backwaters are two types of main channel backwater. 
(Photos courtesy of Dan and Vince Lamarra). 
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Figure 2.  Conceptual model illustrating pathways and hypothesized differences in habitat quality, resource availability, and nonnative 
(NN) small-bodied predators between secondary channel and main channel backwaters in the San Juan River. 
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Figure 3.  Map of the San Juan River Basin (broad extent) and the section of the San Juan River 
where backwaters will be studied for this project (fine extent), with Shiprock denoting the 
upstream end of the study reach and the confluence with Montezuma Creek marking the 
downstream end of the study reach. 
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James Whitney Bio Summary 
I have been working with imperiled southwestern fishes since 2008 when I began in the 

Master of Science (M.S.) program at Kansas State University (KSU) in Manhattan, KS under Dr. 
Keith Gido.  The purpose of my Master’s thesis was to evaluate factors associated with varying 
population densities of native and nonnative fishes in the Gila River of southwestern New 
Mexico (Whitney et al. 2014).  I completed this project in May 2010, and then began my PhD 
project at KSU in August of 2010.  The purpose of my PhD dissertation was to evaluate the 
response of the Gila River ecosystem to multiple catastrophic wildfires that occurred during 
2011-2013 (Whitney et al. 2015; 2016), and to assess fish re-colonization following wildfire 
disturbance using otolith microchemistry (Whitney et al. 2017a).  While completing my graduate 
projects I was also involved in several other projects in the Gila River (Troia et al. 2014; Maine 
et al. 2014; Troia et al. 2015; Propst et al. 2015; Pilger et al. 2015; Hedden et al. 2016; Pilger et 
al. 2017), which provided many additional experiences beyond my graduate work.  Also, during 
my time as a graduate student I had several opportunities to help out with research on the San 
Juan River (Cathcart et al. 2015; 2017; Franssen et al. In Review).  After graduating from KSU 
in 2014 I began work as a postdoctoral research associate at the University of Missouri in 
Columbia under Dr. Craig Paukert.  Part of my postdoctoral research involved compiling 
existing information for the entire Colorado River Basin to examine how traits were related to 
species distributions (Whitney et al. 2017b), and to forecast range shifts of CRB fishes in 
response to climate change (Whitney et al. 2017c).  I completed this work in January 2016, and 
then started as an assistant professor at Pittsburg State University in Pittsburg, KS.  I am eager to 
continue research in the American southwest that informs the conservation of imperiled fishes.  
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Table 1.  Detailed budget for the proposed project.  GS = graduate student; PI = principal investigator (James Whitney).  Budget is 
flexible depending on availability of funds. 
Category Type Expense Years Total Explanation 
Personnel GS Stipend $20,000 2.5 $50,000.00 12-month stipend

GS Fringe $251.20 2.5 $628.00 GS salary *0.01256 
GS Health Insurance $616.00 2.5 $1,540.00 12-month insurance
PI Summer Salary $9,000.00 2 $18,000.00 1 month of summer salary 
PI Summer Fringe $1,664.28 2 $3,328.56 PI summer salary *0.18492 
PI Health Insurance $2,880.00 2 $5,760.00 $960/summer month (June, July, Aug) 
Technician #1 Salary $9,990.00 2 $19,980.00 $10.00/hour; 999 hours per year 
Technician #1 Fringe $125.47 2 $250.95 Technician salary * 0.01256 
Technician #2 Salary $7,200.00 2 $14,400.00 $10.00/hour; 720 hours per year 
Technician #2 Fringe $90.43 2 $180.86 Technician salary * 0.01256 

Travel Research (rental truck) $9,000.00 2 $18,000.00 $100 per day; 90 days per year 
Research (fuel) $500.00 2 $1,000.00 3,000 miles/trip; 1 trip/year; $2.50/gallon; 15 miles/gallon 
Research (rental property) $3,000.00 2 $6,000.00 $1,000/month; 3 months/year 
Research (per diem) $5,220.00 2 $10,440.00 $29/person/day; 2 people; 3 months 
SJRIP Researchers Meeting $2,000.00 3 $6,000.00 2 people; $1200 airfare; $400 rental car; $400 hotel 

 SJRIP Public Meeting $2,000.00 3 $6,000.00 2 people; $1200 airfare; $400 rental car; $400 hotel 
Supplies Rite in the Rain Paper $27.90 2 $55.80 $13.95 per 100 sheets 

Rite in the Rain binders $13.70 2 $27.40 
Chest Waders $179.98 2 $359.96 $89.99 per pair; 2 pairs 
95% Ethanol $1,385.00 2 $2,770.00 50 gallons per year; $138.50 per 5 gallons 
37% Formaldehyde $534.80 2 $1,069.60 20 gallons per year; $133.70 per 5 gallons 
24 oz. Whirl-Paks $91.10 2 $182.20 Box of 500 = $91.10 

 20ml scintillation vials $200.67 2 $401.34 Package of 500 
Equipment Aquaflor Fluorometer $3,298.00 1 $3,298.00 

Extech DO Meter $439.99 1 $439.99 
HOBO MX2001 Logger $14,975.00 1 $14,975.00 $599.00 per logger; 20 backwaters + 5 back-ups 
HOBO TidbiT Logger $5,850.00 1 $5,850.00 $130.00 per logger; 20 backwaters; 2 loggers per; 5 back-ups 
Ekman Grab $597.71 1 $597.71 
Polycarbonate Tube $37.99 2 $75.98 
Wisconsin Sampler $363.18 1 $363.18 
Mechanical flow meter $683.04 1 $683.04 
NRS 14-foot Raft and trailer $10,000.00 1 $10,000.00 
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Category Type Expense Years Total Explanation 

 Seines $500.00 1 $500.00  
Equipment Lab Computer $1,500.00 1 $1,500.00  
Other 3 hours release time for PI $4,200.00 2 $8,400.00  3 credit hours per semester; $700/hour 

Collection Permits $15.00 2 $30.00 

Total Personnel $114,068.37 
Total Overhead $53,612.14  Overhead rate = 47% on personnel costs 
Total Travel $47,440.00  
Total Supplies $4,866.30 
Total Equipment $38,282.90 
Total Other $8,430.00 

