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PREFACE

This report was prepared by the Biology Committee of the San Juan River Basin Recovery
Implementation Program (SJRIP) and is based on all data available at the time it was prepared.
Some field collections from 1997 and early 1998 had not been fully analyzed and, therefore, were
not included in the report. Information collected on the San Juan River during the 7-year research
period that is not pertinent to flow recommendations is also not included. Final research reports and
a Synthesis Report that will compile and synthesize information on other aspects of recovery of the
endangered fish in the San Juan River are scheduled to be completed in 1999.
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EXECUTIVE SUMMARY

INTRODUCTION

This report presents the results of a process to develop flow recommendations for the native fish
community, including the endangered Colorado pikeminnow (Ptychocheilus lucius) and razorback
sucker (Xyrauchen texanus), in the San Juan River of New Mexico, Colorado, and Utah. Flow
recommendations are a major milestone of the San Juan River Basin Recovery Implementation
Program (SJRIP), which was initiated in 1992 with the following two goals:

1. To conserve populations of Colorado squawfish and razorback sucker in the
basin, consistent with the recovery goals established under the Endangered
Species Act, 16 U.S.C. 1531 et seq.

2. To proceed with water development in the basin in compliance with federal
and state laws, interstate compacts, Supreme Court decrees, and federal trust
responsibilities to the Southern Utes, Ute Mountain Utes, Jicarillas, and the
Navajos.

Mimicry of the natural hydrograph is the foundation of the flow recommendation process for the San
Juan River. Scientists have recently recognized that temporal (intra- and interannual) flow
variability is necessary to create and maintain habitat and to maintain a healthy biological community
in the long term. Restoring a more-natural hydrograph by mimicking the variability in flow that
existed before human intervention provides the best conditions to protect natural biological
variability and health. The linkages between hydrology, geomorphology, habitat, and biology were
used to define mimicry in terms of flow magnitude, duration, and frequency for the runoff and base-
flow periods. The flow characteristics of these linkages were compared with the statistics of the pre-
Navajo Dam hydrology to assist in fine-tuning the flow recommendations. The flow
recommendations require mimicry of statistical parameters of flow, based on the linkages developed
and the statistical variability of the pre-dam hydrology rather than mimicry of each annual
hydrograph. A 65-year-long period of record (1929 to 1993) was used to assess the relationship
between water development scenarios and the ability to meet the flow recommendations.

Data were gathered and analyzed during a 7-year research period (1991 to 1997) to determine fish
population and habitat responses to reregulation of Navajo Dam to mimic a natural hydrograph. The
research involved quantification of several relationships, including flow/geomorphology,
geomorphology/fish habitat, and flow/habitat availability relationships.

The SJRIP will use an adaptive management process, along with monitoring and continued research,
to adjust the flow recommendations in the future. The ability to adaptively manage the system is
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important because flow recommendations can be refined in response to the emerging understanding
of the mechanisms involved in recovery of the endangered species in the San Juan River.

This report is one of two reports that address the results of the 7-year research program. This report
focuses on the analysis and integration of biological, hydrologic, and geomorphological data to
determine flow needs of the endangered fish species. A companion report, to be produced in 1999,
will compile and synthesize information on other aspects of recovery of the endangered fishes in the
San Juan River. The companion report will specifically address issues such as contaminants,
propagation, nonnative species control, and fish-passage needs.

RESULTS OF THE 7-YEAR RESEARCH PERIOD

The San Juan River is similar to other Upper Colorado River Basin (Upper Basin) streams, primarily
the Green and Colorado rivers, in that they are all large rivers with high spring flows and low base
flows, they are all fairly turbid most of the time, they typically have sand and cobble substrate, and
they are all subject to late summer and fall thunderstorm activity. The San Juan River is also similar
to other portions of the Upper Basin in that it once supported populations of Colorado pikeminnow
and razorback sucker that have declined after the completion of major dams. However, the San Juan
River is different than the Green and Colorado rivers primarily because it has a steeper overall slope,
a higher overall sediment concentration, and more late summer and fall flood events. No wild
razorback sucker were found in the San Juan River during the research period, and the Colorado
pikeminnow population appears to be smaller than 100 individuals. Navajo Dam began affecting
flows in the San Juan River in 1962, and post-dam flows had lower spring flows and higher late
summer, fall, and winter flows than occurred during pre-dam periods. The advent of research flows
in 1992 to 1997 produced flows more typical of the pre-dam era.

Habitat needs of the two endangered fishes in the San Juan River involve a complex mix of low-
velocity habitats such as eddies, pools, and backwaters adjacent to swifter run and riffle habitats.
Habitat use changes with time of year and activity (e.g., spawning, feeding, nursery areas). A natural
hydrograph, in terms of peak spring flows and late summer base flows, is important to not only
provide the proper habitats at the correct time, but also to provide natural temperatures and
productivity cycles for those habitats.

Two key habitats important to Colorado pikeminnow and other native species that were used
extensively in the flow recommendation process were cobble bars and backwaters. Cobble bars are
spawning areas for Colorado pikeminnow, and the fish appear to have fidelity for a certain area of
the San Juan River called “the Mixer” for spawning. In the Green River, similar fidelity to spawning
areas is seen for both Colorado pikeminnow and razorback sucker. An important feature of
Colorado pikeminnow spawning bars is that the cobbles are very clean with relatively little fine
sediments between individual cobbles. Clean cobble bars are more rare in the San Juan River, as
well as in other Upper Basin rivers, than just a typical cobble bar.
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Backwaters are an important habitat for young native fishes, including Colorado pikeminnow.
During studies of young stocked Colorado pikeminnow in the San Juan River, the fish were found
in backwaters 60% of the time, but they were found in other low-velocity habitats (e.g. pools, pocket
water) nearly 40% of the time. In the Green River, young Colorado pikeminnow are found in
backwaters more often than fish in the San Juan River, and studies have shown that the San Juan
River has relatively small amounts of backwaters compared with the Green and Colorado rivers. But
the success of the stocked Colorado pikeminnow in the San Juan River has shown that this system
has the habitats necessary for the survival and growth of these young fish.

Studies assessing the flows needed to build and maintain cobble bars and backwaters similar to those
used by Colorado pikeminnow were an important part of the 7-year research effort. These studies
showed that relatively high flows were needed to build and clean these habitats, but that lower flows
were needed to make them more abundant at the proper time of the year.

During the 7-year research period, a number of responses to the reregulation of Navajo Dam were
identified in the native fish community. Colorado pikeminnow young were found in very low
numbers, or not at all, during low spring runoff years, and in larger numbers during higher flow
years. The young of bluehead sucker and speckled dace, two other native species, were found in
greater numbers during high flow years compared with low flow years. Flannelmouth sucker,
another native species, tended to decline during the research period, but still remained the most
abundant native species in the river. The change to a more-natural hydrograph during the research
period resulted in more cobble and less sand habitats in the river, apparently favoring bluehead
sucker and speckled dace rather than flannelmouth sucker.

Nonnative fishes in the San Juan River are potential predators and competitors with the native
species and have been implicated in the decline of the native fishes throughout the Colorado River
Basin. Populations of some nonnative fishes changed during the research period, but no major
reduction in nonnative fish numbers were documented. Some authors have suggested that nonnative
fishes may be reduced by high natural flows, but this was not the case in the San Juan River during
the 7-year research period. Contaminants were also studied as a potential limiting factor for native
fishes, but no pattern of contaminant concentrations and flow was found. Table S.1 summarizes the
biological and habitat responses that were found during the research period and the flows that were
important in producing those responses.

FLOW RECOMMENDATION

RiverWare, a generic hydrologic model, was used as the primary modeling tool for developing the
flow recommendations. The model simulates the flow in the river at various gages at different points
in time, including the past, present, and future. It does this by incorporating all past, present, and
potentially future water development projects into the model. The 1929 to 1993 period of record was
used in the model to simulate flows under the various development scenarios. Existing gaging
stations were used to calibrate the model to ensure it was working properly for historic conditions.
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Table S.1.

Flow requirements needed to produce important biological responses and
habitats in the San Juan River.

BIOLOGICAL RESPONSE/
HABITAT REQUIREMENT

FLOW CHARACTERISTIC

Reproductive success of Colorado pikeminnow lower in
years with low spring runoff peaks, and higher in years
with high and broad runoff peaks.

Mimicry of a natural hydrograph, especially during
relatively high runoff years.

Decline in flannelmouth sucker abundance, increase in
bluehead sucker abundance, and increased condition
factor in both species.

Mimicry of natural hydrograph with higher spring flows
and lower base flows.

Bluehead sucker reproductive success.

Increased number of days of spring runoff >5,000 and
8,000 cfs correlated with increased success.

Speckled dace reproductive success.

Increased number of days of spring runoff >5,000 and
8,000 cfs correlated with increased success.

Success of stocking YOY Colorado pikeminnow and
subadult razorback sucker.

Mimicry of natural hydrograph has provided suitable
habitat for these size-classes.

Eddies, pools, edge pools, other low-velocity habitats
year round for adult Colorado pikeminnow and
razorback sucker.

Mimicry of natural hydrograph has lowered base flows
to provide more low-velocity habitats. Flows >10,000
cfs provide more channel complexity which provides for
more habitat complexity.

Flows to cue razorback sucker and Colorado
pikeminnow for migration and/or spawning.

Mimicry of natural hydrograph with higher spring flows.

Adult Colorado pikeminnow and razorback sucker use
complex river areas.

Flows >10,000 cfs provide more channel complexity
which provides for more habitat complexity, lower base
flows add to amount of low-velocity habitats.

Clean cobble bars for spawning of all native species,
especially Colorado pikeminnow.

Flows >8,000 cfs for 8 days to construct cobble bars,
and >2,500 cfs for 10 days to clean cobble bars, during
spring runoff.

Backwaters and other low-velocity habitats are
important nursery habitats for Colorado pikeminnow
and other native fishes.

High spring flows create conditions for backwater
formation, low base flows allow them to appear in late
summer and fall, flows >5,000 cfs for 3 weeks create
and clean backwaters.

Flooded bottomlands appear to be important nursery
areas for razorback sucker, but other habitats may be
used in the San Juan River.

Overbank flows (> 8,000 cfs) increase flooded
vegetation, and backwaters formed in association with
edge features maximize on receding flows of 8,000 to
4,000 cfs.

Temperatures of 10 to 14 EC at peak runoff for
razorback sucker spawning and near 18 to 20 EC at
bottom of descending limb for Colorado pikeminnow
spawning.

Proposed releases from Navajo Dam are too cool to
replicate pre-dam temperature timing, but
temperatures are above spawning threshold for
Colorado pikeminnow during the correct period.

Reduction of nonnative fish abundance.

Most nonnative fishes did not decrease during
research period, summer flow spikes reduce numbers
of red shiner in secondary channels in the short term.

Note: cfs = cubic feet per second, YOY = young-of-the-year.
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The model was completed with input from the Bureau of Reclamation, Bureau of Indian Affairs, and
the states of New Mexico and Colorado.

Mimicry of the natural hydrograph is the foundation of the flow recommendation process for the San
Juan River. The flow recommendations require mimicry of statistical parameters of flow based on
flow/geomorphology/habitat linkages and the statistical variability of the pre-dam hydrology rather
than mimicry of each annual hydrograph. Therefore, the resulting flows will not mimic a natural
hydrograph in all years, but will mimic the variation and dynamic nature of the 65-year record of the
San Juan River.

The hydrograph recommendations are designed to meet the conditions required to develop and
maintain habitat for Colorado pikeminnow and razorback sucker and provide the necessary
hydrologic conditions for the various life stages of the endangered and other native fishes. The
conditions are listed in terms of flow magnitude, duration, and frequency during the spring runoff
period. Duration is determined as the number of days that the specified flow magnitude is equaled
or exceeded during the spring runoff period of March 1 to July 31. Frequency is the average
recurrence of the conditions specified (magnitude and duration), expressed as a percent of the 65
years of record analyzed (1929 to 1993). The underlying assumption in the flow conditions is that,
over a long period of time, history will repeat itself: if the conditions were met during the past 65
years, they will also be met in the future. To the extent that the water supply is different in the future,
then the natural condition would also be altered and the conditions of mimicry would be maintained,
although the exact flow recommendation statistics may not be met.

To allow for gage and modeling error and the difference between the flows at the historical gage at
Bluff, Utah, and the Four Corners gage, maximum allowable durations are computed for 97% of the
target flow rate. In most cases, the primary recommendation is for a specified flow rate (i.e., 10,000
cubic feet per second (cfs)) of a minimum duration (i.e., 5 days) for a specific frequency of
occurrence (i.e., 20% of the years). In addition to the primary recommendation, variability in
duration is desirable to mimic a natural hydrograph. Therefore, a frequency table for a range of
durations for each flow rate is recommended. A maximum duration between occurrences is also
specified to avoid long periods when conditions are not met, since such long periods could be
detrimental to the recovery of the species. The maximum period without reaching a specified
condition was determined as twice the average required interval (except for the 80% recurrence of
the 2,500 cfs condition, where 2 years is used). For example, if the average interval is 1 year in 3,
then the maximum period between meeting conditions would be 6 years. The maximum periods
were based on the collective judgement of Biology Committee members after review of historical
pre-dam statistics. Following are the conditions specified:

A. Category: Flows > 10,000 cfs during runoff period (March 1 to July 31).

Duration: A minimum of 5 days between March 1 and July 31.
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Frequency:

Purpose:

B. Category:
Duration:

Frequency:

Purpose:

Flows > 10,000 cfs for 5 days or more need to occur in 20% of the years
on average for the period of record 1929-1993. Maximum number of
consecutive years without meeting at least a flow 0of 9,700 cfs (97% of 10,000
cfs) within the 65-year period of record is 10 years.

Flows above 10,000 cfs provide significant out-of-bank flow, generate new
cobble sources, change channel configuration providing for channel diversity,
and provide nutrient loading to the system, thus improving habitat
productivity. Such flows provide material to develop spawning habitat and
maintain channel diversity and habitat complexity necessary for all life stages
of the endangered fishes. The frequency and duration are based on mimicry
of the natural hydrograph, which is important for Colorado pikeminnow
reproductive success and maintenance of channel complexity, as evidenced
by the increase in the number of islands following high flow conditions.
Channel complexity is important to both Colorado pikeminnow and
razorback sucker.

Flow > 8,000 cfs during runoff period.
A minimum of 10 days between March 1 and July 31.

Flows > 8,000 cfs for 10 days or more need to occur in 33% of the years
on average for the period of record 1929-1993. Maximum number of
consecutive years without meeting at least a flow of 7,760 cfs (97% of 8,000
cfs) within the 65-year period of record is 6 years.

Bankfull discharge is generally between 7,000 and 10,500 cfs in the San Juan
River below Farmington, New Mexico, with 8,000 cfs being representative
of the bulk of the river. Bankfull discharge approximately 1 year in 3 on
average is necessary to maintain channel cross-section. Flows at this level
provide sufficient stream energy to move cobble and build cobble bars
necessary for spawning Colorado pikeminnow. Duration of 8 days at this
frequency is adequate for channel and spawning bar maintenance. However,
research shows a positive response of bluehead sucker and speckled dace
abundance with increasing duration of flows above 8,000 cfs from 0 to 19
days. Therefore, the minimum duration was increased from 8 to 10 days to
account for this measured response. Flows above 8,000 cfs may be important
for providing habitat for larval razorback sucker if flooded vegetation and
other habitats formed during peak and receding flows are used by the species.
This flow level also maintains mimicry of the natural hydrograph during
higher flow years, an important feature for Colorado pikeminnow
reproductive success.
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Category:
Duration:

Frequency:

Purpose:

3. Category:
Duration:

Frequency:

Purpose:

E. Category:

Timing:

Flow > 5,000 cfs during runoff period.
A minimum of 21 days between March 1 and July 31.

Flows > 5,000 cfs for 21 days or more need to occur in 50% of the years
on average for the period of record 1929-1993. Maximum number of
consecutive years without meeting at least a flow of 4,850 cfs (97% of 5,000
cfs) within the 65-year period of record is 4 years.

Flows of 5,000 cfs or greater for 21 days are necessary to clean backwaters
and maintain low-velocity habitat in secondary channels in Reach 3, thereby
maximizing nursery habitat for the system. The required frequency of these
flows is dependent upon perturbating storm events in the previous period,
requiring flushing in about 50% of the years on average. Backwaters in the
upper portion of the nursery habitat range clean with less flow but may be too
close to spawning sites for full utilization. Maintenance of Reach 3 is
deemed critical at this time because of its location relative to the Colorado
pikeminnow spawning area (RM 132) and its backwater habitat abundance.

Flow >2,500 cfs during runoff period.
A minimum of 10 days between March 1 and July 31.

Flows > 2,500 cfs for 10 days or more need to occur in 80% of the years
on average for the period of record 1929-1993. Maximum number of
consecutive years without meeting at least a flow of 2,425 cfs (97% of 2,500
cfs) within the 65-year period of record is 2 years.

Flows above 2,500 cfs cause cobble movement in higher gradient areas on
spawning bars. Flows above 2,500 cfs for 10 days provide sufficient
movement to produce clean cobble for spawning. These conditions also
provide sufficient peak flow to trigger spawning in Colorado pikeminnow.
The frequency specified represents a need for frequent spawning conditions
but recognizes that it is better to provide water for larger flow events than to
force a release of this magnitude each year. The specified frequency
represents these tradeoffs.

Timing of the peak flows noted in A through D above must be similar to
historical conditions, and the variability in timing of the peak flows that
occurred historically must also be mimicked.

Mean date of peak flow in the habitat range (RM180 and below) for any
future level of development when modeled for the period of 1929 to 1993
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Variability:

Purpose:

F. Category:

Level:

Purpose:

G. Category:

Control:

Purpose:

must be within 5 days + of historical mean date of May 31 for the same
period.

Standard deviation of date of peak to be 12 to 25 days from the mean date of
May 31.

Maintaining similar peak timing will provide ascending and descending
hydrograph limbs timed similarly to the historical conditions that are
suspected important for spawning of the endangered fishes.

Target Base Flow (mean weekly nonspring runoff flow).

500 cfs from Farmington to Lake Powell, with 250 cfs minimum from
Navajo Dam.

Maintaining low, stable base flows enhances nursery habitat conditions.
Flows between 500 and 1,000 cfs optimize backwater habitat. Selecting
flows at the low end of the range increases the availability of water for
development and spring releases. It also provides capacity for storm flows
to increase flows and still maintain optimum backwater area. This level of
flow balances provision of near-maximum low-velocity habitat and near-
optimum flows in secondary channels, while allowing water availability to
maintain the required frequency, magnitude, and duration of peak flows
important for Colorado pikeminnow reproductive success.

Flood Control Releases (incorporated in operating rule).

Handle flood control releases as a spike (high magnitude, short duration) and
release when flood control rules require, except that the release shall not
occur earlier than September 1. If an earlier release is required, extend the
duration of the peak of the release hydrograph. A ramp up and ramp down
of 1,000 cfs per day should be used to a maximum release of 5,000 cfs. If the
volume of water to release is less than that required to reach 5,000 cfs, adjust
the magnitude of the peak accordingly, maintaining the ramp rates. Multiple
releases may be made each year. These spike releases shall be used in place
of adjustments to base flow.

Historically, flood control releases were made by increasing fall and winter
base flows. This elevates flows above the optimum range for nursery habitat.
Periodic clean-water spike flows improve low-velocity habitat quality by
flushing sediment and may suppress red shiner and fathead minnow
abundance.
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Operating rules for Navajo Dam were developed in cooperation with the Bureau of Reclamation to
demonstrate how the dam may be operated to meet the flow recommendations. These suggested
rules determine the timing and size of release flows to maximize the ability of the river to meet the
flow recommendations. Releases to produce a peak spring flow are not made every year because
saving water, (1) for human use, and (2) to make a larger peak in a future year, is incorporated into
the rules. The flow recommendations, and use of the operating rules, will provide flows in the San
Juan River that will promote the recovery of the two endangered fish species. As presently
configured, the flow recommendations may also allow for a significant amount of future water
development in the basin.

This report addresses the science of the development of flow recommendations for the San Juan
River. It does not address the impact of the recommended flows on the holders of water rights in
the San Juan River Basin. Legal and management factors to be considered by the U.S. Fish and
Wildlife Service and affected parties will determine which holders of water rights will be affected
by these flow recommendations. The SJRIP recognizes that the flow criteria and operating rules
discussed herein are only recommendations that are subject to further refinement through the SJRIP
adaptive management process and pursuant to the National Environmental Policy Act.
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CHAPTER 1: INTRODUCTION

DOCUMENT PURPOSE

This document provides flow recommendations for the San Juan River of New Mexico, Colorado,
and Utah designed to conserve and recover two endangered fishes, Colorado pikeminnow
(Ptychocheilus lucius) and razorback sucker (Xyrauchen texanus). It is based on information
gathered on the San Juan River during a 7-year research effort funded largely by the Bureau of
Reclamation (Bureau) and the Bureau of Indian Affairs (BIA), although additional information
related to the fish species of interest has been gathered from literature sources. The flow
recommendations made in this report may be changed in the future, in response to new information,
through an adaptive management process. A monitoring program is being developed that will
evaluate the success of the flow recommendations and other actions that may be implemented to aid
in recovery of the two endangered fish species.

The San Juan River Basin Recovery Implementation Program (SJRIP) was initiated in 1992 with the
following two goals:

1. To conserve populations of Colorado pikeminnow and razorback sucker in
the basin, consistent with the recovery goals established under the
Endangered Species Act, 16 U.S.C. 1531 et seq.

2. To proceed with water development in the basin in compliance with federal
and state laws, interstate compacts, Supreme Court decrees, and federal trust
responsibilities to the Southern Utes, Ute Mountain Utes, Jicarillas, and the
Navajos.

Emphasis within the SJRIP has been placed on identifying limiting factors and implementing actions
to meet the environmental needs of the endangered fish species. Ongoing and proposed activities
under the SJRIP include reregulation of flows from Navajo Dam to better meet species needs, control
of nonnative fishes, propagation of target species, and identification and removal of fish-passage
barriers.

The Colorado pikeminnow and razorback sucker were widespread and apparently abundant
throughout much of the Upper Colorado River Basin (Upper Basin), including the San Juan River,
during the settlement and initial development of the western United States (circa 1870s to 1950s)
(Jordan 1891, Koster 1957, Quartarone 1993, Stanford 1994). Jordan (1891) noted that settlers
reported both species upstream as far as Durango, Colorado, in the San Juan River system, and three
juvenile Colorado pikeminnow were collected in 1936 in the portion of the river now inundated by
Lake Powell (Platania 1990). Several other adult and juvenile Colorado pikeminnow were collected
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in the river during the mid-20th Century, but no thorough fish collecting studies were conducted on
the San Juan River until 1978, well after Navajo Dam was completed. VTN Consolidated, Inc. and
the Museum of Northern Arizona (1978) sampled the river from near Navajo Dam to Lake Powell
in 1978 and collected one juvenile Colorado pikeminnow and reported (second hand) the occurrence
of razorback sucker in that reach of river, suggesting that neither species was abundant in the system
at that time. Current population size of these fish species is greatly reduced, and recruitment is
limited throughout the Upper Basin, including the San Juan River. Decline of the endangered
Colorado pikeminnow and razorback sucker in the Upper Basin and San Juan River has been
attributed to habitat fragmentation and loss, alteration of historical flow regimes, and other
environmental changes associated with the construction and operation of reservoirs. Contaminants,
eradication of native fish and stocking of nonnatives as sportfish management activities, and
predation and competition by introduced fishes have also been implicated in the decline of the
Colorado pikeminnow and razorback sucker (Tyus 1991a, Minckley et al. 1991, USFWS 1997).

In 1987, a 3-year research effort concentrating on the two endangered species was initiated in the San
Juan River by the U.S. Fish and Wildlife Service (USFWS), Bureau, New Mexico Department of
Game and Fish (NMGF), and Utah Division of Wildlife Resources (UDWR). The study found a
number of young and adult Colorado pikeminnow and an adult razorback sucker, confirming that
both species still inhabited the San Juan River but apparently in relatively small numbers. These
findings prompted reinitiation of Section 7 Consultation (Consultation) on major proposed water
projects on the San Juan River. Consultation on the Animas-La Plata Project (ALP) in 1991 resulted
in the Bureau agreeing to reoperate Navajo Dam and fund approximately 7 years of research on the
San Juan River to study the effect of flow changes. Following Consultation on the Navajo Indian
Irrigation Project (NIIP) in 1991, the BIA agreed to assist with funding and to participate in the 7-
year research effort. This 7-year research effort was incorporated into the research requirements of
the SJRIP when it was formed, and the research has been carried out by a multiagency group
including the USFWS, NMGF, Bureau, BIA, UDWR, Bureau of Land Management (BLM), National
Park Service, Southern Ute Tribe, Jicarilla-Apache Tribe, Navajo Nation, University of New
Mexico, and other organizations.

A major milestone identified for the SJRIP was the development of flow recommendations for the
endangered fish species. This milestone was formalized in the Long Range Plan (LRP) in 1995, a
document detailing the proposed recovery effort including time lines, budgets, and milestones.
Milestone 5.2.7 of the LRP states, “Identify, recommend and implement flows designed to maximize
and maintain suitable habitats for all life stages of endangered and other native fish species.” The
LRP also includes milestones for other potential limiting factors, such as the effects of nonnative
species and contaminants. Since flow recommendations were very important to all participants in
the SJRIP and their development involved many detailed analyses, they were developed first. This
report restricts itself to the issue of flow needs and does not discuss in detail other potential limiting
factors. Discussions of other potential limiting factors will be presented in a companion document
scheduled for completion in 1999.
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Prior to Navajo Dam’s regulation of the San Juan River in 1962, flows were highly variable and
dominated by the spring snowmelt runoff. Pre-dam (1929 to 1961) mean monthly flows at Shiprock,
New Mexico, ranged from a low of 44 cubic feet per second (cfs) in September 1956 to a high of
19,790 cfs in May 1941. Since the closure of Navajo Dam, flows in the San Juan River have been
significantly altered by operations that typically store water during the spring runoff and release
storage during the summer, fall, and winter months. Peak spring flows at Bluff, Utah, have been
decreased by approximately 45%, while the average winter low flow has approximately doubled.

Additional depletions and redistribution of flows have occurred as a result of other large water
development projects, including the NIIP and the San Juan-Chama Project. At the current level of
development, the average annual flow volume at Bluff has been depleted by approximately 30%
(USFWS 1996). Future proposed projects could significantly increase depletions in the basin.

In order to meet the objectives of the SIRIP, and especially Milestone 5.2.7. of the LRP, a number
of studies were initiated by the SJRIP with the intent of providing a flow recommendation by 1998.
The general plan for these studies was to alter Navajo Dam operations so that resulting flows below
the mouth of the Animas River, a major tributary entering the San Juan River about 45 miles (mi)
below the dam, would mimic a natural hydrograph. This mimicry primarily related to flow pattern
and timing, including a spring runoff peak and low late summer and fall base flows, the primary
components of the natural hydrograph altered by Navajo Dam. Consideration was also given to year-
to-year variations in size of runoff that reflected the actual runoff conditions of that year in the San
Juan Basin. Physical and biological studies were designed to evaluate the response of the aquatic
system to these “research flows.” Stanford (1994), in a review of studies from other portions of the
Upper Basin, suggested that a healthy native fish community is needed for recovery of the
endangered species. San Juan River studies emphasized the entire fish community, especially the
native fish community, rather than concentrating on only the two endangered species. The physical
studies concentrated on learning how the river functioned, especially in relation to formation and
maintenance of habitats that were important to the native fish community. This involved intensive
studies on the river’s hydrology and geomorphology as well as development of a method to measure
habitat at various flow levels.

This report is an integration of flow-related portions of various individual projects that were initiated
as part of the SIRIP 7-year research plan. The purpose of this report is to provide initial flow
recommendations for the San Juan River that promote the recovery of the endangered Colorado
pikeminnow and razorback sucker, maintain important habitat for these two species as well as the
other native species, and allow the evaluation of continued water development potential in the basin
in light of the recommended flows. In addition, this report contains recommendations for Navajo
Dam operations to meet the flow recommendations and fulfill commitments made as part of the ALP
and NIIP Biological Opinions.
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Specific objectives for this report include:

C Identify the range of flows (annual and seasonal) that will promote the recovery of
endangered Colorado pikeminnow and razorback sucker in the San Juan River.

C Make recommendations for Navajo Dam operations to meet recommended flows that take
into account the hydrology of the system, the physical capacities of Navajo Dam, and other
institutional requirements.

The flow recommendations discussed in this report are considered an initiation of a process, rather
than numbers that are “fixed in stone.” These recommendations may be refined in the future as new
information becomes available. The flows recommended in this report are based on the best
knowledge of the San Juan River system at the time the report was being prepared. As new
knowledge is gained and new management actions are taken, the evaluation of that information will
be used to refine the recommendations. This refinement is part of an adaptive management process
that will continually update the assumptions and models used to develop these flow
recommendations.

Determination of flow requirements for aquatic ecosystem protection is an evolving science. During
the 1960s and early 1970s, research concentrated on identifying minimum flows necessary to
maintain the minimum habitat necessary to sustain a particular target species. In the 1970s the
research progressed to examining flow/habitat relationships, thus quantifying habitat conditions over
a range of flows with the ability to optimize habitat availability. Tools such as the Physical Habitat
Simulation System (PHABSIM) and the Instream Flow Incremental Method (IFIM) were developed
as a result of this work (Stalnaker et al. 1995).

Researchers now recognize the limitations of these habitat models and the need to more clearly
define the processes that form important habitats, in addition to the potential range of flow
conditions needed to maintain them (Osmundson et al. 1995). A goal stated by researchers working
with IFIM is to identify new methods of determining flow requirements that include the link between
flow events (floods or droughts) in preceding years upon habitat availability in the current year
(Stalnaker et al. 1995).

More recently, studies are focusing on the importance of the natural flow regime, recognizing that
temporal (intra- and interannual) flow variability is necessary to create and maintain habitat and to
maintain a healthy biological community in the long term. The processes that link hydrology,
geomorphology, habitat, and fish species are being recognized as important, yet these relationships
are not always well understood. Recent literature suggests that restoring a more natural hydrograph
by mimicking the variability in flow that existed before human intervention provides the best
conditions to protect natural biological variability and health (McBain & Trush 1997, Williams et
al. 1997, Poff et al. 1998, Richter et al. 1998).
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Mimicry of the natural hydrograph is the foundation of the flow recommendation process for the San
Juan River. The linkages between hydrology, geomorphology, habitat, and biology were used to
define mimicry in terms of flow magnitude, duration, and frequency for the runoff and base-flow
periods. The flow characteristics of these linkages were compared with the statistics of the pre-
Navajo Dam hydrology to assist in fine-tuning the recommendations. The flow/geomorphology
relationship, based on the examination of historical changes in flow regimes and 7 years of research
emphasizing the channel’s response to specific flow conditions, was a major component of this
process. The geomorphology/habitat relationship was examined for the key habitat conditions
appearing to be most at risk in the system or the most critical to the species. These relationships
relate to the creation and maintenance of the particular habitats used by the rare fish. The
flow/habitat availability relationship, once the habitats are created and maintained, was also
identified and included in the flow recommendation process. A major step used to develop flow
recommendations was identification of habitats important to the various life stages of each species
studied and relating that information to the availability of those important habitats under differing
flow scenarios. This step is critical to the identification of the most important or most limiting
habitats, since those habitats become the primary focus of the flow recommendations. Finally, the
direct response of the species studied to research flows was included to identify biological responses
that may not be directly addressed in the relationships linking physical and biological processes.

While the San Juan River studies completed over the last 7 years do not answer all of the key
questions on biological responses to flows and the linkages described, the studies do demonstrate
the importance of maintaining a naturally shaped hydrograph and providing flow variability from
year-to-year. In addition, certain durations and frequencies of specific flow magnitudes in the range
of 500 to 10,000 cfs are identified as having particular importance in the creation and maintenance
of geomorphological features and habitat that are both important to the species and provide a positive
response in at least some of the native fish community. A reservoir operation process is
recommended that will maintain the specified conditions and preserve the natural flow variability.

Section 5.7 of the LRP states “Implement and maintain an adaptive management program to ensure
conduct of appropriate research and management activities to attain and maintain recovery of
endangered fish species.” “Adaptive management” is a process where lessons learned are used to
adjust and refine an ongoing process. The SJRIP uses this process in its research and management
activities. For example, the stocking of endangered fish was not envisioned in the LRP until 1997
or later, but actual stocking was initiated in 1994 when it became clear that existing population levels
in the San Juan River system were too low to measure responses. It is anticipated that continued
annual monitoring and assessment of the fish community’s response to the flow recommendations
will be used to adjust the flow recommendations in the future, according to this adaptive
management program. Itis important to recognize that continued monitoring is necessary, and future
adjustment to the flow recommendations is likely, as more is understood about the processes and the
response of the fishes to the restored hydrologic regime. The ability to adaptively manage the system
is important because flow recommendations can be refined in response to the emerging
understanding of the mechanisms involved in recovery of the endangered species in the San Juan
River.
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This report is one of two reports that address the results of the 7-year research program. This report
focuses on the analysis and integration of biological, hydrologic, and geomorphic data to determine
flow needs of the endangered fishes. A companion report, to be produced in 1999, will compile and
synthesize all results from the 7-year research program not covered in this document. The
companion report will also specifically address issues such as contaminants, propagation, nonnative
species control, and fish-passage needs.

DOCUMENT ORGANIZATION

Chapters 2 and 3 of this document summarize background information concerning the physical and
biological aspects of the SJRIP study area (study area). This summary primarily includes a review
of river conditions pre- and post-Navajo Dam, and important life history aspects of the San Juan
River fish community. Chapter 4, the major chapter of the document, describes the results of various
studies conducted during the 7-year research period as they relate to flow recommendations. This
chapter includes information on the research flows that were produced by reoperation of Navajo
Dam, how those flows affected river geomorphology and fish habitat, and how the fish community
responded to the flows. The biological basis for the flow recommendations is also discussed in
Chapter 4.

