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TPWD Comment:

Table 4.9 shows that the total annual average percent of maximum habitat is
greater than 70% in Base~-AVERAGE, but that some habitat categories, including
blue sucker adult, in some reaches are fairly low for "average" conditions (i.e.,
less than 50% of maximum). As indicated by the individual reach counts of
average percent of maximum habitat of less than 50%, all reaches in some
months have some habitat less than 50% of maximum (Table 4.9). Further, only
in two reaches does the proposed flow regime (Base-AVERAGE, Base-DRY and
Subsistence) result in adult blue sucker habitat exceeding 50% of its maximum
potential; in other reaches it is always less than 40% and substantially less under
Base-DRY and Subsistence [lows. Under Base-DRY conditions, riffle habitat
potential 1s relatively low (less than 40%) in the downstream reaches. This is of
concern since riffle habitats and their communities, which potentially includes
blue sucker juveniles (sec page 71), are considered particularly flow sensitive.
TPWD believes that these issues lend further support lor adjustments to the
report’s flow recommendations in order to address certain habitat "deficiencies"
and for inclusion of a Base-WET flow recommendation.

LSWP Response: Modeling demonstrates that under common historical flow conditions,
blue sucker/rapids habitat was fairly limited because maximizing blue sucker -habitat
requires large amounts of water in the system. Maximum blue sucker habitat occurred at
high flows, during which time most other habitats would be very limited. Again, our goal
is not to maximize blue sucker habitat, but to provide a distribution of habitats similar to
natural conditions. We agree that rapids and riffles are particularly flow sensitive, and
are important habitats for maintaining species diversity; however, it is important to
remember that they are both relatively uncommon compared to other habitat types (i.e.,
runs, pools) in the lower Colorado River.

TPWD Comment:

It would be instructive to see additional count categorics (e.g., <75%) and lower
percentage exceedence levels (e.g. 50, 45, 40) in Table 4.9. Why are Utley and
Altair not included in Table 4.9?

LSWP Response: We will expand the table to show <75 count category and more
percent exceedences. The table is for reaches not individual sites. Utley is in the Bastrop
reach, and Altair is in the Columbus reach. See figure 4.7 page 44.
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Pulse Flow Recommendations

TPWD Comment:

Page 63 - Please describe how the two levels of pulsc flows were selected
including frequency, flow rate, and duration. No recommendations are made for
the timing of high flow pulses, and there is no scasonal component. The report
states that pulses will be driven by natural rainfall events. Perhaps no lines of
evidence for the need for prescribed pulse flows revealed themselves during the
study’s evaluation of biology, fish life histories, riparian maintenance, and water
quality but tools such as IHA can be helpful in guiding when pulse flows have
historically occurred. Further, the report does not make reach-specific high flow
pulsec rccommendations meaning that pulse volumes will not increase as they
move lower in the basin. Higher downstream pulse flows will probably be
required in order for predicted physical processes to be effective. The
magnitude of high flow pulses and channel maintenance should be calibrated for
each gauge.

LSWP Response: Pulse flows were selected by examining IHA output as well as
sediment transport analysis. Timing of high-flow pulses is fairly sporadic and no clear
seasonal trends were evident. In order to incorporate more high-flow variability, base
pulse-flow requirements are being explored. It is also acknowledged that high flow pulses
could be managed or adjusted during times of reservoir releases and text will be added to
the report to discuss. Inclusion of base flow pulse requirements will also add more high-
Sflow variability to the existing recommendations, and thus, hopefully address other
concerns regarding base-wet conditions without requiring long periods of high base
flows which negatively impact habitat availability. Pulses should naturally increase in
volume as they move downstream,; however, requirements will be of proper magnitude to
ensure effectiveness at all sites.
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Overall Recommendations

TPWD Comment:

Page 69 - The project team declined to recommend percentages of time in each
flow category with the statement: “it is recognized that other considerations
clearly need to be factored into this decision.” That statement could just as
casily be applied to the flow values themselves. The point is that “other
considerations” will come to bear throughout the project, but this report is the
appropriate location for the science to be heard. Clearly, it is not appropriate for
flows to be no higher than the subsistence level 99% of the time. Similarly, it is
not appropriate for flows to exceed the high flow pulse recommendation 99% of
the time. TPWD strongly encourages the project team to provide scientific
guidance regarding the percent of time it is appropriate to be in each category,
the rational behind such guidance, and the potential environmental consequences
from not meeting the specified percentages. A frequency and duration for each
flow condition, including Base-WET, should be rccommended as well as
appropriate criteria to identify the transition from one flow condition to the next.

LSWP Response: We recommend that subsistence flows would always be met, Base-Dry
would be met 80% of the time and Base-Average would be met at least 60% of the time.
The LSWP has not yet developed the trigger mechanism to determine how the system
might be operated to achieve these goals. This will be developed in coordination with

other study components. We have included our response to a similar comment posed by
TCEQ.

We agree that some discussion of the frequency and duration of the occurrence is
appropriate. Flows should mimic, to some extent, the natural flow regime. This position
is then augmented by a consideration of the existing conditions of the river (i.e. low flow
recommendations should give some thought to the existing nutrient load, high flow
recommendations to the current state of the riparian corridor and floodplain). Given this
starting point the durations and frequencies of flows at or below our recommendations
should not be significantly greater than has been experienced under a more natural flow
regime. Table I shows the durations and frequencies of subsistence and base flow
recommendations at Columbus with pre-1940 flows.
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Table 1 Subsistence and Base Flow Frequency and Duration Statistics based on
Columbus pre-1940 record

Subsistence Dry Average

Jan 96% 82% 64%

Feb 86% 82% 63%

Mar 82% 82% 64%

Apr 95% 82% - 67%

May 96% 86% 75%

Jun 97% 870/9 75%

Jul 98% 86% 69%

Aug 92% 80% 60%

Sep 96% 86% 64%

Oct 96% 82% 67%

Nov 94% 82% 64%

Dec 93% 81% 61%

All 94% 83% 66%

Average Number of Events per year 3 5 8.
Maximum Number of Events per year 13 18 14

Minimum Number of Events per year 0 0 1

Maximium Duration of Events 54 85 121
Average Maiximum Duration 10 22 43
Average Duration of Events 4 8 14

Events in this table are periods of days during which flows remained below the
recommended flow. The event count is reset whenever flows go above the
recommendation. Based on this analysis of the pre-1940 flow record subsistence, Base-
Dry and Base-Average flows generally occurred with the same frequency as we
recommend (i.e. subsistence flow are generally exceeded all the time, dry conditions
about 80% of the time and average conditions about 60%,). The percentages in the table
are sometimes higher because the flow record includes pulse and flood flows whereas
those flows were filtered out for the habitat analysis.

In addressing the duration question one could ask what is the worst case scenario based
on the most extremely literal interpretation of this report. That is, how often and for how
long flows could be exactly at the subsistence level. Since the Base-Dry should be met
80% of the time, it could be construed that for 73 days in a row (365 days * 20%) in
every year flows would exactly equal the subsistence flow recommendation. Such an
interpretation is not the intent of our report. However, based on the historic record
droughts have naturally occurred resulting in flows less than the Base-Dry
recommendations for 85 days in a row and of these 54 days were less than the
subsistence recommendation. Based on water quality concerns, we recommend that flows
should never fall below the subsistence targets; however, the recommendations are not
intended to completely remove drought from the system.

This type of analysis will be used to help generate and evaluate various water
management alternatives. Those that more closely mimic the natural pattern of low flow
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duration and frequency will be evaluated more favorably than those that deviate from
~ that pattern.

TPWD Comment:

Page 70 - TPWD recommends that the entire LSWP team begin to develop a
more explicit plan for adaptive management. The journal articles provided by
TCEQ give useful information to consider when developing plans to incorporate

the concept of adaptive management into a permitting or river management
framework. ‘

LSWP Response: We agree and have begun constructing an adaptive management plan
relative to the river that will be incorporated in the overall LSWP. We also appreciate
the cautionary message of the Gregory articles provided by TCEQ and will develop an
adaptive management plan which considers the value of adaptive management in
comparison with other options for reducing uncertainty, as well as measures to ensure
that results of this plan will be of highest value.