 
Grand Total $266,699.71 

Start date = 01 January 2019; End date = 31 May 2021 

Table 2.  Annual budget by category for the proposed project.  Budget is flexible depending on availability of funds. 
Category Year 1 Year 2 Year 3 Total 
Personnel $51,817.39 $51,817.39 $10,433.60 $114,068.37 
Overhead $24,354.17 $24,354.17 $4,903.79 $53,612.14 
Travel $21,720.00 $21,720.00 $4,000.00 $47,440.00 
Supplies $2,433.15 $2,433.15 $0.00 $4,866.30 
Equipment $38,244.91 $37.99 $0.00 $38,282.90 
Other $4,215.00 $4,215.00 $0.00 $8,430.00 

Total $142,784.62 $104,577.70 $19,337.39 $266,584.71 

Budget Justification 

Personnel – For years 1 -2 funds are requested to support one month of the lead PI (James Whitney) summer salary, a graduate 
research assistant, and a one undergraduate technician working full time during the summer (June – August) to help with field work, 
and two undergraduates working 20 hours per week during the school year (September – May) to help with processing the large 
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number of chlorophyll a and macroinvertebrate samples from benthic and pelagic habitats collected by this study. For the third year, 6 
months of support are requested for the graduate student so that they may finish writing up the results of the project.  Both the 
graduate research assistant and undergraduate research technicians will be skilled in sampling large rivers. 

Travel – Funds are requested to support lodging and per diem associated with field work and travel from Pittsburg, KS to the San Juan 
River. Funds are also requested for the graduate student and PI to travel to the SJRIP Researchers Meeting in February and the SJRIP 
Public Meeting in May for all three study years. 

Supplies and equipment –Includes supplies and equipment necessary for sampling. 

Indirect Costs – The overhead rate at Pittsburg State University is 47%, but this overhead rate is only charged to personnel costs.  
Also, this overhead rate is negotiable based on availability of funds. 
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Appendix: Response to Reviewer Comments 
In the response to reviewers below, the original reviewer comments are in normal font and our 
responses to those comments are numbered and italicized. 

PO Comments 

How can the technical aspects of this SOW be improved? 
An association between the larval fish and habitat data assessment (UNM) and this SOW should 
be incorporated to increase synergy between the two projects. 
Response #1: 
We agree and think this is a good idea.  We are in communication with Tom Turner and Scott 
Clark at the University of New Mexico to see how we could coordinate our projects to maximize 
the knowledge we can generate towards San Juan River conservation. 

What is this SOW’s contribution to recovery? 
The SJRIP has been debating increasing summer/fall base flows in an effort to increase the 
availability of presumably limited low-velocity habitats for larval and juvenile endangered 
fishes. Indeed, understanding limiting resources of larval fishes was touted as a high priority 
question facing the observed recruitment bottleneck in our endangered fishes. However, recent 
analysis of habitat data demonstrated that the only backwaters which can be manipulated by 
elevating base flows are ones at the lower end of secondary channels. These types of backwaters 
constitute a disproportionate amount of habitat compared to other main-stem backwaters. Thus, it 
is important to understand the quality of these different types of habitats as resources for larval 
and age-0 fishes because changing base flows appears to affect the area of only a certain type of 
habitat. Therefore, this SOW directly investigates potential recruitment bottleneck questions that 
could guide future flow manipulations. We do understand that this project may be relatively 
‘risky’ because flow variation is not 100% controllable in the river, which could affect the 
success of repeated sampling of specific habitats. Nonetheless, this is one of only a few SOWs 
that are aimed at identifying factors that could be limiting recruitment of the endangered fishes. 
With all these considerations, we recommend this SOW be included in the FY19 Annual Work 
Plan. 

Schleicher (BC) Comments 

How can the technical aspects of this SOW be improved?  
Not that it has to do with the technical aspect of the SOW, but the length of the background 
section could be shortened. 
Response #2: 
Without a specific recommendation it is difficult to know which section of the background 
Schleicher would like to have shortened.  However, where possible, we have removed 
unnecessary content to shorten the background section. 
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I feel that a lot of this data has been collected between different projects between habitat, larval, 
and small bodied monitoring.  
Response #3: 
Backwater characteristics were studied by Bliesner and Lamarra (2000) along a longitudinal 
gradient of the San Juan River, but they did not distinguish among backwater types.  Unless 
there is another study that Schleicher could direct us towards that investigated differences in 
environmental variables between secondary channel and mainstem backwaters, we are not 
aware of another study such as the one we have proposed proposed.  

What is this SOW’s contribution to recovery? 
It would inform environmental flow recommendations to advantage our endangered fish larvae. 

Wesche (BC) Comments 

How can the technical aspects of this SOW be improved?  
The SOW is well written with clear, concise objectives, hypotheses, and methods. Just a couple 
items for clarity. As Dr. Whitney has not previously worked with the Program, a short 
biographical sketch would be helpful.  
Response #4: 
I have added a short biographical sketch to the end of the SOW. 

Under Hypothesis #5, will native and endangered fishes also be identified and enumerated? I 
assume they will be, but that is not stated.  
Response #5: 
Yes, we plan to identify and measure all of the fishes we capture, both native and nonnative.  We 
have clarified that we will identify and measure native fishes in the Hypothesis #5 methods 
paragraph. 

Also, there appears to be some potential for overlap in this study’s Hypothesis #1 and UNM’s 
SOW 23, Task 5. While UNM’s work is retrospective using available information and Dr. 
Whitney’s work will be field-based, it would strengthen each effort if there were some 
coordination and cRoss (PR)-pollination between the two studies early in the process. 
Response #6: 
We agree with this comment, and have contacted Tom Turner and Scott Clark at UNM to begin 
coordinating our projects. 

What is this SOW’s contribution to recovery?  
This work addresses several important bottlenecks to recovery identified during the February 
Workshop and has the potential to make important contributions to our understanding and 
management of the system to further our progress. 

Mazzone (BC) Comments 
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How can the technical aspects of this SOW be improved? 
No Comment. 

What is this SOW’s contribution to recovery? 
The identification of bottlenecks for both endangered fishes has been of great interest to the 
Program. This is one of the first Scopes of Work that directly seeks to quantify and differentiate 
two types of habitats posited to be of great import to larval /age-0 endangered fishes by 
measuring multiple biologically relevant parameters. 

The subsequent analysis will hopefully provide a more robust understanding of what role 
backwaters of differing types may or may not play in the early life histories of these fishes. 
Based on habitat analysis presented by Franssen & Lamara (previous BC Meeting) the only types 
of backwaters we can influence with elevated based flows are secondary channel backwaters. 
Therefore understanding this type of backwaters relative productivity will allow for more 
informed flow recommendations in the future. 