Chapter 5 is a brief review of contaminants and water quality in the San Juan River. Chapter 6
summarizes the pertinent information found in Chapters 2, 3, 4, and 5 that formed the basis for the
flow recommendations. Chapter 7 describes the modeling process that was used to turn the
biological and physical information utilized in developing flow recommendations into a process that
can be used to determine when flow recommendations are met and what level of water development
may still be available in the basin. Chapter 8 presents the flow recommendations, summarizes
modeling results, and provides a set of Navajo Dam operating rules for meeting the flow
recommendations. Appendix A is a response to comments from the Peer Review Panel and SJRIP
Coordination Committee on the December 4, 1998, draft of this report. Some of the responses
resulted in changes that are reflected in this final version of the report, and others were most
appropriately answered separately.

Throughout the document, English equivalents are used for most measures, although some common
metric equivalents are also used. For example, fish measurements are typically made in millimeters
(mm) and this report follows that fashion. However, the river was divided into River Miles (RM),
and flows are typically described in terms of cfs, or acre-feet (af), so these English conventions were
followed to make the document more understandable to the majority of the target audience.
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CHAPTER 2: GEOMORPHOLOGY,
HYDROLOGY, AND HABITAT

Formation and maintenance of aquatic habitat necessary for the native fish community are controlled
by the physical (geomorphological and hydrological) characteristics of the river. This habitat
response occurs in two ways: as a direct response to the flow in the river and as a secondary response
to changes in channel morphology induced by hydrologic events. For example, cobble transport
necessary for the formation of Colorado pikeminnow spawning bars is related to the stream gradient,
cobble size, channel cross-section, and river flow. Definition of the flow conditions necessary to
develop and maintain Colorado pikeminnow spawning habitat requires an understanding of these
physical relationships in the San Juan River. Similar relationships exist for other habitat types, so
an understanding of the history of physical processes that have acted upon the San Juan River and
a characterization of the physical description of the river as it exists today are essential to the
development of flow recommendations. This chapter discusses the physical characteristics of the
San Juan River, how they are related to and affected by flow regime, how this physical environment
has changed as a result of human influence in the basin, and what this means for fish habitat in the
river today.

GEOMORPHOLOGY

General Description

The San Juan River Basin, from headwaters to the confluence with the Colorado River, covers an
area of 24,945 square miles (mi®), and the San Juan River runs a distance of 355 mi in Colorado,
New Mexico, and Utah. The basin’s climatic zones range from high elevation alpine forests (up to
14,000 feet (ft)), to low elevation arid plateaus at 3,700 ft. Approximately 224 mi of river (from
Piute Farms Marina, located at the interface between Lake Powell and the San Juan River, to Navajo
Dam) are included in the study area (Figure 2.1). Of the remaining river, 54 mi are within the
inundated area of Lake Powell, and 77 mi are upstream of Navajo Dam. These areas are not
included in the SJRIP because they either are not affected by river operations (Lake Powell) or are
above the present range of the two endangered fishes. The following general discussion of the San
Juan River’s geomorphology will be limited in scope to the study area (the portion between Piute
Farms at RM 0 and Navajo Dam at RM 224).

The contact geology of the San Juan River Basin ranges in age from Precambrian to Holocene. The
lithology at the headwaters of the San Juan Mountains is primarily crystalline, igneous, and
metamorphic. Sedimentary sandstone, siltstone, and shale of both marine and continental origin
underlie the lower river reaches found in the study area (Thompson 1982). Much of the floodplain
and adjacent terraces within the study area are overlain by Quaternary sand, gravel, and cobble
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deposits. These alluvial deposits were derived from the resistant igneous and metamorphic rock of

the river headwaters, thereby providing a rich source of durable cobble throughout the study area
(Miser 1924, USGS 1957). The active sediment load (bedload and suspended sediment) in the
system mainly originates from the highly erodible sedimentary rock and aolian sand deposits.

The river is canyon bound through approximately one-third of the study length (lower 67 mi and
upper 9 mi). The remainder flows through less-confined valleys of varying widths, thus allowing
some lateral channel movement.

The first major sediment source in the study area, Canyon Largo, occurs 19 mi downstream of
Navajo Dam. The frequency of similar ephemeral tributaries with high sediment loads increases
downstream, thereby disproportionately increasing total sediment load relative to flow in the main
river. The result is an extremely high sediment load in the lower reaches of the river. This large,
active sediment load in the lower river plays an important role in the formation and maintenance of
instream habitat.

The total sediment transport regime has changed in the San Juan River as climatic cycles and land
management have changed. Daily suspended sediment concentration data were collected for the San
Juan River near Bluff, Utah, from 1930 through 1980. During the period 1930 to 1942, the system
yielded approximately 47,200,000 tons of suspended sediment per year. After very high flood flows
occurred in 1941 and 1942 (4.2 and 3.1 million acre-feet (maf) with peak flows at 33,800 and 42,500
cfs respectively), suspended sediment load dropped to an average of 20,100,000 tons between 1943
and 1973. Suspended sediment load dropped again after 1973, to an average of 10,100,000 tons
between 1974 and 1980, although flow was slightly higher than during the 1943 to 1973 period.
This latter drop in sediment load could be partially because of improved sampling techniques in
recent decades; however, analyses have shown that sampling bias does not account for the entire
shift and that some degree of true sediment reduction has occurred in the system (Thompson 1982).

Analysis of aerial photographs from 1934 to 1937, 1950 to 1954, 1960 to 1963, and 1988 indicates
changes in the channel corresponding with reduced sediment load over time. The 1930s photography
shows a sand-loaded system, particularly below Four Corners. Where the channel was not confined
by canyon walls, the river was broad at high flow and heavily braided at low flow. Aerial and oblique
photographs from the period show that even the canyon reach between Bluff and Piute Farms was
saturated with sand.

Between the mid-1930s and the early 1950s, the channel had narrowed by an average of 29%
between the confluence with Chinle Wash (RM 67) and the location of Navajo Dam (RM 224), and
riparian vegetation had begun to immobilize the floodplain. Between the early 1950s and the early
1960s, the channel continued to narrow by another 3% in this reach, and vegetation became more
dense. Between the early 1960s and 1988, the channel narrowed to 35% of the width measured in
the 1930s. Narrowing in the later period corresponds to two major changes: the modification of
flows by Navajo Dam beginning in 1962 and the encroachment of Russian olive that invaded and
became established in the basin between the early 1960s and 1988. These changes resulted in
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stabilized channel banks, a somewhat deeper, narrower main channel, and fewer active secondary
channels, especially in the upper reaches. In addition, the comparison of photos taken between the
1930s and 1988 indicates a substantial loss of sand from the system since the 1930s.

There is some evidence that the sediment-laden condition of the river in the 1930s was not typical
of the longer term historical condition. Heavy overgrazing of the basin in the last half of the 19®
century, in conjunction with appreciable El Nino effects around the turn of the century (Bryan 1925,
Graf 1987, Philander 1989, Gellis et al. 1991), caused heavy erosion in the basin and system
sediment loading that, over time, has been gradually moving out of the system. Although no specific
evidence of San Juan River conditions prior to European settlers exists, writings from explorers in
the area during the early part of the 19" century describe tributaries that are now deep, heavily eroded
arroyos with broad channels as narrow, shallow streams (Bryan 1925). The difference between these
pre-settlement anecdotal accounts and later photographs suggests that by the 1930s, the San Juan
River had already been extensively modified by human activity.

Comparison with Green and Upper Colorado Rivers

The largest Upper Basin populations of Colorado pikeminnow and razorback sucker are found in the
middle and lower Green River below Flaming Gorge Dam and in the Colorado River from the Grand
Valley Diversion to Lake Powell. Because much of the available life history information on the
endangered fishes was gathered from these areas, a comparison of physical features was appropriate.
Although the San Juan River carries less water than either system (33% of flow of Colorado River
at Cisco, Utah, and 41% of flow of Green River at Green River, Utah, 1931 to 1993), it is most
comparable, geomorphologically, to the Colorado River from the Grand Valley Diversion to Cisco.
The cobble bar complexes in the vicinity of Grand Junction, Colorado, are similar to those between
RM 130 and RM 180 in the San Juan River, although the Colorado River complexes are larger in
scale and mean cobble diameter (Bliesner and Lamarra 1995). The gradient of the San Juan River
in the study reach is most similar to the Green River from Green River, Utah, upstream to Desolation
Canyon and the Colorado River from Westwater Canyon upstream to the Grand Valley Diversion
near Grand Junction (Figure 2.2). Compared with the Green and Colorado rivers, the San Juan River
has a more uniform gradient. The Green River is characterized by low-gradient reaches (confluence
with Colorado River to Green River, Utah, and from Desolation Canyon to Jensen, Utah) between
high-gradient canyon reaches. The Colorado River is much flatter below Cisco than the San Juan
River, having about the same gradient as the Green River below Green River, Utah.

While the San Juan, Colorado, and Green rivers have similar sediment loads (10,100,000; 9,300,000;
and 9,500,000 tons/year, respectively, for the period 1974 to 1980), the San Juan River has by far
the highest sediment concentration relative to the other two rivers because of its lower discharge.
Sediment concentrations averaged nearly 4,800 parts per million (ppm) for the San Juan River during
this period, and only 1,250 ppm and 1,500 ppm, respectively, for the Colorado and Green rivers
(Hydrosphere 1998). Further, the Colorado River did not have the large shift in sediment
concentration between the 1943 to 1973 and 1974 to 1980 periods exhibited in the San Juan River,
and to a lesser degree, in the Green River. The sediment load in the earlier period is twice the later
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period for the San Juan River and 1.6 times for the Green River, while the Colorado River was no
different.

SJRIP Study Area

The study area defined by the SIRIP covers the San Juan River between the Lake Powell confluence
and Navajo Dam. To more accurately assess river system response to research flows, this study area
was analyzed for gross fluvial geomorphological characteristics, geology, and habitat availability.
Habitat was determined by on-the-ground mapping of the river using aerial photographs developed
from recent (within a few days or weeks) videography of the entire study area. Habitat types used
in the mapping were similar to habitats used for other endangered fish studies in the Upper Basin and
are shown in Table 2.1. The field mapping of habitat types was then digitized into a Geographic
Information System (GIS).

The geomorphology varies considerably in the study area. While the gradient does not vary greatly,
it is generally steeper in the upper portion of the river and flatter in the downstream portion,
gradually changing over the full reach (Figure 2.2). Some cobble exists in the substrate throughout
the study reach, with the exception of the lower 16 mi, but the percent composition relative to sand
decreases with distance downstream. Through the valley reach (middle 150 mi), the river is
primarily characterized as multithreaded (multiple channels separated by vegetated islands), with
dense to moderately-dense riparian vegetation, moderate slope, and low channel sinuousity. Human-
induced impacts include enhancement of riparian vegetation because of irrigation return flow,
elevated groundwater adjacent to irrigated lands, and the presence of five diversions between RM
140 and RM 180 that affect bed elevation.

To better characterize the river and to allow for comparison among various reaches, eight distinct
geomorphic reaches were defined based on an array of geomorphic features (Bliesner and Lamarra
1995), as described in Table 2.2 and shown in Figure 2.1. The reaches are numbered from the lower
to the upper end, according to river mile. The following sections briefly describe the general
characteristics distinguishing each of the reaches.

Reach 1 (RM 0 to 16, Lake Powell confluence to near Slickhorn Canyon) has been heavily
influenced by the fluctuating reservoir levels of Lake Powell and its backwater effect. Fine sediment
(sand and silt) has been deposited to a depth of about 40 ft in the lowest end of the reach since the
reservoir first filled in 1980. This deposition of suspended sediment into the delta-like environment
of the river/reservoir transition has created the lowest-gradient reach in the river. This reach is
canyon bound with an active sand bottom. The thalweg meanders in the sand bottom, alternately
scouring runs and sand shoals and depositing sandbars along the thalweg at all discharges. At low
flow (below 1,000 cfs), backwaters form in main channel sandbars. At flows above 1,000 cfs,
backwaters form in tributary mouths and invaginations in the canyon walls, and main channel
backwaters are lost as the low sandbars are inundated. While this reach has the highest abundance
(surface area per river mile) of backwaters among the reaches studied, the locations of backwaters
are highly unpredictable and ephemeral because of the shifting thalweg, changing river flow, and
varying seasonal and annual reservoir elevations.
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Table 2.1.

HABITAT

Abandoned
Channel (dry)

Backwater

Backwater
Pool

Boulders

Chute

Cobble Bar

Debris Pool

Eddy

Edge Pool

Embayment

Inundated
Vegetation

Irrigation
Return

Island
Isolated Pool
Overhanging
Vegetation
Pocket Water

Pool

Rapid

The major habitat types mapped in the San Juan River from color plates taken from airborne

videography.
DEFINITION

Non-flowing secondary channel.

Typically an indentation of channel below an
obstruction, water depth from <10 cm to > 1.5 m, no
perceptible flow, substrate typically silt or sand and
silt. Occurs at mouths of dry secondary channels and
tributaries, lower ends of eddy return channels,
mouths of dry scour channels, and behind debris.

Same as backwater except maximum depth > 2 m.

Large (> 30 cm diameter) rocks in channel.

Rapid velocity ($30 cm/sec) portion of channel (often
near center) where gradient $10 cm/m. Channel
profile often U- or V- shaped. Depth typically $30 cm.
Substrate cobble or rubble and often embedded.

Bar of exposed substrate consisting primarily of
cobble, usually found within the river channel but may
be located along river bank.

Same as pool, except organic debris such as tree
limbs or tumbleweeds in pool.

Same as pool, except water flow usually evident (but
slow) and direction typically opposite that of channel
or circular.

Same as pool, except along shore and typically
present downstream of shoreline or instream
obstructions.

Similar to backwater but formed when water pools up
at upstream end of secondary channel with little or no
outflow into the secondary channel.

Riparian vegetation inundated by flowing or non-
flowing water; formed when river water overflows
bank.

Channel where water is returning to river after
application to agricultural fields.

Dry, typically vegetated area of land surrounded by
water and located within the river channel.

Small body of water in a depression, old backwater,
or side channel that is isolated from the main channel
as a result of receding flows.

Vegetation hanging over river bank, often touching
the water surface.

Slackwater areas with little or no flow occurring
amongst boulder clusters; usually located in canyon
areas.

Area within channel where flow is not perceptible or
barely so; water depth usually $30 cm; substrate is
silt, sand, or silt over gravel, cobble, or rubble.

Rapidly flowing (> 150 cm/sec) water over boulder
substrate; typically found in steep canyon areas.

HABITAT
Riffle

Riffle/Chute

Riffle Eddy

Rootwad
Pile

Rootwad
Pool

Run

Run/Riffle

Sand Bar

Scour Run

Sand
Shoal,
Cobble
Shoal

Shoal/Riffle

Sand
Shoal/Run,
Cobble
Shoal/Run

Shore Riffle

Shore Run

Slackwater

Tributary

Undercut
Run

DEFINITION

Area within channel where gradient relatively steep, water
velocity moderate to rapid (60 to 120 cm/sec), and water surface
disturbed. Substrate usually cobble and portions of rocks may be
exposed. Depths vary from <5 to 50 cm, rarely greater.

Same as riffle except tail of riffle terminates in a chute (>120
cm/sec), gradient steeper (> 5 cm/m), and cobble substrate often
embedded.

Area adjacent to riffle where water velocity slow to moderate (5-
10 cm/sec) and flow often circular. Substrate sand, gravel, or
cobble. Depths usually about same as adjacent riffle or slightly
deeper.

Woody debris located within river channel.

Pool formed by areas of rootwad piles; typically found along river
margin.

Typically, moderate to rapid velocity (30-90 cm/sec), and little or
no surface disturbance. Depths usually 30-120 cm but may
exceed 120 cm. Substrate usually sand but may be silt in slow
velocity runs and gravel or cobble in high velocity runs.

Similar to run but some surface disturbance evident, typically
shallower and swifter, and substrate usually cobble or rubble.

Same as cobble bar but composed primarily of sand or silt
substrate.

Same as run and where direction of flow cuts along or into bank.

Generally shallow (< 15 cm) areas with laminar flow (< 30
cm/sec). Such areas found most often on inside bends of river
meanders or at downstream ends of islands or bars.

Intermediate between shoal and riffle, consists of steep, lateral
cobble bar with shallow (< 15 cm) and fairly rapid (> 30 cm/sec)
flowing water.

Same as shoal, except deeper (> 15 cm) and faster flowing (> 30
cm/sec), with either a sand or cobble substrate.

Same as riffle but along shore of channel, such areas do not
extend across entire channel.

Same as run and where direction of flow parallel to bank with no
obvious cutting.

Low -velocity (0 to 20 cm/sec) habitat usually along inside margin
of river bends, shoreline invaginations, or immediately
downstream of debris piles, bars, or other in-stream features.

Tributary channel with flowing water entering main river channel.

Same as run but with overhanging bank, often bound by
rootmasses of riparian vegetation.
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Table 2.2. Reach definitions, variables considered, and their mean values within each reach used in defining
geomorphically different reaches.

CATEGORY | REACH 1 2 3 4 5 6 7 8
RIVER MILE 0-16 17-67 68-105 106-130 131-154 155-180 181-213 214-224
HABITAT - m?%mi
High Flow Total Water Surface 152,314 | @2 97,161 | & | 199,049 | & | 171,983 | ¢ | 206,925 | & | 133,983 | & | 102,519 150,883
Low Velocity Types 1,920 2,015 1,481 1,893 1,861 | O 946 1,241 13,642
Riffles/Chutes 42106 27,697 30,139 31,237 43,041 | O 10,816 | 3713 § 13,050
Sand Type 5704 | ¢ 363 151329 279 3224 | ¢ 760 1,615 337
Cobble Type 0 43| 9 3726 | 120 147 | ¢ 632 364 ¢ 1,692
Islands 3 mi average 0 109 | & 84,708 | 117 1 266 | O 584 529 534
Intermed. Flow | Total Water 136 | 74,415 | § | 123,940 119,980 122,787
Low Velocity Types 4,646 1,192 | O 2,136 2,256 2,546
Riffles/Chutes 3827 | ¢ | 19,013 14373 | ¢ 252 | 9 | 38382
Sand Type 43,108 | O 1,962 | O 8,932 6,923 3,392
Cobble Type 1,011 2,342 | § 7,139 7,785 | 3,655
Islands 3 mi average 200 320 | O 51,940 | § 82,210 | & | 188,055
Low Flow Total Water Surface 114,291 | 72,142 | & | 113,314 | & | 104,522 107,422 | 92,933 | 77,043 94,636
Low Velocity Types 2,239 | ¢ 890 | ¢ 1,897 2,026 | ¢ 4328 | ¢ 8,929 | 9 732 | 17,921
Riffles/Chutes 916 16,865 14,683 16,113 | 26,164 26,641 | § 6,746 | 30,260
Sand Type 26,112 | ¢ 1125 | ¢ 7,195 5526 | () 2,918 | ¢ 586 1,337 0
Cobble Type 309 | O 1,522 | O 2572 | § 403 3,197 2,584 3,185 2,988
Islands 3 mi average 0 173 1 44473 | O 71,249 | & | 196,178 | O 21675 | § 46,921 60,728
RIPARIAN VEGETATION - m?/mi
Cottonwood 6,094 | 2,847 4,909 | O 10,043
Russian Olive 26,643 28,701 | O 46,053 | O 35,119
Tamarisk 25,167 | O 31,224 32,536 | O 19,124
Willow 6,592 73931 0 3,007 4,499
Upland Herbaceous 1,811 7,182 1 O 15,801 | 9,569
Upland Shrub 7897 | O 7,056 | O 2,349 2,647
Wetland Herbaceous 524 718 | 8,737 11,509
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Table 2.2. Reach definitions, variables considered, and their mean values within each reach used in defining
geomorphically different reaches (continued).
CATEGORY | REACH 1 2 3 4 5 6 7 8
RIVER MILE 0-16 17-67 68-105 106-130 131-154 155-180 181-213 214-224
CHANNEL - 3 mile average
Valley Width - m 102 | § 66 | O 1122 | § 986 | O 2299 2028 1957 | @ 574
Channel Slope - ft/ft 0.00105 [ & | 0.00178 | ¢ | 0.00143 | ¢§ | 0.00164 [ O | 0.00193 | & | 0.00209 0.00213 | ¢ | 0.00160
Sinuosity 1.00000 1.00001 | & | 1.09096 | & | 1.12311 | O | 1.16862 1.18715 1.15081 O | 1.19527
STREAM CHANNEL CONTACT
Bedrock - m/mi 206 182 243 140
Eroding Bank - m/mi 713 | O 324 323 316
(Sand/Gravel/Cobble)
Contains Sand 93.6% | O 96.4% 86.2% 84.6%
Contains Gravel 297% | O 3M11% | § 78% | O 26.5%
Contains Cobble 34.6% 64.0% 62.2% 58.1%
Sand Only 86.1% | O 66.4% 68.7% 41.0%
Gravel Only 213% | O 9.3% 6.2% 10.8%
Cobble only 15.2% 21.7% 23.2% 25.3%
CATEGORICAL VARIABLES
Adjacent Irrigated Area - % 0.0% 0.0% 23.7% 0.0% 83.3% 100.0% 100.0% 30.0%
Maijor Tributary - Ephemeral 0 0 6 3 2 0 2 2
Major Tributary - Perennial 0 0 2 1 1 3 1 0
Bridge 0 1 4 1 1 2 2 1
Diversion 0 0 0 0 1 4 1 1
Oil Well 0 2 4 0 0 0 0 0
Pipe Crossing 0 0 1 0 2 1 0 0
Borrow Pit 0 1 1 0 0 0 0 5
Pond 0 1 6 2 2 0 0 0
Road 2 1 6 0 0 0 0 0
Sewage Treatment 0 0 8 0 3 8 0 0

20 = not equal to.
Note: Shaded rows show significant variables.
Source: Bliesner and Lamarra 1995.



Reach 2 (RM 17 to 67, near Slickhorn Canyon to confluence with Chinle Creek) is also canyon
bound but is located above the influence of Lake Powell. The gradient in this reach is higher than
in either adjacent reach and the fourth highest in the system. The channel is primarily bedrock
confined and is influenced by debris fans at ephemeral tributary mouths. Riffle-type habitat
dominates, and the major rapids in the San Juan River occur in this reach. Because of the steeper
gradient, narrow canyon bottom, and low sinuosity, backwater habitats are small and scarce in this
reach. Low-velocity habitats are primarily created as sand deposits in eddies below debris fans.
While sandbar-associated backwaters are present, they are often associated with either debris
fan/eddy complexes or eddy deposits below shoreline colluvium. Some oil development exists
within an isolated area of floodplain in this reach, near the town of Mexican Hat, Utah.

Reach 3 (RM 68 to 105, Chinle Creek to Aneth, Utah) is characterized by higher sinuosity and lower
gradient (second lowest) than the other reaches, and a broad floodplain, multithreaded channel, high
island count, and high percentage of sand substrate. This reach has the second highest density of
backwater habitats after spring peak flows, but is extremely vulnerable to change during summer and
fall storm events, after which this reach may have the second lowest density of backwaters. As a
result, this reach is the most highly responsive reach to extreme discharge events, primarily summer
and fall storm events. While cobble is present in this reach, it is frequently mixed with sand. Areas
of clean cobble are usually small and ephemeral. The active channel results in a large number of
organic debris piles (dislodged Russian olive trees) at lower flow.

Reach 4 (RM 107 to 130, Aneth, Utah, to below “the Mixer”) is a transitional reach between the
upper cobble-dominated reaches and the lower sand-dominated reaches. It has the most bedrock
contact of any reach. Sinuosity is moderate compared with other reaches, as is gradient. Island area
is higher than in Reach 3 but lower than in Reach 5, and the valley is narrower than in either adjacent
reach. Total water surface area is somewhat less at all flows than in the adjacent reaches. River
banks are more stable in this reach than in Reach 3, and about the same as in Reaches 5 and 6.
Backwaters in this reach are subject to perturbation from summer and fall storm events, but Reach
4 is not as responsive as Reach 3. Backwater habitat abundance is low overall in this reach (third
lowest among reaches) and there is little clean cobble. Perturbation of secondary channels because
of summer and fall storm discharges occurs frequently in this reach. One perennial tributary, the
Mancos River, enters the San Juan River in this reach.

Reach 5 (RM 131 to 154, the Mixer to just below Hogback Diversion) is predominantly
multithreaded with the largest total wetted area (TWA) and largest secondary channel area of any
of the reaches. Secondary channels tend to be longer and more stable than in Reach 3 but fewer in
number overall. Riparian vegetation is more dense in this reach than in lower reaches but less dense
than in upper reaches. Cobble and gravel are more common in channel banks than sand, and clean
cobble areas are more abundant than in lower reaches. Channel gradient in Reach 5 is steeper than
in all lower reaches but flatter than in Reaches 6 and 7. This is the lowermost reach where adjacent
irrigated lands and irrigation return flow influence riparian vegetation and bank stability, and
contribute to groundwater accretion. The river valley is broadest in this reach. One perennial
tributary, Chaco Wash, enters the San Juan River in this reach. This is the lowermost reach
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containing a diversion (Cudei). Backwaters and spawning bars in this reach are much less subject
to perturbation during summer and fall storm events than the lower reaches.

Reach 6 (RM 155 to 180, below Hogback Diversion to confluence with the Animas River) is
predominately a single channel, with 50% fewer secondary channels than Reaches 3, 4, or 5. Cobble
and gravel substrates dominate, and cobble bars with clean interstitial space are more abundant in
this reach than in any other. Irrigated land adjoins the river for the full length of this reach, often on
both sides of the river. There are four diversions that may impede fish passage in this reach (Figure
2.1). Backwater habitat abundance is low in this reach, with only Reach 2 having less. Gradient is
the second steepest of all reaches, although about 10% of the elevation change occurs at the
diversions, making the effective slope about the same as that in Reach 5. Two perennial tributaries
enter in this reach: the LaPlata River, which carries little water to the San Juan River except during
runoff, and the Animas River, which is the largest tributary to the San Juan River in the study area.
A third tributary, the Ojo Amarillo, is naturally ephemeral but is effectively perennial at present
because of irrigation return flow. Irrigation return flow influences riparian vegetation and
groundwater accretion in this reach. The channel has been altered by dike construction in several
areas to control lateral channel movement and overbank flow.

Reach 7 (RM 181 to 213, Animas River confluence to between Blanco and Archuleta, New Mexico)
is similar to Reach 6 in terms of channel morphology, with about the same secondary channel count,
TWA, and valley width. Irrigated land adjoins most of this reach on both sides of the river, and
groundwater accretion contributes to an increase in grass understory. The river channel is very
stable. The reduction in magnitude of peak flows with the construction of Navajo Dam caused a
reduction in overall shear stress and a reduced ability to move large-grained embedded cobble. In
addition, much of the river bank has been stabilized and/or diked to control lateral movement of the
channel and overbank flow. While the dominant substrate type is cobble, armoring has occurred
that, coupled with the bank armoring and grass understory, limits availability of new cobble sources
within this reach. Water temperature is influenced by the hypolimnetic release from Navajo Dam
and is colder during the summer and warmer in the winter than the river below the Animas
confluence. Sediment load is also reduced because of the sediment-trapping influence of the dam
and limited tributary influence resulting in relatively clear water compared with downstream reaches.

Reach 8§ (RM 213 to 224, between Blanco and Archuleta and Navajo Dam) is the most directly
influenced by Navajo Dam, which is situated at its uppermost end (RM 224). This reach is
predominantly a single channel, with only four to eight secondary channels, depending on the flow.
This reach has the lowest number and TWA of secondary channels of any reach above the lower
canyon (Reaches 1 and 2). The valley narrows in this reach, with less irrigation influence and less
artificial stabilization of the channel. Cobble is the dominant substrate type, and because lateral
channel movement is less confined in this reach, some loose, clean cobble sources are available from
channel banks. In the upper end of the reach, just below Navajo Dam, the channel has been heavily
modified by excavation of material used in dam construction. In addition, the upper 6.2 mi of this
reach above Gubernador Canyon are essentially sediment free, resulting in the clearest water of any
reach. Because of Navajo Dam, this area experiences much colder summer and warmer winter
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temperatures. These cool, clear water conditions have allowed development of an intensively
managed blue-ribbon trout fishery to the exclusion of the native species in the uppermost portion of
the reach.

HYDROLOGY

No hydrology data exist for the San Juan River that pre-date the early water development in the
basin. While the pre-Navajo Dam hydrograph was natural in shape, it was depleted in volume by
about 16% from natural conditions, with most of the depletion coming during the summer months.
Since the depletion prior to Navajo Dam was relatively small and the flow was not regulated by
major storage reservoirs, the conditions during the pre-dam period are used to judge effects of later
development and the value of future modification of the hydrology for the benefit of the endangered
fishes.

Daily flow data recorded by the U.S. Geological Survey (USGS) (Hydrosphere 1998) from 1929
through the present are available for the San Juan River. These data have been used to analyze the
changes in hydrology with time. The San Juan River’s hydrology was very different before
regulation by Navajo Dam began in 1962. Hydrology is discussed separately for the two periods
(pre- and post-dam eras) to contrast the change. In addition, research flow period hydrology is
discussed separately, indicating the restorability of more natural hydrologic conditions.

Pre-Navajo Dam (1929 to 1961)

The San Juan River is typical of dynamic rivers in the southwestern United States that are
characterized by large spring snowmelt peak flows, low summer and winter base flows, and high-
magnitude, short-duration summer and fall storm events. For the period 1929 to 1961 at the USGS
gage station near Bluff, approximately 72% of the total annual discharge occurred during spring
runoff between March 1 and July 31. The median daily peak discharge (peak daily mean discharge
as recorded by USGS does not represent instantaneous peak flow) during spring runoff was 10,500
cfs, with a range of 3,810 to 33,800 cfs. The average pre-dam hydrograph (average of all daily flows
from 1929 to 1961) for the San Juan River near Bluff is shown in Figure 2.3.

While the spring runoff produces the largest total volume of water, about 30% of the time the yearly
peak flow does not occur during spring. Furthermore, the maximum daily average discharge for the
period during spring is 33,800 cfs, while the maximum daily average discharge annually is 42,500
cfs. This difference is because of summer and fall storm events. These summer and fall storm
events have a small impact on the total water supply, but because of the heavy sediment load, these
events substantially influence habitat formation and maintenance.

The magnitude of summer and fall storm events in the San Juan River Basin is higher in relation to
the median flow than those noted in the Colorado and Green river basins. In the San Juan River,
97% of the years between 1929 and 1961 had at least one storm event during the period of August
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through November that resulted in flows three or more times the average base flow (mean daily flow
of the river during nonsnowmelt, nonstorm runoff periods). Fifty-five percent of the time, the
resultant discharge was eight or more times the base flow, with a maximum daily mean peak to
average base-flow ratio of nearly 13. In comparison, neither the Green River gage nor the Colorado
River gage has ever recorded a storm event with a daily mean peak greater than five times the base
flow.

The frequency of summer and fall storm events is also higher in the San Juan River Basin compared
with the Green or Colorado rivers. For the period 1929 to 1961, the San Juan River Basin had nearly
five times as many days per month with storm events above two times the average base flow. The
comparison of average monthly ratios of maximum mean daily flow to daily average flow for the
month for the three rivers, along with the average duration of flows above two times the base flow
for the three rivers, appears in Table 2.3.

Table 2.3. Comparison of storm magnitude and frequency for the Colorado River at
Cisco gage, Green River at Green River gage, and San Juan River near Bluff
gage.

RATIO AVE MAX DAILY /AVG AVG NO. OF DAYS FLOW EXCEEDED
MONTHLY DISCHARGE 2 TIMES AVE MONTHLY FLOW

Month Colorado R. Green R. San Juan R. Colorado R. Green R. San Juan R.

at Cisco at Green R. near Bluff at Cisco at Green R. near Bluff
Oct 1.59 1.46 3.08 0.36 0.12 3.31
Nov 1.24 1.24 1.87 0.00 0.12 0.90
Dec 1.26 1.39 1.75 0.06 0.00 0.66
Jan 1.22 1.25 1.83 0.00 0.00 0.84
Feb 1.24 1.34 1.96 0.00 0.06 1.98
Mar 1.41 1.80 1.91 0.06 2.16 1.38
Apr 1.89 1.74 1.81 1.98 0.96 1.14
May 1.72 1.60 1.78 0.96 0.30 1.02
June 1.54 1.42 1.75 0.18 0.00 0.84
July 1.87 1.90 2.70 1.08 1.56 4.15
Aug 1.75 1.62 3.52 0.84 0.24 5.53
Sep 1.84 1.66 3.78 0.78 0.36 4.99
Ave 1.55 1.54 2.31 0.53 0.49 2.23

High annual discharge variability is also a characteristic of the San Juan River. The annual discharge
near Bluff for the pre-dam period ranged from 618,000 af'to 4,242,000 af with a median of 1,620,000
af. Furthermore, the hydrology appears to follow cyclic patterns of multiple years of high flow
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followed by multiple years of low flow where up to 4 sequential years may have total annual
discharge less than 1,000,000 af.

Although the pre-dam era is considered relatively natural, irrigation and other water development
depletions have occurred annually since the settlement of the San Juan River Basin in the late 1800s.
As aresult, the pre-dam hydrology was not pristine. Summer and winter base flows during the pre-
dam period were low but variable. Typically, summer flows were lowest because of irrigation
depletions, and periods of near zero flow were not uncommon. Flows of less than 50 cfs have a
recurrence frequency of 29%, with an average duration of 11 days. Monthly mean flows were as low
as 65 cfs.

Post-Dam Period (1962 to 1991)

Completion of Navajo Dam and subsequent dam operation substantially altered the natural
hydrograph of the San Juan River below the dam. Although the Animas River ameliorated some
effects of the dam and maintained an elevated spring runoff, the system overall experienced an
appreciable reduction in magnitude and change in timing of the annual spring peak. In years of high
runoff, dam releases began earlier than under pre-dam conditions to allow space in the reservoir to
store the runoff. In the wettest years, releases continued through the peak season (May and June),
but during many years, dam releases in May and June were close to the average base release of about
600 cfs. The peak discharge during the post-dam period averaged 54% of the spring peak during the
pre-dam period.

Base flows were substantially elevated in the post-dam compared with the pre-dam period. The
median monthly flow for the base-flow months of August through February averaged 168% of the
pre-dam period. Minimum flows were also elevated. The near-zero flow periods were eliminated,
with a minimum monthly flow during base-flow periods of 250 cfs compared with 65 cfs for the pre-
dam period. Summer storm runoff was not directly affected by the dam, especially in terms of high
sediment input, because these events can be generated below the influence of the dam. Hydrologic
statistics from the two periods are compared in Table 2.4. The average post-dam hydrograph
(average of daily flows for 1962 to 1991) is shown in Figure 2.3, allowing comparison with the
average pre-dam hydrograph.