We look forward to continuing discussions on the LCRA-SAWS Water Project. Please
let me know if you would like a follow-up meeting to go over these responses and any

lingering concerns or questions you may have. Please feel free to contact me at (612)
473-3589 or leah.manning@lIcra.org or Ed Oborny at (512) 990-3954 or ecborny@bio-

west.com .
Sincerely, _
e e
W V2 /«%W;/
Leah Manning, P.E. v

LSWP Program Manager

CC: Ed Oborny, Bio-West
Wendy Gordon, TCEQ
Mark Wentzel, TWDB
Gary Guy, SAWS
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Wendy S. Gordon, Ph. D

Water Rights Permitting and Availability Section
Texas Commission on Environmental Quality
P. O. Box 13087

Austin, Texas 78711-3087

RE: LCRA-SAWS Water Project - Letter dated August 31, 2007
Draft Instream Flow Guidelines Development: Colorado River Flow Relationships
to Aquatic Habitat and State Threatened Species: Blue Sucker April 23, 2007

Dear Dr. Gordon:

Thank you for your letter to Ed Oborny with comments and suggestions following
meetings on the LSWP Draft Instream Flow Guidelines Development and your review of
the document. The input from you continues to be important and very helpful to us.
Below, we have provided responses to your comments following the organization laid
out in your letter.

1. 1 would question the assumption that the pre-1940 time period should be used for
the development of instream flow guidelines. Selection of a reference period is
clearly a challenging decision for a host of reasons. The hydrology and channel
morphology of the Colorado River have been aitered by the operation of the lakes.
For example, low flows are now higher than they were pre-1940 (as you rightly point
out). Hence, pre-1940 data should not be relied upon solely in the determination of
instream flow recommendations. On the other hand, those same data can provide a
window into the behavior of pulses.

LSWP Response: According to the Texas Instream Flow Program Draft Technical
Overview (TO) document “Subsistence flows are naturally occurring low flow
events.” Developing subsistence flows based on artificially elevated low flows does
not make sense from an ecological perspective, from the TO “..... some river
systems may experience negative ecological impacts due to increased subsistence
flows.” The reason given in the TO is, “increased subsistence flows may allow exotic
species to survive and dominate in areas previously hospitable only to highly-
adapted native species.” Extremes are dampened that nature is using to maintain
and strengthen diversity.

This does not imply that results from models which consider pre-development flows
should be blindly incorporated into the final recommendations, and they have not
been in this study. We started with analysis of the current habitat conditions and
then developed flow recommendations to restore important components of the flow
regime that we believe existed prior to major water development in the basin. Within
this process, current concerns related to water quality were considered and
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subsistence flow recommendations were adjusted upward from those based on pre-
development flows analysis to address these concerns. From an aquatic health
perspective, we conservatively chose 5.0 mg/L as the dissolved oxygen goal to
strive for. This level is still above what would have been experienced naturally, but
with the addition of human influence, felt it an applicable goal.

Dr. Thom Hardy (Utah State University) who is on the LSWP Science Review Panel
responded to a similar comment on his recently completed report on the Klamath
River. Dr. Hardy strongly disagreed with opposition to the natural flow paradigm and
referred the commenter to several references [NRC (2005), Annear et al., (2002),
Postel and Richter (2003), NRC (1996), NRC (2004)]. Dr. Hardy went on to discuss
how the use of habitat modeling benchmarked against the natural flow regime is
consistent with concepts put forward collectively in the references cited above. Dr.
Hardy concluded by defending that the objectives of their study were satisfied by
integrating physical habitat and hydrologic time series to develop flow
recommendations within the context of the natural flow paradigm.

2. While maybe not entirely your purview, it is not sufficient to identify subsistence flow
volumes without also specifying the frequency or duration of their occurrence. Also,
as a point of reference, it would be helpful to include a table of current 7Q2 values
for the applicable reaches. These are data | could provide.

LSWP Response: The “Instream Flow Guidelines Development” document is not
intended to look specifically at how these flow recommendations will be
implemented, and the mechanism whereby a trigger might be set to activate the
various flow targets. We will be addressing this mechanism in a separate process in
the near future. The Guidelines state that flows should mimic, to some extent, the
natural flow regime. This position is then augmented by a consideration of the
existing conditions of the river (i.e. low flow recommendations should give some
thought to the existing nutrient load, high flow recommendations to the current state
of the riparian corridor and floodplain). Given this starting point, the durations and
frequencies of flows at or below our recommendations should not be significantly
greater than has been experienced under a more natural flow regime. Table 1
shows the durations and frequencies of subsistence and base flow
recommendations at Columbus with pre-1940 flows.
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Table 1 Subsistence and Base Flow Frequency and Duration Statistics based on
Columbus pre-1940 record

Subsistence Dry Average

Jan 96% 82% 64%

Feb 86% 82% 63%

Mar 82% 82% 64%

Apr 95% 82% 67%

May 96% 86% 75%

Jun 97% 87% 75%

Jul 98% 86% 69%

Aug 92% 80% 60%

Sep 96% 86% 64%

Oct 96% 82% 67%

Nov 94% 82% 64%

Dec 93% 81% . 61%

All 94% 83% 66%
Average Number of Events per year 3 5 8
Maximum Number of Events per year 13 18 14
Minimum Number of Events per year 0 0 1

Maximium Duration of Events 54 85 121
Average Maiximum Duration 10 22 43
Average Duration of Events 4 8 14

Events in this table are periods of days during which flows remained below the
recommended flow. The event count is reset whenever flows go above the
recommendation. Based on this analysis of the pre-1940 flow record

subsistence, Base-Dry and Base-Average flows generally occurred with the
same frequency as we recommend i.e. subsistence flow are generally exceeded
all the time, dry conditions about 80% of the time and average conditions about
60%. The percentages in the table are sometimes higher because the flow
record includes pulse and flood flows whereas those flows were filtered out of our
habitat analysis.

In addressing the duration question one could ask what is the worst case
scenario based on the most extremely literal interpretation of this report. That is,
how often and for how long flows could be exactly at the subsistence level.

Since the Base-Dry should be met 80% of the time, it could be construed that for
73 days in a row (365 days * 20%) in every year flows would exactly equal the
subsistence flow recommendation. Such an interpretation is not the intent of our
report, however based on the historic record droughts have naturally occurred
resulting in flows less than the Base-Dry recommendations for 85 days in a row
and of these 54 days were less than the subsistence recommendation. Based on
water quality concerns, we recommend that flows should never fall below the
subsistence targets, however the recommendations are not intended to
completely remove drought from the system.

This type of analysis will be used to help generate and evaluate various water
management alternatives. Those that more closely mimic the natural pattern of
low flow duration and frequency will be evaluated more favorably than those that
deviate from that pattern.
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Table 2 shows the published 7Q2 values from Figure 30 TAC §307.10(2) -
Appendix B - Low-Flow Criteria. We will incorporate a discussion relative to 7Q2
values in the final report.

Table 2 Colorado Rive 7Q2 flows

Segment Name Description Gage Location  Gage County Period of  7Q2
Record
1428 Colorado River Below Town Lake from a point 100 meters (110 yards) upstream of FM Austin 8158000 TRAVIS 1966 1996 7
969 near Utley in Bastrop County to Longhorn Dam in Bastrop 8158200 BASTROP 1966 1996 191
1434 Colorado River Above La Grange from a point 100 meters (110 yards) downstream of SH

71 at La Grange in Fayette County to a point 100 meters
(110 yards) upstream of FM 969 near Utley in Bastrop

County

1402 Colorado River Below La Grange from a point 2.1 kilometers (1.3 miles) dow nstreamof  Columbus 8161000 COLORADO 1966 1996 300
the Mssouri-Pacific Railroad in Matagorda County toa  Wharton 8162000 WHARTON 1966 1996 391
point 100 meters {110 yards) downstream of SH 71 at  Bay City 8162500 MATAGORDA 1966 1996 205

3. | am concerned about the “methodology” being invoked to determine base dry and
base average flows. Without scientific justification for the thresholds being set, they
are arbitrary choices. Do other studies back up the 60% or 80% habitat exceedence
levels? How do these levels relate to climatologic or hydrologic conditions that we
might associate with base dry or average flows? And, base wet flows are missing
entirely from the report. Those should be identified as well.

LSWP Response: As noted on page 69 of the report “The application of base flow
recommendations in the literature is highly variable and river-specific in most cases.”
There is no magic number which says “these” flows must be met “this” percent of
the time. These recommendations are not arbitrary but instead are based on
extensive site specific collections of physical and biological data and analysis, state
of the art habitat modeling and conformity with the dominant instream paradigm
recognizing the importance of a natural flow regime. This analysis resulted in
hundreds of tables and charts which were carefully reviewed. There is no simple
way to summarize this process in a few sentences. The methodology is described
briefly on p. 60 of the report. As was noted at the June 26, 2007 meeting with you,
this documentation will be supplemented in the final report.