Lamarra (BC) Comments 

How can the technical aspects of this SOW be improved? 
Bliesner and Lamarra (2000) focused on the habitat quality of large secondary channel 
backwaters. Even given their size, these backwaters were ephemeral. How does the present study 
intend to address the possibility of never sampling the same backwater twice? I agree that an 
attempt needs to be made to look at the differences in the backwater categories. The Phase III 
site in combination with the other data sets will be telling. In addition, quantifying the fish 
assemblage will be an important link that has not been made relative to fish densities and 
resource levels. 
Response #7: 
I acknowledge that the variable nature of backwaters may result in some backwaters being 
sampled only once while others get sampled repeatedly.  However, this won’t be an issue for 
Hypotheses #2-5, as they do not rely on deployed data loggers.  Since the focus of Hypotheses 
#2-#5 is comparing backwater types rather than investigating dynamics in any one backwater, 
we should be able to test them so long as there is replication of each backwater type regardless 
of the identity of any individual backwater. We have made these points in the “Study Area, Site 
Selection, and Sampling Regime” paragraph.  However, testing Hypothesis #1 will require 
backwater permanence at least within a single sample year.  If backwater identity is constantly 
changing for most backwaters during our study, that will hinder our ability to test Hypothesis #1. 

What is this SOW’s contribution to recovery? 
No Comment 

Davis (BC) Comments 

How can the technical aspects of this SOW be improved? 
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I have some concern regarding the timing of this project and if the quality and quantity of both 
main channel and secondary backwaters will be available to address the listed hypotheses during 
low flow years and years with potentially lower levels of reproduction. I realize that predicting 
available water in a subsequent year this far out is virtually impossible. However, I’m concerned 
investing a significant amount of effort to a project that heavily depends on the availability of 
secondary channel habitats if the 2019 water year will be similar to that of 2018. Overall I 
support this proposal given that it will help to address some of these bottlenecks but simply have 
concerns on the timing and ability to sample the necessary number of backwaters. 
Response #8: 
Given the dynamic and ephemeral nature of San Juan River backwaters and their dependence on 
flow in the mainstem (Bliesner and Lamarra 2000; Lamarra et al. In Prep), we recognize that 
the total number of backwaters sampled per trip may be more or less than the 10 per category as 
currently proposed.  Regardless, we will strive to sample as many backwaters as flow conditions 
will allow to maximize our sample size and inference for statistical analysis.  We have made 
these points in the “Study Area, Site Selection, and Sampling Regime” paragraph. 

What is this SOW’s contribution to recovery? 
The proposed SOW has links to recovery through a rigorous evaluation of an identified 
bottleneck to recruitment. Identification of key backwater attributes has the potential to provide a 
direct link to management actions like habitat restoration. 

Warren (PR) Comments 

How can the technical aspects of this SOW be improved? 
Emphasis is placed on RZB larvae being displaced out of backwaters in July-Sept monsoonal 
season, but in looking at the spawning period of RZB (peaking ca. mid April-early May), no 
larvae or at least few vulnerable larvae would be in backwaters in July-Sept (i.e., most 
individuals would be past the larval stage or at least be strong swimmers). This may affect CPM, 
but I don’t see the monsoonal season as important for most RZB larvae. 
Response #9: 
The concerns raised in this comment relate to our first hypothesis.  This hypothesis is just one of 
five alternative hypotheses that we plan to test.  Warren may be correct that monsoonal flows are 
not affecting age-0 Razorback Sucker.  However, for the meantime, we choose to retain this 
hypothesis in our scope of work. 

How do you know 20 backwater samples/trip will give you enough power to detect differences 
given the expected variability likely to be encountered within each backwater type? 
Response #10: 
Ten backwaters per category per trip (20 total) was chosen because previous studies in this 
section of the San Juan River have indicated that this is a realistic estimate of the total number of 
backwaters available in our study reach during late spring, summer, and early fall (Lamarra et 
al. In Prep).  As such, this number is based more on sampling constraints rather than statistical 
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considerations.  If there are large differences in environmental variables between backwater 
types (i.e., a large effect size), or if there is low variability of environmental variables among 
replicate backwaters within a category, we should be able to detect differences between 
backwater types.  If flow conditions are such that more than 20 backwaters are available during 
a sample trip, we will sample additional backwaters to increase our sample size and statistical 
power.  But, we also realize that low flow could result in fewer backwaters and a smaller sample 
size.  Regardless, we will strive to sample as many backwaters as flow conditions will allow to 
maximize our sample size and inference for statistical analysis.  We have made these points in 
the “Study Area, Site Selection, and Sampling Regime” paragraph. 

The author proposes to measure density of small bodied species in backwaters based on 
combining seining and electrofishing. How much area of the backwater will be sampled? You 
likely could not sample an entire backwater if it were large, but would sample a large proportion 
of a small backwater; hence, small backwater density might be overestimated and large 
underestimated.  
Response #11: 
The length and area of sample sites will depend on backwater size.  A general recommendation 
in stream sampling is to survey a reach length equal to 40 times the average width to provide a 
representative sample, with a maximum of 300 m for a sample reach (Klemm and Lazorchak 
1994; Lazorchak et al. 1998).  We will follow these guidelines when sampling San Juan River 
backwaters. Also, we will not sample any backwaters < 30 m2 in area, which is the same size 
criteria used by the small-bodied monitoring program (Zeigler and Ruhl 2016).  In a database 
containing information on 332 secondary channel and 2,057 main channel backwaters (2,389 
total) in the San Juan River, the mean length and width of secondary channel backwaters was 
240 m (median = 169 m; range = 13 – 1,442 m) and 3.2 m (2.7; 0.22 – 10.10 m), respectively, 
while that of main channel backwaters was 58 m (29; 1 – 1,161 m) and 1.3 m (0.92; 0.10 – 8.03 
m), respectively (N. Franssen; unpublished data).  Therefore, since most of the backwaters in the 
San Juan River are of a smaller size, our upper and lower size thresholds will result in a large 
proportion of total backwater area being sampled for most backwaters, allowing us to accurately 
characterize backwater conditions.  We have made these points in a new paragraph in the 
“Study Area, Site Selection, and Sampling Regime” section of the SOW.     