Research Period (1992 to 1997)

Also shown in Table 2.4 are the statistics for the research flow period (1992 to 1997), compared with
the pre- and post-dam periods. While some more-natural hydrologic conditions were restored during
the 7-year research period, peak magnitude was not matched because of outlet work operating
restrictions at Navajo Dam and uncertainty about channel capacity above 5,000 cfs. Because of the
short period of record, the statistics are not directly comparable, but these numbers give an idea of
how this period compares with the other two periods. On average, this period was about 8% wetter
than the pre-dam and 19% wetter than the post-dam period, with a much smaller range of annual
flows than during either period. Figure 2.3 shows the average hydrograph for the 7-year research
period for comparison with pre- and post-dam hydrographs. Because 1991 was a control year
without dam reoperation, it is included with the post-dam period rather than the 7-year research
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Table 2.4. Comparison of hydrograph statistics for pre-dam (1929 to 1961), post-dam (1962 to 1991), and research periods
(1992 to 1997) for the San Juan River near Bluff, Utah.
PARAMETER 1929-1961 PRE-DAM PERIOD 1962-1991 POST-DAM PERIOD 1992-1997 STUDY PERIOD

Peak Runoff - cfs
Runoff (Mar-Jul) - af

Runoff (total annual) - af

Peak>10,000 cfs
Peak>8,000 cfs
Peak>5,000 cfs
Peak>2,500 cfs
AF>1,000,000
AF>750,000
AF>500,000

Peak Date
Flow duration
Days>10,000 cfs
Days>8,000 cfs
Days>5,000 cfs
Days>2,500 cfs
Base Flow
August
September
October
November
December

January

February

Runoff (total annual) - af, adjusted to pre-dam depletions

Average Minimum
12,409 3,810
1,263,890 352,551
1,750,643 618,101
Years Total Yrs
18 33
22 33
30 33
33 33
18 33
22 33
30 33
Ave Date Std Dev
31-May 23
Avg all yrs Avg flow yrs
14 27
23 34
46 51
82 82
Median High 10%
1,156 4,782
1,033 3,383
1,000 2,551
752 1,387
667 1,325
609 1,267
872 2,265

Maximum
33,800
3,361,882
4,241,998

Frequency
55%

67%

91%

100%

55%

67%

91%

Maximum
76

81

108

140
Low 10%
300

201

400

497

434

471

572

Average
6,749
891,712
1,587,242

Years

6

11

16

27

12

14

20
Ave Date
Jun-04
Avg all yrs
3

8

28

67
Median
1,566
1,174
1,608
1,199
1,288
1,440
1,661

Minimum
2,660
177,190
611,196

Total Yrs
30

30

30

30

30

30

30
Std Dev
35
Avg flow yrs
15

22

52

74
High 10%
3,242
3,279
3,317
3,205
3,389
3,226
3,188

Maximum
15,200
2,458,190
3,266,017

Frequency
20%
37%
53%
90%
40%
47%
67%

Maximum
48

84

124

150
Low 10%
407

478

635

765

711

582

823

Average
8,772
1,132,899
1,628,165
1,898,000

Years

a A~ OO g a N

5
Ave Date
07-Jun
Avg all yrs
2

10

51

90
Median
1,107
1,286
1,089
1,141
1,049
934
1,006

Minimum
3,280
421,001
797,821
1,068,000
Total Yrs

o O O O o O

Std Dev
8

Avg flow yrs
7

12

62

90

High 10%
2,497
2,760
1,521
1,479
1,187
2,053
2,256

Maximum
11,600
1,681,192
2,271,912
2,542,000
Frequency

33%

83%

83%

100%

67%

83%

83%

Maximum
8
22

109
137

Low 10%
476
861
716
982
769
739
807




period. The 7-year research period was preceded by a significant drought from 1988 to 1992. Figure
2.4 shows the annual hydrographs at Four Corners for 1987 to 1990, and Figure 2.5 shows the annual
hydrographs for the San Juan River at Four Corners for the 7-year research period (1991 to 1997).

WATER TEMPERATURE

Water temperature data for the San Juan River have been collected and reported by the USGS since
1948. Consistent data collection began in 1950 or 1951 at most stations. While there are missing
data for all stations, sufficient data exist to examine the effect of Navajo Dam on water temperatures
below the dam. Figure 2.6 presents the 5-day running average daily water temperature for the period
of available record before and after construction of Navajo Reservoir at Archuleta and Shiprock,
New Mexico. The cooling effect of the reservoir is obvious at both locations, although it is much
more pronounced at Archuleta because of the dam’s proximity. As a check on the comparison of
these two periods, the temperature conditions for the Animas River at Farmington, New Mexico,
were compared, indicating much less difference between the two periods than between either of the
San Juan River sites. Based on the results shown in Figure 2.6 and assuming a 20E C threshold for
Colorado pikeminnow spawning on the descending limb of the hydrograph (see Chapter 3), it
appears that the pre-dam condition at Archuleta would have allowed spawning at that site by about
the same date as the post-dam condition at Shiprock. The post-dam conditions at Archuleta were
likely too cold for successful Colorado pikeminnow spawning, and the threshold temperature was
reached about 2 weeks later on average at Shiprock.

Nine temperature recorders were installed in the San Juan River in the summer of 1992 (Bliesner and
Lamarra 1995, 1996). Figure 2.6 shows the average daily temperature of the San Juan River for the
period 1992 to 1997 projected for Shiprock (correlation to Farmington and Montezuma Creek). The
plot shows a temperature depression during runoff (May and June) that was attributable in part to
cooler temperatures in the Animas River during this period than during the 1964 to 1986 period.
However, the cooler Animas River water accounts for only about one-half of the temperature
difference between the 1964 to 1986 and the 1992 to 1997 San Juan River temperature at Shiprock.
The increased release of the cool reservoir water into the San Juan River suppressed the water
temperature about 1.5E C during runoff. Thus, the threshold spawning temperature at Shiprock was
delayed about 1 to 2 weeks from the post-dam period (1963 to 1991).

HABITAT

Aquatic habitat is generally described by either its related bedform, such as cobble bar or shoal, or
the effective hydraulic feature, such as riffle, run, or eddy. The approach used usually depends on
the desired characteristic of the feature. For example, cobble bars are a bedform described as aquatic
habitat because the interstitial spaces and substrate size are important for reproductive success.
Alternatively, eddies are described as habitat for adults because the hydraulic circulation provides
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a concentration and deposition of food items. Channel geomorphology and hydrology directly affect
aquatic habitat conditions, both in quantity and quality. Several habitat types have been identified
as important and perhaps limiting to the endangered Colorado pikeminnow and razorback sucker;
these habitats have been the focus of habitat studies. In particular, spawning habitat may limit
reproduction, and nursery habitat (backwaters and low-velocity habitat) is known to be crucial to the
survival of young Colorado pikeminnow in their first year (Holden and Selby 1978, Valdez et al.
1982). In addition, certain hydraulic habitats are important for adult feeding and resting. The
following discussion describes some specific relationships between flow regime and habitat quantity
and quality, as well as the relationships between river reach and habitat quantity and quality that are
known to be important to the endangered and other native species.

Habitat Quantity

Colorado pikeminnow and razorback sucker spawning habitat (clean cobble/gravel) maintenance
depends upon flows producing sufficient shear stress to transport cobble and remove sand from the
interstitial spaces. These conditions may occur during cobble bar formation at relatively high flows
in the system or during cobble bar reshaping at somewhat reduced flows on the descending limb of
the spring peak. Regular reworking and mobilization of the cobble are required to prevent the
armoring or embedding of cobble substrates by the predominately sand bedload.

Certain flows are required on an annual basis to shape substrate and scour fine sediment to create
and maintain backwaters and other low-velocity habitats. Both the magnitude and duration of the
spring peak can affect the quality and quantity of backwater habitat. Large, deep, more-permanent
backwaters have been noted as preferred by young-of-the-year (YOY) Colorado pikeminnow over
shallow, ephemeral backwaters (Holden 1977). High sediment input during summer and fall storm
events fills low-velocity habitats with sediment, reducing the availability and quality of these habitats
during crucial post-larval Colorado pikeminnow growth periods. The extent to which these habitats
become filled, and subsequently unavailable to fish during late summer base flows and storm events,
depends on the duration and magnitude of the spring peak flows that form and maintain them relative
to the summer flows that may fill or destroy them.

The distribution and abundance of all habitat types (bedforms and hydraulic) are affected by both
snowmelt runoff flows and base flows. To characterize the distribution and abundance of habitat
in the San Juan River and to measure the response of habitat to flows over a 7-year period, aquatic
habitat was mapped on 11 separate occasions during different seasons, years, and flow levels.
Mapping has been completed for the entire 224 mi of the San Juan River from Lake Powell to
Navajo Dam, but the most intensively mapped reach was between RM 154 and RM 2, constituting
Reaches 1 to 5.

As defined in Table 2.1, 37 habitat types were identified to map the river, and these types were
divided into the eight general categories shown in Table 2.5. Mapping occurred in the field using
recent aerial videography from 1991 to 1997 as the base map. Maps were entered into a GIS for
analysis. Processing the data in the GIS produced coded polygons (habitats) for which surface areas
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Table 2.5. Eight general categories of habitat types on the San Juan River.

LOwW RUN RIFFLE BACK- SHOAL SLACK- | VEGETATION OTHER
VELOCITY TYPES TYPES WATER TYPES WATER ASSOCIATED TYPES
TYPES TYPES TYPES HABITAT
TYPES
pool shoal/run riffle backwater sand slack- overhanging isolated pool
shoal water vegetation
debris pool run shore backwater cobble pocket inundated cobble bar
riffle pool shoal water vegetation
rootwad scour run riffle embayment rootwad pile
pool chute
eddy shore run shoal/ abandoned
riffle channel (dry)
edge pool undercut chute sand bar
run
riffle eddy run/riffle rapid tributary
island
irrigation
return
boulders

were computed and sorted individually. The data were then retrieved and analyzed by cross-
tabulation of the factors being correlated (e.g., habitat area by RM).

To compare habitat availability at various flow levels, the mapping data were summarized for three
flow levels: <700 cfs; 3,000 cfs; and >7,000 cfs (Figure 2.5). Run-type habitats (Table 2.5) were the
most common for all San Juan River flow levels (Figure 2.7). These habitat types were 81.5%,
84.3%, and 79.6% of the TWA for the high-, medium-, and low-flow mapping runs, respectively
(Figure 2.7).

Riffle and shoal habitat types represented the second most abundant habitat types found in the San
Juan River at medium and low flows. Riffle habitats were found to be 5.7% at medium flows and
6.0% at low flows, while shoals were 3.2% and 9.5% for medium and low flows. At high flows,
riffles and shoals were only 0.5% and 2.3% of the TWA, respectively. However, inundated
vegetation was 5.6% of the TWA at high flows, the only flows where this habitat type was greater
than 1% of the TWA.

Slackwaters and low-velocity habitats (embayments, eddies, pools, etc.) together made up 3.4% of
high-flow habitats, 3.6% of medium flows, and 3.5% of low flows. Backwater types had the lowest
overall percent of TWAs with 0.5%, 0.3%, and 0.9% for high, medium, and low flows, respectively.
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Figure 2.7. Habitat types as a percent of total wetted area (TWA) for the San Juan River at three flow levels.



Based upon the habitat-use information gathered for many of the native fishes and especially for the
two endangered species in the Upper Basin, as well as on the San Juan River (see Chapters 3 and 4
for more detail), many of the habitats that are relatively rare in the San Juan River are typically
heavily used. Even though relatively rare in the San Juan River, the quantity of many of these
habitats varies with flow. Based on Figure 2.7, low-velocity habitat quantity makes up a larger
amount of the available habitat at low flows (1.55% of habitat), and is lowest at intermediate flows
(0.98% of habitat). Backwaters, as a percent of total habitat, nearly double (0.47% to 0.90% of
habitat) from high flows (>7,000 cfs) to low flows(<700 cfs). The percent of shoal area also
dramatically increases at low flows (2.25% to 9.55% of habitat) compared with high flows.

Pools and eddies are also important native fish habitats, and both are included in the low-velocity
types (Table 2.5). An analysis similar to the one shown in Figure 2.7 reveals that pool habitat is also
somewhat lower at high flows, but eddy habitat tends to increase with flow.

Run habitats are the most common habitat (as a percent of the TWA) at all flows. Although runs are
used by the native fish community, the less numerous low-velocity backwater, shoal, and riffle
habitats are used more than would be expected based on their availability, and they are generally
considered more important than runs. These habitats, which tend to reach greatest densities at low
flows, show distinct spatial patterns throughout the river. Figure 2.8 shows the longitudinal
distribution of the eight major habitat types by geomorphic reach during September 1995 at a low
flow of 1,000 cfs.

In Reach 1 (which is canyon bound but under the influence of Lake Powell), habitats other than runs
were dominated by shoals comprising 20% of the total habitat. These shoals were midchannel
features with a shifting sand substrate. Reach 2, which is also canyon bound, had riffles and riffle-
associated slackwaters as the second most common habitat. Few shoals were present in this steeper
gradient reach of the river. Reach 3 appeared to be a transitional reach between the canyon reaches
(1 and 2) and the multichannel upper reaches (4 to 7), with intermediate levels of riffles, slackwaters,
and shoals. Reaches 4 through 7 tended to be dominated more by run habitat than the reaches above
(Reach 8) or below (Reaches 1 to 3). Reach 8, immediately below Navajo Reservoir, was mostly
single channel with shallow gradient and numerous shoals. Reach 3 contained the highest amount
of backwater habitat at base flow (1.54% of TWA). With the exclusion of runs and backwaters, the
remaining minor habitat types appear to be equally distributed as a percent of the TWA in Reaches
4to7.

In summary, habitat quantity varies in the San Juan River with both flow level and location in the
river. Run habitats dominate, and many of the other habitats important to the native fish community
are relatively rare in the system, but specific flow levels can maximize the amount of these habitats.
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Habitat Quality

Habitat quality relates to the features (size, depth, productivity) of a particular habitat that define how
well that habitat may support the native fishes. The primary factor that negatively affects habitat
quality in the San Juan River, as well as most other rivers, is fine sediment (silt and sand).

Fine sediment generally enters the river during spring runoff and storm activity. During spring
runoff, flows are typically high enough to move the fine sediments down the system or deposit them
on islands and shorelines. During storm-event flooding, flows are typically insufficient to move the
heavy sediment load brought in from tributaries downstream or to shoreline areas, resulting in
deposition in various habitats. The filling of interstitial spaces in cobble/gravel substrates of higher-
velocity habitats such as runs and riffles tends to reduce their quality by limiting the use of those
spaces for primary and secondary production, as well as reducing their use as spawning habitat for
native fishes.

Lower-velocity habitats such as backwaters and eddies tend to have finer substrate than runs and
riffles (Table 2.1), but their quality can also be reduced by the addition of silt and fine sand that
accumulate during storm flood events. These low-velocity habitats can fill with silt and fine sand,
effectively reducing their depth and smothering primary and secondary production areas. The
frequent late summer and fall storm events in the San Juan River cause dramatic reductions in habitat
quality in low-velocity habitats because of filling by fine sediments. Bliesner and Lamarra (1995)
reported on changes in habitat quality in the San Juan River between samples in November and
December 1994 because of a storm event. Sedimentation of 8 to 15 cm of sand occurred in a run in
RM 155 during a 3-week period that included a major storm event, and both backwater habitat
number and depth were affected by fall storms that year. Perturbation of habitats in the San Juan
River because of late summer and fall storm events is likely the most common form of habitat
quality degradation in this system (Bliesner and Lamarra 1995, UDWR 1998). Reductions in habitat
quality because of fine sediment can be reversed by high flows that scour the fine sediments from
the habitats.

Riffle and run habitats are the two most dominant habitat types relative to the TWAs found in the
San Juan River (Figure 2.7) and were selected for investigation of general habitat quality in the study
area. During 1994, 1995, and 1996, primary and secondary biomass, as well as physical substrate
characteristics, were quantitatively determined for replicate run and riffle sites within each
geomorphic reach of the San Juan River to provide an estimate of habitat quality. Parameters
measured to estimate production were invertebrate dry weight, detritus dry weight, periphyton dry
weight, and the total dry weight of all three combined. Substrate parameters measured percent
embeddedness and depth of embeddedness primarily related to embeddedness of the cobble
substrates. Another measured parameter, D5, estimated the size (diameter) of the median substrate
in the study area based on measurement of 100 individual cobbles. Cobble substrates are typically
more productive than sand substrates, and more embeddedness generally is related to poorer
biological productivity (Hynes 1970, Farnworth et al. 1979).
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In order to characterize longitudinal patterns in habitat quality in riffles and runs, the data were
sorted by geomorphic reach and averaged over all sample periods. Tables 2.6 and 2.7 contain the
mean and standard errors for each parameter when summed over sample period and geomorphic
reach.

The mean depth to embeddedness values for each geomorphic reach did not demonstrate significant
differences in riffles or runs by geomorphic reach, but did demonstrate significantly greater depth
levels in riffles compared with runs for a given geomorphic reach. Although some spatial patterns
were evident for mean substrate sizes in geomorphic reaches in riffles and runs, the most obvious
differences were the uniformly larger substrates in riffles compared with runs in all geomorphic
reaches (Table 2.6). The only exception was in Reach 6, where the riffle and run Dy, values were
similar. Percent embeddedness was lowest in Reach 8, immediately below Navajo Dam. For riffle
habitats, Reaches 6 and 7 were the most embedded, although they were not statistically different
from the other downstream reaches.

The spatial patterns observed in the biological components (periphyton, macroinvertebrates, and
detritus) were very similar, with the upper reaches of the river (Reach 6, 7, and 8) being higher than
the middle reaches (Reach 3, 4, and 5). Reach 2 had the lowest concentrations of organic materials,
and Reach 1 had densities equal to or greater than the middle and upper reaches. These patterns are
exemplified by the macroinvertebrates (Table 2.6).

The information used to compare river reaches was also used to compare runs and riffles over time.
The mean and standard error for each parameter when summed over sample period and geomorphic
reach is shown in Table 2.7. Substrate characteristics demonstrated significant differences between
riffles and runs, as well as seasonal changes (Table 2.7). For example, depth to the embedded layer
was significantly greater in riffles compared with runs, which is reasonable because of the higher
velocities of riffles. In addition, both riffles and runs had significant increases in the depth to the
embedded layer between April 1994 and November 1994, a period that spanned the spring runoff
when cleansing of cobbles by removal of fine sediments would be expected (Table 2.7). Between
November 1994 and September 1996, the depth values decreased in both habitat types. In contrast,
the percent of surface area embedded showed an inverse pattern, with the November 1994 data
having the lowest value and increasing from that date until September 1996. The final substrate
characteristic, the Dy, value, was significantly higher in the riffle habitats (mean values of 3.12 to
3.51 inches (in.)) compared with the runs (mean values 1.56 to 2.73 in.) for all sample periods. No
significant differences between seasons were found for runs or riffles (Table 2.7).

Biological parameters were measured to define the primary and secondary biomass within riffles and
runs. Periphyton biomass was quantitatively measured on substrates in riffles and runs for the five
time periods. These data, expressed as riverwide mean values for each sample period (Table 2.7),
indicate a similar pattern between the two habitat types with the riffles having the highest mean
value. However, the differences between the two habitat types were not statistically different.
Macroinvertebrates, which had about the same amount of organic biomass as periphyton, had similar
temporal patterns in riffles and runs. April 1994 had the highest levels of biomass, and November
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Table 2.6.

A comparison of habitat quality features in runs and riffles by geomorphic
reach for 1995, 1996, and 1997 combined in the San Juan River.

% D, Depth to Invertebrate Detritus Periphyton |Total biomass
Embeddedness (mm) Embedd. Dry Weight (gm/m2) (gm/m2) (gm/m2)
(cm) (gm/m2)

Date Mean Std. Mean Std. | Mean Std. | Mean Std. | Mean Std. | Mean Std. | Mean Std.

Err. Err. Err. Err. Err. Err. Err.
Riffles
1 12.0% 62.60 8.00 6.00 34.40 5.00 45.40
2 12.2% 3.4%] 100.12 6.46 | 10.17 0.91 0.53 0.13 | 26.36 4.46 1.49 0.40 | 28.28 4.34
3 20.7% 6.5%| 69.91 7.54 8.53 1.17 1.15 0.67 | 3298 11.40 3.37 0.82 | 37.50 11.39
4 10.8% 3.2%| 88.77 4.21 11.15 0.85 3.52 1.05 | 68.03 14.09 3.49 095 | 75.06 14.60
5 10.4% 24%\| 71.77 5.07 8.93 0.61 1.90 0.52 | 42.94 8.22 3.67 0.49 | 48.51 8.58
6 24.4% 4.3%] 109.52 9.31 9.29 0.94 5.06 142 | 6274 10.19 6.09 1.56 | 73.87 11.61
7 29.2% 5.5%| 80.05 8.01 7.59 0.83 5.70 1.33 | 80.75 23.25 3.89 0.59 | 90.35 23.23
8 71% 1.9%]111.38 1219 | 11.13 1.04 | 19.19 8.53 |135.68 36.59 3.65 0.61 |158.49 40.70
Runs
1 70.0% 49.80 3.00 0.50 4.30 4.80
2 45.2% 6.3%| 59.58 8.92 7.31 0.88 0.27 0.16 | 14.09 3.61 1.28 0.34 | 15.64 3.69
3 53.0% 8.5%| 43.25 8.82 3.86 0.65 0.49 0.20 | 14.16 3.91 2.71 040 | 17.37 4.23
4 55.2% 10.5%| 46.58 10.41 4.54 1.21 0.60 0.25 | 14.85 3.66 3.37 0.68 | 18.79 3.76
5 36.2% 4.2%]| 69.31 6.55 5.40 0.61 0.72 0.25 | 13.89 3.39 3.01 047 | 15.72 3.22
6 50.9% 6.5%| 78.54 11.46 4.86 0.69 1.34 0.40 | 35.13 8.59 4.09 0.62 | 40.55 8.98
7 52.9% 6.4%| 56.65 13.22 7.59 2.44 2.10 0.64 | 24.13 6.42 3.40 0.75 | 29.63 6.96
8 28.1% 11.6%] 49.81 12.33 5.38 2.00 5.64 1.72 | 5517 26.47 3.49 0.56 | 57.38  23.93
Table 2.7. Ariverwide comparison of habitat quality features for five sample periods in

the San Juan River.

% D, Depth to Invertebrate Detritus Periphyton Total biomass
Embeddedness (mm) Embedd. Dry Weight (gm/m2) (gm/m2) (gm/m2)
(cm) (gm/m2)

Date Mean Std. Mean Std. |Mean Std. | Mean Std. | Mean Std. | Mean Std. Mean Std.

Err. Err. Err. Err. Err. Err. Err.
Riffles
Apr94 | 26.6% 6.0%| 80.86 9.33 | 5.25 0.52 8.15 2.04 | 59.05 15.79 7.19 1.12 74.37 17.88
Nov 94 | 14.1% 42%]| 93.16 6.42 |11.59 0.87 1.91 0.48 | 51.68 12.10 4.54 0.67 58.13 12.72
Apr95 | 14.8% 3.2%| 7729 3.80 |10.48 0.65 1.93 0.60 | 30.26 4.04 2.36 0.29 34.46 4.22
Feb 96 | 14.0% 21%]| 100.33 6.85 | 10.09 0.53 8.44 3.20 | 53.61 9.88 2.83 0.37 64.89 12.38
Sep 96 | 18.4% 4.7%]| 90.31 7.91 8.73 0.74 1.22 0.40 | 96.19 20.87 2.39 0.77 99.79 21.40
Runs
Apr94 | 40.3% 7.6%| 74.08 12.21 4.31 0.43 2.84 0.63 | 36.07 8.33 5.62 0.88 33.19 7.97
Nov 94 | 32.5% 57%| 5763 843 | 7.53 0.94 1.55 0.49 | 28.36 8.22 3.59 0.40 33.48 8.70
Apr95 | 44.0% 4.0%]| 44.03 7.12 | 6.04 1.87 0.63 0.22 | 13.13 2.87 2.52 0.31 16.27 2.88
Feb 96 | 56.3% 6.4%| 7190 7.31 5.91 0.68 2.10 0.78 | 14.69 3.29 297 0.30 19.77 3.69
Sep 96 | 56.9% 6.8%| 49.62 943 | 4.32 0.79 0.26 0.14 | 29.05 9.04 1.55 0.43 30.87 9.37
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1994 and April 1995 had the lowest levels. In April 1994 and April 1995, riffles had significantly
higher invertebrate biomass when compared with run habitats.

Detritus, which represented the largest fraction of organic material sampled in riffle and run habitats,
was significantly greater in riffle habitats in three out of five sample periods (April 1995, February
1996, and September 1996). The lowest detrital levels were found in April 1995.

In summary, an analysis of habitat quality in riffles and runs did show some differences between
reaches, primarily in biological components in the upper three river reaches (6, 7, and 8). In
addition, habitat quality also showed differences among seasons and years.

Comparison with Green and Colorado Rivers

While a full comparison of habitat composition with the Green and Colorado rivers is not possible
because of study design differences in the different drainages, some comparisons can be made.
Studies in 1990 and 1991 characterized habitat composition in relation to flow for the “15-mile
reach” of the Colorado River near Grand Junction, Colorado (Osmundson et al. 1995). The results
have been summarized in Table 2.8, showing the percent composition of selected habitat types.
Compared with the San Juan River (see Figure 2.7), the 15-mile reach of the Colorado River has a
greater abundance of backwater, low velocity, and riffle habitats at all flows. Atlow flow, backwater
habitats constitute almost five times more and other low-velocity habitats three times more of the
TWA than in the San Juan River. Even when compared with Reach 1, where backwaters are the
most abundant in the San Juan River, backwaters are three times more abundant relative to TWA
in the 15-mile reach of the Colorado River. Further, backwater habitat appears to increase with
increased flow, counter to the trend in the San Juan River. The responses to flow for the other
habitat types in the Grand Valley are similar to the San Juan River.

Table 2.8. Habitat types as a percent of total wetted area (TWA) for the 15-mile reach of
the Colorado River at three flow levels.

Flow - cfs > 7,000 2,000-7,000 <2,000
Backwaters 6.9% 6.6% 4.3%
Other Low-Velocity Types 3.8% 5.3% 6.5%
Runs 78.0% 69.4% 55.2%
Riffles 8.0% 17.7% 23.6%

Source: Osmundson et al. 1995.

Studies by Pucherelli and Clark (1990) and Pucherelli et al. (1990) measured backwaters per river
mile in the San Juan and Green rivers. The Green River had three times more backwater habitat than
the San Juan River for the areas analyzed. Other characteristics of the San Juan River also were
different when compared with the Green and Colorado rivers. The San Juan River exhibited a
relatively higher and more-consistent gradient throughout the study reach, resulting in more run and
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riffle habitats than found in the Green or Colorado rivers. Secondary channels and cobble and
gravel substrates also appeared to be more prevalent in the San Juan River than in the lower Green
and Colorado rivers.
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CHAPTER 3: LIFE HISTORY OF THE FISHES

The native fish fauna of the Colorado River has one of the highest levels of endemism (fishes found
only in that basin) of any basin in North America (Miller 1959). In addition, the native fish fauna
includes several species highly adapted to swift-water habitats, as well as North America’s largest
member of the minnow family. The uniqueness of the Colorado River fish fauna includes life
history strategies revolving around extensive variations in the annual hydrograph and the ability to
live and prosper in a frequently flooded, highly turbid basin. Mainstem dam regulation of much of
the Colorado River has changed many of the features necessary for the survival of native fishes and
especially the four large mainstem endangered species (Holden 1979). Identification of the native
fish community’s life history needs, especially for the two endangered species, is essential for the
development of flow recommendations.

Nonnative fishes, along with dams, have been implicated as a major factor in the decline of native
Colorado River fishes. Minckley and Meffe (1987) suggested that many nonnative species are not
as well adapted as the native species to the floods and turbidity found in the Colorado River system.
This suggests that nonnative fish life history strategies may be used in the development of flow
recommendations in an attempt to reduce their abundance.

This chapter describes the life history of the native and nonnative fish species that have been the
focus of the SJRIP studies. The life history information presented here was developed from studies
on the San Juan River, as well as through literature sources. The following section relates the
biology of each species to physical processes of the river. These life history components, especially
habitat needs of the native fish species, are the biological basis for much of the flow
recommendations.

COLORADO
PIKEMINNOW

Colorado pikeminnow
(Ptychocheilus lucius) is endemic
to the Colorado River system and is
thought to be the largest North
American member of the minnow  Plate 3.1. Colorado pikeminnow (Ptychocheilus lucius).
family, Cyprinidae, once attaining a

size of nearly 6 ft in length (Minckley 1973). They were used by Native Americans for food, and
early white settlers called them white salmon because of their migratory behavior. Before mainstem
dams were constructed in the basin, Colorado pikeminnow were found throughout the basin, from
near the brackish estuary in Mexico to tributaries in the mountains of Colorado. The advent of
major
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dams, beginning with Hoover Dam in 1935, reduced the ability of this species to move about the
basin. The reservoirs that developed behind the dams were apparently not suitable habitat for this
species, and Colorado pikeminnow never has developed reservoir populations. However, they have
been occasionally found in reservoirs, such as Lake Powell, that have access to upstream riverine
habitat that contains populations of Colorado pikeminnow. At present, the species does not inhabit
the Colorado River Basin below Lake Powell, the upper Green River above Flaming Gorge Dam,
the upper portions of the Colorado River above irrigation dams near Grand Junction, or the San Juan
River above Navajo Dam. Completion of a fish ladder on the Gunnison River has resulted in
Colorado pikeminnow moving upstream into the Gunnison River in 1997 and 1998 (F. Pfeifer,
USFWS, personal communication), an area where they were historically found. This is the first
example of a fish-passage structure specifically constructed to allow native Colorado River fishes
to move upstream over a dam. The largest existing Colorado pikeminnow population occurs in the
Green and Yampa river systems of Colorado and Utah, with smaller populations in the Colorado
River of Colorado and Utah and the San Juan River of New Mexico, Colorado, and Utah.

Since the early 1960s, the San Juan River population of Colorado pikeminnow has been effectively
isolated from other populations by Lake Powell. Although historical information about population
abundance in the San Juan River is lacking, anecdotal information (summarized by Platania 1990)
suggests the species was common in the system, including the lower Animas River and San Juan
River now under Navajo Reservoir, prior to the completion of Navajo Dam. Based on recent SJRIP
collections, the adult population of Colorado pikeminnow in the San Juan River is likely fewer than
100 individuals, and may be fewer than 50 individuals.

This section describes the life history needs of Colorado pikeminnow as they relate to potential use
in flow recommendations. Much of the available information comes from research in the Green,
Yampa, and Colorado rivers, and information from recent research on the San Juan River is included
where appropriate. The available information shows that this species has rather specific life history
needs, especially related to spawning times, spawning areas, and habitat for young fish, which are
related to important changes in the basin’s natural hydrograph.

Spawning

Colorado pikeminnow appear to exhibit a spawning-associated homing behavior, with some
members of spawning groups migrating upstream and others downstream to spawning areas. In the
Green and Yampa rivers, Colorado pikeminnow may migrate more than 93 mi during spring to reach
spawning areas; two major spawning areas, one in the Yampa River and one in the middle Green
River, have been identified (Tyus 1985, Tyus 1990). Tyus (1985) suggested that the homing
behavior of Green and Yampa river Colorado pikeminnow populations may be because of olfactory
imprinting in early developmental stages (egg and early larval) before larvae become entrained and
drift downstream. Tyus (1985) found that during spawning migrations, seemingly adequate habitats
are passed over in favor of specific spawning sites. In contrast, radio-implanted Colorado
pikeminnow in the upper Colorado River, from Palisade, Colorado, to Lake Powell, Utah, did not
display discrete spawning migrations or spawning site selection; rather, these fish moved relatively
short distances (< 31 mi) and spawned among many river reaches, a difference that might be
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influenced by spawning habitat availability (McAda and Kaeding 1991). Alternatively, fishes in
the Colorado River may have historically spawned in downstream or upstream reaches that are now
disconnected by dams.

Studies on the San Juan River have shown that Colorado pikeminnow in that system appear to use
at least one primary spawning area near RM 131 to 132 in an area called the Mixer (Miller 1994,
1995; Ryden and Ahlm 1996), although, based on the capture of adults (Ryden and Pfeifer 1996a)
and larvae in the area (Platania 1996), another spawning site near RM 75 is possible. Migrations
to the Mixer spawning area at RM 131 to 132, similar to those seen in the Green River system, have
also been documented. Ryden and Ahlm (1996) documented the migration of a large female from
the area of RM 74 to the Mixer spawning area in 1994, a net upstream movement of over 65 mi.

Water temperature, discharge, and photoperiod are possible spawning and/or spawning migration
cues. Vanicek and Kramer (1969) suggested water temperature was the main spawning cue because
spawning initiation varied up to a month from year-to-year, but gonadally mature fish were taken
at water temperatures of about 21E C, approximately 1 month after water temperatures exceeded 18E
Cinall years of his study. Hamman (1981) was able to induce spawning at 18E C with carp pituitary
injection but noted spontaneous spawning at 20 to 21E C. Haynes et al. (1984) suggested that
receding flows and water temperatures of 20 to 22E C correlated with spawning. Nesler et al. (1988)
developed a regression model for back-calculating ages of larval and YOY Colorado pikeminnow
based on growth and fish of known ages. They used this model to predict spawning times in the
Yampa River based on size of captured larvae, and indicated that flow spikes appeared to be a cue
for Colorado pikeminnow spawning. During radiotelemetry studies in the Green River system,
radio-implanted Colorado pikeminnow began spawning migrations as spring runoff began to recede
and water temperatures increased to 14EC (Tyus 1990). Spawning migrations began from late May
to early June in both the Yampa and Green rivers (1981 to 1988). Actual spawning occurred as
flows receded on or near the spring solstice and approximately 38 days after peak flows. The water
temperature at time of spawning was found to be over 19EC and averaged 21 to 23.4EC (Tyus 1990).
However, spawning aggregations of adults occurred sooner in low water years than in high water
years, suggesting that temperature may override any effect of discharge or that these cues may act
in concert (Tyus 1990). Recent Colorado River studies using back-calculated spawning dates
suggested that temperature is a primary factor for spawning (Trammell and Chart 1998).