As described in the TWDB and TPWD comment responses, there are two basic
assumptions within the agencies proposal that Base-Wet should be included in the
flow recommendations. The first assumption is that Base-Wet can provide better
habitat conditions (“additional habitat in years when additional water”). Second, it
assumes that Base-Wet provides greater inter annual flow variability and this is
beneficial, (“preserves more of the hydrologic variability of the system”).

Based on the second assumption, we have been unable to identify a higher Base-
wet flow condition that would show .demonstrable benefits in terms of habitat.
Increasing flow results in less of some types of habitats and more of others. As a
result, we don’t recommend a Base-Wet recommendation and instead have a
simpler recommendation. We agree that inter annual variability is beneficial and are
open to suggestions on how to select the wet period condition. We are concerned
that picking an “arbitrary” flow percentile may result in insignificantly better or
perhaps poorer overall habitat conditions. The flow that is exceeded 25-30% of the
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time is a range that has been used in other studies. Providing the 70th percentile (30
percent exceedence) pre-1940 flows at Columbus would result in increases in deep
water habitats but substantial decrease in shallow water habitats (Table 3). This is a
quick annual analysis; a more complete analysis considering monthly patterns and
base flow separation results in similar findings.

Table 3 Percent change in habitat area from Base-Average to 70th percentile flows

Rapid - Adult Blue Sucker . 74%
DeepPools | 26%
‘DeepRn -10%,
:Spaw ning Blue Sucker | -37%;
‘Shallow Runs ' -45%
_Pools/Edges/Backwaters © -54%
Riffles 1 -61%

From a natural flows perspective these types of conditions did occur and based on that
paradigm having some years with 37% less Spawning Blue Sucker or 61% less riffle
habitat has an ecological benefit. However, no clear pattern has emerged from the
analysis to suggest how to set these Base-Wet targets. Rather than create a Base-Wet
recommendation following the same approach that was used dry and average years, we
contend that additional water available during wet periods would be put to better use by
providing high flow pulses.

4. With respect to high flow pulses, [ think the report is remiss in not identifying a
channel maintenance or bankfull pulse in the recommended fiow tabies 4.18-4.20.
Recently, such a pulse at the Columbus gauge was recommended by our agency in
the draft permit requested by LCRA to capture flood flows. As its name implies,
channel maintenance flows (approximated by the 1.5- to 2-year recurrence interval
of flow) serve important functions of sediment and bedload transport, clearing
vegetation from the stream channel, and myriad other effects. The magnitude of
channel maintenance flows would have to be calibrated for each gauge. Also, the
seasonality in the distribution of high flow pulses has not been identified. From a
biological standpoint, seasonality could be a critical factor (for example, serving as a
spawning cue).

LSWP Response: Channel maintenance and overbank flows will be separated into
two separate categories in the final report. Channel maintenance will be set at
27,000 cfs and overbanking will be defined as flows greater than 30,000 cfs. While
rule of thumb estimates of peak flow recurrence intervals have provided useful
starting points upon which to estimate these flow magnitudes, the substantial
uncertainty in these estimates will be greatly reduced by monitoring the rivers
response to naturally occurring high flow events over the next several years. While
we expect that the magnitude of these flows may increase in the downstream
direction or the river, we also understand that channel maintenance and
overbanking flow rates are a function of in channel sediments, riparian corridor and
floodplain gradient as well as peak flow recurrence rates. Given these factors and
the fairly limited data collected, we do not believe that further refinements to these
estimates are justified at this time.
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Although seasonality of high flow pulses is likely important, no clearly discernable
tfrends from the initial and further IHA analysis are evident when examining timing of
high flow pulses under natural conditions.

5. Though probably not what you intended, stating that “the goal is for the LSWP to
meet the subsistence flow guidelines at all times,” sounds as if that would be the
year-round flow. | would suggest revising the wording. Page 69

LSWP Response: The language will be revised to read “Therefore, the goal for the
LSWRP is that flows do not fall below the subsistence flow guidelines.”

6. ltis not clear that high flow pulses will only be the product of nature. LCRA may
make reservoir management decisions in the future that could generate such
pulses. Page 69

LSWP Response: This is a fair statement relative to base pulses. In order to
incorporate more high-flow variability, base pulse-flow requirements are being
explored. It is also acknowledged that high flow pulses could be managed or
adjusted during times of reservoir releases and text will be added to the report to
discuss. Inclusion of base flow pulse requirements could add more high-flow
variability to the existing recommendations, and thus, hopefully address other
concerns regarding base-wet conditions without requiring long periods of high base
flows which negatively impact habitat availability.

7. 1 would reiterate comments | have made previously that “adaptive management” be
invoked with caution. Adaptive management may not be applicable to a situation
such as the management of the Lower Colorado River given the many constraints
and potentially confounding factors. At the least, goals would have to be made
explicit in order to implement a successful adaptive management program. Some
recognition of the challenges associated with adaptive management in the text
would be welcome.

LSWP Response: We appreciate the cautionary message contained in the articles
provided by TCEQ (Gregory 2005 and 2006) and will develop the adaptive
management plan, which considers the value of adaptive management in
comparison with other options for reducing uncertainty as well as measures to
ensure that results are scientifically defensible. These papers emphasize the
difficulty of designing experiments given the large temporal and spatial scales at
play in ecologicallriver studies and these issues will be addressed in the
comprehensive adaptive management approach that we will outline.
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We look forward to continuing discussions on the LCRA-SAWS Water Project. Please
let me know if you would like a follow-up meeting to go over these responses and any
lingering concerns or questions you may have. Please feel free to contact me at (512)

473-3589 or leah.manning@lcra.org or Ed Oborny at (612) 990-3954 or eoborny@bio-
west.com . :

Sincerely, P

e
e ’,./f ) ;,/’ ) /p, 4
y . /

Leah Manning, P.E.
LSWP Program Manager

CC:. Ed Obomy, Bio-West
David Bradsby, TPWD
‘Mark Wentzel, TWDB
Gary Guy, SAWS
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Mark Wentzel

Texas Water Development Board
P.0O. Box 13231

Austin, Texas 78711-3231

RE: LCRA-SAWS Water Project — Comments on Draft Instream Flow Guidelines
Development: Colorado River Flow Relationships to Aquatic Habitat and State
Threatened Species: Blue Sucker April 23, 2007

Dear Mr. Wentzel:

Thank you for your comments to Ed Oborny following meetings on the LSWP Draft
Instream Flow Guidelines Development and your review of the document. The input from
you continues to be important and very helpful to us. Below, we have provided
responses to your comments following the organization laid out in them.

TWDB Comment: '

Overall, this document describes a good faith attempt to implement the type of instream
flow analysis described in the Texas Instream Flow Program Draft Technical Overview
(2006). Flow recommendations have been made for a flow regime, consisting of the
following flow components: subsistence, base habitat, pulse, and overbank flows.
Technical studies were completed to evaluate flows for each of these components.
Factors related to the fields of hydrology, biology, geomorphology, and water quality
have been considered. Bio-West appears to have conducted all the necessary studies
and assembled the necessary data and tools to evaluate potential instream flow
recommendations for the Lower Colorado River.

However, there appear to be several ways to improve the analysis and selection of
flows. These include changes in the way habitat discharge relationships are used to
develop subsistence and base flows, provision of a base habitat flow recommendation
for wet conditions, additional analysis related to sediment transport, and additional
hydrologic analysis for comparison to high pulse and overbank flow recommendations. |
would also suggest presenting some of the results related to subsistence and base flows
in graphical as well as tabular form. These changes are discussed in greater detail
below. All of the necessary data and tools required to implement these changes seem
to be readily available. With these changes, the Draft instream Flow Guidelines should
provide a guide for appropriate management for the Lower Colorado River.

Use of Habitat Discharge Relationships to Develop Subsistence and Base Flows
| am uncomfortable with the use of habitat modeling to develop subsistence and base

habitat flow recommendations as described in the draft report. The basic outline of that
process is as follows: 1) collect contemporary bathymetry, hydraulic, and biological data,
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2) develop Habitat Suitability Criteria and hydraulic model of contemporary channel
conditions, 3) determine habitat versus discharge relationships for contemporary
channel conditions, 4) develop historical habitat time series data by merging historical
hydrologic record and contemporary habitat versus discharge relationships, 5) select
subsistence and base habitat flow values based on evaluation of historic habitat time
series, 6) modify flow recommendations to account for other considerations.