How will differences in gear efficiency because of depths, irregular vs smooth substrates, 
turbidity, etc. be accounted for in these estimates? A better approach might be to block off a 
section, sample it thoroughly; then block off another section, sample it thoroughly, etc.  
Response #12: 
We acknowledge that our ability to capture fishes may vary among backwaters because of 
differences in habitat characteristics related to depth, turbidity, and substrate size; as water 
becomes deeper and more turbid, and as substrate becomes larger, our ability to capture fishes 
may decrease (Tyre et al. 2003; Gu and Swihart 2004; Falke et al. 2010).  As such, differences in 
sampling efficiency among backwaters could result in different fish density estimates among 
backwaters independent of the effect of backwater environmental characteristics on fish 
presence and abundance.  To account for differences in sampling efficiency among backwaters, 
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we will perform depletion sampling during one sample trip per month (i.e., every other trip).  
Depletion sampling will involve sampling each backwater site with multiple repeated passes; 
after each pass all captured fishes will be retained and won’t be released until all passes have 
been completed.  To prevent escape of fishes from our sample reach, we will use blocknets to 
separate our sample reach from the mainstem if necessary, and in longer backwaters, from the 
section of the backwater not sampled.  This design will allow for the calculation of absolute 
population size (𝑁𝑁�), catchability (q; Hayes et al. 2007) and detection probability (p; MacKenzie 
et al. 2002), which can then be modeled according to habitat characteristics (e.g., depth, 
turbidity, substrate size).  If capture efficiency is found to vary among backwaters, we will use 
our catchability and detection probabilities to correct our fish density estimates, thus making 
estimates comparable among backwaters.  We have made these points in a new paragraph in the 
Methods section under the Hypothesis #5 heading.  

What is this SOW’s contribution to recovery? 
Frankly, I’m not sure it does contribute. Knowing the similarities/dissimilarities of main channel 
and secondary channel backwaters would be nice but wouldn’t the consistent presence of large 
numbers of larvae of either focal species in either habitat or randomly distributed between the 
habitats tell us just as much as this study?  
Response #13: 
In response to this and several other reviewer’s comments, we are now planning to coordinate 
our project with the University of New Mexico project concerning historical variation in larval 
fish densities and habitat (see responses #1 and #6).   This will allow us to evaluate backwater 
environmental variables in relation to larval fish density, thus hopefully alleviating the concern 
raised in this comment.  

I do like the idea of determining depths and frequency and duration of flows in these backwater 
types to provide an idea of when and if they are available to either listed species. Likewise, the 
productivity work might tell us which habitat type likely wouldn’t support any larval fishes of 
any species, but it wouldn’t tell us which productive ones would support the focal species. 
To the point, suppose all the hypotheses are accepted? Then what does that tell us about the 
larval habitat of CPM or RZB? Without directly connecting the biophysical data to the presence-
absence or abundance of the focal larvae, how would we use or interpret the data? 
Response #14: 
See responses #1, #6, and #13.  We are now going to collaborate with other similar projects 
examining backwaters and larval abundance such that we should be able to relate the 
environmental variables we’re measuring to larval presence and abundance.  

Other: 
Lines 42-44 I don’t think they demonstrated higher velocity prevented larvae from drifting into 
the back waters, I think they speculated that was occurring. Be sure you are not stating a 
presumption as a fact. 
Response #15: 
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We have changed the structure of this sentence so that it is clear to readers that the notion 
higher mainstem water velocity prevented larvae from entering upstream backwaters is a 
speculation rather than a fact. 

61-63 By September (or even July) RZB larvae “disappear” because they’ve grown beyond the
larval stage.
Response #16:
The point that we were trying to make in this sentence was that nearly all young-of-year (YOY)
Razorback Sucker (i.e., both larvae and juvenile age-0 fishes) disappear from the river at this
time, thus the recruitment bottleneck.  We have altered the structure of this sentence to clarify
our meaning.

129-131 The suggestion of mechanical removal of red shiners in secondary channels would be an
enormous, in perpetuity exercise. I’m extremely skeptical that first that it would work (e.g., gear
efficiency) and second that any recovery program could maintain that management action in
enough secondary channels over long enough time period to have any effect. Finally, this
presumes that red shiner predation on larvae is so high that it diminishes larval survival to the
point of precluding sufficient recruitment to the juvenile stage.
Response #17:
We agree that it is unlikely that mechanical removal of small-bodied nonnatives in backwaters is
a management strategy that would be feasible or effective, and therefore have removed this
sentence from the SOW.

195-198 This could be interpreted that you will only measure resource availability in the wetland
and not elsewhere.
Response #18:
We have changed the structure of this sentence so that it is clear that resource availability will
be measured in the artificial wetland, and in all of the study backwaters.

Hubert (PR) Comments 

How can the technical aspects of this SOW be improved? 

While the proposed research could be quite valuable in understanding the ecology of backwaters 
in the San Juan River, there is no tie mentioned to the recovery of the endangered species.  
Response #19: 
See responses #1, #6, #13, and #14.  We are now going to collaborate with other similar projects 
(e.g., UNM Integration of Long-Term Monitoring Data) examining backwaters and larval 
abundance such that we should be able to relate the environmental variables we’re measuring to 
larval presence and abundance, thus creating a direct tie to the recovery of endangered species.  

There are numerous aspects of the experimental design that warrant further consideration: 
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P. 4, l. 166 – P. 5, l. 189. List of five hypotheses. Five hypotheses are identified in regard to
differences between secondary and mainstem backwaters. Clear definitions of secondary and
mainstem backwaters are not found in the SOW. Of concern, is the definition of mainstem
backwaters to be included in the study. Mainstem backwaters can take many different forms.
What specific type(s) of mainstem backwaters will be studied? What are the criteria for
(definition of) secondary channel and mainstem backwaters that will be identified for sampling?
There must be some minimum size of backwater that would be identified for sampling.
Maximum size?
Response #20:
In the third paragraph of the background section, we have now provided definitions of secondary
channel, island, and point bar backwaters.  Also, in this paragraph we have made it clearer that
island and point bar backwaters are the main channel backwaters that we will be the focus of
our study.  We will not sample any backwaters < 30 m2 in area, but there is no maximize size for
a backwater.  However, our site length within a backwater will not exceed 300 m.  We have
made these points in the second paragraph of the “Study Area, Site Selection, and Sampling
Regime” section.  See also Response #11.