Recent studies by Bestgen et al. (1998) in the Green and Yampa rivers indicated that the timing of
the initiation of Colorado pikeminnow spawning was fairly constant from year-to-year, occurring
from June 13 to July 1 in the Yampa River during the 7 years of their study. Temperature at the
initiation of spawning was more variable, from 16 to 19E C. The spawning period lasted for about
34 days in the Yampa River. Based on larval collections from both the Yampa River and lower
Green River, spawning sites and aging of larvae with otoliths, Bestgen et al. (1998) also noted that
spawning initiation occurred at lower temperatures than other researchers had reported (16 to18E
C versus 18 to 20E C). This information suggests that photoperiod, or time of the year, may be more
important than temperature or flow for cuing spawning.
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A total of 48 larvae, YOY, and age-1 Colorado pikeminnow have been collected in the San Juan
River since 1987 for SIRIP and earlier studies funded by the Bureau (Holden and Masslich 1997).
Back-calculated spawning dates for 34 of the larvae and small YOY, using the model from Nesler
et al. (1988), showed some consistency in spawning time (Figure 3.1). Calculated spawning time
generally occurred in mid- to late-July, but ranged from July 8 (1993) to August 14 (1992). Flow
was considerably different between years as shown in Figure 3.1, with fairly high flows (> 2,000 cfs)
occurring during predicted spawning times in 1987, 1994, and 1995, and low flows (< 2,000 cfs)
during 1988, 1992, 1993, and 1996. During all years, spawning occurred near the end of the
descending limb of the hydrograph. Average river temperature during the predicted spawning time
was around 16E C in 1987, over 22E C in 1988, 1992, 1993, 1994, and 1996; and between 17E C and
21E C in 1995. This analysis tended to support the results of Bestgen et al. (1998) in that
temperature during predicted spawning times varied. Since initiation of spawning was not verified
in the San Juan River, it is not known how that factor may compare with the Yampa River site.

Miller (1994, 1995) followed radio-tagged Colorado pikeminnow adults to spawning areas in the
San Juan River in 1993 and 1994. Spawning appeared to occur in mid-July during both years in the
general area of RM 131 to 132, similar to the timing determined as shown in Figure 3.1.
Temperatures during the spawning times were about 22E C in 1993 and 18E C in 1994, within the
range seen in similar studies on the Yampa and Green rivers. Two specific sites within this area
were thought to be used for spawning.

In summary, recent research has differed in what is considered the primary factor cuing Colorado
pikeminnow spawning. Photoperiod, temperature, and flow likely all play a role, and each in turn
may be the primary factor during different types of spring and summer flow and weather conditions.

Breeding condition of Colorado pikeminnow is discernable by nuptial tubercles on the dorsal surface
of the head and back and on paired fins of males (Seethaler 1978, Tyus 1991a). Hamman (1981)
reported tubercles appearing on the head, operculars, and pectoral and pelvic fins on males when
temperatures reached 15E C, and tubercles over the entire surface of males (except the abdominal
area and caudal fin) when temperatures reached 20E C in a hatchery raceway. At 18E C, males
produced seminal plasma with active sperm. In addition to tuberculation, males also became bronze
in color, whereas females remained lighter (Tyus 1990). Hamman (1981) reported that females did
not demonstrate breeding condition (distended abdomen, cloaca enlarged) until shortly before
spawning (water temperatures of 20E C). Females developed some nuptial tuberculation; however,
this was not common. Tyus (1990) also found females to be generally larger than males.

Hamman (1981) reported that hatchery-reared males matured at 5 years of age (317 to 376 mm total
length (TL)) and that hatchery-reared females matured at 6 years of age (425 to 441 mm TL).
Vanicek (1967) reported sex ratios to be nearly 1:1 for 5- and 6-year-old fish after which males
outnumbered females. The sex ratio reported by others suggests males greatly outnumbered females
and that the ratio of males to females is closer to 4:1 (Seethaler 1978, Hawkins 1991). It is not clear
whether this ratio is real or an artifact of sampling bias favoring males, since females have been
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Figure 3.1. Back-calculated dates of Ptychocheilus Ilucius spawning based on larval and
juvenile specimens collected in the San Juan River, 1987 to 1996. Hollow dots
indicate P. lucius <22 mm total length (TL); solid dots indicate P. lucius < 22
mm TL collected in drift nets; squares indicate P. lucius > 22 mm TL. Symbols
may represent multiple individuals.
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noted to grow faster, occupy deeper holes, and to be generally less active than males, especially prior
to spawning (Seethaler 1978, Tyus 1990).

A spawning behavior scenario was developed based on observations of hatchery spawning (Hamman
1981); spawning habitat selection noted in field studies (Seethaler 1978, Archer and Tyus 1984,
Tyus 1990); and spawning behavior of a congener (a closely related species), the northern
pikeminnow (Ptychocheilus oregonensis) (Beamesderfer and Congleton 1981). The Colorado
pikeminnow is believed to migrate to pool/riffle areas near the spawning sites. Here, they appear
to use deep pools, eddies, or mixing zones to rest or stage before actually spawning. Males may
gather near females in these pools until the females are ready to spawn, at which time the fish move
into nearby riffles, chutes, and shallow runs with cobble substrates. After and between spawning
bouts, it is believed the fish return to pools and eddies to rest. Tyus (1990) noted that radio-tagged
fish aggregated in river reaches near spawning sites, staged in resting areas for hours or days, and
then moved onto spawning riffles for 30 minutes to 3 hours before returning to resting areas.

Tyus (1990) described spawning areas in the Yampa and Green rivers as river reaches less than 12.4
mi long with large, deep pools and eddies, and submerged cobble, gravel, boulder, and sand bars.
He noted, however, that substrates in the Yampa Canyon spawning area were predominately cobbles
with some gravel and sand, whereas substrates in the Green River spawning area were mainly
boulder, sand, and silt. Through radio-tracking, spawning was inferred to occur on cobble or
boulder bars with the fish intermittently resting in nearby pools (Tyus 1990). Lamarra et al. (1985)
more-specifically examined the substrate of “Cleopatra’s Couch,” the Yampa River spawning site.
They noted that the actual spawning locations contained very clean cobble, with little or no organic
material in interstitial spaces. They concluded that clean cobble was important to spawning habitat
quality because the eggs were likely deposited in the spaces between cobbles.

Miller (1994, 1995) noted similar habitat use and movements with radio-tagged spawning Colorado
pikeminnow in the San Juan River. Observations at the Mixer spawning area indicated that the fish
used lower-velocity pools as resting areas and moved to swifter chutes and riffles for apparent
spawning. Additional detail on those observations is provided in Chapter 4.

Bliesner and Lamarra (1996) compared the cobble size and amount of substrate embeddedness of
the suspected Mixer spawning areas in the San Juan River (Miller 1994, 1995) with those in the
Yampa and Colorado rivers. They found that although substrate size varied slightly, the general size
and cleanliness of the spawning areas were similar. Colorado pikeminnow spawning areas had some
of the cleanest cobble in all three rivers, as noted by the relatively large interstices between cobbles.

Relatively intensive formation and maintenance studies were conducted on the Colorado
pikeminnow spawning bars in the Yampa, Green, and Colorado rivers. In all three rivers, the shape
and size of the cobble spawning bars, location of sidechannels, and the distribution of coarse
sediments over the bars were primarily a function of large, infrequent flood events rather than the
annual spring runoff (O’Brien 1983, Harvey et al. 1993). In the Yampa River, even the supply of
cobbles and boulders to the bar was dependent on large floods. Without large floods and the
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upstream supply of coarse sediments, cobbles would be redistributed more uniformly throughout
pools and runs. In all three rivers, large flood events reworked the bars and created sidechannels
along the banks with higher elevation bars in the center of the channel. During the recessional limb
of'alarge flood event, a center channel across the bar may evolve that can become more pronounced
at low flows. These chutes across the bar are used for spawning by Colorado pikeminnow and
similar bar formation has been noted at the Three Fords Rapid site on the Green River, and the
Yampa River spawning site, as well as in the Colorado River at potential spawning areas (Pitlick and
Van Steeter 1998).

The role of large, infrequent flood events, at or above bankfull discharge (or in the case of the
Yampa River even higher, on the order of the 25-year to 100-year return period flows (O’Brien
1983, Harvey et al. 1993)), can be threefold: (1) large floods provide new coarse sediments to the
river channel; (2) large floods shape, distribute, sort, imbricate and rework the cobbles bars; and (3)
large floods create the sidechannels serving as Colorado pikeminnow spawning sites. Colorado
pikeminnow spawning habitat viability in these three rivers is closely linked to these rare flood
events because extreme flood events keep portions of the cobble bar from becoming inactive. With
upstream flow regulation and nonnative vegetation encroachment, portions of the Green and
Colorado rivers’ cobble bars have experienced vertical accretion and bank attachment, thereby
reducing the active channel width (FLO 1996, Pitlick and Van Steeter 1998).

In summary, considerable information about Colorado pikeminnow spawning behavior and site
selection was gathered from the Green, Yampa, and Colorado rivers. Many similarities between
these sites exist. Data from the suspected Colorado pikeminnow spawning areas in RM 131 and 132
of'the San Juan River suggest that similar spawning site characteristics are also selected by Colorado
pikeminnow in that spawning area.

Eggs

It is assumed that eggs are deposited in cobbles and gravels within riffles and chutes during
spawning events. Clean interstitial spaces in the spawning substrate likely allow eggs to fall between
the substrate, preventing them from being washed downstream. Eggs are adhesive either to gravels
or to other eggs in clumps (Toney 1974). Seethaler (1978) traced the developmental stages of
fertilized Colorado pikeminnow eggs naturally spawned in raceways at Willow Beach National Fish
Hatchery, Arizona. He noted embryo and eye formation after 1 to 2 days and hatching at 5 days in
temperatures of 21.7 to 23.9E C. Toney (1974) noted that eggs were 2 mm in diameter, and newly
hatched larvae were 6.5 mm in length.

Hamman (1981) noted hatching beginning 96 hours after fertilization and ending 144 hours after
fertilization during a wild Colorado pikeminnow spawning event in raceways. From approximately
25,000 spawned eggs, an estimated 7,500 larvae hatched, a survival rate of 33% for a natural spawn
in an artificial environment. These larvae ranged in size from 6.5 to 7 mm in length. Hatching
success is likely lower in the wild.
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Marsh (1985) found that Colorado pikeminnow embryo survival was significantly reduced by low
(5, 10, and 15E C) and high (30E C) water temperatures, with greatest survival occurring at
temperatures of 20 and 25E C, respectively. Colorado pikeminnow experienced total mortality at
15E C. Colorado pikeminnow spawn later (mid-summer) than any other native species in the
Colorado River system, which may indicate why their eggs and larvae are the least resistant to cooler
temperatures.

Larvae

For this report, larval Colorado pikeminnow were defined as fish less than 23 mm TL. Seethaler
(1978) described the development of young Colorado pikeminnow, from hatching to approximately
50 mm TL (168 days after hatching). By approximately 23 mm TL, all fins were formed, and the
fish were beyond the larval stage. Seethaler (1978) broke down larval development into protolarval
(feeding endogenously; less than 8 mm TL), mesolarval (feeding exogenously; 8 tol 1 mm TL), and
metalarval stages (fin buds forming, 11 to 23 mm TL).

Bestgen (1996) examined the effects of constant and fluctuating temperature regimes on larval
Colorado pikeminnow growth, survival, and starvation resistance. Overall, growth was greatest at
highest temperature (30E C) and highest food abundance. Although larvae were relatively starvation
resistant (time to 50 % starvation was 17.5 to 20 days after feeding was stopped), food abundance
was a greater survival factor than temperature. Temperature may be more important for providing
the growth conditions that allow larvae to outgrow predation risk than for promoting direct survival.
In addition, temperature preferences were higher for larvae than later young life stages, which may
contribute to habitat segregation in early life stages.

Seethaler (1978) reported that at 8-mm long, larvae began to form mouths. When larvae reach 8.3
mm TL, they had resorbed the entire yolk sac. At 9.1 to 9.4 mm TL, the mouth was fully formed.
Vanicek (1967) noted that cladocerans, copepods, and chironomid larvae were the main food items
for Colorado pikeminnow less than 25 mm TL. Grabowski and Hiebert (1989) analyzed stomach
contents of 15 Colorado pikeminnow less than 20 mm TL that were collected from backwaters in
the Ouray section of the Green River in 1987 and 1988. Chironomid (predominately Chironomus
sp.) larvae were the most abundant food item (91% frequency of occurrence). Other food items
included organic material; but no phytoplankton or zooplankton were identified and no stomachs
were empty.

Bestgen (1996) concluded that food abundance was more important than temperature regime (within
18 to 30E C) in optimizing growth and survival of larvae. Larvae were relatively starvation resistant,
but survival and growth were greatest when food abundance was highest, regardless of temperature
(from 18 to 30E C).

Haynes et al. (1984) and Nesler (1986) determined through seining and drift net surveys that larvae
emerge from substrates soon after hatching and drift passively downstream with the current. Green
River system Colorado pikeminnow larvae have drifted up to 100+ mi downstream from spawning
areas before becoming entrained in low-velocity nursery habitats, such as backwaters (Tyus and
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Haines 1991). This was not the case in the 1960s shortly after Flaming Gorge Dam was closed
(1962) when Vanicek (1967) found Colorado pikeminnow larvae and juveniles in large numbers
only 20 mi below the Yampa River spawning site. In the late 1960s, water temperatures from
Flaming Gorge Dam became much colder at the confluence of the Green and Yampa rivers where
larval pikeminnow once stopped drifting, and colder temperatures may be the reason this area is no
longer used as nursery habitat. In the Colorado River above Lake Powell, McAda and Kaeding
(1991) captured larval Colorado pikeminnow in nearly all river reaches sampled, suggesting that
spawning was displaced throughout that section of river and that larval drift distances depend on
spawning location and downstream habitat availability. Therefore, Colorado pikeminnow larvae
drift from spawning areas, but the distance they drift likely depends on factors such as habitat
availability and flow levels.

Bestgen et al. (1998) examined timing and success of reproduction and its relationship with
hydrology and temperature. They found that high drift abundance within a year was most closely
associated with increased turbidity, increasing discharge, or darkness. All of these indicated a
possible antiphototactic response of increased drift (possibly a predation-avoidance response or loss
of orientation) or displacement of newly hatched larvae from interstitial spaces by higher- or more-
turbid flows. Differences in abundance of drifting larvae between years appeared to be related to
discharge, with lower abundance of drifting larvae during very low and very high years. It is not
known if low-abundance years were because of the number of spawning adults, mortality of eggs,
production of young, or other factors.

During the 7-year research effort, a total of 14 larval Colorado pikeminnow were collected in the San
Juan River (Platania 1996, 1997). Eight of these larvae were collected with seines in 1994 and 1995
in Reaches 1 and 2, and another was collected with a seine in 1994 at about RM 122. The other five
larvae were collected in drift nets, the standard larval fish sampling tool. Of the five larvae collected
in drift nets, four were collected at RM 53 near Mexican Hat, Utah, thus suggesting that a spawning
area may occur in the lower portion of the river. The other larva was collected at RM 128, 4 mi
below the spawning sites at RM 131 and 132. Although numbers collected were small, this
information suggests that larval Colorado pikeminnow in the San Juan River drift from the spawning
areas, and may drift considerable distances to Reaches 1 and 2 to find suitable nursery habitat,
similar to behavior seen in other rivers.

Juveniles

Juvenile Colorado pikeminnow grow relatively rapidly during their first few years. Vanicek (1967)
showed that age-0 (YOY) Colorado pikeminnow grew to about 50 mm TL, age-1 to about 100 mm
TL, and age-2 to near 200 mm TL in the upper Green River. Young-of-the-year Colorado
pikeminnow stocked in the San Juan River in November 1996 averaged 60 to 70 mm TL, somewhat
larger than wild YOY collected in the San Juan River, which averaged about 25 mm TL in
September and 35 mm in October. The stocked YOY had grown to near 200 mm by May 1998, a
faster growth rate than that noted by Vanicek (1967). The faster growth rate may have been in part
because of starting life in the river at a considerably larger size than wild young.
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A number of authors have reported that YOY Colorado pikeminnow were found in a variety of
habitat types, but were found most frequently in backwaters (Holden 1977, McAda and Tyus 1984,
Tyus and Haines 1991). Holden (1977) suggested that deep compared with shallow backwaters had
higher abundance of YOY pikeminnow, but Haines and Tyus (1990) did not note a difference in
abundance with depth. Other habitats used include low-velocity shorelines, small low-velocity
channels, and eddies. It was determined through marked and recaptured individuals that YOY fish
were able to negotiate the main channel to reach lower-velocity habitats (McAda and Tyus 1984).
Most discussion of habitat for the post-larval, immature life stage of Colorado pikeminnow focuses
on backwaters because they appear to be important nursery habitat for this life stage until the fish
are approximately 100 mm TL.

At approximately 100 mm TL, Colorado pikeminnow appear to leave backwaters and other low-
velocity habitats for higher-velocity channel margin habitats. This size of young Colorado
pikeminnow is not often collected, so this habitat shift is based on scattered observations by several
researchers in the Green and Colorado rivers. The mechanism for this ontogentic habitat shift is not
clear, but may be related to a diet shift or predation avoidance. Trammell et al. (1993) noted a lack
of stocked fingerling Colorado pikeminnow recaptures by the end of the second year. Although the
authors expected high mortality, the low number of recaptures during the second year after stocking
could have resulted from a habitat shift at this age and/or a size-selective bias in sampling gear. This
information concurred with other studies that noted the difficulty in catching age-1+ Colorado
pikeminnow, even though these fish may be recaptured later as adults (Trammell et al. 1993).

As immature Colorado pikeminnow obtain lengths of 300 to 400 mm TL, habitat again appears to
change as the fish use a larger variety of habitats and appear to move more than when they were
younger. Nineteen immature (<435 mm TL) age-1+ nonspawning Colorado pikeminnow that were
tagged and recaptured or tracked exhibited upstream or downstream migrations, and net movement
ranged from short (12 mi) to great distances (196 mi) (Tyus 1990). Large migrations of juveniles
may have represented some immature spawning instinct or other life history strategy; however, it
is unclear from current studies why nonspawning or immature fish migrate.

Because of the relatively low number of young Colorado pikeminnow in the San Juan River and the
apparent low availability of backwater habitat, Lentsch et al. (1996) initiated a study in 1996 to
investigate stocked YOY Colorado pikeminnow habitat use. In November 1996 and August 1997,
50,000 YOY Colorado pikeminnow were stocked at Shiprock, New Mexico, and 50,000 were
stocked at Mexican Hat, Utah. Periodic sampling from November 1996 to April 1998 resulted in
the capture of nearly 3,000 of these stocked YOY. About 60% of the recaptured YOY were
collected from backwaters (the primary habitat sampled), 15% from pools, and 13% from pocket
water (see Chapter 2 for an explanation of these habitat types). The other 12% of the fish were
collected from a variety of other low-velocity habitats. This study tended to support the conclusion
that San Juan River backwaters were a selected young Colorado pikeminnow habitat, but that a
variety of other habitats were also important. It should be noted that at low-flow levels, YOY were
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predominately found in secondary channels, which at that time provided the majority of low-velocity
habitats in the system.

Age-1 fish from the November 1996 stocking were found during October 1997 in a variety of
shoreline habitats, including shoals and eddies. While these areas typically had a higher velocity
than the areas where the YOY were captured, they still would be classified as low-velocity habitats
by Bliesner and Lamarra (1994, 1995). The captures of larger (age-1+) juveniles in the San Juan
River supported the hypothesis discussed above that at about 100 mm TL, young Colorado
pikeminnow start using higher-velocity habitats than they used during their first year of life.

Vanicek (1967) found that insects, especially chironomids, were the most important food items for
Colorado pikeminnow between 25 and 100 mm TL (the approximate size range of age-0 Colorado
pikeminnow). As the fish increased in size over 100 mm they became more piscivorous, primarily
at sizes above 200 mm TL (Vanicek 1967, Seethaler 1978). Jacobi and Jacobi (1982) reported that
fish remains comprised 85% of the stomach contents for 101 age-0 Colorado pikeminnow (22 to 59
mm TL) collected, 20% of the stomachs were empty. McAda and Tyus (1984) reported that smaller
Colorado pikeminnow (22 to 40 mm TL) consumed mainly aquatic invertebrates, while larger fish
(41 to 59 mm TL) consumed more fish (mainly red shiner (Cyprinella lutrensis)). Grabowski and
Hiebert (1989) also noted that Colorado pikeminnow were highly piscivorous at about 20 to 40 mm
TL. In size groups between 20 and 80 mm TL, 30 to 40% of the diet was comprised of fish remains,
mostly red shiner. The most abundant item consumed was chironomid larvae, which made up most
of the remaining diet (approximately 43%). Other benthic invertebrates occurred in stomachs at a
lower frequency. Stomachs were only empty in June and November, which may indicate that
feeding increases throughout the summer and decreases as temperatures cool into the winter.
Feeding frequency is probably a function of interrelated food availability and temperatures
increasing throughout the summer and decreasing with the onset of winter.

The information provided above suggests YOY Colorado pikeminnow have become more
piscivorous at a smaller size since the early 1960s when Vanicek (1967) conducted his work. It
should be noted that since Colorado pikeminnow spawn relatively late in the year compared with
the other native fishes (see sections on other species later in this chapter), relatively few larval native
fish were available in late summer before the advent of nonnative species. The fish that Vanicek
(1967) analyzed were collected in 1964 through 1966, prior to the red shiner invasion of the upper
Green River, which occurred after 1968 (Holden and Stalnaker 1975a). Therefore, more insects
were likely found in the stomachs of YOY in the upper Green River prior to 1968 since larval fishes
(native species as well as red shiner) were not available. More recent researchers have studied food
habits with the availability, and generally the high abundance, of red shiner larvae in late summer,
and they appear to have become a common food item of YOY Colorado pikeminnow.

Adults

Adult Colorado pikeminnow in the Green River were collected from all habitat types but most
frequently from low-velocity areas including runs, eddies, backwaters, and pooled canyon mouths
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(Holden and Stalnaker 1975a, Tyus 1990). Size and sex may influence habitat selection; it was
noted that larger female adults were captured primarily from deep holes and smaller males were
captured primarily from eddies, runs, and more transitional habitats (Seethaler 1978). During spring
(pre-runoff and runoff) adults tend to use backwaters, flooded mouths of washes, and other low-
velocity habitats that are warmer than main channel habitats. As the water warms and flows recede,
they use eddies and other low-velocity habitats associated with the main channel. During the fall
and winter they continue to use lower-velocity shoreline habitats. Detailed information on San Juan
River seasonal habitat use by Colorado pikeminnow adults is provided in Chapter 4. A similar
annual pattern of habitat use was found in the San Juan River with extensive year-round use of eddy
habitats that are typically found along shorelines.

Predominately piscivorous, adult Colorado pikeminnow were the top predator in the Colorado River
system before the introduction of nonnative fish species. Although little is known about Colorado
pikeminnow feeding behavior, their mouth shape suggests that they are roving predators with lie-in-
wait tactics (Moyle 1976, Pimental et al. 1985). Osmundson et al. (1997) noted that as Colorado
pikeminnow reached maturity, they demonstrated a net movement to upstream reaches compared
with immature individuals that demonstrated greater gross movement but lacked directional
movement. The authors hypothesized that mature adults moved to and remained in these upper
reaches because these reaches provided a greater abundance of prey, such as native flannelmouth
sucker ( Catostomus latipinnis), bluehead sucker (Catostomus discobolus), and roundtail chub (Gila
robusta). Upon arrival into these upstream reaches, the individuals displayed less overall movement
and maintained better body condition than the individuals in the lower reaches where potential
native prey was less abundant.

Miller and Rees (1997) reported that during the late summer and fall base-flow period, Colorado
pikeminnow in the Yampa River exhibited two distinct activities during daytime and nighttime.
Eddies and low-velocity habitats in the main channel were normally used during a more sedentary
resting period during daylight hours. There was an apparent feeding behavior and active movement
into shallower and faster habitats during nighttime hours. In 1996, an extremely low base-flow year,
the fish remained within a habitat unit (pool or run) where they were observed during both daylight
nighttime hours. In 1997, an extremely high base-flow year, the fish showed behavior similar to that
in 1996 (Miller and Rees 1997). The fish were most active after sunset and exhibited what appeared
to be foraging behavior. Several fish that moved to adjoining habitats spent several hours apparently
foraging in riffle habitats before moving to a lower-velocity habitat. Some of the fish moved within
a single habitat unit while other fish were observed to move to another habitat unit during this
apparent foraging behavior. Two of the fish observed in 1997 moved through several habitat types
during the 24-hour observations. On these occasions, the fish returned to their starting locations
within 24 hours. These observations suggest that an entire habitat complex may be selected by
Colorado pikeminnow, rather than just the resting habitat where they are most frequently collected.
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RAZORBACK SUCKER

Razorback sucker is endemic to the
Colorado River Basin and once ranged from
near the estuary to the upper mountainous
tributaries in Colorado and New Mexico.
Similar to Colorado pikeminnow, their
numbers have declined as dams altered pjate 3.2. Razorback sucker (Xyrauchen
basin habitat. Unlike Colorado texanus).

pikeminnow, razorback sucker remain in

some reservoirs and have survived in them for many years. However, until recently no reservoir
population was shown to have natural recruitment (Holden et al. 1998).

As its name implies, the razorback sucker has a prominent keel just behind its head. It was very
abundant in some parts of the basin in the 1800s (Minckley 1973), and it was reported in the San
Juan and Animas rivers in the late 1800s (Jordan 1891) as far upstream as Durango, Colorado, but
abundance in this system is not well understood. Several specimens were reported in a pond beside
the San Juan River in 1976, and one was collected from the river near Bluff, Utah, in 1988 (Platania
1990).

The largest Upper Basin population of razorback sucker at present occurs in the Green River, with
a smaller population in the Colorado River. Reservoir populations include a large Lake Mohave
group and a smaller Lake Mead group, both in the Lower Colorado River Basin (Lower Basin).
Recruitment is a major concern for this species, and most populations are comprised of old adults
and have no, or relatively little, recruitment.

Spawning

Since populations of adult razorback sucker are found in some Lower Basin reservoirs, as well as
in Upper Basin riverine habitats, life history information has been gathered in both reservoir (lentic)
and riverine (lotic) habitats, and both sources of information were used in this section.

Minckley (1973) stated that razorback sucker in riverine environments make annual spawning "runs"
to specific river areas. The annual springtime collection of adult razorback sucker below instream
diversions, in gravel pit ponds, and downstream of large reservoirs (Valdez et al. 1982, Mueller
1989, Bestgen 1990), as well as annually repeated adult razorback sucker migrations to specific
areas of the Green and Yampa rivers (Tyus and Karp 1989, 1990, Modde and Irving 1998), support
this statement. Razorback sucker spawning in Upper Basin riverine environments occurs later than
and is not as extended as in Lake Mohave and other Lower Basin reservoirs (Bestgen 1990). In
riverine habitats, ripe razorback sucker have been collected from mid-April to mid-June, but within
any year, they were collected only over a 4 to 5 week period (Valdez et al. 1982; Tyus 1987;
Osmundson and Kaeding 1989; Tyus and Karp 1989, 1990; Bestgen 1990). In contrast, razorback
sucker spawning
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in Lower Basin reservoirs extends from January to April or early May, and the spawning period does
not change substantially from year-to-year.

When spring flows increased enough to allow access into bottomland areas or to create backwaters
at the mouths of tributaries or dry washes, adult razorback sucker moved from colder main channel
habitats into these warmer (2 to 4E C warmer) habitats, a behavior called “staging,” before spawning
(Tyus and Karp 1990, USFWS 1997). However, staging may be difficult for adult razorback sucker
in the San Juan River. Because of the San Juan River’s high-gradient, overbank flows that occur
in some reaches tend to quickly channelize and form secondary channels, as opposed to forming
flooded lowlands (R. Bliesner, Keller-Bliesner Engineering, personal communication), and mouths
of tributaries that form backwaters are rare. Razorback sucker also move into backwaters and
flooded tributary mouths following spawning, apparently to recover and feed (Modde and Irving
1998). Razorback sucker in riverine environments spawn at temperatures ranging between 9 and
20E C (mean = 14 to 16E C), on the ascending limb of the hydrograph (Tyus 1987, Tyus and Karp
1989, 1990, USFWS 1997). Modde and Irving (1998) tracked adult male razorback sucker with
radiotelemetry and concluded that increasing flow was more important in aggregating the razorback
sucker to spawn than temperature.

Razorback sucker prefer to spawn over predominantly rock or gravel substrates (Snyder and Muth
1990). Although considered broadcast spawners, razorback sucker produce discrete, identifiable
redds in reservoirs (Bozek et al. 1984), which may suggest a tendency towards a brood-hiding guild.
In rivers, adult razorback sucker in spawning condition have been collected in shallow, swift runs
over gravel, cobble, and sand substrates at depths of 1.0 to 3.0 ft, velocities of 1.3 to 3.3 feet per
second (fps) with substrate component diameters between 0.75 to 1.95 in. (McAda and Wydoski
1980). Adult razorback sucker were also observed spawning in the mouth of a side canyon wash
(riverine habitat) below Hoover Dam at a depth of 3.9 to 6.5 ft, at velocities of 0.0 to 1.21 fps, and
over a substrate of newly deposited gravel and cobble (Mueller 1989).

Riverine populations of razorback sucker tend to use the same spawning areas year after year, but
few spawning areas have been identified in the Green and Colorado river systems. In the upper
Green River, a spawning area exists at the mouth of the Yampa River, and another near Jenson, Utah
(called the Escalante site) (Tyus and Karp 1990). Another spawning area is suspected to exist in the
lower Green River near the town of Green River, Utah. Similar to the Colorado pikeminnow
situation, no well-defined spawning areas are known in the Colorado River, but infrequent captures
of razorback sucker in that area make identification of spawning areas difficult. Modde and Irving
(1998) noted that some male razorback sucker in the upper Green River used more than one
spawning site over a period of 3 years, including use of both the Yampa River site and the Escalante
site.

Because of the low numbers of razorback sucker in the San Juan River, the SJRIP initiated
experimental stocking of subadults into the river in 1994. In 1997, a more-formal plan for
augmentation was developed and implemented. This provided subadult fish for research during the
remainder of the 7-year research period. Between May 3 and 5, 1997, eight ripe stocked male
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razorback sucker were collected from the San Juan River. Four of these ripe males were collected
in a short reach of river, one fish at RM 100.5 and three fish at RM 100.2. The three individuals
collected at RM 100.2 were in an area of approximately 10 square feet (ft*). Another three adult
razorback sucker were observed, but they were not collected in this same aggregation. The
temperature at collection locations for these eight fish ranged from 11 to 19E C. All eight adult male
fish were collected over midchannel cobble riffles and run/riffles, or along the river's margins over
cobble shoal/runs. Depth at these locations was 3.0 ft or less.

Male razorback sucker outnumbered females (2.5:1) at Green River spawning grounds (Tyus and
Karp 1990). Total fecundity among 10 Green River razorback sucker (466 to 534 mm TL) ranged
from 27,614 to 76,576 ova/female(McAda and Wydoski 1980). Recalculations performed by
Minckley (1983) placed the mean relative fecundity of these 10 female razorback sucker at 1,166
+490.6 ova/centimeter (cm) of standard length (SL) (range = 600 to 2,000). Total fecundity of an
additional five ripe females (391 to 570 mm SL) examined by Minckley (1983) ranged from 74,600
to 144,000 ova/female, with the mean relative fecundity being 1,812 + 90.5 ova/cm SL (range =
1,680 to 1,908). Ovary mass of these five females averaged 10.1 % (range = 9.2 to 11.5%) of
somatic body mass.

Eqggs

Water-hardened razorback sucker eggs, which range in diameter from 2.3 to 2.8 mm, are initially
adhesive and are deposited into interstitial spaces between gravel or cobble substrates during
spawning (Bestgen 1990, Snyder and Muth 1990). Egg hatching time is highly variable and
dependent upon water temperature. At 10E C average hatching time was 19.4 days (Bozek et al.
1984), while at 15 to 17.2E C hatching time averaged from 5 tol1.1 days (Toney 1974, Minckley
and Gustafson 1982, Bozek et al. 1984), and at 20E C hatching time averaged 6.8 days (Bozek et al.
1984). Embryo hatching success and survival is also highly variable and dependent upon water
temperatures. At 10E C survival ranged from 0 to 39 % (Bozek et al. 1984, Marsh 1985), while at
14.4 to 17.2E C survival ranged 15 to 95% (Toney 1974, Bozek et al. 1984, Marsh 1985). Survival
ranged from 35 to 45% at 20E C (Bozek et al. 1984, Marsh 1985) and was 29% at 25E C (Marsh
1985). No survival was reported at temperatures of 5 and 30E C (Marsh 1985).

Reasons for low survival of razorback sucker eggs include, but may not be limited to, predation and
egg suffocation. Three nonnative fish species present in the San Juan River (channel catfish,
common carp (Cyprinus carpio), and green sunfish (Lepomis cyanellus)) were documented as
predators on the razorback sucker eggs (Minckley 1983, Brooks 1986, Marsh and Langhorst 1988,
Marsh and Brooks 1989, Tyus and Saunders 1996). Suffocation may occur when adult razorback
sucker spawn over sediment-laden substrates (Bestgen 1990). Also, silt deposition because of wave
action and storms can bury eggs deposited into interstitial spaces during spawning (Inslee 1982,
Bozek etal. 1984). Flushing and maintenance of spawning habitat during the increasing hydrograph
could increase the chances of successful razorback sucker egg retention, hatching, and survival.
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Larval and Early Juvenile Life Stage

Larval razorback sucker hatch at 7 to 10 mm TL and begin to feed at the time of yolk sac absorption,
(about 10 to 12 mm TL) (Snyder and Muth 1990). By 2 weeks of age, larval fish enter the drift,
primarily at night (USFWS 1997). Recent studies in the Green River suggested that flooded
bottomlands were a primary nursery habitat for larval razorback sucker and that with adequate spring
flows, the larvae drift into these habitats (Modde 1996, Modde et al. 1996). In Lake Mohave, larvae
spent most of the day in substrate interstitial spaces and emerged at night (probably to feed), at
which time they were collected in water up to 4.9 meters (m) deep (Bozek et al. 1984). During
recent Lake Mead studies, larvae were collected around floating breakwaters at depths of over 80
ft (Holden et al. 1998). In 1950 about 6,600 larval and early juvenile razorback sucker (10 to 35 mm
SL) were seined from shallow margins of the Colorado River at Cottonwood Landing, Nevada, from
water that was only a few inches deep but much warmer (21.1 to 24.4E C) than that in the main
channel (15.5E C) (Sigler and Miller 1963).