The step that concerns me is step 4, where a “historical” habitat time series is developed
using the pre-1940 hydrologic time series and the contemporary habitat versus
discharge relationship. | believe it is unreasonable to expect that the current
configuration of the channel is similar to the pre-1940 configuration. As pointed out by
the report, the hydrologic conditions in the Lower Colorado have changed significantly
from pre-1940 conditions. As shown in Figure 3.2 of the report, the number and
magnitude of large flow events are reduced dramatically from the pre-1940 period to
current conditions. These types of flows are particularly influential in shaping the
channel. Sediment loadings to the river may also have changed during this extended
time period due to land use changes, cultivation practices, and/or other factors. The net
effect is probable, but unknown, changes in the shape of the channel and habitat versus
discharge relationships.

Unfortunately, there is little data available to quantify changes in the shape of the
channel of the Lower Colorado over the last 100 years. A review of historic USGS maps
circa 1904, 1950, and 1981 and an aerial photograph from 1985 in the area of the Utley
study site west of Bastrop, TX is shown in the figure below. This figure shows
approximate changes in the planform configuration of the Colorado River over a period
of almost 100 years. From this data, it appears that the planform shape of the river
changed significantly from 1904 to 1950, but has not change significantly from 1950 to
1995. Without an appropriate historical data set, it's impossible to estimate the extent of
changes within the channel itself. But it seems improbable that habitat versus discharge
relationships developed for conditions in 2005 would accurately reflect conditions over
the time period prior to
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Figure 1. Planform channel changes in Lower Colorado River near Utley study site.

Despite my reservations regarding the “historical’ time series, | do not have major
concerns regarding the subsistence and base habitat flows derived from the analysis
described in the report. In this case, selection of flows based on the criteria related to
percentiles from the “historical” habitat time series wind up equivalent to flows that would
be selected from critefia related to equivalent percentiles from the historical hydrologic
time series. The two procedures are mathematically equivalent. To confirm this, |
analyzed the pre-1940 hydrologic time series available for the USGS gage on the
Colorado River at Austin, TX (gage #08158000). | calculated the 95, 80, and 60 percent
exceedence levels for each month and compared to the flows presented in the report for
equivalent habitat exceedence levels. Results are shown in Table 1. My analysis was
completed without a baseflow separation, as was carried out by Bio-West on the
hydrologic data they used to develop their “historical” habitat time series. Therefore,
there are minor differences between the flows selected directly from the hydrologic data
and those selected from the habitat data. Differences are greater for the 60 and 80%
exceedence levels and months of April through June as these levels and months include
a greater number of storm events (which would have been removed by the baseflow
separation). | believe the use of a baseflow separation by Bio-West is entirely
appropriate when developing subsistence and base habitat flow recommendations, but,
for expediency, | did not include it in my analysis.
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Table 1. Hydrologic and habitat percentiles for the Austin reach
Flows [cfs]
Jan | Feb | Mar | Apr | May | Jun | Jul | Aug 1LSep Ect | Nov | Dec |
|

| Hydrology'
60% | 429 | 490 | 480 | 760 [ 1352 | 1100 | 670 | 384 | 480 | 480 | 431 461 |
80% | 306 | 306 | 276 [ 317 | 710 | 465] 359 ] 200 | 260 | 253 | 290 | 301 |
95% | 201|200 | 176 | 178 | 305 200|138 | 61| 111 128 177 ] 183 |
Habitat”
[ 60% | 418 ] 480 480 | 613 | 796 708|590 | 368 | 409 | 418 | 410 | 435
| 80%  303[ 306 265|277 | 559 | 404|335 187 | 228 | 237 | 273 | 300
95% | 201 200 | 171 [ 178 266] 195132 60| 97 ]122] 174 ] 180

Developed from pre-1940 daily stream flows for USGS gage #08158000 (Colorado
River at Austin, TX)
’From BioWest (2006) Tables 4.7 and 4.10

The flow values from Table 1 show that using percentiles from the historic hydrologic
data yields equivalent results to using percentiles from the “historic” habitat data.
However, because of uncertainty that the historic habitat data actually reflects historical
conditions, | think it is more straightforward and accurate to say that initial flow
recommendations were selected based on hydrologic criteria alone. Given the lack of

historical data related to channel shape, there is no accurate way to estimate historical
habitat data.

If initial subsistence and base flow recommendations are made based strictly on historic
hydrologic data, how should the habitat model be used? | believe the habitat model
should be used to evaluate the implications of flow alternatives. The model should be
used to answer questions such as “Given the current channel configuration, what habitat
will be available if we operate the river according to a particuiar scenario?” Possible
scenarios would include various percent exceedence levels from the historic hydrologic
data and resuits would be very similar (if not identical) to those presented in Table 4.9.
For comparison purposes, | would like to see additional scenarios evaluated and the
results displayed in Table 4.9 (or a similar table). Scenarios should include percent
exceedence levels from current hydrologic data (1975-2004) and other hydrologic
criteria (say 7Q2 or Lyon’s Method). Results should be used to select and modify
scenarios as necessary.

LSWP Response: In terms of the process that we used to develop these flow
recommendations, the outline you provide may overlook important steps that we
undertook to develop these recommendations. While it may appear that we developed
these recommendations using the pre-1940 hydrologic time series and the contemporary
habitat versus discharge relationship, we understood early on in this process that
combining an existing conditions bathymetry with a natural flow regime can present
problems of the kind you describe. The process we undertook, as described on page 44
of the April 23" draft, was first to apply the existing flow regime to determine the habitats
that we could expect under the existing operations. We then developed a habitat time
series based on applying a pre-1940 time series to the models. We found that the later
habitat time series produced a better diversity of habitats. Perhaps diversity is, as
suggested by TPWD, a misused term. TPWD suggests using the term “equitability”
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which could bring other criticisms. Basing recommendations on natural flow regime
results in better ecological conditions as defined on pages 52-54.

The critical question became: “Can we use the habitat time series to develop flow
recommendations and, if so, how?” In hindsight it appears, as you point out, that the flow
percentile exceedence figures corresponded very closely with some of the habitats that
are limiting at the flows we ultimately selected, however, the process of selecting these
values was not arbitrary. Analysis of the habitat model output was critical. In some
traditional instream flow studies, habitat models are used to maximize habitat for
particular species, and in fact several of the comments that we have received seems to
suggest that a goal of this study should be to maximize blue sucker spawning habitat.
While we have given additional and careful consideration to the habitat needs of this
State threatened species, a guiding principal of this study has been to identify instream
flow conditions that support a “sound ecological environment”, which has been described
as “...a functioning ecosystem characterized by intact, natural processes, resifience, and
a balanced, integrated, and adaptive community of organisms comparable to that of the
natural habitat of a region” (TIFP Draft 2006). In order to do this we analyzed the
response of all habitats to flows, and made a determination as to the best mix, diversity,
balance, equality of habitats. We then determined the flows necessary to provide these
habitats.

Following your suggestion that we select various flow percentiles, arbitrarily, and then
see what habitats result might lead to the same recommendations, especially now that
we have gone through this process and now know what to look for in terms of
breakpoints, percents of maximums and counts of the times habitats fell below minimum
thresholds; however, we contend that a more appropriate and scientifically defensible
approach is to base our decision on the habitat needs and then determine what flow
provides those habitats.

In response to the final paragraph in this section, we're not sure more information is
better in this case. We have run the 1975-2004 flow regime through the models and
believe the information requested would be similar to the information included in half of
the figures in Appendix D. Current operations produce elevated summer and depressed
winter flows, which results in conditions that are dominated by one or a few habitat types
to the exclusion of the others. The Lyons and 7Q2 estimates reflect these alterations.
The recommendations of the TIFP Technical Guidance document and the overwhelming
majority of the scientific literature confirm that instream flow recommendations ought to
be guided by the natural flow regime. We are not sure how demonstrating the
inappropriateness of Lyons supports the primary aim of this study.

TWDB Comment: .
Base habitat flow recommendation for “wet” conditions

The report makes recommendations for “dry” and “average” base flow conditions, but no
recommendations are made for “wet” conditions. The Technical Overview (TIFP, 2006)
describes a flow regime that includes base flow recommendations for “wet, normal, and
dry conditions.” The purpose of a base flow recommendation for wet conditions would
be to provide additional habitat in years when additional water is available. Inclusion of
all three components (wet, normal, and dry) preserves more of the hydrologic variability
of the system. The analysis should be extended to include a base flow recommendation
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in wet years. The tools to complete this analysis seem to be available as the habitat
versus discharge relationships extend up to flows as large as 5,000 cubic feet per
second (see Figure 4.5 and 4.6).