P. 5, l. 193. Many aspects of the sampling design need further consideration and/or clarification.
On P. 5, l. 193, it is stated that they “will attempt to sample 10 secondary channel and 10
mainstem backwaters per trip.” Further, on P. 5, l. 203, they state that they “will raft from
backwater to backwater.” How will a representative sample of both secondary channel and
mainstem backwaters be obtained? It seems from the proposed SOW that a very arbitrary means
of selecting sampling sites will occur. If there is doubt that 10 backwaters of a particular type can
be found within the study area, then it is questionable if that backwater type is abundant enough
within the study area to warrant consideration as a habitat of importance to Colorado
Pikeminnow or Razorback Sucker. Will secondary channel backwaters located some distance
from the main channel be identified and sampled?
Response #21:
See responses 7, 8, and 10.  We will sample all available backwaters, including those that are
some distance from the mainstem.

P. 5, l. 197. It is stated that resource availability will be measured in the Phase III artificial
wetland. This is not related to the stated hypotheses. It is a separate study that should be
described as such. Is it a purely descriptive effort? Are there hypotheses to be tested? How will
the data be used in an assessment of the Phase III project?
Response #22:
We have added to Hypothesis #4 comparing resource availability in the Phase III wetland to
secondary channel and mainstem backwaters. Data on resource availability in the Phase III
wetland will be combined with other data collected as part of that project to assess habitat
quality in the artificial Phase III wetland.

P. 5, l. 199. Sampling of backwaters will begin about July 15th when discharge is < 1,500 cfs and
continue at 14-day intervals until the end of September. How will the researchers address the
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problem of variation in flow associated with monsoons? Is there a maximum discharge (e.g., 
1,500 cfs) at which sampling will occur between mid-July and the end of September?  
Response #23: 
If flows become elevated above 1,500 cfs during our sample period because of monsoonal 
rainfall or otherwise, a sample trip will be delayed until flows drop back below 1,500 cfs.  We 
have made this point in the first paragraph of the “Study Area, Site Selection, and Sampling 
Regime” section. 

P. 5, l. 206. The Materials and Methods section includes substantial information, but there are
numerous elements that need expansion or clarification.

P. 5, l. 211. One HOBO temperature logger will be placed in each backwater in the deepest
location and anchored to a t-post. Is one temperature logger sufficient to assess the range of
temperatures that may occur in a backwater? How will the deepest location in a backwater be
determined? It seems that the deepest place in mainstem backwaters is likely to be at the mouth.
Can this be representative of temperature conditions? With monsoons and elevated flows it is
likely that the temperature loggers will be lost. Similarly, it is likely that they will be vandalized.
How will these problems be addressed?
Response #24:
Most backwaters in the San Juan River are small enough such that one temperature logger
should be sufficient to assess temperatures (see second paragraph of “Study Area, Site Selection,
and Sampling Regime” section and Response #11).  The deepest location will be determined by
wading around in the backwater and finding the deepest point.  To reduce the influence of the
mainstem, the logger will be deployed some distance from the backwater mouth, with that
distance dictated by backwater length.  Loggers will be attached to t-posts to reduce the chance
that they will be lost during high flows, but, some of them will still be lost.  We could put multiple
temperature loggers in each backwater to increase the probability that at least one temperature
logger will survive a high flow event, but this strategy is cost-prohibitive.  When possible,
temperature loggers will be placed in inconspicuous locations to lessen the chance that they will
be noticed and potentially vandalized by the public.  We have made these points in the
“Hypothesis #1” paragraph in the Materials and Methods section.

P. 5, l. 214. Electrical resistance sensors will be used to assess the frequency and duration of
flow from the mainstem into backwaters. The sensors will be placed at the “head” of the
backwater. What is the “head” of a backwater and how is it identified in the field? It seems that
this approach to assessing flow may only apply to secondary channel backwaters. A mainstem
backwater is likely to have a single mouth through which water flows in and out of the
backwater. Further, if the sensor detects no flow at the site in which it is placed, how can it be
assured that there is not flow at some other location? Is one sensor sufficient? How will the
sensors be used to detect presence of water in mainstem backwaters where inflow and outflow is
through the same mouth? A second sensor will be located near the water temperature logger to
identify if the backwater dries. As mentioned above, for mainstem backwaters this site may be at
the mouth. More consideration to the design for assessing flow into backwaters is needed for
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both secondary channel and mainstem backwaters. Again, the sensor locations will be attached to 
a t-post. How will loss due to high flows or vandalism be addressed?   
Response #25: 
We will deploy a sensor such that it will be able to detect when water is flowing from the 
mainstem into a backwater.  For secondary channels the location of a sensor will be near the 
upstream head of the backwater, and in mainstem backwaters the sensor will be located in the 
backwater mouth.  Sensors will be placed in the lowest elevation point in-between the main 
channel and the backwater to ensure a flow connection is recorded when present.  Electrical 
resistance sensors will be housed in a PVC casing and will be attached to a t-post to prevent 
them from being displaced during high flows.  When possible, resistance sensors will be placed 
in inconspicuous locations to decrease the probability that they will be noticed and potentially 
vandalized by the public.  To reduce the influence of the mainstem, the sensor will be deployed 
some distance from the backwater mouth, with that distance dictated by backwater length.  We 
have made these points in the “Hypothesis #1” paragraph in the Materials and Methods section.    

P. 6, l. 233. Shading will be measured at three locations (front, middle, back) with a spherical
concave densitometer. Is this a sufficient sampling scheme? What is meant by front, middle, and
back? How will these points be identified in the field? How will variation in surface area of a
backwater affect the estimate of shading? At a higher stage, there is likely to be a greater area
shaded that at a lower stage. Explanation of the metric to be derived and consideration of the
effects of stage are needed.
Response #26:
We have altered our methodology in terms of transect location and spacing.  The number of
transects per backwater will depend upon transect length.  For backwater sites with total site
lengths of 150 m – 300 m, the distance between transects will equal 10% of backwater length
(i.e., in a 300 m backwater, transects will occur every 30 m), and as such will result in 10
transects per backwater (Klemm and Lazorchak 1994; Lazorchak et al. 1998).  For backwaters
< 150 m in length, transects will be spaced 10 m apart.  The spherical concave densiometer will
provide an estimate of percent canopy cover.  We have made these points in the “Hypotheses #2
and #3” paragraph in the Materials and Methods section.  Lastly, it is true that stage will
influence canopy cover (higher stage = more canopy cover).  That is why we are quantifying
environmental variables over multiple trips, so that backwater types can be compared across a
range of flow conditions.