Estimated mean daily gain in TL for otolith-aged larval Green River razorback sucker less than 35
days old (post-hatching) and reared in water temperatures of 15 to 28E C, was 0.3 mm/day (Muth
et al. 1997). Diet of larval razorback sucker (11 to 18 mm TL) in Green River nursery habitats
(1993 to 1996) consisted mainly of small chironomid larvae supplemented by zooplankton (mostly
cladocerans and rotifers) and algae (e.g., diatoms), particularly in fish < 14 mm TL (Muth et al.
1997). Early instar Ephemeroptera are probably consumed as well, as was seen in larval bluehead
sucker and flannelmouth sucker (Bestgen 1990). In lentic habitats, larval razorback sucker feed on
midwater phytoplankton and zooplankton that are unavailable in turbid rivers such as the San Juan
River (Marsh and Langhorst 1988, Bestgen 1990).

In recent years there has been a lack, or near lack, of recruitment in wild razorback sucker
populations. Studies on Lake Mohave summarized by Minckley et al. (1991) concluded that larvae
did not survive primarily because of predation by nonnative fishes. In Lake Mohave, razorback
sucker as large as 30 mm TL occurred in predator-free environments, while razorback sucker
exposed to predation did not exceed 10 to 12 mm TL (Brooks 1986, Marsh and Brooks 1989, Tyus
and Saunders 1996). In addition, odonate nymphs also preyed upon razorback sucker larvae in Lake
Mohave studies (Horn et al. 1994). Modde et al. (1996) suggested that low recruitment in the Green
River was likely because of poor nursery habitat over many years (few flooded bottomlands) and
high predation by nonnative fishes. Two nonnative fish species present in the San Juan River, green
sunfish (Lepomis cyanellus) and red shiner, were offered larval razorback sucker during 4-minute
trials (Tyus and Saunders 1996). Red shiner consumed 50%, while green sunfish consumed 90%
of the larval razorback sucker offered. Two other experiments demonstrated that razorback sucker
larvae exhibit very little defensive behavior in the presence of predators and are unlikely to survive
in habitats supporting high densities of nonnative fishes (Loudermilk 1985, Johnson et al. 1993).
In addition, razorback sucker are one of the first fish to spawn in the Colorado River system each
spring, making their larvae available as prey early in the season when few other fish larvae are
available.
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Tests conducted with arsenate, selenate, selenite, and two mixtures of numerous inorganic
contaminants simulating mixtures reported for sites along the San Juan River between Farmington
and Shiprock, New Mexico, demonstrated that larval razorback sucker were significantly more
sensitive to these contaminants than were larval Colorado pikeminnow (Hamilton and Buhl 1997).
The major toxic component in the mixtures was copper. High hazard ratios obtained during this
study suggested that inorganic contaminants could adversely affect larval razorback sucker in the
San Juan River at sites receiving elevated inorganics from sources such as nonpoint discharges and
irrigation return flows. Concentrations of these contaminants may increase or decrease in the
mainstem San Juan River depending upon the source of a given contaminant.

Although fairly large numbers of larvae were found in both lentic and lotic environments, very few
YOY or larger juveniles (30 to 150 mm TL) were collected in the last 40 years, as noted above. In
riverine environments, eight juvenile razorback sucker (90 to 115 mm TL) were reported in
backwaters near Moab, Utah, by Taba et al. (1965). Two others, each about 38 mm TL, were
collected in Glen Canyon on the Colorado River before its inundation by Lake Powell, one in a
backwater and one in a creek mouth (Smith 1959, Modde 1996, USFWS 1997). In 1991, two
juvenile razorback sucker (36.6 and 39.3 mm TL) were collected from two separate backwaters in
the lower Green River (Gutermuth et al. 1994), and two more (29 and 59 mm TL) were found in the
upper Green River in 1993 (Modde 1996). The most recent collection of yearling razorback sucker
occurred in 1995 and 1996 at Old Charlie Wash, a flooded bottomland along the Green River.
Modde (1996) reported that 28 juveniles (74 to 125 mm TL) were recovered when the wetland was
drained in 1995, and 45 juveniles (44 to 83 mm) were recovered in 1996. Minckley et al. (1991)
noted that in Lower Basin reservoirs, only four small juveniles were reported (those from Lake
Mohave in 1987) even though thousands of larvae were collected annually.

Based primarily on the size information gathered by Modde (1996) and on growth rates from reared
wild-caught larvae in Lower Basin ponds (Burke 1995), young razorback sucker grew from 50 to
150 mm their first year, and were 200 to 300 mm TL or more by age-1. Young razorback sucker in
warm, food-rich habitats appeared to grow faster than those in cooler habitats, but individuals within
the same cohort of larvae reared in the same aquaria showed considerable growth variation during
the first year. The information gathered in both the Upper and Lower basins in recent years suggest
that predation by nonnative species is a major contributor to young razorback sucker mortality, but
habitats that have extensive cover and high levels of food (i.e., flooded bottomlands in the Green
River) allow some young to escape predation.

Late Juvenile Life Stage

Similar to yearlings, very few larger juvenile razorback sucker (150 to 400 mm TL) were collected
in recent years, so little is known about the life history of this size fish. Asnoted above, late juvenile
razorback sucker were not collected from Lake Mohave, but from 1973 to 1986, a number were
found associated with irrigation canals along the lower Colorado River (Minckley et al. 1991).
During recent studies on Lake Mead, five subadults were collected (318 to 381 mm TL), one in
1994, two in 1997, and two in 1998 (Holden et al. 1998). None of these Lower Basin captures
provided information on life history except for the fact that in some habitats (Lake Mead and the

SJRIP Biology Committee Chapter 3: Life History
May 1999 3-17 Flow Report



lower Colorado River canals), young razorback sucker escaped predation and may have recruited
to the adult population. These captures suggest that perhaps improved habitat conditions, such as
more abundant food and extensive cover, may help young razorback sucker escape predation.

Two experimentally stocked juvenile razorback sucker were recaptured in the San Juan River from
which information on habitat use was determined. The first (231 mm TL), recaptured on March 9,
1995, was seined from a pool at the downstream end of a midchannel cobble island complex at RM
94.2, near Montezuma Creek, Utah. The pool was 1.4-ft deep, 4-ft wide, and 15-ft long, had a slight
flow-through on the upstream end, and was 3 degrees warmer (9E C vs. 6E C) than the main channel.
The second razorback sucker (216 mm TL), recaptured October 21, 1997, was seined from a large
backwater at RM 77.3 by the UDWR. The backwater was several feet deep, had a silty substrate,
and was 1E C warmer than the main channel (E. Archer, Department of Fisheries and Wildlife, Utah
State University, personal communication). Additional information on habitat use was collected
from radio-tagged razorback sucker in the San Juan River, and that information is discussed in detail
in Chapter 4.

The diet of juvenile razorback sucker is also not well known. Stomach contents collected from eight
young juveniles 90 to 115 mm long contained “algae and bottom ooze” (Taba et al. 1965). It is
likely that the “bottom ooze” was ingested while feeding upon benthic invertebrates or algae.

Adult Life Stage

Adult razorback sucker have been aged at up to 44-years old (McCarthy and Minckley 1987).
Studies by Hamman (1985) on hatchery-reared razorback sucker have shown that males can reach
adulthood at age-2, or less than 350 mm TL, while females can reach adulthood at age-3, or greater
than 390 mm TL. The juvenile razorback sucker collected recently in Lake Mead (318 to 384 mm
TL) did not show signs (e.g., tuberculation, ripeness) of sexual maturity, while mature adults
captured at the same time had obvious secondary sexual traits (Holden et al. 1998). This suggested
that wild fish may not mature as quickly as hatchery- or pond-reared fish. In the Upper Basin, adult
razorback sucker occupy habitats during the course of a year ranging in temperature from near OE
C (ice-covered) to 25E C (Bestgen 1990). In the Lower Basin, occupied habitats were somewhat
warmer, ranging from 10 to 32E C (Dill 1944). Optimal summer temperatures for adult razorback
sucker were 22 to 25E C (Bulkley and Pimentel 1983).

Most of the pertinent information that applies to adult razorback sucker year-round habitat use in
the San Juan River and habitat use in other Upper Basin rivers during spawning seasons is presented
in Chapter 4 of this report. Bestgen (1990) stated that razorback sucker were known to use
backwaters, sloughs, and oxbow lakes. None of these habitat types were particularly prevalent in
the San Juan River. Winter habitat observations in the Green River documented that adult razorback
sucker were fairly sedentary and exhibited no distinct diel movement patterns (Bestgen 1990).
Winter radiotelemetry in the San Juan River seemed to indicate that there was a threshold
temperature somewhere between 0 and 3E C that determined razorback sucker activity during
daylight hours. At warmer temperatures, razorback sucker moved into main channel run habitats,
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presumably to feed, for short periods of time during the day before returning to slow or slackwater
habitats along the river’s margins (Ryden and Pfeifer 1996b).

Sigler and Miller (1963) stated that the diet of adult razorback sucker consisted of “algae and midge
larvae.” Other studies identified immature Ephemeroptera, Trichoptera, and Chironomidae as well
as algae, detritus, and inorganic material from adult razorback sucker digestive tracts (summarized
in Bestgen 1990).

OTHER NATIVE FISHES

This section discusses the other common native fish species found in the study area. Not included
here is the cool-water species, mottled sculpin (Cottus bairdi), which is found primarily in the upper
portion of the study area. These accounts are briefer than those presented for the two endangered
species, partially because less is known about these species and also because the flow
recommendation emphasis is on the two endangered species.

Flannelmouth Sucker

Endemic to the Colorado River
Basin, the flannelmouth sucker has
been extirpated from most of its
former range in the Lower Basin,
especially the area below Hoover
Dam (McAda 1977). It is the most
abundant native species in the San

Juan River (Ryden and Pfeifer Plate 3.3. Flannelmouth sucker (Catostomus
1996a) as well as all Other Upper latipinnis).

Basin rivers (Holden and Stalnaker

1975).

Flannelmouth sucker spawn in spring and early summer, typically during May and June, and on the
ascending limb or peak of the hydrograph—although timing can vary spatially within and between
river systems as hydrologic and temperature regimes vary (Valdez 1990). They are broadcast
spawners, and there is no parental guarding of eggs. Eggs are demersal and initially adhesive (Muth
and Nesler 1993). Ripe females were not captured past early June. Although spawning was not
actually observed, “ripe male and female flannelmouth sucker were captured over the same gravel
bars used by razorback suckers. . ..” The fish were collected in water about 3.0 ft deep and moving
about 3.25 fps. Substrate ranged in size from 0.75 to 1.95 in. in diameter. Assuming spawning
occurred at this exact location, such habitat approximately corresponds to riffle-run or run habitat
in the San Juan River (Bliesner and Lamarra 1996). In the White River, during May and early June,
Lanigan and Berry (1981) found large, ripe flannelmouth sucker in water less than 3 ft deep, near
sand bars. No indication of spawning habitat was provided. Muth and Nesler (1993) similarly
reported flannelmouth sucker spawning in gravel/cobble bars or riffles, with depths generally <3.75
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ft. Spawning was not directly observed in the San Juan River; however, the larval drift period for
this species was completely bracketed in 1994 from June 20 to July 1 (Archer et al. 1995).

Flannelmouth sucker larvae in the Colorado River were found in the midchannel as passive drift and
along quiet shoreline areas (Carter et al. 1986). From June to July in the San Juan River, this species
was common in the drift from Four Corners to Mexican Hat, Utah, but was typically more common
at the former site (Platania 1996). Larvae were likely also present in backwaters and other low-
velocity habitats along the shoreline; however, the study design from 1991 to 1997 did not sample
low-velocity habitats in June and July. Inthe San Juan River, larval drift of flannelmouth sucker was
observed during August and appeared to be related to displacement by storm events (Platania 1996).

Age-0 flannelmouth sucker, like the early life stage of many fish species, were commonly found in
low-velocity habitats such as backwaters, shorelines, and pools in the Colorado River (Valdez 1990).
In the San Juan River, they were most abundant in backwaters and flow-through backwaters in the
upper portion of the river between Hogback Diversion and the Four Corners area in the spring
(Buntjer et al. 1993). The abundance of age-0 and age-1 fishes tended to decline from spring to fall
(Buntjer et al. 1993, 1994; Archer et al. 1995, 1996; Propst and Hobbes 1996), following spawning.
This was likely because of mortality and a shift in habitat use from low-velocity habitats to other
less-efficiently sampled habitats with faster current. By early spring, these young flannelmouth
sucker still occupied habitats such as backwaters and pools but in relatively low numbers (Buntjer
et al. 1994).

In the San Juan River, the abundance of juvenile flannelmouth sucker tended to increase in the lower
reaches downstream of Aneth, Utah (Ryden and Pfeifer 1996a). Juvenile distribution was fairly well
correlated with shoreline slackwater habitats in the spring, particularly in the lower canyon reaches,
and moderately correlated with cobble-type habitats in the fall when overlayed with aquatic habitat
distribution. It is not known whether this observation is an artifact of sampling efficiency, actual
habitat use, or both, but flannelmouth sucker occurrence appeared to be correlated with these
habitats.

McAda (1977) reported that adult flannelmouth sucker were collected in all habitat types in the
Upper Basin, including riffles, runs, and pools, but were most abundant in pools. In the San Juan
River, they were captured in a wide variety of habitats, including riffles, runs, pools, and eddies;
however, no telemetry data exist to document actual habitat use. During post-runoff base-flow
conditions, the distribution of juvenile and adult flannelmouth sucker was only moderately correlated
to cobble-type habitats (e.g., riffles and riffle/runs), probably because of their extensive use of other
habitat types such as runs and pools. Winter habitat use by flannelmouth sucker has not been well
studied, although habitat use is likely varied, similar to other times of the year (Holden and Stalnaker
1975a).
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Bluehead Sucker

Bluehead sucker is native, but not
endemic, to the Colorado River
Basin, and is also found in parts of
the Walker River in Nevada
(Valdez 1990), the Bear and Weber
river drainages in Utah and
Wyoming, and the upper Snake
River Drainage in Idaho and Plate 3.4. Bluehead sucker (Catostomus discobolus).
Wyoming (McAda 1977).

Bluehead sucker inhabit the relatively cooler, clearer waters of the upper and middle portions of
rivers and streams, preferring faster flowing water over rocky substrate (Holden and Stalnaker
1975a, McAda 1977, Woodling 1985). The high use of these habitats is probably largely related to
feeding. These fish possess a rigid upper lip with a cartilaginous ridge, designed for scraping cobble
for diatoms and other potential food sources (Woodling 1985).

Bluehead sucker in the Green River usually spawn in mid-June to mid-July, typically during the
descending limb of the runoff period, at temperatures above 15E C (Holden 1973, McAda 1977).
Like flannelmouth sucker, these fish are broadcast spawners with demersal, initially adhesive eggs
(Muth and Nesler 1993). Spawning was observed over a gravel bar during early May in a small
Arizona tributary, Kanab Creek, by Maddux and Kepner (1988). Females were typically
accompanied by no more than two males during the spawning act, which occurred in water ranging
from 3.5 to 11.3 in. deep (0. 6.24 in.) with a constant velocity of about 1.15 fps. Substrate consisted
primarily of loose gravel (0.2.57 +2.48 in. diameter). Studies on the San Juan River indicated that
such habitat resembles what was classified as a cobble shoal, where mean column velocities ranged
from 0.66 to 1.31 fps and depths ranged from 3.9 to 5.85 in. (Bliesner and Lamarra 1996). No direct
observations of bluehead sucker spawning were made in the San Juan River; however, the
overwhelming relative abundance of YOY within the reach of the Mixer (a reach of relatively
complex and dynamic habitats located 10 mi or so upstream of the Four Corners Bridge) to Hogback
Diversion (Archer et al. 1996), indicated that the bulk of spawning activity occurred in this reach
or further upstream. The majority of adults were found from the Mixer upstream to Farmington,
New Mexico (Ryden and Pfeifer 1996a).

Bluehead sucker larvae were common in the midchannel as passive drift and along shoreline areas
with slow current shortly following the spawning period (Carter et al. 1986, Valdez 1990). In the
San Juan River, the period of peak drift for this species (late July) tended to be several weeks later
than for flannelmouth sucker, because of their later spawning period. This species tended to occur
much less frequently in the drift of the lower (Mexican Hat, Utah) than the upper (the Mixer)
sampling sites in the San Juan River (Platania 1996), which may indicate a limited downstream drift.
However, considering that the majority of adults resided in the upper reaches of the river, larvae
could have still drifted extensively and data collected in other systems would indicate that they do
drift (R. Muth, USFWS, personal communication; T. Chart, UDWR, personal communication).
Bluehead sucker larvae were also captured along the shorelines about 2 mi downstream of Clay Hills
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Crossing (RM 0) in the San Juan River during August 1995 but were infrequent (0.4% of total) in
the catch (Schaugaard et al. 1996).

Age-0to age-1 bluehead sucker inhabited quiescent habitats along river margins such as backwaters
and eddies (Valdez 1990). They were regularly collected in backwaters and flow-through
backwaters in the San Juan River during the runoff months of June and July (Buntjer et al. 1993,
1994) and in a variety of habitats such as backwaters, flow-throughs, and secondary channels from
summer to fall. However, their abundance declined sharply during the course of a summer (Buntjer
et al. 1993, 1994; Archer et al. 1995, 1996; Propst and Hobbes 1996). Like flannelmouth sucker,
little published information exists for winter habitat use by these younger fish. Backwaters, flow-
throughs, pools, and other low-velocity habitats were still occupied during early spring
(March/April), but at very low densities (Buntjer et al. 1994). These fish used swifter habitats (e.g.,
riffles and runs), in greater numbers as they increased in size.

Juvenile and adult bluehead sucker tended to be most common in the upper reaches of Upper Basin
tributaries and typically occurred in habitats with rocky substrate, usually riffles, at all times of the
year (Holden and Stalnaker 1975a, McAda 1977, Valdez 1990). Ryden and Pfeifer (1996a)
conducted electrofishing surveys on the San Juan River between Farmington, New Mexico, and Clay
Hills Crossing, Utah, and indicated that bluehead sucker tended to be most abundant in the area
upstream of the Mixer. The distribution of juveniles and adults was virtually identical to that of
adults during base flow and highly correlated with cobble-type habitats, particularly riffles in the
upper half of their distribution. This was likely related to feeding, although improved capture
efficiency in shallower, cobble-bottomed habitats may also be a factor. The distribution of these fish
remained largely unchanged during higher spring flows. Itappeared likely that they occupied similar
cobble habitats during spring although higher velocities and greater depths may have been more
common.

Roundtail Chub

Found throughout the Colorado
River Basin, the roundtail chub
historically was common in
most tributaries of the Upper
Basin (Vanicek 1967, Holden
and Stalnaker 1975a and b, Plate 3.5. Roundtail chub (Gila robusta).

Joseph et al. 1977). Holden

and Stalnaker (1975b) reported that roundtail chub was abundant or common at all sites sampled in
the Yampa River and at most sites in the Dolores River. McNatt and Skates (1985) found roundtail
chub common at most sites in the Green River and Yampa River at Dinosaur National Monument,
and Olson (1967) stated that during 1965, roundtail chub was common in Navajo Reservoir
collections on the San Juan River. Recent collections on the San Juan River found relatively few
roundtail chub, but larger populations were found in several tributaries (Miller et al. 1993, Miller
1995). Therefore, it appears that a roundtail chub population does not currently exist in the San Juan
River mainstem and that the few individuals collected likely came from tributaries.
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Little information is available describing the details surrounding the specific spawning activities of
roundtail chub. Because of the high turbidity commonly associated with the Colorado River and its
tributaries, the exact spawning procedure and habitat used by roundtail chub have not been observed.
Most roundtail chub that were ripe when collected were found occupying shoreline eddies when
captured (Vanicek and Kramer 1969, Karp and Tyus 1990). Vanicek and Kramer (1969) reported
that exact spawning sites or deposited eggs were never observed; however, all ripe fish were
collected in eddies or shallow pools with boulder or cobble substrate. Although no observations
indicated that eddy habitat was used for spawning, Karp and Tyus (1990) stressed the importance
of this habitat during spawning whether it was used as a spawning, feeding, or staging area.

Roundtail chub in the Upper Basin began spawning when water temperatures reached about 18.3E
C (Vanicek and Kramer 1969, Joseph et al. 1977). In most Colorado River tributaries, this
temperature increase coincided with a decrease in discharge after peak runoff. Karp and Tyus
(1990) indicated that spawning of roundtail chub in the Yampa River at Dinosaur National
Monument occurred between mid-May and early July. Minckley (1973) suggested that an average-
sized female roundtail chub would produce about 2,000 eggs. Muth et al. (1985) stated that
roundtail chub females produced about 39,500 to 41,350 eggs per kilogram (kg) of body weight.
The eggs hatched 7 to 15 days after spawning, depending on water temperature. Y oung roundtail
chub began feeding about 10 days after they hatched (Minckley 1973). During the first 54 days after
hatching, the mean daily growth rate was 3 mm for cultured fish (Muth et al.1985). Carter et al.
(1986) suggested that roundtail chub actively drifted during the mesolarval stage of development.
Drifting activity occurred primarily after mid-July and appeared to increase with warmer water
temperatures.

Feeding habits of roundtail chub were described as “opportunistic” and “sporadic” (Vanicek 1967).
Joseph et al. (1977) reported that roundtail chub of all age classes were primarily carnivorous.
Y oung roundtail chub typically inhabited the slower, shallower water along the shore of the stream
(Sigler and Miller 1963). Young roundtail chub in the Green River consumed primarily aquatic
insects (particularly Chironomidae larvae and Ephemeroptera nymphs) (Vanicek 1967, Vanicek and
Kramer 1969). Joseph et al. (1977) provided additional evidence of young roundtail chub feeding
mostly on aquatic invertebrates found at the bottom of pools and eddies. Most growth in young fish
occurred between late May and October (Vanicek 1967).

Roundtail chub over 200 mm TL consumed a greater variety of prey items than smaller individuals.
Adult roundtail chub were reported to feed on filamentous algae, aquatic invertebrates, terrestrial
invertebrates (especially grasshoppers and ants), fishes, and plant debris (Vanicek and Kramer 1969,
Joseph et al. 1977). Minckley (1973) indicated that adult roundtail chub may have also consumed
their own eggs as well as the eggs of other fish species. Olson (1967) reported that the diet of
roundtail chub was similar to that of Navajo Reservoir rainbow trout. The diet of both species in
the reservoir was primarily plankton with some aquatic insects.

In large rivers, adult roundtail chub may reach 400 to 450 mm TL; however, adult size in the smaller
tributaries can be less than 200 mm (Joseph et al. 1977). Karp and Tyus (1990) collected ripe males
that ranged from 292 to 419 mm TL, and ripe females from 343 to 380 mm TL. Vanicek (1967)
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reported that most roundtail chub became sexually mature by age six; however, Muth et al.(1985)
reported that spawning females were collected ranging in age from 5 to 7, and spawning males
ranged from age-5 to age-8. Prior to spawning, male and female roundtail chub typically developed
breeding tubercles. These tubercles were usually uniformly scattered over the surface of the male;
however, they were mostly restricted to the head and caudal peduncle of the female. Both sexes
developed an orange-red coloration on the ventral surface and ventral fins (Muth et al.1985) which
was more pronounced on males.

At present, there is concern regarding the status of roundtail chub in the Colorado River Drainage.
Historically, the roundtail chub may have been the most abundant carnivore in the Upper Basin
(Holden and Stalnaker 1975a). Recently, a decrease in range and abundance was documented at
several locations (Vanicek et al. 1970, Minckley 1973, Joseph et al. 1977, Kaeding et al. 1990).
Joseph et al. (1977) suggested that declines in roundtail chub populations were often correlated to
the introduction and establishment of predatory nonnative fishes. It is likely that roundtail chub is
preyed upon by native and nonnative predators sharing their habitat. Reduction of roundtail chub
populations was documented in the San Juan River downstream from Navajo Dam (Joseph et al.
1977), and in the Green River downstream from Flaming Gorge Dam (Vanicek and Kramer 1969,
Karp and Tyus 1990). Low numbers of roundtail chub in the San Juan River may be attributed to
the change in water temperature induced by Navajo Dam; however, rotenone was used to eliminate
nongame species from approximately 70 mi of the river during 1961, which may have made a large,
long-lasting impact on the local population (Olson 1962). Roundtail chub was also eliminated from
the reservoir portions of the rivers, including the area of Navajo Reservoir and Flaming Gorge
Reservoir.

Vanicek and Kramer (1969) provided evidence suggesting that roundtail chub growth rate decreased
in the Green River downstream of Flaming Gorge Dam because of a decrease in summer stream
temperature. Absence of certain year-classes suggested that successful spawning did not occur
during some years in the Green River between Flaming Gorge Dam and its confluence with the
Yampa River (Vanicek and Kramer 1969). Vanicek et al. (1970) found that almost no roundtail
chub occurred in the Green River within about 20 mi of the Flaming Gorge Dam. Following inlet
modification of Flaming Gorge Dam to provide warmer release flows, roundtail chub again started
spawning successfully in the Green River above the mouth of the Yampa River (Holden and Crist
1981). Karp and Tyus (1990) indicated that the change in temperature and flow regime caused by
Flaming Gorge Dam may have been responsible for a decline in roundtail chub populations in the
Green River upstream from its confluence with the Yampa River, but they also suggested that a
negative interaction between roundtail chub and channel catfish occurred and resulted in a
competition for food and predation by channel catfish on roundtail chub.

There is some speculation that human-induced changes to the Colorado River Drainage may have
contributed to the breakdown of reproductive isolation mechanisms that have evolved between
roundtail chub and other chub species (Kaeding et al. 1990). Karp and Tyus (1990) collected one
specimen that was considered to be a roundtail x humpback hybrid. Morphology of many
individuals ranges from more humpback-like to more roundtail-like with a full range between (T.
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Chart, UDWR, personal communication). Kaeding et al. (1990) reported that hybridization is
possible between roundtail chub and humpback chub, and also between roundtail chub and bonytail
chub. Spawning of roundtail chub and bonytail chub is concurrent in time but thought to be spatially
separated (Vanicek 1967). Kaeding et al. (1990) additionally suggested that the difference between
roundtail chub and humpback chub microhabitat selection for spawning was an important
mechanism contributing to the reproductive isolation of each species. Because so little is known
about specific spawning requirements of roundtail chub and other chubs in the Colorado River
Drainage, further research must be conducted to develop or confirm theories regarding the spawning
success and recruitment of roundtail chub.

Speckled Dace

Speckled dace, Rhinichthys
osculus, 1is perhaps the most
ubiquitous and, in many lotic
systems, the most common native
fish species west of the Rocky
Mountains (Minckley 1973, -

Wallace 1980, Tyus et al. 1982). Plate 3.6. Speckled dace (Rhinichthys osculus).
Its range extends from southeast

Arizona (Minckley 1973) and southwest New Mexico (Sublette et al. 1990) north through the Great
Basin (Sigler and Sigler 1987) and Pacific coastal states (Moyle 1976) to south-central British
Columbia (Scott and Crossman 1973). Across its range, it occupies a variety of streams ranging
from small desert streams (Barber and Minckley 1966) to large rivers such as the Colorado (Tyus
et al. 1982) and Columbia (Wydoski and Whitney 1979).

In the San Juan River Basin of New Mexico, Colorado, and Utah, speckled dace was widespread and
comparatively common (Miller 1994, Ryden and Pfeifer 1996a, Propst and Hobbes 1996). In San
Juan River secondary channels, speckled dace was the most common native fish species in summer
and autumn fish collections (Propst and Hobbes 1996). Although it was found in a variety of
habitats, it was most common in riffles and runs with moderate to rapid velocity water over gravel
and cobble substrates (Gido et al. 1997; Gido and Propst, in press).

Speckled dace is a stout, round minnow that is flattened slightly ventrally. It possesses a triangular
shaped head with small eyes, subterminal mouth, and pointed snout. Head length is roughly equal
to body depth. Coloration is typified by an olivaceous or gray back and sides with scattered spots
above the midline. The species usually possesses a dark lateral band extending from the tip of the
snout through the caudal peduncle. Adults are 45 to 100 mm TL (Wallace 1980, Sigler and Sigler
1987). Minckley (1973) described breeding males “. . . with brilliant red on bases of paired fins and
on body above those fins, on and near anal fin base, the lower caudal lobe, the mouth, and near the
upper part of gill cleft.”

Deacon et al. (1987) noted that speckled dace preferred water temperatures around 15.8E C and had
a low tolerance of water temperatures higher than 30E C. Lowe et al. (1967) suggested that low
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tolerance of reduced oxygen, along with high temperatures, were the reasons why speckled dace was
only found between elevations of 5,905 and 6,890 ft in Arizona.

John (1963) described the reproductive cycle of speckled dace as bimodal, with discrete peaks of
spawning in early spring and late summer. Spring spawning was associated with increased water
temperatures, day length, and spring runoff. Spawning in late summer was associated with higher
flows during or following rain events. A single flood was not adequate to stimulate spawning in
early summer, but would in late summer. John (1963) therefore hypothesized that photoperiod is
the determining factor in regulating the reproductive period of speckled dace. Nests or spawning
sites were typically located in areas with gravel substrate, slow or no velocity, and little if any
vegetation (John 1963). Several males, up to 60 in one site, would occupy a nest, persistently
working over the gravel with their mouths. This activity, and the constant turbulence associated with
so many males swimming in one area, produced an area clean of silt, plant material, and debris.
Females would only enter the area periodically prior to actual spawning to “test” the spawning
substrate. Males would converge on the female and “a vibrating swarm” would accompany the
female’s vigorous tail lashing (John 1963). Once spawning was initiated, a female would enter the
nest site repeatedly, depositing a few eggs at a time (John 1963). The “swarm” of males would again
converge on the female and apparently release sperm simultaneously. After the female left the nest
site, eggs that did not immediately fall below the first layer of gravel were immediately preyed upon
by the males. Spawning activity would continue in one area for up to 5 days, during which several
females would use the nesting site. Eggs were located on the under surfaces of stones or in the
interstitial spaces of the finer gravel below (John 1963). In the laboratory, hatching occurred within
6 days at 18 to 19E C. Larval fish remained hidden in the interstices of the gravel for up to 8 days
or when the free-swimming stage was reached (John 1963). Winn and Miller (1954) and Snyder
(1981) described the larval stages of speckled dace.

John (1963) concluded that female speckled dace typically matured in their second year (age-1), but
that smaller age-1 fish were immature. Further studies by John (1964) revealed that speckled dace
live 3 or 4 years at most. Females are typically larger and mature later than males.

The diet of speckled dace was comprised almost entirely of aquatic insects (Greger and Deacon
1988, Angradi et al. 1991); however, detritus and plant material were also collected from digestive
tracts of speckled dace (Schreiber and Minckley 1981, Williams and Williams 1982). Feeding was
most active at night (Van Eimeren 1988).

Speckled dace are an important component of the native fish community in the San Juan River.
Commonly collected in both primary and secondary channels (Propst and Hobbes 1996, Ryden and
Pfeifer 1996a), speckled dace were probably an important food item for Colorado pikeminnow and
roundtail chub.
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NONNATIVE SPECIES

The decline of western native fish species was identified by Minckley and Deacon (1968) as, in large
part, because of the introduction and establishment of nonnative species in association with habitat
alteration. Channel catfish and common carp, two of the most abundant large-bodied nonnative
fishes, were introduced in much of the Colorado River Basin during the late 1800s or early 1900s.
Other abundant forage species, such as red shiner and fathead minnow (Pimephales promelas), were
introduced later, after sport fisheries were established in reservoirs that were constructed in the mid-
1900s. However, the successes observed in the introduction and establishment of a variety of
nonnative species were realized at the expense of native species. Habitat alterations within the
Colorado Basin, because of the construction and operation of dams, allowed for the wide dispersal
of nonnative species in concert with the decline of natives. Interaction between native and nonnative
fishes has been recognized as an obstacle to the conservation of native species and has been the
focus of a variety of management efforts (Nesler 1995, Lentsch et al. 1996) in the Colorado River
Basin. Mechanical removal of nonnative fishes is a standard practice in SJRIP sampling. Minckley
and Meffe (1987) provided evidence for the importance of unregulated rivers in the maintenance of
native fish communities, even in the presence of nonnative forms. As noted above, populations of
native fishes, especially the endangered forms, were still strongest in the Green River—the system
that was the least altered hydrologically. The mechanisms for species replacement vary, but
predation by nonnative species was documented as a major factor in the decline, as well as a major
deterrent to the reestablishment of native Colorado River fishes (Marsh and Langhorst 1988, Marsh
and Brooks 1989).

Understanding the biology and habitat requirements of nonnative species and the associated impacts
on native species in San Juan River studies was necessary to determine if flow recommendations
could be used as a management tool to decrease nonnative species numbers. This section discusses
the life history of the four abundant nonnative fish species in the San Juan River; red shiner, fathead
minnow, channel catfish, and common carp. Specific information from SJRIP studies related to
distribution, abundance, habitat use, and related factors of these species in the San Juan River are
provided. Life history details have generally been developed through literature review.

Red Shiner

Red shiner is native to streams of the south-
central Mississippi and western Gulf Coast
drainages in the United States and
northeastern Mexico (Matthews 1980). In
New Mexico, the native range of red shiner
encompasses the Rio Grande, Pecos, and
Canadian drainages (Sublette et al. 1990).

In Colorado, it is native to all drainages east Flate 3.7. Red shiner (Cyprinella lutrensis).

of the Continental Divide (Wordling 1985).
Red shiner was first documented in the Colorado River system in the 1940s in the Lower Basin
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reaches below Lake Mohave (Hubbs 1954). Since then, this nonnative cyprinid has become widely
distributed throughout the American Southwest. The species was probably introduced to the San
Juan River system during the 1950s or 1960s (Sublette et al. 1990), and it is now common in the
river between the Hogback Diversion in New Mexico and Lake Powell in Utah (Archer et al. 1996,
Propst and Hobbes 1996, Ryden and Pfeifer 1996a). Red shiner occupies a broad range of habitats,
including primary channel shoreline habitats, low-velocity areas associated with the primary channel
(e.g., backwaters and embayments), and the array of habitats found in secondary channels (e.g.,
pools, low-velocity runs, and riffles).