LSWP Response: There are two basic assumptions within the agencies proposal that
Base-Wet should be included in the flow recommendations. The first assumption is that
Base-Wet can provide better habitat conditions (“additional habitat in years when
additional water”). Second, it assumes that Base-Wet provides greater inter annual flow
variability and this is beneficial, ("preserves more of the hydrologic variability of the
system”).

Based on the second assumption, we have been unable to identify a higher Base-wet
flow condition that would show demonstrable benefits in terms of habitat. Increasing
flow results in less of some types of habitats and more of others. As a result, we don’t
recommend a Base-Wet recommendation and instead have a simpler recommendation.
We agree that inter annual variability is beneficial and are open to suggestions on how to
select the wet period condition. We are concerned that picking an “arbitrary” flow
percentile may result in insignificantly better or perhaps poorer overall habitat conditions.
The flow that is exceeded 25-30% of the time is a range that has been used in other .
studies. Providing the 70th percentile (30 percent exceedence) pre-1940 flows at
Columbus would result in increases in deep water habitats but substantial decrease in
shallow water habitats (Table 3). This is a quick annual analysis; a more complete
analysis considering monthly patterns and base flow separation results in similar
findings.

Table 1 Percent change in habitat area from Base-Average to 70th percentile flows
Rapid - Adult Blue Sucker T4%

Deep Pools - 26%
Deep Run’ ST -10%°
Spaw ning Blue Sucker -37%
.Shallow Runs T 45%
‘Pools/Edges/Backwaters ~ -54%,
‘Riffles ' - -61%.

From a natural flows perspective these types of conditions did occur and based on that
paradigm having some years with 37% less Spawning Blue Sucker or 61% less riffle
habitat has an ecological benefit however no clear pattern has emerged from the
analysis to suggest how to set these Base-Wet targets. Rather than create a Base-Wet
recommendation following the same approach that was used dry and average years, we
contend that additional water available during wet periods would be put to better use by
providing high flow pulses.

TWDB Comment:
Additional analysis related to sediment transport

It would be beneficial to complete some additional analysis with the sediment transport
tools developed by Bio-West in order to more fully evaluate possible flow scenarios. For
example, using the Ackers and White Equations for the four geomorphic study sites, it
would be useful to know what amount of sediment (total sediment and sand and gravel
separately) is moved by the current flow conditions. And, by comparison, what amount

COLORADO RIVER AUTHORITY



LOWER

Mérk Wentzel
November 2, 2007
Page 7 of 8

the proposed flow regime would move. This would give more confidence that the
proposed flow regime would be capable of maintaining the current channel configuration
(or even providing a better one).

LSWP Response: With our tools, we can compare total average annual gravel and
sediment loads for the different sites under current and proposed flow conditions. We
have been hesitant to calculate annual loads because accuracy of the equation-based
transport rating curves have not been field-verified (that is, however, recommended
within the context of long-term investigations). Total annual load calculations can vary
by orders of magnitude depending on the transport equation used or the sample data set
used to develop an empirical equation. As such, we are somewhat reluctant to put
estimated numbers “out there” for fear that they will be taken as real values and used for
things not intended. That said, we certainly can run that calculation and make it very
clear that the numbers are estimates and only valid as a tool to compare flow regimes.
The trick will be to identify the appropriate “average annual” flow data set to use. We will
use a real year’s daily hydrology (for an example “normal” water year with approximately
average total annual flow) rather than extracting a synthetic average or median daily flow
regime statistically from a composite multi-year flow data set. Use of statistically-derived
synthetic daily regimes can result in unrealistic day-to-day flow changes. We will
proceed with this analysis and incorporate results into the final report.

TWDB Comment:
Additional hydrologic analysis for comparison to high pulse and overbank flows

For comparison purposes, it would also be nice to know how the magnitude of the
recommended pulse and overbank flows compare with current conditions, for example
the various return period fioods and the “Bankfull” and “Flood Stages” at the various
gages. A table presenting data similar to that shown in Table 2 (next page) would be
helpful. Note that this data was generated as a quick example and a different time
period (say 1975-2004 for all gage locations) may be more appropriate. Also, a more
accurate refinement of bankfull and flood stages may be available from field data
collected at the sites.

LSWP Response: We agree that a table like Table 2 does provide useful
reference/context for our high pulse and overbank recommendations. We will
incorporate/adapt such a table and associated text within the final report.

TWDB Comment:
Display the results shown in Tables 4.6 and 4.9 in graphical form

Selection of the 95% habitat exceedence level (or 99% for the Wharton reach) for a
subsistence flow and the 80 and 60% levels for base flows seems somewhat arbitrary.
The benefit of these selections may be more obvious if the information in Tables 4.6 and
4.9 is presented in graphical form. Examples for the Austin reach are shown in Figures
2 and 3 on the following pages. I've taken the liberty of marking the x-axis as “Flow
Exceedence Level [%]" as | believe the initial estimates of flow value should be
characterized as selected based solely on historical hydrologic data. | believe these
figures more clearly convey the idea that the 95% exceedence level is adequate to keep
the amount of each habitat type above 10% of the maximum (Figure 2) and limit the
number of months when various habitats are reduced to less than 5 or 10% of their

COLORADO RIVER AUTHORITY



Mark Wentzel
November 2, 2007
Page 8 of 8

maximum possible (Figure 3). Similarly, the value of the 80% exceedence flow is shown
more clearly as percent of maximum habitat drops rapidly for larger values and the

number of months a habitat type is less than 5 or 10% of its maximum is eliminated for
smaller values.

LSWP Response: We agree that the graphics provide helpful visuals and will produce
similar graphs for the final report.

We look forward to continuing discussions on the LCRA-SAWS Water Project. Please
let me know if you wouid like a follow-up meeting to go over these responses and any
lingering concerns or questions you may have. Please feel free to contact me at (512)

473-3589 or leah.manning@lcra.org or Ed Oborny at (512) 990-3954 or eoborny@bio-
west.com .

Sincerely,

4 /-"L‘. »/4{//:/;{5,?;):/?’;-\
X T /%//Z{ Ll
Leah Manning, P.E. /
LSWP Program Manager

CC: Ed Oborny, Bio-West
David Bradsby, TPWD
Wendy Gordon, TCEQ
Gary Guy, SAWS
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Appendix B - Life History Summaries

Life history summaries for species and life stages in the lower Colorado River, Texas
included in the seven habitat categories used in aquatic habitat modeling.

RIFFLES

Percina sciera - dusky darter

The dusky darter is a fairly large darter (maximum size ~ 110 mm) found in the
Mississippi River drainage as far north as Illinois, Indiana, and Ohio, and in Gulf
of Mexico drainages from the Mobile Bay system in Alabama south and west to
the Guadalupe River in Texas. Dusky darters usually occur in riffles and
raceways of moderate to large streams over gravel substrates, often associated
with some type of cover such as boulders or logs (Miller and Robison 1973).
They feed on a variety of aquatic insects, and spawn from February through June
in the Colorado River over gravelly substrates. Eggs and larvae of dusky darters
can survive at temperatures between 22 and 27°C (Hubbs 1961). Maximum life
span is approximately four years (Page 1983, Robison and Buchanan 1988).
Dusky darters are relatively abundant in riffle areas over gravel and cobble
substrates throughout the Colorado River.

Percina carbonaria - Texas logperch

The Texas logperch is another relatively large darter (maximum size = 112 mm)
endemic to the Brazos, Colorado, Guadalupe, and San Antonio rivers of Texas.
Due to its small native range, little life history information has been published on
this species. However, they are assumed to be similar in habitat use and biology
to the closely related and more widely distributed logperch Percina caprodes.
Logperch inhabit rocky riffles, feed on a variety of aquatic insect larvae, and
spawn demersal adhesive eggs in moderate current over gravel substrates
(Boschung and Mayden 2003). Hubbs (1961) found that Texas logperch spawn
from January through June in the Colorado River, and eggs and larvae can
tolerate temperatures between 22 to 26°C. They are common in relatively deep
fast riffles throughout the Colorado River over gravel and cobble substrates.