P. 6, l. 237. Wetted surface area will be estimated by measuring the length and width of a
backwater. Backwater width will be measured at five transects. How will the locations of
transects be determined to assure that they are representative? How will transects be located on
irregularly shaped backwaters?
Response #27:
We have altered our methodology in terms of transect location and spacing.  The number of
transects per backwater will depend upon transect length.  For backwater sites with total site
lengths of 150 m – 300 m, the distance between transects will equal 10% of backwater length
(i.e., in a 300 m backwater, transects will occur every 30 m), and as such will result in 10
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transects per backwater (Klemm and Lazorchak 1994; Lazorchak et al. 1998).  For backwaters 
< 150 m in length, transects will be spaced 10 m apart.  This sampling design should provide 
representative estimates of mean backwater width and backwater surface area.  We have made 
these points in the “Hypotheses #2 and #3” paragraph in the Materials and Methods section.   

P. 6, l. 237. Depth and substrate will be identified at five points acRoss (PR) each transect. How
will the points on the transects be identified? How will the eight classes of substrate be
determined in the field? What if there is a mixture of substrates such as gravel filled with silt and
sand?
Response #28:
The five transect locations will be at river right (#1), then 25% (#2), 50% (i.e., transect
midpoint; #3), and 75% (#4) of the distance from river right to river left, and finally at river left
(#5) (Klemm and Lazorchak 1994; Lazorchak et al. 1998).  The substrate at a transect location
will be determined with visual and tactile examination; if there is a mixture of substrates at a
location, the location will be assigned the category of whichever substrate is dominant.  We have
made these points in the “Hypotheses #2 and #3” paragraph in the Materials and Methods
section.

P. 6, l. 244. Maximum depth will be measured. How will the point with the maximum depth be
determined? What if this point is the mouth of the backwater?
Response #29:
Maximum depth will correspond to the deepest transect depth measurement.  We have made this
point clearer in the “Hypotheses #2 and #3” paragraph in the Materials and Methods section.
Also, to limit the influence of the mainstem on habitat measurements, transects will not be
positioned in the mouth of the backwater.  We have made this point in the “Hypotheses #2 and
#3” paragraph in the Materials and Methods section.

P. 6, l. 247. An estimate of total suspended solids will be taken using a single water sample. How
will the location of the sample be determined? Can it be assured that a single sample is
representative of TSS throughout a backwater? How will the water sample be obtained? How
will disturbance of fine substrate and infusion of suspended solids into the water sample by the
sampling crew be avoided?
Response #30:
We have decided that measuring both turbidity and total suspended solids (TSS) is redundant
and would add unnecessary time and cost to the project.  Therefore, methods for measuring TSS
have been removed from the SOW.

P. 6, l. 256. It is assumed that algal biomass can be represented solely by benthic chlorophyll
because phytoplankton are rare in the San Juan River system. This is an assumption that should
be assessed. It is possible that the occurrence of phytoplankton among backwaters is variable and
that occurrence in a backwater is a function of several variables (i.e., flushing, water clarity,
etc.).
Response #31:
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We are now measuring phytoplankton biomass as part of our project, and have described the 
methods for accomplishing this task in the 1st paragraph concerning Hypothesis #4 in the 
Materials and Methods section. 

P. 7, l. 258. Core samples in fine sediment and rocks will be collected to estimated benthic
chlorophyll a. This appears to be a very arbitrary sampling design. Can a sampling design be
developed that assures representative samples of algal biomass throughout a backwater? How
many core samples? How many rocks from different locations? How will core and rock samples
be combined? How will the samples be handled in the laboratory? What is the metric(s) that will
be used to describe benthic chlorophyll a?
Response #32:
We have provided more details on our benthic chlorophyll a sampling methodology.  Benthic
samples will be collected from six habitat transects per backwater (approximately every other
transect); three replicates will be collected along each transect near river right, river left, and
the transect midpoint, with whole rocks and core samples combined into the same transect
Whirl-Pak.  The composition of the pooled transect sample (e.g., transect #1 = 2 cores + 1 whole
rock; transect #3 = 3 whole rocks) will be recorded in the field notebook.  As was previously
stated, the metric used to describe chlorophyll a is µg/cm2.  These methods are described in
more detail in the 1st paragraph concerning Hypothesis #4 in the Materials and Methods section.

P. 7, l. 266. Prey for larval fish will be sampled. In fine substrate an Eckman grab will be used.
How many samples from different locations in a backwater are needed to develop a reasonable
estimate of density of benthic prey? One is definitely not sufficient. Further, are samples from an
Eckman grab representative of what is available for larval fish to prey upon? Organisms buried
in the substrate are not available. Coarse substrate (rocks) will be scrubbed. Again, how many
rocks must be scrubbed from different locations in a backwater to estimate invertebrate density
on coarse substrate? It is stated that six sample will be taken from each backwater on each trip.
How will the locations be determined? How representative of the density of benthic invertebrates
throughout a backwater can this be? It appears that substantial laboratory time must go into the
processing of these samples and deriving estimates. Have adequate allotments of laboratory time
been made in the development of the budget?
Response #33:
We have provided more details on our benthic macroinvertebrate sampling methodology.
Benthic macroinvertebrate samples will be taken from six habitat transects per backwater
(approximately every other transect); three replicates will be collected along each transect near
river right, river left, and the transect midpoint, with whole rocks, core samples, and LWD
samples pooled into the same transect bucket, which will then be sieved and stored in 10%
formalin in a Whirl-Pak.  The composition of the pooled transect sample (i.e., transect #1 = 2
cores + 1 whole rock; transect #3 = 2 whole rocks + 1 LWD) will be recorded in the field
notebook.  These methods are described in more detail in the 2nd paragraph concerning
Hypothesis #4 in the Materials and Methods section.  We are not sure if macroinvertebrates
collected by an Eckman grab are important for age-0 fish; that is why we are measuring them.
Lastly, we are familiar with the amount of laboratory time it takes to process macroinvertebrate
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samples (Whitney et al. 2014; Whitney et al. 2015), and have accounted for this time in our 
budget. 

P. 7, l. 275. Three samples will be taken from each backwater with a Wisconsin plankton
sampler. Is this a sufficient sample size? Again, substantial laboratory time must go into the
processing of these samples and deriving estimates. Have adequate allotments of lab time been
made in the development of the budget?
Response #34:
Bliesner and Lamarra (2000) only took two replicate zooplankton samples per backwater in
their study of San Juan River backwaters, therefore three replicate samples should be adequate.
We have accounted for the time it will take to process these samples in our budget.