Red shiner is a deep-bodied, laterally compressed minnow with small eyes, a terminal, oblique
mouth, and a blunt, rounded snout. This species is well adapted to survive in highly turbid streams
with extreme flow variability. Red shiner is highly tolerant to changes in dissolved oxygen, pH, and
salinity (Matthews and Hill 1977). Temperature, water velocity, and depth most influenced habitat
selection by red shiner in Oklahoma (Matthews and Hill 1979). Matthews and Hill (1980) reported
that the species avoided temperature extremes in winter and summer, preferring backwaters or slow-
moving deeper water (1 ft) where temperatures were most stable. Throughout the 682 mi north-
south span of the red shiners’ native range, Matthews (1986) found no significant differences or
clinal variation in critical thermal maximum between or among populations. However, it was noted
that red shiner was probably the cyprinid most tolerant to high water temperatures. Red shiner was
collected in New Mexico from a very warm spring (39.5E C) (Brues 1928).

Reproduction of red shiner was extensively studied (Minckley 1959, Saksena 1962, Taber 1969,
Pflieger 1975, Farringer et al. 1979, Gale 1986). Most commonly, spawning occurred from April
to October, usually peaking during June and July. Gale (1986) observed fractional spawning over
a 2-month period (June to July), wherein several clutches of eggs were produced by a single female.
Farringer et al. (1979) suggested the incidence of at least two discrete spawning periods in
Oklahoma and Texas. Red shiner nests were found in riffles, sunfish nests, submerged roots, and
crevices. Substrates varied from gravel to silt. Males defended a territory where they aggressively
chased females. After a usually lengthy courtship (several hours), a male and female passed 1.5 to
2.0 in. over a “nest” where the female and male expelled gametes simultaneously. The fertilized
eggs fell into the nest substrata. Gale (1986) described the eggs as yellowish and adhesive with a
maximum diameter of less than 0.05 in. Clutch size averaged 585 eggs (Gale 1986). Gale (1986)
observed up to 19 clutches from one female. After fertilization the eggs were abandoned and
hatched in about 105 hours. Snyder (1981) and Fuiman et al. (1983) described morphology of red
shiner larvae.

Farringer et al. (1979) examined scale annuli and suggested that some red shiner may live through
two winters and that sexual maturity is reached at age-1 or near 30 mm SL. Laser and Calander
(1971) suggested that most red shiner in a population are age-0 and age-1, and that only a few fish
reach age-2.

Red shiner is omnivorous and feeds on smaller fishes, insects, algae, crustaceans, and a variety of
microorganisms and plant material (Hale 1963, Greger and Deacon 1988, Ruppert et al. 1993).
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The red shiner is a habitat generalist, capable of numerically dominating fish assemblages in western
Great Plains streams (Matthews and Hill 1977). Red shiner demonstrates a high adaptability to
environments with greatly fluctuating physiochemical factors (Matthews and Hill 1979). In the
Colorado River Drainage, which has been highly modified by anthropogenic activities, red shiner
has become well established in several river systems, often becoming the numerically dominant
species (Ruppert et al. 1993, Gido et al. 1997, Propst and Hobbes 1997).

The decline of many native western fishes has been attributed, at least in part, to red shiner
(Minckley and Deacon 1968). Although the particular mode by which red shiner displaces or
negatively interacts with native fishes is uncertain and appears to vary among native species (and
life stages of each) and geographic location, predation (Ruppert et al. 1993; Brandenburg and Gido,
in press), resource competition (Douglas et al. 1994), and greater fecundity (including extended
reproductive season) (Gale 1986) have been suggested. Data to support each mode have been
presented. Regardless of how red shiner impacts native fishes, it has been documented that where
red shiner is common, native fishes (at least some species) have declined.

Red shiner was the most abundant nonnative fish species in San Juan River secondary channel
habitats (Gido et al. 1997; Propst and Hobbes 1997; Gido and Propst, in press). In these studies, red
shiner often comprised 50% of the total number of fishes collected, whereas native fishes usually
comprised less than 20%. Although spring runoff typically reduced red shiner abundance, red shiner
density usually attained pre-runoff levels after the reproductive season.

Fathead Minnow

Fathead minnow is native to the
central and upper Mississippi-
Missouri-Ohio River Drainage (Lee
and Shute 1980). It has been broadly
distributed outside its native range,
particularly west of the Rocky
Mountains, as a bait and forage fish
(Carlander 1969, Minckley 1973,
Woodling 1985, Sublette et al.
1990). Its hardiness and tolerance of a variety of environmental conditions are one reason it is a
popular bait fish and contribute to its widespread establishment outside its native range (Carlander
1969). Fathead minnow was probably first introduced to the San Juan River Drainage in the 1950s
or 1960s (Sublette et al. 1990). It is now common throughout the warmwater reaches of the San
Juan River (Archer et al. 1996, Propst and Hobbes 1996, Ryden and Pfeifer 1996a).

Plate 3.8. Fathead minnow (Pimephales promelas).

Fathead minnow is a stout-bodied minnow with a small head and eyes, a small, oblique, terminal
mouth, and a blunt, rounded snout. Coloration is typified by an olivaceous back with predorsal
dusky stripe behind the head. The sides fade to tan or brown, sometimes with a dusky lateral band.
Pflieger (1975) described breeding males as *“. . . mostly black with a broad, yellowish bar encircling
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body behind head and a similar bar beneath dorsal fin; large tubercles developed on chin and in 3
rows on snout; forward part of back with a fleshy pad.”

Fathead minnow has been collected in rivers, streams, lakes, and ponds, preferring low-velocity
habitats (Becker 1983, Robison and Buchanan 1988). The species is highly tolerant of low oxygen,
high temperatures, and turbidity. It was reported by Kochsiek and Tubb (1967) that fathead minnow
can tolerate high salinity (>8,000 ppm) for up to 48 hours. In streams with intermittent flow, fathead
minnow is often the most abundant fish species collected, mostly in isolated, stagnant pools (Pflieger
1975, Cross and Moss 1987, Sublette et al. 1990). More commonly collected in low-velocity
habitats, fathead minnow is often associated with submerged or floating algae (Becker 1983,
Sublette et al. 1990).

Spawning of fathead minnow has been reported from April through early autumn (Markus 1934,
Prather 1957, McCarraher and Thomas 1968, Scott and Crossman 1973, Andrews and Flickinger
1974, Becker 1983, Robison and Buchanan 1988), depending on geographic location. It has been
hypothesized that water temperature, photoperiodicity, or both may influence initiation of spawning
by fathead minnow (Andrews and Flickinger 1974). Andrews and Flickinger (1974) hypothesized
that day length may be more important in initiating spawning and that water temperature becomes
most important as the reproductive season progresses. Spawning begins in the spring or when the
water temperature is approximately 15.6E C and continues through the summer and autumn until
water temperature is again below 15.6E C (Prather 1957, McCarraher and Thomas 1968). Male
fathead minnow select a nesting site, usually under an object, digging out a cavity if necessary
(Andrews and Flickinger 1974). One male will spawn with several females while defending a nest
from all other males. McMillan (1972) reported “snout-butting” between male combatants. After
a complex courtship best described by Burrage (1961), a male maneuvers a female into the nest, then
stimulates her to expel eggs while the male simultaneously releases sperm. The male will tend the
nest until the eggs hatch (Markus 1934, Pflieger 1975). Fathead minnow females were observed
depositing eggs on the undersides of rocks, timber, concrete, tile, and even metal (Markus 1934,
Benoit and Carlson 1977). Gale and Buynak (1982) determined that fathead minnow is a fractional
spawner. Five pairs of fathead minnow produced 16 to 26 egg clutches with 9 to 1,136 eggs per
clutch (Gale and Buynak 1982). One female produced more than10,000 eggs during a reproductive
season. Gale and Buynak (1982) reported no post-spawning mortality. However, Markus (1934),
among others, reported post-spawning mortality of both sexes. Mature eggs are orange, demersal,
and buoyant, with a maximum egg diameter of less than 0.05 in. (Becker 1983). A secretion by the
male adheres the eggs to the underside of the nest cavity (Cross 1967, Smith and Murphy 1974).
Eggs hatch in 4.5 to 6 days (Hasler et al. 1946), and larvae remain near the nest until yolk-sac
absorption (Becker 1983). Larval morphology and development has been extensively documented
(Fish 1932, Markus 1934, Andrews 1970, Snyder et al. 1977, Snyder 1981, Heufelder and Fuiman
1982, Fuiman et al. 1983).

Growth was rapid in some populations with individuals reaching adult size during the first summer
(age-0) if an abundant food source is available. However, in most instances, maturity was not
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reached until the second summer (age-1) or even the third year (age-2) (Becker 1983). Age-3 fish
were rare (Carlson 1967, Held and Peterka 1974, Chadwick 1976).

Fathead minnow was observed to feed primarily in soft-bottomed substrates. The majority (80 to
95%) of their diet consisted of algae and other plant material with the remainder comprised of
microscopic organisms and smaller aquatic insects (Coyle 1930, Starrett 1950).

Fathead minnow was one of the most important commercially propagated fish species in the United
States (Becker 1983, Robison and Buchanan 1988). Miller (1952) reported use of fathead minnow
as a bait fish in the lower Colorado River system by the early 1950s. Fathead minnow is commonly
found in bait shops in and around the San Juan River Basin. An easily propagated, widely produced
species, it may be surmised that control or enforcement to prevent inadvertent introductions into
nonnative waters is almost impossible.

The impact of fathead minnow on native fish populations in the San Juan River is unknown.
Fathead minnow commonly occupy habitats used by some life stages of several native fish species.
Archer et al. (1996) found fathead minnow common in backwater habitats associated with the San
Juan River. In secondary channel habitats, Gido and Propst (in press) reported that all life stages
of fathead minnow (larvae, juvenile, and adult) occupied the same mesohabitats as native fishes
(primarily flannelmouth sucker and bluehead sucker), but that there was temporal segregation in the
use of these mesohabitats. Although they did not find direct evidence of competition, it may
nevertheless occur.

Channel Catfish

Channel catfish is native to the
central United States, south central
Canada, and portions of the
Atlantic coast and Mexico (Sublette
et al. 1990). It is the most widely
cultivated warmwater species in
North America (Sublette et al.
1990). It is not known when
channel catfish was first introduced into the San Juan River, but this species was stocked in the
Colorado River Basin as early as 1892 (Allen and Roden 1978 as cited by Tyus and Nikirk 1990).
It is found in a wide range of warm to cool water habitats and in large rivers, ponds, and reservoirs.
In the Yampa River, channel catfish occupy the same habitats as the endangered fishes at all times
of the year (Irving and Karp 1995). Channel catfish is omnivorous, consuming a variety of food
items including insects, fishes, and plant material (Koster 1957). Spawning occurs during late
spring and early summer (Sigler and Sigler 1987, Sublette et al. 1990). Channel catfish reportedly
can live almost 40 years (Moyle 1976), though most probably live no more than 10 to 12 years
(Sigler and Sigler 1987). Tyus and Nikirk (1990) reported a maximum life span of 22 years in the
Green and Yampa rivers.

Plate 3.9. Channel catfish (Ictalurus punctatus).
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Spawning occurs during late spring and early summer when water temperatures are about 21 to 29E
C (Sublette et al.1990). In the San Juan River, channel catfish spawn during late June through early
August, typically on the descending limb of the hydrograph. In the Green and Colorado rivers,
spawning overlaps with Colorado pikeminnow (T. Chart, UDWR, personal communication). Males
can spawn several times in a year, while females spawn only once (Lentsch et al. 1996). Based upon
radiotelemetry data, there did not appear to be any seasonal pattern of movement associated with
spawning in the San Juan River. Spawning nests are built (and guarded) by males in holes, undercut
banks, or other protected areas such as rubble or boulders (Sigler and Sigler 1987, Sublette et al.
1990). The eggs are demersal, adhere into a compact gelatinous mass, and are about 3.5 mm in
diameter (Sublette et al.1990, Lentsch et al. 1996). Incubation time is 6 to 10 days at 15.5 to 27.8E
C, and larvae hatch at 6 to 9 mm TL (Lentsch et al. 1996). Young channel catfish remain in the nest
for 2 to 5 days until the yolk-sac is absorbed (Sigler and Sigler 1987). Males defend both eggs and
young for varying periods of time after hatching (Koster 1957, Sigler and Sigler 1987). Age at first
spawn varies from 18 months to 8 years (Carlander 1969, Sigler and Sigler 1987), though most
probably mature at age-3 to age-5 years (Sigler and Sigler 1987). In the San Juan River, channel
catfish probably first spawn at age-4 when they are typically 300 to 325 mm TL.

After emerging from the nest, young channel catfish school for up to several weeks, then disperse
(Sublette et al. 1990, Lentsch et al. 1996). Larval catfish have been collected during August
(Buntjer et al. 1994) in drift collections indicating that spawning can occur during post-runoff.
Though larval channel catfish may “drift” in the San Juan River, it appears their abundance in drift
collections is often related to downstream displacement from storm events (Buntjer et al. 1994,
Platania 1996). In the Illinois River, Arkansas, Armstrong and Brown (1983) hypothesized that drift
of larval channel catfish was related to diel periodicity of feeding.

Young-of-the-year and age-1 channel catfish were commonly found in areas of low velocity,
including backwaters (Holden and Stalnaker 1975a, Conklin et al. 1995). In the San Juan River,
they were abundant in backwater and flow-through habitats in the middle reaches of the river
between Aneth and Mexican Hat, Utah (Buntjer et al. 1993, 1994). There were no documented
collections of YOY and age-1 channel catfish in the mainstem of the San Juan River upstream of
the San Juan Generating Station (RM 166.1) near Waterflow, New Mexico. The appearance of
YOY channel catfish in low-velocity habitat collections varied by year between late July and August
(Buntjer et al. 1993, 1994; Archer et al. 1996), indicating variable spawning times. Channel catfish
increased in abundance throughout the summer in backwater and flow-through habitats and were
usually most abundant in autumn (Buntjer et al. 1993, 1994). Summer and fall habitat requirements
were similar to those reported for spring and vary temporally depending upon the annual spawning
period.

In the San Juan River, juvenile channel catfish abundance typically increased with increasing
distance downstream, with the highest catch rates occurring between Aneth and Mexican Hat, Utah
(Buntjer and Brooks 1996). Juveniles (< 300 mm TL) in the San Juan River were commonly
collected over sand/silt substrates along cobble bars and in slow run habitats associated with riffles
(Brooks et al. 1994). Conklin et al. (1995) indicated that juvenile catfish (< 300 mm) in the Platte
River, Nebraska, preferred both low-velocity backwater areas and faster main channel runs. Sigler
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and Sigler (1987) reported that young catfish remained in riffles in association with obstacles as
barriers to high water velocities. Channel catfish YOY typically occurred year round in low-velocity
shoreline habitats in the San Juan River, including backwater and flow-through habitats (Buntjer et
al. 1993, 1994; Archer et al. 1996). Their abundance in these habitats in the winter was typically
lower than in late summer and fall collections. Conklin et al. (1995) found similar habitat use by
young channel catfish year round but did not discuss seasonal differences in abundance.

Catch rates for adult channel catfish generally increased with increasing distance upstream between
Clay Hills Crossing (RM 3.0) and the San Juan Generating Station (RM 166.1) (Buntjer and Brooks
1996). In the San Juan River, adults were collected in all habitat types, often in association with
flannelmouth sucker and bluehead sucker (Brooks et al. 1994). Spring radiotelemetry data showed
channel catfish most frequently used run habitat in association with lower-velocity areas including
slackwaters, eddies, run/riffles, sand shoals, and sand shoal/runs. As flows peaked during June
1997, two individuals that predominately used main channel habitats throughout the year moved into
previously dry channels, presumably seeking refuge from high water velocities or perhaps food. In
addition, there were positive electivity values for both eddies and slackwaters, further suggesting that
adult channel catfish were seeking refuge from high flows during spring runoff. Inthe Yampa River,
adult channel catfish occupied the same habitats as Colorado pikeminnow at all times of the year
(Irving and Karp 1995).

Summer radiotelemetry data indicated habitat use patterns that were similar to those observed during
spring in the San Juan River. Adult channel catfish most frequently used run habitat in association
with low-velocity areas including slackwaters, eddies, and riffles. One fish occupied flooded
vegetation during peak flows in June 1997. Fall habitat use was similar to summer use with respect
to frequency of use of run habitat and associated habitat complexity. Adult channel catfish most
frequently used run habitat in association with eddies, riffles, run/riffles, and cobble shoals. The
distribution and abundance of juvenile and adult channel catfish were correlated with cobble-type
habitats during fall base-flow conditions. On average, adult channel catfish occupied less complex
habitats in summer and fall than in spring. Though no juvenile channel catfish were implanted with
radio transmitters in the San Juan River, a study done in the Platte River, Nebraska, indicated similar
habitat use by season for juvenile channel catfish (Conklin et al. 1995). Conklin et al. (1995) found
juvenile channel catfish preferred low-velocity backwater areas and faster main channel runs, and
were most frequently associated with sand and a combination of sand and silt substrates. In addition,
they were generally found in areas associated with the river banks, particularly near exposed roots
and brush piles.

Winter radiotelemetry data revealed that adult channel catfish most frequently occupied run habitat
in association with eddies, slackwaters, and run/riffles, similar to both fall and summer habitat use.
The average habitat complexity of areas occupied by channel catfish in the winter was also similar
to both summer and fall. However, unlike summer and fall, and similar to spring runoff, during
winter adult channel catfish were seeking areas of lower velocity.
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Common Carp

Common carp is native to Europe
and Asia, and was first introduced in
the United States in 1831 (Sublette
et al. 1990). The introduction of
common carp in the San Juan River
likely occurred in the early to mid-
1880s (Holden and Stalnaker 1975a,
Sublette et al. 1990). Common carp

are capable of adapting to a wide
variety of environmental conditions
(Minckley 1973, Lentsch et al.
1996), but seek warm, shallow, vegetated, low-velocity habitats (Sublette et al. 1990). In the Upper
Basin, they are abundant in sheltered habitats, including backwaters, shorelines, and along tamarisk-
lined banks (Valdez 1990). Common carp is truly omnivorous, consuming aquatic invertebrates,
algae, organic debris, plants, and occasionally fish eggs (Cooper 1987, Sublette et al. 1990).
Spawning occurs from April to late August (Carlander 1969, Sigler and Sigler 1987). Common carp
can live 47 years in captivity (Carlander 1969) though the average life expectancy is 9 to 15 years
(Sublette et al. 1990, Lentsch et al. 1996).

Plate 3.10.  Common carp (Cyprinus carpio).

Spawning occurs in a wide variety of habitats in water temperatures of 10 to 30E C (Lentsch et al.
1996) with 17 to 23E C generally considered optimum (Carlander 1969, Sublette et al. 1990). In the
San Juan River, carp likely spawn from late-April through August, peaking some time in June or
July. In the Yampa River, carp spawn from mid-May through mid-August with peak spawning
between early-June and early-July (Lentsch et al. 1996). Spawning usually involves one female and
a group of males (Minckley 1973). Females may spawn twice in a season, releasing most of their
eggs in the first spawn (Carlander 1969). The slightly adhesive eggs (0.9 to 2 mm in diameter) are
broadcast at random in shallow water along the shore, often over submerged vegetation, debris, or
rubble (Koster 1957, Carlander 1969, Minckley 1973). Age at first spawn is 1 to 4 years for males
and 2 to 5 years for females (Carlander 1969). In the San Juan River, few juvenile carp have been
collected, making it difficult to follow cohorts through time and estimate age at first spawn.
However, because trends in annual adult carp collections generally track adult channel catfish
collections (Buntjer and Brooks 1996), it is possible to assume carp in the San Juan River are mature
(>250 mm TL) by age-2 or age-3. Ripe males have been observed that were 250 to 350 mm TL.

Egg incubation time was 3 to 5 days at 20E C and 5 days at 15E C (Lentsch et al. 1996), but could
be up to 16 days depending upon water temperature (Sublette et al. 1990). Larvae hatched at 4 to
5 mm TL (Lentsch et al. 1996) and remained attached to vegetation until they completely absorbed
their yolk sacs, generally within 5 days (Cooper 1987). Though larval carp were reported as being
common in drift collections in some rivers (Gale and Mohr 1978), their collection in the San Juan
River drift was primarily incidental (Buntjer et al. 1994, Platania 1996).
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After hatching, common carp remained near shore for a period of time, then dispersed to sheltered
areas as juveniles (Minckley 1973). Young-of-the-year and age-1 carp were commonly seined in
backwater and flow-through habitats in the San Juan River, though seldom in large numbers (Buntjer
etal. 1993, 1994; Archer et al. 1996). Holden and Stalnaker (1975a) reported similar findings for
carp in backwater habitats of the Upper Basin. Catch rates for YOY and age-1 carp in secondary
channels from 1991 to 1996 were considerably higher than those reported for main channel habitats,
particularly in 1993 and 1994 (Buntjer et al. 1993, 1994; Archer et al. 1996). Propst and Hobbes
(1995, 1996) found common carp were most abundant in upstream reaches (above RM 115) and
were the most abundant nonnative in spring secondary channel electrofishing collections. Thus,
secondary channel habitats in the San Juan River appeared to be seasonally important nursery areas
for YOY and age-1 carp, particularly in upstream reaches. Young carp abundance in low-velocity
shoreline habitats in the winter was typically lower than in late summer and fall collections (Buntjer
etal. 1993, 1994; Archer et al. 1995, 1996).

Few juvenile (<250 mm TL) carp were collected in the San Juan River (Buntjer and Brooks 1996),
making it difficult to describe their distribution, abundance, or habitat requirements. In addition,
there were few, if any, riverine studies in the Upper Basin that discussed juvenile carp. Conklin et
al. (1995) described habitat selection for common carp in the Platte River, Nebraska, but the
majority (96%) of carp collected were greater than 300 mm TL. In general, it is believed that
juvenile carp seek warm, protected areas.

Catch rates for adult common carp generally increased with increasing distance upstream between
Clay Hills Crossing (RM 3.0) and the San Juan Generating Station (RM 166.1) (Buntjer and Brooks
1996). During the spring in the San Juan River, adult carp were most abundant in deep, low-velocity
eddies along the shore over sand and silt substrate (Brooks et al. 1994). During the summer, adult
common carp were most abundant in shoreline habitats over sand and silt substrate in slow- to
moderate-run habitats (Brooks et al. 1994). There is no information regarding winter habitat use in
the San Juan River. However, other studies have shown that common carp move in response to
water temperature and move to deeper areas in winter where water temperatures are warmer (Koster
1957, Otis and Weber 1982). Small adult carp (350 to 450 mm TL) commonly occupy open,
shallow areas downstream of riffles and adjacent to run/pool complexes (Brooks et al. 1994). They
were also frequently abundant in slow- to moderate-velocity run habitats. Conklin et al. (1995)
observed similar habitat use (and selection) by adult carp in the Platte River, Nebraska. In the
Yampa River, adult carp occupied the same habitats as the endangered fishes at all times of the year
(Irving and Karp 1995).

Common carp are potential predators on the eggs and young of native fishes in the San Juan River,
and they may also be potential competitors with young native fishes. Although common carp are
common in much of the Colorado River Basin, only in Lake Mohave have they been observed
actually eating eggs of a native fish species (razorback sucker) (Minckley et al. 1991).

SJRIP Biology Committee Chapter 3: Life History
May 1999 3-35 Flow Report



CHAPTER 4: PHYSICAL AND BIOLOGICAL
RESPONSE TO RESEARCH
FLOWS

During the 7-year research period (1991 to 1997), flows from Navajo Dam were adjusted to provide
different annual flow regimes for the purpose of examining the biological response of fish species
and aquatic habitats to specific hydrologic regimes. Research releases from Navajo Dam were made
every year from 1992 through 1997 (1991 was a control year with no modification to the release) to
augment the unregulated flows from the Animas River and provide peak spring runoff flows
mimicking a natural hydrograph in the San Juan River. Releases from Navajo Dam in 1992, 1993,
1994, 1995, and 1997 were designed to provide variation in ascending limb, descending limb, and
breadth and magnitude of peak, within the limits of the available hydrology and reservoir storage
volume, and to the satisfaction of downstream water rights. The peak release in each of these years
was timed to match the anticipated peak of the Animas River to provide the largest practical flow
through the study area consisting of the San Juan River from Farmington, New Mexico, to the
confluence with Lake Powell. In 1996, the peak release was timed to extend the duration of the
runoff rather than to enhance the magnitude of the runoff because of limited water supply. Table 4.1
summarizes the nature of the release hydrograph for each year.

Table 4.1. Summary of Navajo Dam release hydrograph characteristics during the
research period, 1992 to 1997.
YEAR ASCENDING LIMB PEAK DESCENDING LIMB MATCHED
ANIMAS RIVER
PEAK

1992 6 weeks 2 weeks at 4,500 cfs 4 weeks Yes
starting April 13 ending July 15

1993 Starting March 1, split peak, 4 weeks No
rapid increase to 4,500 45 days at 4,500 cfs, ending July 13

(compare with 1987) 7 days at 4,500 cfs

1994 4 weeks starting April 23 3 weeks at 4,500 cfs 6 weeks Yes
ending July 28

1995 3 weeks at 2,000 cfs in March, 3 weeks at 5,000 cfs 4 weeks Yes
ramp to 4,500 over 6 weeks ending July 14

starting April 1 (summer flow increased
by 200 cfs)

1996 1 week starting May 27 3 weeks at 2,500 cfs 1 week No
ending June 29

1997 3 weeks at 2,000 cfs in March, 2 weeks at 5,000 cfs 6 weeks Yes
return to 600-cfs base ending July 16

for 31 days, 10 day ascent
starting May 12

SJRIP Biology Committee Chapter 4: Response to Research Flows
May 1999 4-1 Flow Report



The resulting hydrograph through the study area during the research years was dependent upon the
Animas River flows that were not predictable, other than total volume, at the time the decisions were
made concerning the type of release hydrograph. Therefore, the actual downstream hydrograph was
often quite different from the anticipated condition. In addition to research flows that involved the
spring peak, two low winter flow tests were also conducted. In January 1996, a 2-week low-flow
test (250-cfs release from Navajo Dam) was conducted, and in the winter of 1996-97 a 3-month low-
flow test was conducted. Figure 2.5 shows the resulting hydrographs at the Four Corners gage for
the 1991 to 1997 research period.

Tables 4.2 and 4.3 compare hydrologic parameters for each year of research flows as measured at
two USGS gaging stations (San Juan River near Bluff, Utah, and San Juan River at Four Corners)
in the study area. Exceedence parameters involving timing of discharge (volume of runoff or
magnitude of peak flows) were calculated using the pre-dam period of record only. Parameters using
an annual volume of water (total annual discharge or exceedence of annual discharge) were
calculated using the entire period of record (1929 to 1997), because Navajo Dam redistributes
discharge but does not effectively change the total volume released.

The years 1993, 1995, and 1997 were considered relatively high spring flow years, although the
characteristics of each peak varied (Tables 4.2 and 4.3). The years 1991 and 1996 were considered
low-flow years with relatively small spring peaks, and 1992 and 1994 were intermediate runoff years
(Figure 2.5). Prior to the initiation of the 7-year research period in 1991, the San Juan River
experienced a series of very low-flow years because of a major drought in the western United States
(1988 to 1990) (Figure 2.4). This drought period was preceded by a 5-year wet period, terminating
in a very high-flow year (1987). Biological studies in the river were conducted during the period
1987 to 1990 and provided a pre-research period that adds to the variation in flows and number of
years examined.

One of the primary objectives of the 7-year research project was to evaluate the physical and
biological responses of the San Juan River ecosystem to these research flows. This section discusses
the study results that provide much of the information used to develop the flow recommendations.

PHYSICAL RESPONSES TO RESEARCH FLOWS

Studies by Bliesner and Lamarra (1993, 1994, 1995) were designed to examine the response in the
overall river geomorphology and aquatic habitat to flow using channel cross-section data, bed
material sampling, suspended sediment sampling, and habitat mapping. Established channel cross-
sections in certain reaches along the river were used to document channel morphology changes with
different flows or a net response to the overall hydrologic regime. In addition, extensive mapping
of hydraulic habitat at different discharges to represent the range of discharges encountered during
the study was conducted in the field using aerial videography to determine response to different
flows. A more-detailed discussion of methods used to derive the results presented in this section can
be found in those reports.
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Table 4.2.

Summary of research flows for the pre-dam and research periods, San Juan
River near Bluff, Utah.

Peak Runoff-cfs

Runoff (Mar-Jul)-af

Runoff (total annual)-af

1929-61

12,409
1,263,890

Peak Date 31-May
Days>10,000 14
Days>8,000 23
Days>5,000 46
Days>2,500 82
Ave Daily Flow for month-cfs
October 2,863
November 1,858
December 1,405
January 1,336
February 2,115
March 3,250
April 7,881
May 12,484
June 13,078
July 4,825
August 3,548
September 2,844

Frequency of exceedence

- annual

Frequency of exceedence

- runoff

Frequency of exceedence

- peak

Uniqueness

1991

4,530
573,863

1,750,643 1,084,540

16-May
0

0

0

42

1,628
1,173
1,009
1,053
1,541
1,179
1,684
3,357
2,474
807
650
1,470
67%

94%

97%

Control

storm @ spawn

1992

1993

1994

1995

San Juan River near Bluff, Utah

8,510

9,650

1,025,622 1,681,192
1,504,916 2,271,912

29-May
0

4

44

79

716
1,479
1,187

860
1,517
1,205
3,296
6,278
4,590
1,624
1,020
1,219

52%

78%

81%

early ave.

30-May
0

13

109
128

885
1,013

995
2,053
2,256
5,741
6,369
6,840
7,136
1,787
1,195
1,456

26%

1%

80%

early
ascent

8,290

11,600

887,252 1,503,533
1,289,521 2,011,415

06-Jun
0

1

41

64

1,054
1,160
1,066
1,047
838
1,081
928
4,680
6,055
1,961
529
976
58%

78%

81%

late ave.

19-dun
6

19

68

137

1,145
1,123
1,033
1,007
1,175
2,970
3,298
5,753
8,749
4,158
1,581
1,349
33%

71%

72%

late peak

1996

3,280
421,001
797,821

16-Jun
0

0

0

37

1,123
1,181
1,065
739
819
739
599
1,974
2,874
798
476
860
90%

97%

100%

dry

1997

11,300
1,278,795
1,893,403

05-Jun

8
22
46
95

1,521
982
769
832
807

2,652

2,676

5,629

8,000

2,358

2,497

2,756
36%

72%
74%
narrow

runoff

storm @
spawn
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Table 4.3. Summary of research flows for the research period, San Juan River at Four
Corners, New Mexico.

1991 1992 1993 1994 1995 1996 1997
San Juan River at Four Corners, New Mexico
Peak Runoff-cfs 5,160 8,900 10,300 10,000 12,100 3,540 11,900
Runoff (Mar-Jul)-af 599,459 1,074,795 1,714,328 1,039,601 1,624,927 431,913 1,319,155
Runoff (total annual)-af 1,086,676 1,512,795 2,216,819 1,448,893 2,102,228 815,795 1,844,163
Peak Date 16-May 29-May 03-Jun 05-Jun 19-Jun 18-May 04-Jun
Days>10,000 0 0 1 0 11 0 10
Days>8,000 0 3 16 13 27 0 29
Days>5,000 2 54 109 49 72 0 49
Days>2,500 46 81 128 67 135 36 98
Ave. Daily Flow for month
October 1,449 769 827 941 1,109 1,091 944
November 1,127 1,356 911 1,210 1,077 1,139 912
December 1,080 1,088 957 1,105 960 1,088 789
January 1,173 859 1,358 1,050 918 785 772
February 1,289 1,298 1,511 781 1,076 899 713
March 995 1,173 5,463 967 2,782 766 2,279
April 1,810 3,723 6,188 1,028 3,478 607 2,567
May 3,739 6,634 7,298 5,251 6,119 2,150 5,942
June 2,580 4,844 7,701 7,836 9,367 2,925 8,407
July 801 1,444 1,776 2,170 5,187 715 2,689
August 556 927 1,348 552 1,564 492 2,298
September 1,441 997 1,142 1,193 891 2,250

Channel Morphology

Studies dealing with channel morphology and response to flows began in 1992 and are ongoing.
Studies were concentrated in three areas of physical response: channel change and cobble bar and
backwater formation and maintenance. Channel morphology reflects structural changes in the
channel affecting both hydraulic and instream structural habitat. Cobble bars are the primary
structural habitat important for spawning Colorado pikeminnow (see Chapter 3), as well as for most
other native fishes. Backwater habitats are used more frequently than other habitats by YOY
Colorado pikeminnow and early life stages of other native fishes. Quantity and quality of both of
these habitats are affected by flow levels more so than other habitats used by the native fishes.

Channel Change
The study of the response of channel morphology to change in the hydrologic regime was
accomplished by analyzing change in surveyed channel transects, assessing sediment transport
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during runoff, analyzing channel complexity measured by island count at a similar flow during
several years, and assessing the change in bankfull capacity in modeled geomorphic reaches. The
results of these analyses were used to assess channel change because of increased peak runoff flows,
examine the response of particular runoff scenarios, and provide input in the selection of flow
criteria important to the maintenance of habitat important to the native fishes. Transect data were
not collected equally among reaches or throughout the 7-year research period because study design
changed as certain information was deemed of greater need to accurately document response of
channel morphology to different flow regimes. Measurement of channel complexity could not be
completed at the same flow throughout the study because of the natural variability of flow. Asa
result, some standardization and assumptions were necessary to evaluate channel response to
discharge. In general, mean bed elevation, channel complexity, and bankfull discharge were used
in this analysis to detect changes in channel morphology.

In 1992, 11 river transects (RTs) were established between RM 70 and RM 169 to monitor scour and
deposition within the river. In 1993, 15 additional transects were established. Eight were located
in Reach 5, near the suspected Colorado pikeminnow spawning site designated as “the Mixer,” five
were in Reach 3 between RM 83 and RM 88 ( the “Debris Field”), and two were in Reach 1 at RM
4 and RM 12.8 (Clay Hills Crossing, Utah). The Mixer and Debris Field transects were surveyed
during runoff to determine local deposition and scour of coarse and fine sediments. The Clay Hills
Crossing transects were surveyed before and after runoff, similar to the RT surveys. The assessment
of change in mean bed elevation is made based primarily on the RTs for the main portion of the river
since they are located throughout the study area and have the longest period of record. The other
transects were used to assess special conditions and to supplement the conclusions reached by
analysis of the RTs.