Ictalurus punctatus (<180 mm) - juvenile channel catfish
The channel catfish is native to the Mississippi River drainage as well as Gulf
Slope drainages from Florida to Texas, including the Colorado River. Due to
their popularity as a game and food fish, introductions of channel catfish into
new areas have greatly expanded their range. This widely adaptable fish
occupies a variety of habitats including rivers, reservoirs, and farm ponds.
Channel catfish consume a wide variety of food, including small aquatic insects,
crustaceans, mollusks, and some plant material. Fish generally becomes more
important in their diet as they grow (Boschung and Mayden 2003). After fry
leave the nest, they form tight schools for several weeks until they reach
fingerling size (Robison and Buchanan 1988, Mettee et al. 1996). Such schools of
juvenile channel catfish are abundant in riffle habitats over gravel and cobble
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substrates throughout the Colorado River in the late summer and fall.
Conversely, adults are more common in deeper areas and were thus included in
the Deep Run guild.

Phenacobius mirabilis - suckermouth minnow

The suckermouth minnow is a relatively large robust minnow (maximum size =
102 mm) found throughout the Mississippi River drainage as well as Western
Gulf slope drainages of Texas. Although it is found in a variety of habitats, the
suckermouth minnow seems to prefer riffle areas of medium-sized prairie
streams over gravel substrates. It is a bottom dwelling species that forages in the
substrate to capture benthic invertebrates and also consumes some plant material
(Robison and Buchanan 1988, Mettee et al. 1996). Suckermouth minnows spawn
between April and August in Kansas (Cross 1967). Although suckermouth
minnows are not particularly abundant in the Colorado River, when found, they
are usually collected in swift riffle habitats over gravel and cobble substrates.

Etheostoma spectabile - orangethroat darter

The orangethroat darter is a small percid (maximum size ~ 60 mm) that ranges
from central Texas north as far as eastern Wyoming and east as far as central
Ohio. They inhabit shallow, moderately-fast, gravel riffles where they feed on a
variety of aquatic insects and fish eggs. Eggs are deposited in the gravel
substrate, and spawning usually occurs from November through July in Texas
(Page 1983, Hubbs 1985). Eggs ard larvae of orangethroat darters can survive
temperatures of 10 to 27°C. In the Colorado River, orangethroat darters are fairly
common on shallow gravel riffles from Austin downstream to Columbus. Their
abundance decreases downstream most likely due to increased turbidity and
decreasing amounts of gravel riffle habitat.

Campostoma anomalum - central stoneroller

The central stoneroller is a wide ranging herbivorous cyprinid that occurs
throughout the Mississippi River drainage as well as several Gulf Coastal
drainages including the Colorado River. Stonerollers are most abundant in small
generally clear streams over gravel substrates where they use a special
cartilaginous ridge on their lower lip to scrape algae and associated materials
from the rocky substrate. Spawning occurs in riffle areas during spring at water
temperatures of about 15C (Robison and Buchanan 1988). Males move small
rocks and pebbles to create a nest and eggs are laid in the interstitial spaces
between the rocks (Miller 1962). After hatching, small stonerollers occupy slow
stream margins and backwaters until they reach larger sizes and move into the
main flow. In the Colorado River, stonerollers were most commonly collected in
shallow gravel riffles of moderate current from Austin downstream to
Columbus. Similar to orangethroat darters, their abundance decreases
downstream most likely as a result of increased turbidity and decreasing
amounts of gravel riffle habitat.
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Macrhybopsis spp. - shoal chub and burrhead chub

The species complex previously known as the speckled chub Macrhybopsis
aestivalis is distributed throughout the Mississippi River drainage and Gulf
Coastal drainages from the Choctawhatchee River in Florida to the Rio San
Fernando in Mexico. However, recent analyses have split this complex into five
species west of the Mississippi River, two of which (shoal chub M. hyostoma and
burrhead chub M. marconis) occur in the lower Colorado River (Eisenhour 2004).
However, because these two species were only recently differentiated, no
attempt was made to distinguish them in field collections, and given that they
occupy similar habitats they were grouped as one ecological unit for guild
analysis. These fish inhabit moderate to swift flowing waters over sandy and
gravelly substrates in large rivers. They use taste buds located on their head,
body, fins, and small barbels to feed along the bottom of turbid rivers. Food
consists of aquatic insects, small crustaceans, and some plant material. They
spawn throughout the summer months and eggs develop as they drift in the
current, hatching in about 25-28 hours. Maximum life span is approximately 1.5
years (Robison and Buchanan 1988). In the Colorado River, Macrhybopsis spp. are
relatively abundant in shallow riffles over sand and small gravel throughout the
river.

DEEP RUNS

Pylodictis olivaris - flathead catfish

The flathead catfish is a large long-lived catfish (maximum size ~ 100 pounds, life
span up to 20 years) native to the Mississippi River drainage as well as Western
Gulf Slope drainages of Texas. It is most common in deeper areas of large turbid
rivers around moderate current and heavy cover such as rocks, riprap, or
submerged logs. It is a solitary species which feeds at night on live fish and
crayfish. Spawning occurs in late June and July when parents construct a nest in
a natural cavity. Females may lay up to 100,000 eggs which are guarded by the
male. After hatching the young catfish form a compact school for a few days
before dispersing (Robison and Buchanan 1988, Mettee et al. 1996). Flathead
catfish are common throughout the Colorado River in deep runs and pools with
slow to moderate currents often near large boulders or other dense cover.

Ictalurus punctatus (>180 mm) - adult channel catfish
The channel catfish is native to the Mississippi River drainage as well as Gulf
Slope drainages from Florida to Texas, including the Colorado River. Due to
their popularity as a game and food fish, introductions of channel catfish into
new areas have greatly expanded their range. Channel catfish can live in a wide
variety of habitats and can withstand temperatures from 6 to 39°C (Currie et al.
2004). In rivers adults usually occupy deep pools near cover and overhanging
banks during the day and venture out to feed in shallower areas at night. ~Fish
generally become increasingly important in the diet as they grow (Boschung and
Mayden 2003). Spawning usually occurs from May to July in a cavernous nest
dug out by the male along an undercut bank or under logs or other debris. The
male guards the small fry until they leave the nest. In the Colorado River, adult
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channel catfish were collected from a variety of habitats; however, they were
most abundant in deeper runs often near some type of cover.

Moxostoma congestum - gray redhorse

The gray redhorse is a large catostomid fish endemic to streams of the Edwards
Plateau region of Texas including the Brazos, Colorado, Guadalupe, San
Antonio, Nueces, and Rio Grande drainages. It is also found in extreme
southeastern New Mexico, and a few coastal streams along the Gulf Coast of
Mexico. Detailed life history studies are lacking for this species. However, gray
redhorse have been found to consume a variety of aquatic insects, mainly
dipteran and trichopteran larvae (Cowley and Sublette 1987). In central Texas,
they spawn in small groups during late March and early April over shallow
gravelly runs (Martin 1986). Gray redhorse are abundant in the Colorado River
from Austin downstream to Columbus. Their abundance declines below
Columbus where sand substrates are more common and river carpsuckers
(Carpiodes carpio) become more abundant.

Micropterus treculii (>170 mm) - adult Guadalupe bass

The Guadalupe bass is endemic to the Edwards Plateau region of central Texas,
including portions of the Brazos River, Colorado River, Guadalupe River, and
San Antonio River basins (Hubbs et al. 1991). In 1989, the Guadalupe bass was
recognized as the State Fish of Texas. These fish most commonly inhabit swift
deep runs and pools below riffles where they prey on insects, crayfish, and small
fish. Guadalupe bass spawn in spring over nests constructed by the male in
shallow water. Edwards (1980) found that the females produce approximately
400 to 10,000 eggs depending on body size. They can live up to 6 years and reach
sizes of approximately 3.5 lbs. Adult Guadalupe bass are common in deep
flowing runs throughout the Lower Colorado River; however, they appear to be
most abundant in the clearer upper reaches from Austin downstream to La
Grange.

Carpiodes carpio - river carpsucker

River carpsuckers are native to the Mississippi River basin as well as Western
Gulf Slope drainages in Texas. They are most common in medium to large rivers
over sand and silt bottoms in slow current where they browse along the bottom
feeding on attached algae, small crustaceans, molluscs, and small aquatic insects.
Spawning occurs from May to August when adhesive eggs are broadcast over
the substrate. River carpsuckers can live up to ten years and grow to sizes of
approximately 10 pounds (Robison and Buchanan 1988, Mettee et al. 1996). They
are abundant throughout the Colorado River, especially downstream of
Columbus where sand is the predominant substrate.