P. 7, l. 280. Estimates of biomass from both benthic and pelagic invertebrates will be summed to
estimate larval prey availability. Why sum them and loose the information of their relative
abundance? How accurate or precise is this metric?
Response #35:
What we were trying to convey is that biomass across all taxa would be summed to provide
separate estimates of benthic and pelagic macroinvertebrate prey biomass.  We have clarified
this point in the 2nd paragraph concerning Hypothesis #4 in the Materials and Methods section.

P. 7, l. 288. Abundance of small-bodied nonnative predators in backwaters will be estimated by
sampling with backpack electrofishers and seines. Somehow, an estimate of density (ie.,
number/m2) is to be derived from data obtained. It is unclear how combining sampling data from
these two gears can provide an estimate of predator density. The gears have very different
selectivity and efficiency. Electrofishing cannot yield an estimate of number/m2 unless sampling
is done within a confined area and a depletion estimator is used. Substantially greater thought as
to the methods, assumptions, and subsequent computations of metrics describing nonnative
predators is needed. This reviewer suggests consideration of computation of indices of
abundance based on catch per unit effort for each gear independently.
Response #36:
See response #12.  Also, we acknowledge that seining and backpack electrofishing target
different components of a fish community.  It is specifically because of this reason why pooling
together electrofishing and seining data is more accurate that treating each sampling technique
independently.  We are not interested in comparing the sampling efficiencies of these two
different gears, but rather we are trying to accurately determine the total population size of
nonnatives in backwaters.  Therefore, it is appropriate to combine data from the two different
gears rather than treat them separately.

P. 7, l. 284. The Data Analysis section describes a generalized modeling effort. However, it is
not evident from the description how each of the five hypotheses will be tested. What is the
model structure that will be used to test each of the five hypotheses? Expansion of the Data
Analysis section is needed. Further, what it the nature of the data analysis that will be conducted
on the Phase III wetland data?
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Response #37: 
We are unsure of what the reviewer is requesting in the first part of this comment.  We did not 
describe a generalized modeling effort in our data analysis section, but instead specifically 
described that we are going to use structural equations modeling and path analysis to analyze 
our data.  Also, the five hypotheses as outlined in Fig. 2 will be tested by assessing the statistical 
significance and strength of those pathways as previously described in the earlier version of the 
SOW.  However, we did not previously provide methods for analyzing data from the Phase III 
wetland.  Those methods have been added to a second paragraph in the Data Analysis section. 

What is this SOW’s contribution to recovery? 
The proposed SOW fails to explain how the research on backwaters will contribute to recovery 
of either of the endangered species. If conducted in an appropriate manner, this study could yield 
substantial insight into the ecology of backwaters in the San Juan River. Backwater dynamics 
may be limiting recruitment of the two endangered species, but either linkage to other elements 
of the recovery program or additional field sampling for endangered species in the studied 
backwaters is needed. 
Response #38: 
We are now coordinating our efforts with those of Tom Turner and Scott Clark at UNM who are 
working on a related project (see responses #1, #6, #13, and #14).  This collaboration will 
increase the contribution of our project to the recovery of imperiled species. 

How will the findings from this study be linked to the vast array of data on backwater habitats 
gathered by Lamarra and others? 
Response #39:  
See comment #38.  Turner and Clark are compiling existing information on backwaters, 
therefore coordinating our study with theirs may allow the incorporation of existing data into 
our study. 

Ross (PR) Comments 

How can the technical aspects of this SOW be improved? 
Lines 1-25. The title and the first paragraph suggest that the study includes both Colorado 
Pikeminnows and Razorback Suckers. However, the remainder of the document either does not 
indicate what species is being studied (directly or indirectly), or focuses only on Razorback 
Suckers. As it stands, the title, and also the stated hypotheses (lines 160-189) are too vague.  
Response #40: 
We are not directly sampling Colorado Pikeminnow or Razorback Sucker larvae as part of our 
study, but instead are comparing environmental variables between secondary channel and 
mainstem backwaters that might be important to the success of these imperiled fishes.  Therefore, 
results from our study could apply to any imperiled fish that uses backwaters to complete its life 
cycle, and therefore we believe our title is accurate.  Furthermore, we are now collaborating 
with other projects that are directly assessing imperiled larval fish (see responses #1, #6, #13, 
#14, and #38), enhancing the accuracy of our title.  Lastly, our hypotheses are already pretty 
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long and detailed.  It is unclear what other details Ross would like to have provided in the 
hypotheses.  

Lines 27-29. Whitney does not seem to be aware of the life history patterns of Razorback 
Suckers. Larval Razorback Suckers are largely absent from the San Juan River in August and 
September because they are age-0 juvenile fish and, as such, have some level of swimming 
ability to counteract currents and could likely be moving into habitats other than backwaters. The 
statement on line 27-28, “Razorback Sucker can spawn successfully in the San Juan River, as 
larvae are present in the river and its backwaters during May through July (Farrington et al. 
2016)” is incorrect. Farrington et al. (2016) collected the last larval Razorback Suckers (n = 4) 
June 15-18. Given the back-calculated spawning dates for Razorback Suckers of March 19 to 
May 4 (Farrington et al. 2016), and an average development time of 47 days from hatching to the 
juvenile stage (Farrington, pers. comm., 03/30/3018), all Razorback Suckers would have 
metamorphosed into juveniles between May 5 to June 20. The question, of course, is where are 
the juvenile Razorback Suckers? Note that the initiation of sampling, July 15, occurs 
approximately a month after larval Razorback Suckers would have metamorphosed to juveniles. 
Consequently, the test of nonnative larval predators (hypothesis #5) will occur well after there 
are no longer larval Razorback Suckers in the system. If the focus includes Colorado 
Pikeminnow, which is not clear from the proposal, then the first sampling period would overlap 
with the occurrence of larval Colorado Pikeminnow. 
Response #41: 
See Response #16.  The point that we were trying to make in this sentence was that nearly all 
young-of-year (YOY) Razorback Sucker (i.e., both larvae and juvenile age-0 fishes) disappear 
from the San Juan River at this time, thus the recruitment bottleneck.  If a large proportion of the 
larvae successfully recruited to the juvenile stage, then small-bodied monitoring would find them 
throughout the river and there wouldn’t be a conservation problem.  However, only one YOY 
juvenile Razorback Sucker has been caught in the San Juan during the last 18 years.  
Furthermore, that lone capture was in a backwater, indicating that juveniles don’t necessarily 
leave backwaters and enter the mainstem.  Also, 48% of all juvenile Colorado Pikeminnow 
collected by small-bodied monitoring were from backwaters, indicating these fish don’t 
necessarily leave backwaters once they recruit to the juvenile stage either.  Our study may begin 
before July 15th, but it all depends on flow.  If flow is >1500 cfs, then secondary channel 
backwaters are non-existent because they are completely inundated by flowing water.  However, 
given that backwaters are important habitat for both larvae and juveniles of Razorback Sucker 
and Colorado Pikeminnow, we believe that our study has conservation merit.  Lastly, we 
changed the larval window of Razorback Sucker from May-July to April-June as suggested.   