Figure 4.1 shows the series of transect surveys at RT 01 from 1992 through 1997, along with the
substrate material for each survey. The cycle of scour during runoff and fill between runoff can be
observed in this figure, along with the change in substrate. While the other transects have responded
somewhat differently, the general pattern for most is similar.

Figure 4.2 shows the mean bed elevation with time for the RT series, assuming no change in width.
Change in mean bed elevation may be in bank or bottom erosion/deposition, but it is reported as
change in depth as a standardized measure representative of change in cross-sectional area. The
transects show a pattern of deposition between runoff periods and scour during spring runoff. The
amount of scour is linearly correlated to the volume of spring runoff (+*=0.78, p=0.02). The
correlation is stronger when the previous year’s deposition is added to the relationship (+°=0.95,
n=5.0, p=0.05). The correlation to peak discharge is weaker (7°=0.62,n=6.0, p=0.06). Examination
of Figure 4.1 in conjunction with the regression results explains why the previous year’s deposition
is important to the correlation. The amount of scour in 1997 was nearly as great as in 1993, while
the spring runoff volume was much less than in either 1993 or 1995, the other large scour years
(Table 4.2). Since 1996 flows were inadequate to remove the fine sediment accumulated since
runoff of 1995, there was a large accumulation of fine sediment available for scour in 1997. In fact,
even with considerable scour, the mean bed elevation in 1997 did not return to the low achieved in
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Figure 4.2. Average relative bed elevation for the 11 River Transects (RTs) for the
research period.

1995. Therefore, channel bed elevation is a function of both runoff volume and previous sediment
accumulation, with eventual equilibrium expected because of the altered flow regime as indicated
in Figure 4.2.

Since 1992, the average bed elevation has shown a net decrease of 0.46 ft. The minimum bed
elevation occurred after runoff in 1995, with a cumulative net elevation loss of 0.49 ft. Long-term
channel maintenance requires a balance between scour and deposition. Since the 1996 runoff
(430,000 af) did not remove the sediment accumulated during the previous year, it appears that
runoff volumes as low as 430,000 af are inadequate to maintain a transport balance unless coupled
with higher flows in subsequent years (e.g., 1997) in the San Juan River.

Validation of this measured change in channel cross-sectional area would be possible by completing
a sediment balance for the study reach. Because of the numerous ephemeral channels and
intermittent nature of flows, it was beyond the scope of these studies to complete a rigorous sediment
balance. However, suspended sediment sampling was conducted periodically during the runoff
period each year to examine the gain in suspended sediment because of channel scour. Sediment
samples during nonstorm periods (no runoff in the ephemeral washes) were collected at several
locations along the river (Bliesner and Lamarra 1993, 1994, 1995). By assessing the sediment
balance during nonstorm periods, the amount of sediment removed from the channel during runoff
can be estimated. For the period 1992 to 1997, the suspended sediment load in the San Juan River
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at the Montezuma Creek sampling site (RM 93.6) averaged 785 milligrams per liter (mg/1) greater
than at the Farmington sampling site (RM 180.6) during the nonstorm-effected samples taken
between March 1 and July 31, totaling 7.66 million tons of sediment over the six runoff periods.
Using an average density of 83 pounds (Ibs) per cubic foot based on the average sand/silt percentage
(64%/36%) of 84 samples, an average channel width from the cross-sections of 336 ft and a channel
length of 87 mi, the average depth of scour required to remove this volume of material would be 1.20
ft. From the measured change in cross-sections, including scour of redeposited material, the total
scour for the 6 years shown in Figure 4.1 is 1.20 ft. The exact match of the two numbers is
somewhat fortuitous, since the computed change based on the increase in suspended sediment is not
based on a complete sediment balance and does not include bedload. However, the agreement of
the two computed values for scour does indicate that the scour represented at the 11 standard cross-
sections is representative of the change in this reach of river. Year-by-year analysis completed for
1995 to 1997 supports the general trend of scour variation with time as shown in Figure 4.1, but
quantification is not matched as well as the average data over the full analysis period. For example,
suspended sediment analysis for 1996 indicates a small net accumulation of sediment during the
runoff period, while the cross-section study shows a small amount of scour.

The series of flows during the 1992 to 1997 period initially resulted in increased channel depth with
subsequent stabilization. Since this flow series follows 4 low-flow years after the last large runoff
(1987), the net scour seen in the early years was likely related to accumulation of fine sediment since
the last large runoff year. Because most of the change is fine sediment and the elevations seemed
to have stabilized since 1995, it is likely that the system is seeking a new equilibrium level and will
not continue to channelize, especially since this has been a wetter-than-normal period. Further, this
series of data suggest that high-flow years are not needed every year to maintain a long-term balance,
and that variability in sediment balance from year-to-year is a reality in the San Juan River. While
5 years is a short period on which to base these preliminary conclusions, continuing a release pattern
similar to the research flow period, adjusted for average runoff conditions, appears reasonable,
provided monitoring is continued to assess long-term impacts and provisions are in place to adjust
release patterns if negative trends are identified.

While there has been a net loss of cobble/gravel with time, most of the change in mean bed elevation
has been because of scour of sand and silt (90% of total scour). A loss of sand and silt from
substrate has resulted in an increased percent composition of cobble/gravel substrate, from about
25% before runoff in 1992 to over 50% after runoff since 1993. Depending on the volume of runoff
and sediment load during runoff, the cobble substrate has ranged from 71% (1993) to 52% (1997).
However, the effects of fine sediment scour during spring runoff can be easily reversed by summer
storm events. The low-flow year (1996) had less fine substrate than 1997, because of a large storm
occurring on the descending limb of the 1997 spring runoff prior to sampling. It appears that flow
ranges similar to those experienced during the research period are adequate to maintain 50% or more
cobble substrate following runoff and over 40% prior to runoff.
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The patterns are similar for the Mixer and Debris Field transects (Figure 4.3), although the Debris
Field (Reach 3) transects do not appear to have stabilized. Bed elevation in the Debris Field was still
decreasing with each successive runoff period. The exception was a noted increase in post-runoff
mean elevation within the Mixer transects in 1997 that can be explained by the formation of cobble
bars within two of the cross-sections (Figure 4.3).

The two transects in Reach 1 do not follow the same pattern (Figure 4.4). This sand-laden reach is
heavily influenced by the backwater effect and the fluctuation of water surface elevation in Lake
Powell. These two transects showed a net increase in bed elevation between 1993 and 1997 of 1.02
and 0.46 ft, respectively, for the upstream and downstream transects. The downstream transect
initially scoured until runoff in 1995 when sand deposition occurred, likely because of a rise in the
level of Lake Powell. The upper transect showed a continued depositional trend. In this case,
however, net deposition could be a result of transect location. A longer study period would be
needed to discern the effects of the locally shifting thalweg from an actual response in overall bed
elevation to the hydrologic regime.

Net scour may indicate an imbalance between the sediment load and the hydrologic regime (volume
or timing) that could affect the long-term channel morphology. Since the measurements were taken
during a period of modified hydrology where the peak runoff period was restored to more-natural
conditions after 30 years of regulation by Navajo Dam, the pattern of initial scour, followed by
apparent stabilization or at least decreased scour, was expected. The sediment transport capacity of
the higher magnitude spring releases (1992 to 1997) was greater than that occurring during the period
of altered spring flows (1962 to 1991).

The increased channel depth indicated by the cross-section surveys during the research period and
supported by the sediment balance study suggests a trend toward channelization and channel
simplification (less secondary channels). To examine the impact of the observed scour on overall
channel morphology, channel complexity, as measured by changes in total number of islands within
each reach, was analyzed using habitat mapping coverage in a GIS. Only Reaches 3, 4, and 5 were
used in this analysis because mapping for these reaches was the most temporally comprehensive
throughout the 7-year research period, and Reaches 1 and 2 have no islands because of canyon
restraints. Channel complexity was analyzed in two ways: the overall correlation between discharge
and number of islands, and the chronological effect of flow regime on island count during the 7-year
research period. Figure 4.5 shows the relationship between the number of islands in Reaches 3 to
5 and discharge during each of the mapping periods. Two regression lines are shown. The longer
line represents the full range of discharges encountered. The shorter line includes only flows below
1,200 cfs to represent low flows. It is theorized that channel complexity at low flow would show
change first if channel simplification was occurring because of channel scour. As expected, the
number of islands increases with increased flow up to about 6,500 cfs as more secondary channels
become active. The substantial drop in number of islands between 6,500 and 7,700 cfs indicates
overbank flooding at this discharge as inundated islands became mapped as flooded vegetation.
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Figure 4.5. Relationship between main channel flow and island count.

To examine the chronological effect of the flow regime on the number of islands throughout the 7-
year research period (a test of channel simplification), the total number of islands in Reaches 3, 4,
and 5 was plotted against time as noted by the triangles in Figure 4.6. The first data set plotted
represents the actual number of islands at the noted flow for each mapping, with only the mapping
runs completed at flows below 1,200 cfs shown. Any variation in island count because of channel
simplification for this data set is masked by the change in flow rate during mapping. To determine
if a change occurred, the island counts had to be standardized to a common flow. These normalized
island counts are represented squares on the second line. Normalized island counts for each year
were computed as the ratio of the island counts predicted by the regression equation (represented by
shorter line on Figure 4.5) for a flow of 1,000 cfs, to that ratio predicted at the flow shown in Figure
4.6 times the actual number of islands mapped at the flow shown. The analysis indicates a slight
reduction in islands through 1994, an increase in 1995, a subsequent decrease in 1996, and a slight
increase in 1997 with no net change over the 6-year period. The scour indicated by the decrease in
mean channel elevation at the measured cross-sections would indicate an imbalance that could lead
to channel simplification (loss of multiple channels and islands). For this short period of record, it
appears that there was no significant loss of channel complexity associated with the channel scour
observed, although there appears to have been a short-term loss that was regained during the high-
flow condition in 1995.
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Figure 4.6. Island count in Reaches 3, 4, and 5 at base flow vs. time as a measure of
change in channel complexity.

During 1995, for the first time in the 7-year research period, flows exceeded 10,000 cfs for more than
1 day, achieving a daily peak flow of 12,100 cfs with flows above 10,000 cfs for 11 days at Four
Corners. The first increase in islands was exhibited in 1995. The indication from this flow series
is that maintaining peak flows near channel capacity (1992 to 1994) may have slightly simplified the
channel, while a larger overbank flow (1995) appears to have developed additional channels and
islands, reversing the simplification. Some channel complexity may be lost because of summer and
fall sediment-laden storm events that tend to berm off small flow-through and secondary channels
(August 1994 to November 1994), and runoff events with peaks below 5,000 cfs (1996) may cause
loss of channel complexity through the same process. The year 1997 was the only other year with
flows above 10,000 cfs and the only other year to exhibit an increase in island count, although the
increase is small relative to 1995. This is due in part to large summer sediment inflow between
runoff and mapping that refilled small secondary channels in 1997. While analysis of the trend in
island areas seems to indicate that the net effect of the research flows has not been damaging to
channel complexity and that flows above 10,000 cfs are important in maintaining channel
complexity, 5 years is a short period of record with which to identify long-term trends. Long-term
monitoring will be required to assess the effects of restoration of a more-natural hydrograph on
channel complexity.
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If significant scour is occurring and it is not appreciably affecting channel complexity, sediment must
be eroding from the bed and increasing channel depth with equal effect in secondary and main
channels. Based on the extent of observed scour, it could be predicted that the channel capacity has
increased by 7 to 10% because of bed erosion from 1992 to 1995. If channel capacity increased, then
the bankfull discharge would have been about 7 to 10% greater at the end of the 7-year research
period compared with that at the beginning of the 7-year research period. To determine if a change
in bankfull capacity occurred, overbank flow at the beginning and end of the 7-year research period
were compared. Overbank flow was considered to be the discharge at which a substantial decrease
in island area and increase in flooded vegetation was noted. Figure 4.5 shows that a substantial
decrease in island area occurred between 6,500 and 7,700 cfs, which corresponds to June 1993 and
1994 respectively. In addition, flooded vegetation increased an order of magnitude (3,421,680 to
37,025,160 ft*) between 6,500 and 7,700 cfs within Reaches 3, 4, and 5. This strongly suggests that
islands were overtopped in this flow range and that bankfull flow was somewhere between 6,500 and
7,700 cfs in 1993 and 1994, the early part of the 7-year research period.

In 1996, four single-channel reaches about 0.25 mi in length containing five cross-sections each were
surveyed between RM 133 and RM 174. A summary of bankfull discharges for these reaches is
presented in Table 4.4. In the lower three reaches, overbank flow occurred first (indicated by
overbank conditions at one transect) at discharges between 7,100 and 7,500 cfs, based on calibrated
HEC-RAS modeling. At RM 174, the first transect to show overbank flow occurred at 10,000 cfs.
At least two cross-sections in each reach experienced overbank flow between 8,000 and 8,500 cfs
for all study reaches except RM 174, which required 10,500 cfs for overbank flow at two cross-
sections. Therefore, bankfull was assessed to be between 7,100 and 10,000 cfs, depending on the
study reach. While this discharge is greater than that estimated based on island counts and flooded
vegetation for 1993 and 1994, the ranges overlap. If a real difference exists between the beginning
and ending of the 7-year research period, it could be partly explained by an increase in channel
capacity because of bed scour between 1993 and 1996. However, conclusions based on such a short
time period should be considered preliminary, and continued monitoring is necessary to verify an
actual change in channel capacity. If channel capacity has increased, the change can be considered
relatively insignificant, especially because a concurrent change in channel complexity was not
detected. While modeled reaches exhibited initiation of overbank flow at between 7,100 and 10,000
cfs, consistent overbank flow occurred at between 8,000 and 10,500 cfs. The median overbank flow
for the 20 cross-sections modeled was 9,000 cfs. However, the nature of the areas modeled was such
that when flows were overbank on more than 25% of the area, any increase in stage (height of water)
with increased flow was small. In some areas, the floodplain sloped away from the river channel,
allowing the overbank flow to spread out and reenter the channel at a downstream location. In other
locations a low, flat floodplain was separated from the river by a short berm, allowing a large
increase in flow area for a small change in stage. Based on this information, bankfull discharge for
the San Juan River was set at 8,000 cfs (25% of cross-sections overbank) as the value that appeared
to fit most of the study area.
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Table 4.4. Bankfull discharge from HEC-RAS modeling of four 0.25 mile (mi) reaches in
the San Juan River between River Mile (RM) 133 and RM 174.

REACH DESIGNATION BANKFULL FLOW AT ONE BANKFULL FLOW AT TWO OR
CROSS-SECTION (CFS) MORE CROSS-SECTIONS (CFS)

RM 133 7,500 8,000

RM 167 7,100 8,000

RM 169 7,100 8,500

RM 174 10,000 10,500

Since the RT series were first surveyed prior to research flows and have been surveyed twice
annually since that time, an assessment of channel capacity and the change in channel capacity can
be made, using the calibrated roughness coefficient from the modeled reach and applying the
Manning equation:

Q — (W d5/3 SI/Z)/n

Where Q = discharge, cfs

w = width, ft

d = average depth, ft

S = water surface slope, ft/ft
and n = roughness coefficient

Since water surface elevations were surveyed each time the cross-sections were surveyed, sufficient
information was available to allow calculation of water surface slope. The survey with the greatest
flow (1,170 to 1,950 cfs, depending on the date of survey) was selected as the calculation closest to
the bankfull condition. Using the calibrated roughness coefficient of 0.027, the Manning equation
was solved for slope, knowing flow, width, and cross-sectional area from the surveys. Bankfull flow
at each cross-section for spring 1992 and fall 1997 surveys was then computed, assuming that the
gradient did not change. The mean bankfull discharge for the RT cross-sections was computed to
be 7,300 cfs (range 5,300 to 9,900 cfs) prior to modification of the flows (1992). After 6 years of
research flows designed to mimic a natural hydrograph, the mean bankfull discharge was computed
to be 8,200 cfs (range 5,800 to 12,600 cfs) for an increase of 12% from pre-research conditions. The
8,000-cfs channel capacity determined from the modeling studies is supported by the results of this
analysis and the perceived change in channel capacity over the research period confirmed.

In summary, the bankfull discharge of the San Juan River is about 8,000 cfs and has increased by
about 12% since the beginning of the research period. Bankfull flow is considered the practical
upper limit for maintenance of cobble transport through low-gradient reaches and is considered in
the analysis of cobble bar maintenance in the next section. Flows above 10,000 cfs appear to be
important for maintaining channel complexity and floodplain integrity. Continued monitoring will
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be necessary to verify these values and assess impacts of the restoration of a more-natural
hydrograph on channel complexity and capacity.

Cobble Bar Maintenance

To maintain spawning habitat for Colorado pikeminnow, areas of clean, loose cobble are needed,
as described in Chapter 3. It has been shown in many studies that fine sediment cannot be removed
from appreciable depths in a cobble bed without moving the cobble (Diplas 1994, Kondolf and
Wilcock 1996). Cobble movement appears to occur over a broad range of flows in the San Juan
River. In some locations, loose cobble is developed during the depositional phase of cobble bar
formation at high flows, as was discussed for the Yampa River spawning site in Chapter 3. For
example, a cobble bar suitable for spawning has formed at the nose of an island adjacent to a small
secondary channel on river left at RM 132 during high flow conditions (see cover photo). A small
chute channel was maintained at high flow between the bar and the island. At reduced flow, the
chute channel becomes a run. The downstream side of the bar along the margin of this run contains
loose cobble with sufficiently clean interstitial space to provide spawning habitat as evidenced by
its use by spawning Colorado pikeminnow in 1993 and 1994 (Miller 1994, 1995). In other locations,
adequate cobble is available through erosion as chute channels cut through an existing bar when
flows recede. In either case, bars need to be periodically formed and subsequently eroded in the
system to allow maintenance of clean, loose-cobble areas.

Flow conditions that move cobble in the San Juan River were determined and analyzed empirically
by documenting changes in bed elevation of cobble/gravel substrate after certain flow events. In
addition, interstitial depth among cobble substrate was measured immediately following runoff.
Table 4.5 summarizes cobble transport results for various channel cross-sections. The top portion
of the table presents data for the RT cross-sections and the bottom portion for the Mixer cross-
sections. The sampling period and location of the two sites represent different hydrologic conditions.
The RT cross-sections were surveyed pre- and post-runoff and represent locations upstream of
channel splits, while the Mixer transects were surveyed several times during runoff in some years
to assess cobble movement during shorter duration events. The latter site also represents higher
gradient locations where channel morphology change was noted. Neither set of cobble transport data
is highly correlated to individual hydrologic parameters, although some of the correlations are
significant (p<0.05). The correlation improves when analyzed as a multiple linear regression
including all parameters, but the correlations are not significant at the 95% level. The results of the
multiple regression indicate, as expected, that larger flows (magnitude and duration) tend to move
more cobble than smaller flows. Several conclusions can be made from this analysis: (1) the number
of cross-sections with moving cobble was small in the first year of runoff and increased to include
nearly all cross-sections after 1993 at all flow levels; (2) cobble movement was initiated at flows of
about 2,500 cfs; (3) large flow events (magnitude and duration) moved more cobble, in general, than
small flow events, especially in the period after 1992; and (4) data from the Mixer site were less
correlated to flow conditions than those from the RT sites.
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Table 4.5. Summary of cobble movement at surveyed cross-sections with hydrographic

conditions.
Period Scour Deposition  Mean Mean Peak Days > Days > Days > Days > Combined
Locations Locations Scour Deposition Discharge 10,000 8,000 5,000 2,500 Results
Volume Volume cfs cfs cfs cfs cfs
m%m m¥m
RT Cross-sections
Mar-Jul 92 6 4 2.3 15.6 8,900 0 3 54 81
Jul 92 - Feb 93 8 9 5.1 5.9 3,490 0 0 0 9
Feb - Jul 93 11 8 39.1 28.7 10,300 1 16 109 128
Jul 93 - Mar 94 11 11 13.9 9.5 4,700 0 0 0 6
Mar 94 - Aug 94 11 10 10.5 8.0 10,000 0 13 49 67
Aug 94 - Mar 95 10 10 7.0 4.8 2,820 0 0 0 1
Mar 95 - Aug 95 10 10 19.7 15.9 12,100 11 27 72 135
Aug 95 - Mar 96 10 11 6.3 11.1 2,490 0 0 0 0
Mar 96 - Jul 96 11 11 8.9 54 3,540 0 0 0 36
Jul 96 - Feb 97 9 11 4.3 19.1 2,510 0 0 0 1
Feb 97 - Aug 97 10 9 23.0 15.6 11,900 10 29 49 98
Coefficient of Determination () - scour 0.55 0.20 0.47 0.59 0.51 a7
Significance of f statistic (p) - scour .01 A7 .02 .006 .01 1
Coefficient of Determination - deposition 0.25 0.07 0.21 0.55 0.38 .74
Significance of f statistic (p) - deposition A2 43 .16 .009 .04 14
Mixer Cross-sections
Feb - Apr 93 20of4 10f4 16.1 0.7 6,720 0 0 25 39
Apr - Jun 93 10f4 20of4 21 41.2 10,300 3 16 67 67
Jun - Jul 93 30of4 30of4 344 17.6 7,360 0 0 9 16
Jul 93 - Mar 94 8 0of 8 8 0of 8 14.3 9.3 4,700 0 0 0 6
Mar 94 - May 94 70of8 70f8 41.3 16.0 6,600 0 0 7 14
May 94 - Jun 94 70of8 70of8 37.0 18.3 10,000 0 13 41 41
Jun 94 - Aug 94 20f8 70f8 1.7 26.2 5,460 0 0 1 12
Mar 95 - Aug 95 8 0of 8 8 0of 8 34.0 217 12,100 11 27 72 135
Aug 95 - Mar 96 80of8 80of8 16.4 7.4 2,490 0 0 0 0
Mar 96 - Jul 96 8 0of 8 8 0of 8 8.6 11.8 3,540 0 0 0 36
Jul 96 - Feb 97 80of8 80of8 7.9 7.3 2,510 0 0 0 1
Feb 97 - Aug 97 70of8 6 of 8 61.7 413 11,900 10 29 49 98
Correlation coefficient - scour 0.35 0.29 0.31 0.12 0.20 .76
Significance of f statistic (p) - scour .04 .07 .06 .28 15 A2
Correlation coefficient - deposition 0.49 0.35 0.51 0.40 0.32 .61
Significance of f statistic (p) - deposition .23 .04 .009 .03 .06 22
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Cobble movement does not ensure interstitial depth among cobbles adequate for successful
spawning. Beginning in 1993 and continuing through 1997, measurements of interstitial depth,
along with sampling of cobble particle size, were taken at several suspected or potential spawning
sites in the San Juan River. Interstitial depth was measured in place on the bars over a surveyed grid
as the depth from the top of the adjacent cobble to the depth at which sand fills the spaces between
the cobble. Table 4.6 summarizes the results for three locations with the longest consistent record
of data collection. Sampling methods have been refined with time, so earlier data only qualitatively
compare to later data. However, sufficient data exist to show that some adequately clean cobble
(defined as having interstitial space > 1.5 times median cobble diameter) (Bliesner and Lamarra
1995) is present, even in low-flow years such as 1996, although total area is reduced. In 1996, pre-
and post-runoff sampling at the most-upstream bar suggested that transport and/or cleaning occurred,
even during a low-flow year. This maintenance occurred in areas around chute channels and the
resulting fans on the downstream side of the bar. Data collected in 1997 show that storm events after
runoff can partially fill interstitial spaces with sand, although some clean cobble remained available.
The 1997 storm event occurred during the normal spawning period for Colorado pikeminnow, so
the loss of available clean cobble may have adversely affected spawning success.

Table 4.6. Summary of depth of open interstitial space in cobble bars.
DEPTH 1993 1994 1995 1996 1997°
EXCEEDENCE
Areal extent exceeding stated depth of open interstitial space - m?
RM 173.7 (potential spawning bar), cobble D, =5 cm
1 x Dy, n/a n/a 362° 2,204 / 3,437° 1,346
1.5 x Dy, n/a n/a 342° 1,512/ 1,868° 571
2.0 x Dg, n/a n/a 321° 907 / 822° 214
RM 132 (main spawning bar), cobble Dy, = 6 cm
1 x Dy, 64¢ 126° 853 712 688 (367)°
1.5 x Dg, 10° 63¢ 500 522 276(67)°
2.0 x Dg, 2¢ 29¢ 317 308 172(33)°
RM 131 (lower red wash spawning bar), cobble Dy, =5 cm
1 x Dy, n/a 466 222 66 157
1.5 x Dg, n/a 106 100 66 105
2.0 x Dg, n/a 29 47 33 66

A large storm event occurred between July 29 and August 14, peaking twice in the 6,000-cfs range. This storm was just prior to survey
in 1997, which appears to have partially filled some open interstitial space with sediment.

®The area surveyed was limited to chute channels (362 m?) compared to full bar (8,000 m?) in 1996 and 1997.

°The first value is pre-runoff, the second post-runoff.

9The area surveyed was about 10% that of later years, but was concentrated in the cleanest areas.

°First value is estimated based on a 20% subset survey taken in July prior to the storm event. Value in parenthesis was taken just after
the storm event.
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The cobble movement into and out of established cross-section sites indicates that large flow events
transport more cobble, but the threshold flow for movement of cobble to begin on the bars was not
determined. The lowest flow rate between surveys was 2,500 cfs, and cobble movement was
evidenced (Table 4.5). Therefore, 2,500 cfs is assumed to be the minimum flow rate necessary for
resculpting bars in preparation for spawning.

For long-term cobble bar formation and maintenance, the system must be capable of transporting an
adequate size and quantity of cobble into the appropriate areas. In addition to assessing bankfull
discharge at channel cross-sections, the study reaches were modeled to determine the discharge
necessary to transport cobble through the intervening low-gradient reaches between bars. One
method of determining this relationship involved examining critical dimensionless shear stress
(Shield’s stress), a parameter estimating the pressure applied to the bed substrate by the overflowing
water velocity and depth, for the existing bed material. Incipient motion (the point at which particles
begin to move) of the median particle diameter (D5,) of bed material is theorized to occur when the
critical shear stress, J'5, is in the range of 0.02 (Andrews 1994) to 0.03 (Parker et al. 1982). This
value varies from river to river and may even fall outside this range. Under conditions of incipient
motion, the gravel just begins to move slightly and transport rates are very low (Pitlick and Van
Steeter 1998). As the dimensionless shear stress increases, the number of bed particles in transport
increases rapidly. By the time the dimensionless shear stress reaches 0.06 (Andrews 1994), a
majority of the particles on the bed’s surface are in motion. Appreciable transport will occur at
condition of average motion, where most particles can be moved, but at a moderate rate. Andrews
(1994) found transport of particles as large as the 80™ percentile with dimensionless shear stress in
the range of 0.032 to 0.042. The three conditions of transport examined in this study are initial or
incipient motion (J°,5, = 0.02 to 0.03), average motion (J°,5, = 0.030 to 0.045), and full motion (J° 5,
= 0.045 to 0.060). The range of values for each condition appears in Table 4.7 for the modeled
reaches. The flows at which the conditions are met are shown in Table 4.8.

According to these calculations, all of the modeled reaches have boundary shear stresses in the range
necessary for incipient motion for the average of all cross-sections at or below bankfull flow. Only
one reach attained the condition (J°,5, = 0.030 to 0.045) that the theory would suggest is necessary
for measurable transport on average, although in all but one reach some transects were predicted to
reach the condition below bankfull flow. The comparison of pre- and post-runoff surveys of the
upstream cobble bar at RM 173.7 shows an increase in mean bar elevation during the 1996 runoff
period and a subsequent decrease in average elevation during the 1997 runoff period. This would
suggest that cobble was transported to the bar at a flow of less than 4,000 cfs (1996) and eroded from
the bar during the higher flows in 1997. The bar at RM 168.4 was stable in 1996 but aggraded
slightly in 1997. Given the morphological nature of the changes in the examined cobble bars, any
noted cobble transport could have resulted from local scour and deposition rather than from
immigration or emigration of material, but the change in the bars could have resulted from upstream
transport based on the assumption of the low end of required J'.5,. Based on these findings, the
conditions for cobble transport in these reaches range from marginal to plausible at or below bankfull
discharge, depending on the reach. However, adequate conditions exist for marginal transport only
if the smaller J° 4, values are applicable.
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Table 4.7. Boundary shear stress conditions at various flow rates for four modeled

reaches.
CFs RM 133.0 RM 167.0 RM 169.0 RM 173.7
D, - cm 5.00 6.00 6.00 4.00
Required for beginning motion (J*cz 0.02 - 0.03) 0.34 - 0.51 0.41 - 0.61 0.41 -0.61 0.27 - 0.41
Required for average motion (J';= 0.03 - 0.045) 0.51-0.76 0.61-0.91 0.61-0.91 0.41-0.61
Required for full motion (J*cz 0.45 - 0.06) 0.76 - 1.01 0.91-1.22 0.91-1.22 0.61-0.77
Boundary Shear Stress
1,000 0.07 0.12 0.07 0.11
2,000 0.12 0.17 0.17 0.17
3,000 0.18 0.24 0.25 0.23
4,000 0.24 0.30 0.31 0.28 0.28
5,000 0.29 0.35 0.36 0.34 0.34
6,000 0.34 0.34 0.40 0.42 042 0.38 0.38
7,000 0.41 0.41 0.48 048 0.46 0.46 0.44 0.44
8,000 0.47 047 0.53 0.53 0.51 0.51 0.48 0.48
9,000 0.52 0.52 0.58 0.58 0.56 0.56 0.53 0.53
10,000 0.59 0.59 0.65 0.65 0.61 0.61 0.57 0.57
11,000 0.63 0.63 0.71 0.71 0.66 0.66 0.61 0.61
12,000 0.67 0.67 0.78 0.78 0.71 0.71 0.65 0.65
Note: Bold = beginning motion
Bold italics = average motion
Shadowed cells = full motion
Table 4.8. Flows required to meet critical shear stress conditions for cobble transport.
Modeling Reach 133 167 169 173.7
Minimum Channel Capacity - cfs 7,500 7,100 7,100 10,000
Average Channel Capacity - cfs 8,000 8,000 8,500 10,500
Cobble Dy, - cm 5.0 6.0 6.0 4.0
Minimum flow for beginning motion - cfs 6-8,000 4-6,000 4-9,000 3-7,000
Ave flow for beginning motion - cfs 6-9,000 7-10,000 6-10,000 4-7,000
Minimum flow for ave. motion - cfs 8-12,000 6-10,000 9->12,000 7-10,000
Ave flow for ave. motion - cfs 9->12,000 10->12,000 10->12,000 7-11,000
Note: Flows above bankfull are not modeled accurately because of the inability to accurately assess the roughness of the overbank

condition or define the flow channel without large amounts of additional data and the ability to calibrate the model at these
higher flows. Therefore, values above bankfull presented in the table are qualitative only.
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Three possible conditions found in the San Juan River supply some possible explanations for
predicted transport to be somewhat less than anticipated. First, cobble diameter measurements erred
on the large side; second, incipient and average motion begin at lower dimensionless shear stress
values (low end of the range) in the San Juan River; and third, cobble was not adequately transported
through lower gradient reaches of the system.

The first condition is likely because cobble bar sampling using pebble counts tend to be biased
towards larger rocks, especially when done instream, as was the case in the turbid San Juan River.
Also, the method of measurement, using the intermediate dimension of the rocks as the equivalent
screen size, somewhat over estimates diameter. When combined, the diameters may be over
estimated by 25%. With this level of error, the lower end of the J” ;, range for average motion is
achieved in each reach, but not at all cross-sections.

The second condition may be because cobble shape and the presence of sand in the system influence
cobble transport. If the sand acts as a lubricant, then transport could begin at lower average values.
The typical process of bar formation observed in the San Juan River consists of erosion of an
upstream bar under high-gradient conditions across the bar and subsequent deposition on a bar
located downstream. In addition, boundary shear stress may vary locally with varying substrate,
depth, and velocity. As such, cobbles in a high-gradient reach may experience an adequate boundary
shear stress for saltation or entrainment. The abundance of sand in the San Juan River may facilitate
continued transport once a cobble is dislodged from the bed. This condition would tend to support
using the lower end of the J* , values.

The third condition is that cobble becomes locally available and transported from shoreline sources
or that bar erosion allows short-distance movement, even though system shear stress is not adequate
to move cobble through long, low-gradient reaches from upstream sources. In such a case, cobble
transport is adequate in the short-term to locally maintain currently active cobble bars, and long-term
sediment balance is met by continuous upstream erosion (head cutting) and subsequent downstream
deposition to the extent that the higher gradient locations move through low-gradient reaches. This
phenomenon, along with the formation of new secondary channels and resulting rapid, short-term
transport, has been observed locally in the San Juan River.

Since the empirical data indicate cobble movement, even at low flows, and show that cobble
movement generally increases with increased flow magnitude and duration, it is quite possible that
some combination of the three conditions exist in the San Juan River. Sampling in 1998 will address
the potential error in estimating cobble size, and cobble bars will continue to be monitored for
changes with varying flow conditions.

The model studies indicate that flows in the neighborhood of channel capacity (8,000 cfs) are
necessary to transport cobble of sufficient size and quantity to build bars. While effective flow, in
terms of total sediment transport and channel maintenance, is typically lower than bankfull flow
(Andrews 1980, Pitlick and Van Steeter 1998), the bankfull flow recommendation is for cobble
transport and bar formation, and it is needed less frequently than typical effective flows. Sediment
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transport theory, as applied to four modeling reaches, does not support a recommendation less than
bankfull for the required cobble transport, and flows above bankfull provide very little additional
shear stress for the volume of water required because of large overbank flow. Therefore, bankfull
flow is the recommended flow magnitude to support cobble transport in the San Juan River.