Dorosoma cepedianum - Gizzard shad
Gizzard shad are common inhabitants of large rivers and reservoirs throughout
the eastern United States. They are a pelagic schooling species usually found in
deep calm water, although they are often found in strong currents as well.
Gizzard shad use their long gill rakers to filter plankton from the water, and
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sometimes feed along the bottom ingesting detritus. Spawning occurs from
April through June when adults congregate in open water and simultaneously
release eggs and sperm. The adhesive eggs become attached to the substrate or
float in the current for a few days until they hatch. Young gizzard shad provide
an important food source for many predatory species. However, gizzard shad
can live up to 6 years and grow to approximately 20 inches in length (Robison
and Buchanan 1988, Mettee et al. 1996). Gizzard shad are abundant in deep runs
and pools over a variety of substrates throughout the Colorado River.

SHALLOW RUNS

Cyprinella lutrensis - red shiner

The red shiner is a small cyprinid fish native to the Mississippi River drainage as
well as Gulf slope drainages west of the Mississippi. Red shiners occupy a wide-
range of habitats from sluggish backwaters to swift riffles over a variety of
substrates. Their diet consists of aquatic and terrestrial invertebrates and algae.
They are classified as crevice spawners that reproduce from April through
September by attaching their adhesive eggs to crevices in rocks, wood, or onto
submerged vegetation. They have also been known to broadcast their eggs over
the nests of various sunfishes. Growth is fast and red shiners spawned early in
the year can reproduce before the end of their first summer (Marsh-Matthews et
al. 2002). They live approximately two years and reach a maximum size of about
75 mm (Robison and Buchanan 1988, Mettee et al. 1996). The red shiners ability
to persist under a wide variety of habitats and environmental conditions as well
as their high reproductive potential make them one of the most abundant species
in many large rivers within their range. They are one of the most abundant
species in the lower Colorado River and are collected in a wide variety of
habitats over various substrates throughout the river. However, they are most
abundant in shallow runs with moderate current. Their abundance increases in
turbid downstream areas of the Colorado River where closely related blacktail
shiners become less abundant.

Cyprinella venusta - blacktail shiner

The blacktail shiner occurs in Gulf Coast drainages from the Rio Grande in Texas
to the Suwannee River, Florida, and as far north as the Ohio River. This species,
which is a close relative of the red shiner, occurs in a variety of habitats over
varied substrates from fast gravel riffles to silty reservoirs (Robison and
Buchanan 1988, Mettee et al. 1996). Their diet fluctuates depending on food
availability, and they consume a variety of aquatic and terrestrial invertebrates as
well as algae (Hale 1962, Hambrick and Hibbs 1977). In central Texas they
reproduce from April through September by expelling adhesive eggs into
crevices in the substrate. Blacktail shiners can live up to four years (Ross 2001),
and reach sizes of approximately 150 mm. They are one of the most abundant
species in the Lower Colorado River, and occur in a variety of habitats; however,
they seem to be most abundant in shallow runs with moderate current in the
upper portion of the river from Austin downstream to La Grange. In the lower
portion of the river they are usually less abundant than red shiners.
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Pimephales vigilax - bullhead minnow

Bullhead minnows are a common inhabitant of large Gulf Slope streams and
rivers from the Rio Grande basin of Texas north and east to the Mobile basin and
north in the Mississippi drainage as far as Wisconsin. Although sometimes
found in strong currents they are most common in sluggish currents over sand
and silt substrates. Bullhead minnows feed in schools along the bottom on
aquatic insects, snails, and plant material. Reproduction takes place in late
spring and summer when eggs are laid on the undersides of rocks, logs, or other
structures. Males guard the egg clusters and keep them clean and aerated by
brushing against them with their fleshy backs. After hatching young bullhead
minnows congregate in large schools over silt substrates feeding on bottom ooze
and diatoms (Robison and Buchanan 1988, Johnston and Page 1992, Mettee et al.
1996). In the Colorado River, bullhead minnows are abundant throughout the
river ranking third in overall abundance behind red and blacktail shiners. They
are most commonly collected in shallow water over silt, sand, or gravel in slow
to moderate currents.

Notropis volucellus - mimic shiner

The mimic shiner is commonly yet somewhat sporadically found in large Gulf
slope streams and rivers from the Guadalupe River, Texas north and east to the
Mobile basin, and north as far as Canada in the Mississippi River drainage.
Mimic shiners are commonly collected in schools near the surface or midwater
over sand and gravel substrates. They feed mainly on small crustaceans, aquatic
insects, and algae (Black 1945). Spawning reportedly occurs between April and
August (Robison and Buchanan 1988, Mettee et al. 1996). Mimic shiners are an
abundant species throughout the Lower Colorado River, and are often found in
shallow runs in association with blacktail shiners and red shiners.

Micropterus treculii (<180 mm) - juvenile Guadalupe bass

The Guadalupe bass is endemic to the Edwards Plateau region of central Texas,
including portions of the Brazos River, Colorado River, Guadalupe River, and
San Antonio River basins (Hubbs et al. 1991). These fish most commonly inhabit
swift runs and pools below riffles where they prey on insects, crayfish, and small
fish. In the Colorado River, young Guadalupe bass inhabited shallower and
often somewhat slower areas than adults, which were placed in the deep run
guild. Juvenile Guadalupe bass were most common in shallow runs over various
substrates, and seem to be most abundant in the clearer upper reaches from
Austin downstream to La Grange.

DEEP POOLS

Ictiobus bubalus - smallmouth buffalo
The smallmouth buffalo is a large catostomid fish native to large Gulf Coast
drainages from the Rio Grande, Texas to the Mobile Bay drainage in Alabama.
They are common in deep slow pools of rivers and reservoirs throughout their
range, where they feed along the bottom on small aquatic insects, mollusks,
algae, and detritus. Spawning occurs in early to middle spring when adhesive
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eggs are scattered over the substrate or onto submerged vegetation. Smallmouth
buffalo are a large long-lived fish with a maximum life span of approximately 15
years and maximum size approaching 70 pounds (Robison and Buchanan 1988,
Mettee et al. 1996, Boschung and Mayden 2003). They are common in deep slow
pools and runs throughout the Colorado River.

Cyprinus carpio - common carp

The common carp is an exotic cyprinid fish first introduced into the United States
in the 1870s. They are now common in a variety of habitats of small streams,
large rivers, and reservoirs throughout the United States. Common carp feed
along the bottom, especially in muddy areas, where they consume insect larvae,
crustaceans, detritus, and plant material. They spawn in large groups in shallow
water during spring and early summer. Small adhesive eggs, once fertilized,
attach to aquatic vegetation or sink to the bottom. Common carp are extremely
tolerant of pollution and siltation and are often one of the most abundant fish in
large reservoirs. They are a large minnow that can live for several years and
attain weights exceeding 50 pounds (Robison and Buchanan 1988, Mettee et al.
1996). Common carp are common in a variety of habitats throughout the
Colorado River; however, they are most abundant in deep silty pools along with
smallmouth buffalo.

SHALLOW POOLS / EDGE / BACKWATER

Micropterus salmoides - largemouth bass

Largemouth bass are native to eastern North America including most of Texas,
and are arguably the most popular gamefish in the United States. This
popularity as a sport fish has led to their introduction into many areas outside
their native range. Although they are most abundant in reservoirs, lakes, and
ponds, largemouth bass are also common in low velocity habitats of rivers such
as pools and backwaters. They are a predatory species which feed on a variety of
fish and invertebrates. Young largemouth bass consume zooplankton and
aquatic insects, while adults feed mainly on smaller fish and crayfish. They
spawn over nests excavated by the male bass in shallow still water during the
spring, usually from February to May in Texas. Eggs and fry are protected by
the male bass for several days after hatching. Largemouth bass commonly live
10+ years and can grow to sizes exceeding 20 pounds (Robison and Buchanan
1988, Mettee et al. 1996). They can withstand temperatures ranging from 7 to
37°C (Currie et al. 2004). In the Colorado River, largemouth bass are common in
pool habitats over a variety of substrates throughout the river.

Lepomis megalotis - longear sunfish
The longear sunfish is a small centrarchid found throughout the Mississippi
River drainage, as well as Gulf Coastal drainages from Florida to Mexico. They
are common in pools of small streams and large rivers where they feed on a
variety of aquatic invertebrates, terrestrial insects, and the occasional small fish.
They spawn in late spring and summer in shallow slow-moving water where the
male builds a small saucer shaped nest in the substrate. Spawning often takes
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place in colonies, with several nests located in close proximity to each other.
Longear sunfish reach sizes of 5-7 inches over a maximum life span of about six
years (Robison and Buchanan 1988, Mettee et al. 1996, Boschung and Mayden
2003). They are common in slow-moving shallow pools and backwaters
throughout the Lower Colorado River.