Lines 33-36. Without a strong linkage of larval/juvenile Razorback Sucker and Colorado 
Pikeminnow use of different backwater habitats, I can’t see where this study would identify 
bottlenecks to recovery. If collaboration with ongoing or proposed research programs is 
intended, this should be clearly stated in the SOW. 
Response #42: 
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We are now collaborating with other projects (e.g., Turner and Clark UNM) that are directly 
assessing imperiled larval fish (see responses #1, #6, #13, #14, #38, and #40). 

Lines 78-79. The numerical (or volumetric) dominance of a particular prey taxon in stomach 
contents does not necessarily indicate a preference for that food item. Establishing preference 
requires experimental evidence of prey choice, or field comparisons of prey consumed relative to 
prey availability in the habitat. Perhaps the latter is being done, but always be cautious in using 
“preference” unless it has actually been demonstrated. 
Response #43: 
“Preferred” was changed to “most frequently occurring prey items” in this sentence. 

What is this SOW’s contribution to recovery? 
None of the five stated hypotheses directly address the use of habitats of larval and early-juvenile 
Razorback Suckers (or Colorado Pikeminnows). Although the hypotheses might be interesting in 
terms of basic stream ecology, I do not think that tests of these hypotheses would meaningfully 
contribute to management actions and the recovery of the two listed species. 
Response #44: 
We are now collaborating with studies that are examining larval data.  See responses #1, #6, 
#13, #14, #38, #40, and #42. 

Zeigler Comments 

How can the technical aspects of this SOW be improved? 
This is a well thought out and researched SOW that should increase the Program’s 

understanding of rearing habitat limitations for Razorback Sucker. Clarification on the number of 
backwaters to be sampled on each trip is needed though. Will 20 new backwaters be sampled 
each trip or will a total of 20 be sampled the entire year whether or not some dry out or begin to 
flow? It may also be beneficial to identify potential backwaters from recent habitat maps and 
surveys. The potential overlap of monitoring with small-bodied fishes in September should also 
be addressed to prevent any interference with either sampling protocol. A major limiting factor 
of this study may be the lack of larval collections. Comparing densities of larval Razorback 
Sucker within backwater habitats may provide insight into preferred use. Without this 
information we may only be able to tell what habitats appear the best, but these may not be the 
habitats that larval fish are actually using. 
Response #45: 
Approximately 20 backwaters will be sampled per trip; this number may be higher or lower 
depending on flow conditions.  Some backwaters will be sampled repeatedly, whereas others 
may only be sampled once before they dry out or shift locations.  Potential backwater sites will 
be scouted using recent habitat maps and surveys in April-May.  See responses #7, #8, and #10 
for further detail.  Also, we are now collaborating with studies that are examining larval data.  
See responses #1, #6, #13, #14, #38, #40, #42, and #44.  Lastly, we will coordinate with the 
small-bodied fish monitoring crew to ensure that there is no interference between studies.   
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Minor Comments 
- Line 14: A better citation than Lamarra and Lamarra 2017 should be used here. Their study did

not look at the preferred habitat of larval Razorback Sucker in the San Juan River, they cited
other studies about the preferred habitats of young-of-year and juvenile Razorback Sucker.
Response #46:
We have changed the citation for this statement to Minckley et al. (1991) and Mueller (2006).

- Line 47: It should also be mention that there is a 4th type of backwater, those associated with
lateral washes. These are primarily found in the lower canyon but also occur in upper portions of
the river as well.
Response #47:
Because lateral wash backwaters are rare in our study reach, they won’t be a focus of our study.
Therefore, we choose not to discuss lateral wash backwaters in our SOW to make our SOW as
succinct as possible.

- Line 51: Insert “to” between connected and the
Response #48:
Change made as suggested.

- Line 68: Some studies have shown that increased turbidity is beneficial for larval Razorback
Sucker survival by increasing predator avoidance
Response #49:
We have implemented this suggested point in the 4th paragraph of the Background section.

- Line 120: The statement of high densities of small-bodied nonnative fishes in backwaters needs
to include updated citations. Recent monitoring has indicated that densities of these fishes are at
all-time lows compared to the early 2000s. This does not mean that these fish are not problematic
for the survival of larval Razorback Sucker, but it should be mentioned that they are at much
lower densities then historically.
Response #50:
We have made the point in this paragraph that densities of nonnatives in backwaters have
decreased since 1999, and used the Franssen et al. (2015) citation to support that statement.

- Line 130: It seems highly likely that any targeted removal of small-bodied nonnative fishes
would have any meaningful impact on their densities. Alterations to flow recommendations
would be more impactful.
Response #51:
We agree that it is unlikely that mechanical removal of small-bodied nonnatives in backwaters is
a management strategy that would be feasible or effective, and therefore have removed this
sentence from the SOW.  See Response #17.

- Line 195: Is there a minimum size (i.e., area) or depth of backwaters that will be sampled? The
current small-bodied fishes monitoring protocol is to sample backwaters 30 m2 or larger with no
minimum depth. I would suggest sampling any backwater regardless of size or depth. This could
help to inform future sampling as well as provide information on unsuitable backwaters.
Response #52:
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We plan to follow the protocol of the small-bodied monitoring program and not sample any 
backwater with an area < 30m2.  See Response #20.  

- Line 210: I would suggest identifying backwaters as (1) secondary channel associated, (2) cobble
bar associated, (3) island associated, or (4) lateral wash associated
Response #53:
Our backwater categories were identified by Lamarra et al. (In Prep.), and therefore we choose
to retain our backwater categories as presented in the original SOW.

What is this SOW’s contribution to recovery?
The potential limiting factor of rearing habitat quantity and quality has been discussed

extensively as a potential limiting factor in the recovery of Razorback Sucker. This is the first
study to readily address these factors and should provide significant insights into a potential
recruitment bottleneck. Results from this study will aid in recovery of Razorback Sucker by
helping to determine future management actions to increase recruitment of this fish from larval
to young-of-year stages.
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