Based on the results of the studies conducted to date, it is concluded that sufficient local cobble
movement exists to provide some clean cobble for spawning with flows of 2,500 cfs or higher for
a duration of at least 10 days prior to spawning. The threshold flow of 2,500 cfs is determined from
data in Table 4.5 indicating cobble movement at flows at or below 2,500 cfs. The 10-day duration
is based on qualitative assessment of the data in Table 4.5, coupled with field observation of bar
reshaping. Duration of flows at about 2,500 cfs for as little as 1 day indicate cobble movement, but
there were extended periods at marginally lower flows, as these conditions typically occurred
between the summer and following spring measurements. The March to July 1996 period
demonstrated substantial cobble movement with 36 days above 2,500 cfs, and March to May 1994
indicated large cobble movement in the Mixer with 14 days above 2,500 cfs, although flows
exceeded 5,000 cfs for this period. While no data precisely indicate the minimum required duration,
the 10-day duration was selected as the minimum threshold because it falls within the results
summarized above and is considered reasonable based on field observation. Longer durations at
somewhat lower flows may serve the same function as indicated by the pre-runoff conditions in
1996, but there is insufficient information to conclude threshold conditions lower than 2,500 cfs.

The bankfull flow of 8,000 cfs was selected as the flow required for cobble transport and bar
building based on model results of the four research reaches reported in Table 4.8, and flow
calculations at the RT cross-sections; it is qualitatively supported by the decrease in island area and
count at flows somewhere between 6,500 and 7,700 cfs (Figure 4.5). Examination of the cobble
movement data reported in Table 4.5 suggests an 8§-day duration as appropriate for the minimum
duration necessary for bar-building cobble transport. This minimum duration is based on the channel
cross-section data indicating measurable cobble movement with as few as 3 days at 8,000 cfs and
substantial cobble movement after 13 days. The two durations were averaged to arrive at the
recommended value. The flow/duration criteria were analyzed for adequacy of channel maintenance
by examining historical conditions since the closure of Navajo Dam. During this time period, cross-
section surveys indicated a narrowing and deepening of the channel, especially in the higher reaches
(5 and 6), with a recurrence frequency of about 1 year in 4 years for flows of 8,000 cfs for 8 days.
Since some channel capacity was lost under these conditions, an increase in the average frequency
of bankfull flows is needed to prevent further lost capacity and possibly assist in restoring some of
the capacity already lost. An average recurrence frequency of 1 year in 3 years (33%) will increase
the frequency of conditions necessary for maintenance of channel capacity. Therefore, 8,000 cfs for
8 days with an average recurrence frequency of 1 year in 3 years are the conditions recommended
for cobble bar construction and channel maintenance. From a sediment-transport and channel-
maintenance standpoint, the full range of flows from 2,500 cfs through 10,000 cfs plays an important
role. Mimicking a natural hydrograph that includes flows in this range is necessary, because just
providing the conditions required at 8,000 cfs would be inadequate. Because of the short period of

SJRIP Biology Committee Chapter 4: Response to Research Flows
May 1999 4 -21 Flow Report



study, monitoring should continue, and flow recommendations should be adjusted in the future if necessary.
Flows above 10,000 cfs are recommended periodically for maintaining channel complexity and
floodplain integrity. The response of islands to flows shown in Figure 4.5 indicates that flows less
than 10,000 cfs (1992 to 1994) may result in channel simplification with time unless combined with
higher flows that develop new secondary channels and islands through overbank flow (1995).
Examination of the flow record indicates a duration of 6 days at Bluff and 11 days at Four Corners,
with a resulting increase in islands above pre-research period levels providing conditions that were
more than adequate for maintenance of channel complexity. High flows are the most-altered portion
of the natural hydrograph in the San Juan River. Historically, these flows have played a major role
in floodplain development. While all the mechanisms of importance have not been identified and
quantified during the research period, the general paradigm of natural flow mimicry would not be
met without restoration of these higher flows to some degree. Therefore, a conservative threshold
requirement of 5 days at or above 10,000 cfs was selected for purposes of natural flow mimicry and
maintenance of channel complexity.

The cobble bar maintenance flow (2,500 cfs) should occur at a frequency sufficient to ensure long-
term reproductive success of the species of interest. The cobble bar construction flow (8,000 cfs)
is needed less frequently if bars are maintained (cleaned and reworked) on a regular interval. Data
suggest that the bars can be reworked to provide clean cobble for several years without the necessity
of reconstruction or replacement. Channel maintenance requirements indicate an average recurrence
of 1 year in 3 years for flows above 8,000 cfs. The 10,000-cfs flow condition is not required as
frequently. Historically, it had been 8 years between the occurrence of these conditions (1987 and
1995). Looking at the potential for channel complexity deterioration indicated in Figure 4.6, the
required average recurrence frequency for maintenance of channel complexity and floodplain
integrity was determined to be 5 years. During the pre-dam period, the 10,000-cfs flow conditions
were met 39% of the time (4 years in 10, vs. 2 years in 10 in this recommendation). The reduction
in channel capacity that has occurred since the closure of Navajo Dam allows a lower frequency of
achieving these conditions. Given the short duration of the studies upon which these
recommendations are based, future refinement of the recommendations will likely be necessary, thus
requiring an adaptive management approach.

Backwater Maintenance

Backwater habitat is formed by a fluvial process of deposition and subsequent erosion of bars, and
cleaning of secondary channel mouths that become backwaters at low flow in a highly turbid system
like the San Juan River. A backwater is a pocket of low- or no-velocity water connected to the main
river that forms in scoured areas in or behind bars, or in the mouths of abandoned secondary
channels or tributaries as high water recedes. Scouring occurs during high-flow events on inundated
bars, usually along shoreline areas (scour channel), at the base of ephemeral secondary channels, at
alcoves at tributary mouths, or in areas of recirculation as reverse flow becomes concentrated in an
upstream direction (eddy return channel). The scoured bedforms become functional as backwaters
after flows recede and upper elevations of bars are exposed and secondary channels are isolated.
Because of their unique physio-chemical and biological nature, which provides warmer temperatures
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in a food-rich environment, backwaters are important nursery habitat for Colorado pikeminnow and
other native species.

The process of backwater formation and maintenance is one of bar deposition, scour of eddy returns,
and secondary channel mouths and bank margin scour channels during high flows, followed by a
period of low flows when the backwater is available instream habitat, with a regular interval of high
flows to remove redeposited sediment in scoured areas. The latter flows are necessary to maintain
the backwater’s quality, but the crucial relationship is the magnitude of backwater-forming flows and
subsequent maintenance flows. Late summer and fall storm events contribute large amounts of
sediment to the San Juan River, yet flows are often insufficient to transport the sediment out of the
system as indicated by measured sediment accumulation between spring runoff events. Backwaters
that form behind bars and at the mouths of secondary channels that are dry at low flow tend to
accumulate sediment during these low-flow periods, especially following summer storm events. The
sediment then must be flushed with a high flow, typically spring runoff, to restore backwater depth.

During the course of the research period, no relationship was developed between spring runoff
conditions and bedform structural change influencing backwater formation. Studies of bar change
did not indicate a relationship between bar height and peak runoff magnitude or volume for the range
of flows tested, likely because most peak flows were at or above bankfull where stage and shear
stress change little with change in flow. Further, a large percentage of backwaters are associated
with secondary channel or tributary mouths. Therefore, the structural studies concentrated on
backwater cleaning processes.

To measure flow conditions necessary to maintain backwaters, two ephemeral secondary channels
that form backwaters were selected for surveying and modeling. The first is located on river left just
downstream of the Montezuma Creek Bridge (RM 93 to 93.5), and the second is approximately 1
mi upstream of Sand Island Campground (RM 77.3 to 77.5) on river left. These backwaters have
formed each year during base flow (low, stable, nonstorm-effected flows between spring runoff
events) conditions, indicating relative stability, although the size and depth of the backwaters have
varied.

These reaches were surveyed in detail in 1996. During that year, flow conditions were inadequate
to flush these backwaters (Figure 2.5). A total of 10 surveys were completed in 1997, beginning on
May 13 and continuing through August 19. During that time, a correlation between secondary and
main channel flow was developed to predict flow in the secondary channels. Based on six
measurements over a range of discharges, the relationships developed for each channel had an »* of
0.99 (p=0.002). The plots of the mean depth of the backwaters and the main and secondary channel
hydrographs are shown in Figure 4.7. Suspended sediment concentration was measured about twice
weekly during this time to provide data for later modeling.
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HEC-6 was used to model sediment transport in the two secondary channels so that predictions could
be made for other conditions. Survey data from May 13 and 19, 1997, were used for channel
morphology in the model. Manning’s » was determined using HEC-RAS, by varying Manning’s n
until the modeled water surfaces matched the surveyed water surfaces. This resulted in a Manning’s
n of 0.023 for Sand Island and 0.027 for Montezuma Creek. These n values are on the low end of
the range for typical, natural channels, but they are consistent with the predominantly
smooth-bottomed, relatively straight secondaries being modeled. Between May 13 and August 9,
1997 (the runoff period modeled), eight of the ten total surveys were completed in each secondary.
To calibrate HEC-6, the hydrographs in Figure 4.7, with their accompanying sediment load, were
routed through the channels. Parameters were adjusted until the modeled volumetric change in
sediment load matched as closely as possible the measured volumetric change in sediment load. The
parameter adjusted was the size distribution of inflowing suspended sediment. For Sand Island,
there was one sediment size distribution for the entire time period, which was 50% very fine sand
and 50% fine sand. For Montezuma Creek, the starting sediment size distribution was 71% very fine
sand and 29% fine sand, which changed to 99% medium sand and 1% coarse sand on May 25, 1997.
Suspended sediment size fractionation was completed to determine composition of sand and silt, not
for arange of fine substrate sizes, so some calibration was necessary. Figure 4.8 shows the measured
and modeled results for the two backwaters.

Sand Island Montezuma Creek
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5/30 6/9 6/19 6/29

ac-ft
&
2
O

ac-ft
[N
[=}

—@—— Modeled 1997 —@——  Measured —@—— Modeled 1997 —@—— Measured

Figure 4.8. HEC-6 calibration results for Sand Island and Montezuma Creek.

For these secondary channels, the HEC-6 results for sediment inflow and outflow were extremely
sensitive to even small changes in the sediment size distribution. For example, starting Montezuma
Creek with 75% very fine sand and 25% fine sand instead of 71% very fine sand and 29% fine sand
gave the results shown in Figure 4.9. Furthermore, the scatter in the fit in the early part of the runoff
period indicated sensitivity to sediment concentration as well as particle size. The scatter about the
mean was because of changes in sediment concentration at the break points. Therefore, without
actual data about a more-detailed particle size distribution and daily sediment concentration,
projecting these results for other flow and sediment conditions is qualitative, at best.
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Figure 4.9. Modeling results with small change in grain size to demonstrate sensitivity.

Using the calibrated parameters, model runs were completed for 1993 and 1995 with sediment
concentrations collected during those years at about 10-day to 2-week intervals. During both years,
backwaters were well maintained by flows after runoff. At the end of the runoff in 1993, sediment
concentration was at its lowest point of the 2 years. The model was also operated for 5 years of
simulated hydrographs from river operations model output to represent five different hydrograph
scenarios and four sediment concentrations. The sediment concentration patterns used represented
a low-sediment concentration year similar to 1993 at Shiprock and Montezuma Creek, representing
upstream and downstream differences, and a relatively high concentration pattern. These patterns
were chosen to demonstrate the differences in years and reflect the normal upstream-to-downstream
gain in sediment. The concentrations used are shown in Table 4.9. Disregarding storm peaks, they
represent the range of expected concentrations during spring runoff in the San Juan River. The
results of the modeling runs are summarized in Table 4.10. Results are shown only for Montezuma
Creek. Sand Island results are similar, except the volume of removed sediment is less because the
backwater was smaller. Maintenance was characterized as excellent, good, fair, or poor. Because
results of the two low and two high sediment concentrations were similar, a qualitative evaluation
was indicated for the two main categories only, not for the upstream or downstream conditions. In
nearly all cases, the backwater was maintained at maximum depth during the runoff period, usually
by peak flow conditions, and then partial refilling occurred on the descending limb. While flushing
usually began at flows lower than 5,000 cfs, it became more effective at higher flows; therefore,
5,000 cfs is used as the threshold condition for effective flushing. While duration required for
cleaning varies depending on the shape of the hydrograph and suspended sediment load, 3 weeks at
flows above 5,000 cfs is set as the minimum condition for full cleaning as an average condition,
assuming that the flow follows a typical increasing and decreasing pattern to allow for flows above
5,000 cfs for the cleaning period.
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Table 4.9. Sediment concentrations (parts per million (ppm)) used in HEC-6 simulations.

Low High
Upstream Downstream Upstream Downstream
190 300 550 800
May 17 - May 31 - ppm 275 415 750 1,050
May 31 - June 10 - ppm 170 450 1,050 1,300
June 10 - June 20 - ppm 110 170 400 460
June 20 - June 27 - ppm 70 130 150 200
June 27 - July 31 - ppm 20 30 150 100

Table 4.10. Summary of HEC-6 modeling results for Montezuma Creek site.
1997 1995 1993 1976 1970 1960 1937 1930

Nose - weeks 4 0 10 0 0 0 6 0
Ascending limb - weeks 4 10 4 5 2 4 2 4
Descending limb - weeks 4 5 4 2 6 1 6 4
Peak flow - cfs 11,900 12,000 10,000 8,900 8,800 9,500 9,200 10,000
Begin cleaning flow - cfs 4,500 4,000 4,000 3,800 3,800 3,900 4,600 4,000
Weeks to maximum cleaning 3 5 10 2 2 2 3 25
Results - low concentration n/a n/a n/a good good excell. good good
Results - high concentration n/a n/a n/a poor poor excell. fair poor
Results - actual concentration good good good n/a n/a n/a n/a n/a
Sediment concentration mod. low low n/a n/a n/a n/a n/a

From the empirical survey data and modeled results, several preliminary conclusions can be made:
(1) main channel flows above 4,000 cfs initiate flushing, but effective flushing occurs at about 5,000
cfs, (2) if flows do not exceed 5,000 cfs, more time is required for adequate flushing, (3) shorter
descending limb duration results in less refilling and better maintained backwaters after runoft, (4)
short duration, steep ascending limbs to relatively high peaks (approximately 9,000 to 10,000 cfs),
combined with steep descending limbs, maximize backwater maintenance for the volume of water
required compared with more-extended runoff with lower peaks.

It is important to note that location in the system may influence the effectiveness of backwater-
maintenance flows. The backwaters measured and modeled in this discussion are located in Reach
3 and are subject to heavy sediment inflow. Backwaters higher in the system may clean faster
because they receive less sediment inflow. In 1998, two additional backwaters will be modeled in
Reach 5 to assess any difference in site locale. Also, additional calibration data will be collected to
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refine the modeling process. As with other flow recommendations, additional monitoring is
required, and future modification may be warranted.

Channel Morphology Response Summary

During the 7-year research flow period, channel cross-section surveys indicated a slight increase in
channel depth and channel capacity in response to the increase in spring runoff volume and
magnitude, regaining some of the cross-sectional area lost after closure of Navajo Dam. Bankfull
capacity in Reaches 3 to 6 (below Farmington, New Mexico) may have increased by as much as
12%. Most of this change occurred by 1995, with relative stability since that time. Most of this
increase in channel capacity is a result of removal of sand from the streambed. Relatively little net
cobble loss (about 10% of the total loss) has occurred. There has been no appreciable change in
channel complexity as measured by the number of islands present at base flow as a result of the
research flows, although channel complexity did increase after flows exceeded 10,000 cfs for 11 days
in 1995.

At some locations, cobble transport occurs at flows as low as 2,500 cfs. Cobble movement to and
from cross-sections generally increased with increased flows, but movement is not highly correlated
to any single hydrologic parameter. A combination of hydrologic conditions, including peak flow
magnitude and days above 10,000, 8,000, 5,000, and 2,500 cfs, explains about 70% of the variation
in scour and deposition of cobble at the cross-sections, although the correlation is not statistically
significant at the 95% level because of the limited degrees of freedom.

Bankfull channel capacity below Farmington is about 8,000 cfs, with some overbank flows as lows
as 7,100 cfs. Cobble transport modeling in the San Juan River only marginally supports observed
cobble transport, but given the approximations in modeling and potential measurement error, there
is not large disagreement between observed and modeled conditions. Based on the combination of
the modeling results and measurement of cobble movement, flows above 8,000 cfs for a minimum
of 8 days are likely necessary for reconstruction or replacement of cobble bars in the system. Flows
of about 2,500 cfs for 10 days or more are adequate to develop clean cobble for spawning and should
be provided regularly (at least once every two years). Bars erode slowly, so flows above 8,000 cfs
are needed less regularly than the smaller reshaping flows. For channel maintenance purposes, flows
should exceed 8,000 cfs for 8 days with an average frequency of 1 year in 3 years. Periodic flows
above 10,000 cfs are helpful in maintaining channel complexity, providing new cobble sources for
subsequent bar construction, and maintaining floodplain integrity. Frequency of these flows is less
critical than that of maintenance flows, and a lower frequency is desirable if it will allow greater
effectiveness of high flows. A duration of 5 days with an average recurrence frequency of 1 year in
5 years is suggested by the empirical data and is consistent with mimicry of a natural hydrograph
when considering the historical loss of channel capacity. Periods of high flow following low-flow
years are important to the maintenance of the geomorphology of the system.

Kondolfand Wilcock (1996) suggested that providing channel maintenance flows of magnitudes that
transport both sand and gravel may not achieve the objective of reducing the sand content of the bed
and may result in loss of coarse sediment from the system. Analysis of the data for the San Juan
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River does not indicate either condition as a problem with the flows recommended. Percent cobble
substrate has increased with time, cobble is abundant in the system, the cobble bars surveyed do not
appear to be degrading, and open interstitial space is consistently maintained. Transport conditions
necessary to remove fine sediment from the system occur for much longer durations and at greater
frequency than those required to transport cobble. Supplying cobble mobilization flows 1 year in 3
years is only a slight increase from post-dam conditions, a period that indicated a slight loss of
channel capacity. While it is not likely that the concern suggested by Kondolf and Wilcock (1996)
is a problem in the San Juan River, continued monitoring will be required to identify if a problem
occurs and to adjust flow recommendations accordingly.

Backwaters in the San Juan River typically flush at flows above 4,000 to 5,000 cfs. When limited
flow is available, the most-effective hydrograph scenario is one of a rapid ascending limb to a
relatively high magnitude peak, followed by a rapid descending limb. For full flushing of
backwaters, flows should be maintained above 5,000 cfs for 3 weeks or more, assuming a relatively
natural hydrograph with a peak of 1.5 to 2.5 times this level. If flows are maintained at or near 5,000
cfs, substantially longer times are needed for flushing. While backwaters are not totally lost when
flushing flows are inadequate, they are diminished in size and quality. Frequency of achieving
flushing conditions will be influenced by the level of sediment accumulation in the prior years and
the availability of water to achieve peak flows above 5,000 cfs for 3 weeks. Peaks between about
3,000 and 4,000 cfs may actually increase the filling of backwaters during runoff and should be
avoided if possible.

While the flow conditions discussed here are based upon the response of the geomorphology, they
form the basis of natural hydrograph mimicry, a condition that is desirable in restoration of habitat
for native fishes (see discussion in Chapter 1). Application of the rates, durations, and frequencies
represented here provides for a hydrograph shape and annual variability that is similar to natural
conditions.

Habitat

Studies related to habitat characterization in the San Juan River were initiated in 1991, just prior to
the time when research flows from Navajo Dam were initiated. Therefore, there is no earlier
reference with which to compare pre- and post-research flow periods as they relate to habitats that
are needed by the native fish community. Spring runoff flows were consistently higher during the
research period, and base flows were consistently lower than during the 1962 to 1990 period (Figures
2.3 and 2.4). Based on the relationships discussed above for backwater habitats (i.e., more
backwaters and other low-velocity habitats at lower flow), it is likely that there were more
backwaters and similar low-velocity habitats during the research flows than before because of the
lower base flows. Also, fine sediments (sand) were scoured by the research flows, resulting in less
sand substrate and more cobble/gravel during the research period. This likely resulted in an increase
in backwaters, as well as an increase in cobble/gravel run and riffle habitat. It also is likely that the
cobble/gravel substrates were cleaner (less filled with sand) overall as a result of research flows.
This may have positively affected production of algae and macroinvertebrates in the river.
Flow/habitat relationships developed for backwater habitat area predict that the post-dam period
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would have exhibited a reduction in backwater habitat area of about 21% in Reaches 1 through 5
relative to the pre-dam period. The research period averaged 7% less backwater area compared with
predicted pre-dam conditions, or 14% more than the post-dam period. Therefore, low-velocity and
cobble/gravel habitats, in particular, have likely improved in both quantity and quality since the
initiation of mimicry of a natural hydrograph.

Habitat Quantity

The analysis of the habitat surface area/flow relationships described in Chapter 2 of this report
indicates that the surface areas of habitats used by Colorado pikeminnow and razorback sucker, as
well as other native species, varied significantly with the flows measured at the time of habitat
mapping. For backwater habitat, the flow/habitat area relationship was also found to vary among
geomorphic reaches of the river. In order to evaluate the physical response of these habitat types to
the research flows that began in 1991, total area for each habitat type was normalized to 1,000 cfs
and compared with runoff conditions immediately preceding each respective mapping period.
Preliminary analysis indicated that shoal habitat types, slackwaters, pools, and eddies did not appear
to change with different runoff conditions, while backwaters did.

Hydrologic characteristics (Figure 2.5) for each year from 1991 to 1997 were analyzed relative to
their impact on backwater habitat surface areas (Table 4.11). At least one mapping session was
conducted after each spring runoff period, and 4 years (1992, 1993, 1994, and 1996) included
replicate data. Although an attempt was made to investigate unique features of these hydrographs,
initial analysis indicated substantial autocorrelations among several characteristics. The range in
autocorrelations was between 33% and 89% (Table 4.11), with days over 10,000 cfs being least auto
correlated (33%), and total days over 3,000 cfs, peak flow, total runoff volume, and runoff duration
having 89% autocorrelations. In total, 71% of the parameter pairs were auto correlated. These
analyses suggest strongly that both the duration and magnitude of the runoff are important for
providing backwater habitat in the subsequent summer/fall season.

Preliminary analysis of backwater habitat areas indicated that the flow/habitat relationships in
geomorphic Reaches 1 and 2 (for location of reaches see Figure 2.1) were similar, while Reaches 3,
4, and 5 were different from Reaches 1 and 2, but had similar interrelationships. Further analysis
indicated that within Reaches 1 and 2, the type of backwater (i.e., main channel or side canyon
associated) was also an important factor in the flow/habitat relationship. Within Reaches 3, 4, and
5, backwater locations were associated with two different geomorphic processes categorized broadly
into main or secondary channel processes. Backwaters were formed through shoreline scour of sand
bars, recirculation in main channel processes, or backwaters formed at the entrance or exit of
ephemeral secondary channels. These two backwater types (main channel vs. secondary channel)
were analyzed separately in Reaches 3, 4, and 5.

The coefficients of determination (?) for backwater habitats normalized to 1,000 cfs compared with
antecedent runoff conditions at the time of mapping (Table 4.11) are summarized in Table 4.12.
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Table 4.11. A comparison of significant correlations (%=0.05) between the hydrologic
parameters investigated for antecedent conditions relative to backwater
surface areas.

Parameter % Autocorrelated
Total Days® >3,000 cfs 89
Days Pre-peak >3,000 cfs 67
Total Days >5,000 cfs 78
Days Pre-peak >5,000 cfs 55
Total Days >8,000 cfs 78
Days Pre-peak >8,000 cfs 67
Total Days >10,000 cfs 33
Peak (cfs) 89
Total Runoff volume (af) 89
Duration 89
TOTAL 4l

? Total days and days pre-peak are summarized between April 1 and July 31.

Table 4.12. The coefficient of determination expressed as r 2 and their associated p
values for backwater habitat area normalized to 1,000 cfs compared with
various antecedent hydrologic conditions.

HYDROLOGIC CONDITIONS: DAYS?

Reaches Location > 3,000 cfs > 5,000 cfs > 8,000 Peak Flow Total Duration
cfs (cfs) Runoff (days)
Volume af?

1-2 main channel 0.58 (0.15) 0.15(0.99) 0.64 (0.56) 0.60 (0.35) 0.63(0.12) 0.44 (0.22)

1-2 Abandoned Secondary 0.47 (0.28) 0.47 (0.21) 0.52(0.38) 0.49(0.80) 0.43(0.35) 0.38(0.85)
Associated

1-2 All Backwaters 0.60 (0.13) 0.16(0.89) 0.63 (0.68) 0.61(0.98) 0.64 (0.12) 0.39 (0.26)

3-5 main channel 0.34 (0.15) 0.12(0.89) 0.36(0.52) 0.23(0.41) 0.38(0.11) 0.04 (0.67)

3-5 Abandoned Secondary 0.95 (0.002) 0.85 (0.07) 0.91(0.005) 0.88(0.22) 0.92 (0.009) 0.76 (0.14)
Associated

3-5 All Backwaters 0.95 (0.004) 0.89 (0.02) 0.85(0.006) 0.91(0.03) 0.93(0.05) 0.81(0.003)

1-4 main channel 0.28 (0.42) 0.22(0.60) 0.39(0.50) 0.43(0.32) 0.33(0.37) 0.55(0.17)

1-4 Abandoned Secondary 0.92 (0.05) 0.87 (0.19) 0.83 (0.16) 0.89(0.52) 0.85(0.16) 0.89 (0.10)
Associated

1-4 All Backwaters 0.85(0.13) 0.73(0.63) 0.83(0.63) 0.82(0.17) 0.87(0.13) 0.84 (0.07)

1-5 main channel 0.54 (0.24) 0.31(0.93) 0.57 (0.55) 0.68(0.24) 0.59(0.21) 0.61(0.21)

1-5 Abandoned Secondary 0.93 (0.04) 0.82(0.82) 0.85(0.18) 0.84(0.47) 0.93(0.06) 0.84 (0.13)
Associated

1-5 All Backwaters 0.90 (0.05) 0.73(0.42) 0.89(0.43) 0.86(0.21) 0.92(0.05) 0.81(0.10)

“Between April 1 and July 31.
Note: Regressions equations are a third order polynomial with the form of y=a+b1x+b2x?*+b3x® with y = habitat area and x = antecedent
conditions.

SJRIP Biology Committee Chapter 4: Response to Research Flows
May 1999 4 -31 Flow Report



A statistical analysis of the relationship between backwater quantity and hydrologic characteristics
(Table 4.12) indicated that within Reaches 1 and 2, total backwater area was generally not related
to hydrologic characteristics regardless of backwater type. Although significant relationships were
found, the 7* tended to be less than 0.65 (Table 4.12). In Reaches 3, 4, and 5, main channel
backwaters were not related to hydrologic conditions; however, secondary channel backwaters in
these reaches were significantly related to all hydrologic characteristics (coefficients of determination
0.95 t0 0.76).

In summary, the significant relationships shown in Table 4.12 indicate that hydrologic conditions
significantly impact the amount of backwater habitats formed through secondary channel processes;
however, because of the autocorrelations between hydrologic parameters, it is difficult to determine
if one characteristic has a greater influence than any other. Because the backwaters associated with
secondary channels are the dominant component of the regressions in Table 4.12, those factors that
effect secondary channel modification may drive backwater habitat area. For example, results from
channel morphology studies on secondary channels indicate that flows exceeding 5,000 cfs initiate
secondary channel flushing. Consequently, days above 5,000 cfs may be a driving factor for
backwater quantity.

Habitat Quality

Because of the importance of backwaters in the early life stages of Colorado pikeminnow and other
native species in the San Juan River, the quality of backwaters was studied during late summer in
1995, 1996, and 1997. Chemical (nutrients, dissolved oxygen, pH, and turbidity), physical (depth,
temperature, and substrate), and biological (detritus, periphyton, benthic invertebrates,
phytoplankton, and zooplankton) factors were determined seasonally in backwater habitats. The
descriptions that follow include most of the data collected during the study. During each sampling
period, two to four backwaters were sampled in each geomorphic reach.

A comparison of the habitat quality data summarized for August sampling periods (Reaches 1 to 6)
for each year can be seen in Table 4.13. Only August data were used in this case as this was the only
month sampled each year. This sampling period is also useful as it represents backwater conditions
soon after runoff and at approximately the time when Colorado pikeminnow YOY would be first
present in these habitats. Sample sizes (N) indicate the total number of backwaters sampled during
each sampling period. A detailed description of the sampling methodology employed can be found
in Bliesner and Lamarra (1996).

Several parameters such as dissolved oxygen and pH may directly influence the distribution of fish
species, while micronutrients such as nitrogen and phosphorus may indirectly influence habitat use
through their interrelationship with primary production. Turbidity may influence distribution directly
through avoidance of silt-laden backwaters, or indirectly by reducing light penetration and therefore
primary production. Dissolved oxygen was highest in 1995, lowest in 1996, and intermediate in
1997 (Table 4.13). Mean concentrations in 1996 (4.7 mg/l) and 1997 (5.4 mg/l) may have been
approaching the tolerance limit for some fish species. Orthophosphorous was significantly higher
in 1995 than in 1996 and 1997, while total inorganic nitrogen was highest in 1996 and lowest in
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Table 4.13. The mean and standard deviations for chemical, physical, and biological
parameters sampled in backwaters during August 1995, 1996, and 1997 in the

San Juan River.

CHEMICAL

AUGUST 1995 AUGUST 1996 AUGUST 1997
PARAMETER MEAN+STD N MEAN+STD N MEAN+STD N
Ortho-P (mg/L) 0.155 + 0.443 15 0.024 + 0.016 20 0.016 + 0.007 12
TIN (mg/L) 0.036 £ 0.014 16 1.07 £ 0.50 20 0.324 £ 0.167 12
Turbidity (NTU) 73146 16 330 + 307 20 74.8 £50.8 12
pH (SU) 8.82+£0.41 10 7.99+£0.20 20 8.14+0.13 6
Dissolved oxygen (mg/L) 6.67 +1.41 10 473 +1.85 20 5.38+£0.90 6

PHYSICAL

AUGUST 1995 AUGUST 1996 AUGUST 1997
PARAMETER MEANZSTD N MEANZSTD N MEANZSTD N
Temperature (EC) 255+3.3 16 255+3.2 20 253+34 12
Water Depth (m) 0.60 + 0.55 16 0.35+0.37 19 0.38 £0.20 12
Sediment Depth (m) 0.05 £ 0.05 6 0.30 £ 0.22 19 0.56 £ 0.29 12

BIOLOGICAL

AUGUST 1995 AUGUST 1996 AUGUST 1997
PARAMETER MEAN+STD N MEAN+STD N MEAN+STD N
Zooplankton (#/m?®) 1140 £ 2190 16 3250 + 5060 20 414 + 356 12
Phytoplankton (Fg/L) 0.488 + 0.241 16 1.34 £1.09 20 0.560 + 0.622 12
Periphyton (mg/m?) 28.6 +28.9 16 516 +13.8 20 0.21+£0.17 12
Invertebrates ( (#/m?) 1730 £ 1910 16 236 + 237 20 272 + 318 12
Detritus (g/m?) 99 + 121 16 49 £ 50 20 57 + 89 12

1995. Turbidity was significantly higher in 1996 and 1997 than in 1995, and significantly higher in
1996 than in 1997 (Tukey’s multiple comparison test, p<0.05). Inspection of the hydrographs during
those years reveals that storm events occurred immediately prior to sampling in 1996 and 1997
(Figure 2.5). Despite these events, backwater temperature was very similar between years.
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Previous investigations in other river systems within the Upper Basin have shown that greater depth
is an important factor in backwater selection by Colorado pikeminnow young. This investigation
found that mean water depth was significantly higher in 1995 than 1996 and 1997 (p<0.05) (Table
4.13). Sediment depth in backwaters was highest in 1997, intermediate in 1996, and lowest in 1995,
although sample size was lower in 1995 than in subsequent years. Several factors may explain these
findings. Runoff was substantially higher in 1995 than 1996, exceeding 5,000 cfs for 72 days in
1995 and never exceeding this flow during 1996 (Table 4.3). Investigations of flows necessary for
adequate backwater flushing indicated that a minimum of approximately 21 days was required (see
discussion this chapter). Thus, backwaters should have been completely flushed in 1995 and not
flushed at all in 1996. This is also reflected in sediment depth between the two years, which was
significantly lower in 1995 than 1996 (p<0.05). Although fewer backwaters were sampled for this
parameter in 1995, all habitats occurred downstream of RM 94. It seems likely that backwater
sediment depth in the upper river where sediment loading is reduced would have been similarly low.
During 1997, although runoff was more similar to 1995 with 49 days exceeding 5,000 cfs, a 2-week
period of several large storms preceded sampling (Figure 2.5). These storms appeared to have
caused some refilling of backwaters in 1997, resulting in reduced backwater depth and greater
sediment depth relative to 1995.

The same data plotted by geomorphic reach (Figure 4.10) indicate that backwater depth was similar
during these three years in Reaches 4, 5, and 6, but that there were major differences in Reaches 1,
2,and 3. Hydrologic conditions prior to sampling in August 1995 (high runoff flows, lack of storms)
produced deeper backwaters in the lower river. These same backwaters were not flushed in 1996
and may have experienced refilling in both 1996 and 1997 following storm events.

A major emphasis of this investigation was to document food availability for the fish community in
San Juan River backwater habitats. Because these habitats represent nursery areas for larval and
YOY stages of fish species, the quantity of food may be a critical component of backwater quality.
A comparison of the biological parameters measured during August trips in 1995, 1996, and 1997
(Table 4.13) revealed that parameters associated with the pelagic community (phytoplankton and
zooplankton), although different between years, were all at relatively low levels. Considering the
impermanent nature of these habitats, this result was not unexpected. However, the biological
community associated with the benthos displayed consistent differences between years. Periphyton,
macroinvertebrates, and detritus (coarse organic material), all displayed significantly greater biomass
in 1995 than 1996 (Tukey’s multiple comparison test, p<0.05). Periphyton and macroinvertebrates
were significantly greater in 1995 than 1997; however, detrital biomass was not significantly
different (p<0.05).

The benthic biological data collected during August 1995, 1996, and 1997 show interesting
longitudinal trends (Figure 4.11). During August 1995, which was preceded by high spring flows
and no storm events, detrital biomass was highest in downstream reaches relative to the other years.
Periphytal biomass in 1995 was higher than 1996 and 1997 throughout nearly the entire river, while
invertebrate biomass remained at relatively high levels throughout the river in 1995, but decreased
in lower reaches in a similar fashion in 1996 and 1997. Again, given the relatively high magnitude
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