Lepomis macrochirus - bluegill

Bluegill are common in rivers, lakes, and ponds throughout the eastern United
States and south into Mexico. Since they provide an excellent forage species for
the widely introduced largemouth bass, and are also popular with fishermen,
bluegill have been extensively introduced outside their native range. In rivers,
they are most commonly found in slow moving pools and backwaters where
they feed on aquatic invertebrates and small fish. They reproduce during late
spring and summer in shallow colonial nesting sites similar to other sunfish.
Males guard the eggs, and fan them to discourage siltation until hatching.
Growth of bluegill is highly variable depending on local conditions. However,
they can live up to six years and grow to sizes of approximately 10 inches
(Robison and Buchanan 1988, Mettee et al. 1996). Bluegill are common in
shallow pools throughout the Colorado River, often in association with other
Lepomis species.

Lepomis cyanellus - green sunfish

Green sunfish are native to the central United States from the Great Lakes south
to the Gulf Coast; however, introductions have greatly expanded their range in
North America. They are tolerant of a wide range of environmental conditions
and are often found in stagnant creeks and ditches where other sunfish species
cannot survive. In rivers and streams, they are most common in slow moving
pools and backwaters where they feed on aquatic and terrestrial insects, small
fish, and crayfish. Similar to other sunfish, they spawn in shallow saucer shaped
nests during late spring and summer. Growth rates are faster than those of other
sunfish, and green sunfish can quickly overpopulate small ponds and lakes.
They can live 5-6 years and reach 8-10 inches in size (Robison and Buchanan
1988, Mettee et al. 1996, Boschung and Mayden 2003). Green sunfish are
common in pools and backwaters throughout the Lower Colorado River, often in
association with other sunfish species.

Cichlasoma cyanoguttatum - Rio Grande cichlid
The Rio Grande cichlid is the only member of the family Cichlidae native to the
United States. Its native distribution was limited to the Rio Grande and Pecos
River drainages of Texas and Northeastern Mexico (Hubbs et al. 1991); however,
its range has been greatly expanded as a result of accidental and intentional
introductions (Fuentes and Cashner 2002). The diet of Rio Grande cichlid has not
been well studied. In central Texas, spawning has been documented in May
when a monogamous pair defends a spawning territory usually established over
rocky substrate. Both parents aggressively defend the eggs and fry for several
days after hatching (Itzkowitz and Nyby 1982). Rio Grande cichlids are
commonly collected in shallow pools and weedy backwaters throughout the
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Lower Colorado River. Temperature is thought to be one factor limiting the
distribution of this species in the Colorado River (Tilton 1961).

Gambusia affinis - western mosquitofish

The western mosquitofish is a small surface-dwelling fish which occurs in Gulf
Coastal drainages from Alabama to Mexico, and in the Mississippi River
drainage as far north as Illinois. They inhabit shallow areas of little to no current
in streams, rivers, ponds, lakes, and swamps where they feed on small aquatic
and terrestrial insects, fish larvae, and plant material. Mosquitofish can tolerate
an extremely wide range of environmental conditions, often occurring in areas of
low dissolved oxygen, elevated temperatures, and high salinities. Reproduction
takes place throughout the summer, when females give birth to live young.
Males have a modified anal fin that allows transfer of sperm to the female who
can store it in her reproductive tract for several months. With a gestation period
of 21-28 days, three to four broods of young can be produced by each female
each summer. Females grow larger than males, and can reach sizes of
approximately 70 mm (Robison and Buchanan 1988, Mettee et al. 1996). Western
mosquitofish are abundant in shallow vegetated stream margins, pools, and
backwaters throughout the Lower Colorado River.

Poecilia latipinna - sailfin molly

The sailfin molly is a surface-dwelling poeciliid fish distributed in brackish
waters from Cape Fear, North Carolina to the Yucatan Peninsula of Mexico.
Inland freshwater populations also exist in Texas, Louisiana, and Florida. The
species gets its name from the large, elongate, and colorful dorsal fins present on
males. Sailfin mollies, like mosquitofish, can tolerate a wide range of salinities
and can occur in ditches and small pools with high temperatures and very little
dissolved oxygen. They are often abundant in severely degraded habitats where
other species cannot survive (Felley and Daniels 1992). Females give birth to live
young after a gestation period of 23 to 27 days, usually producing 6 to 36
individuals. Sailfin mollies feed on algae, vascular plants, and small
invertebrates; however, they become more herbivorous as they grow (Boschung
and Mayden 2003). Although not particularly abundant in the Colorado River,
sailfin mollies are common in shallow pools and weedy backwaters throughout
the river.

Fundulus notatus - blackstripe topminnow

The blackstripe topminnow is a small surface-dwelling fish which occurs in Gulf
Coast drainages from the San Antonio Bay drainage of Texas, north and east to
the Tombigbee River drainage Alabama, and as far north in the Mississippi River
drainage as southern Wisconsin. They prefer pools and margins of slow low-
gradient streams and rivers. The majority of their diet is comprised of terrestrial
insects taken from the surface, however, aquatic insects and crustaceans are also
consumed. Spawning occurs in late spring and early summer when the female
deposits 20-30 unguarded eggs on vegetation or detritus (Robison and Buchanan
1988, Mettee et al. 1996). Blackstripe topminnows occur in low abundance in
shallow pools and backwaters throughout the Colorado River.
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RAPIDS / ADULT BLUE SUCKER

Cycleptus elongatus - blue sucker

The blue sucker is a large long-lived catostomid native to large rivers of the
Mississippi Basin and occurring sporadically in some Western Gulf Slope
drainages of Texas as far south as the Rio Grande. A similar and closely-related
species, the southeastern blue sucker Cycleptus meridionalis, was recently
recognized from Eastern Gulf Slope drainages of Alabama, Mississippi, and
Louisiana (Burr and Mayden 1999). Commercial harvest records from the
Mississippi River indicate that the blue sucker was once abundant, however,
they are now considered rare throughout most of their range and have been
listed as threatened or endangered by several agencies including the Texas Parks
and Wildlife Department. Blue suckers occupy deep high-velocity habitats over
firm substrates (Rupprecht and Jahn 1980, Vokoun et al. 2003). They feed on
aquatic insects, mainly Trichopteran and Dipteran larvae and pupae, and can
grow to over 800 mm total length (Peterson et al. 1999, Moss et al. 1983, Cowley
and Sublette 1987). Age and growth studies of blue suckers have yielded
varying results. Previous studies using scale-aging have suggested that blue
suckers live anywhere from 9-22 years (Moss et al. 1983, Rupprecht and Jahn
1980, Vokoun et al. 2003, Morey and Berry 2003). However, scale-aging is
thought to underestimate the ages of large fish, and examination of annuli on
opercular bones has suggested that southeastern blue suckers reach ages of 30+
years (Peterson et al. 1999, Burr and Mayden 1999). Reproduction occurs in early
to late spring at temperatures of 12 - 20C when blue suckers migrate to
spawning riffles where their adhesive eggs are deposited on the substrate (Moss
et al. 1983, Semmens 1985, Peterson et al. 2000, Mettee et al. 2003, Vokoun et al.
2003). Eggs hatch in about 6 days (Semmens 1985). Although larval blue suckers
have occasionally been collected in backwater and off-channel habitats (Fisher
and Willis 2000, Adams et al. 2006), information on the ecology of young blue
suckers is limited because juveniles are rarely collected (Morey and Berry 2003).
In the Colorado River, adult blue suckers are fairly common in deep fast rapids
over gravel, cobble, boulder, and bedrock substrates throughout the upper two-
thirds of the river. Blue suckers were the only species collected in abundance in
these deep high-velocity areas, and therefore, were the only species included in
the rapids guild. Despite considerable effort, there have been no confirmed
collections of juvenile blue suckers from the Lower Colorado River.

SPAWNING BLUE SUCKER

Cycleptus elongatus - blue sucker
Blue suckers reportedly spawn in deep riffles over cobble and bedrock from
early February to May when water temperatures are between 10 and 23°C (Moss
et al. 1983, Boschung and Mayden 2003, Vokoun et al. 2003). Although spawning
data from this study confirms spawning habitat described in other studies, blue
suckers in the lower Colorado River spawn earlier than those from northern
rivers. Several spawning locations have been documented on the lower
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Colorado River - one site in early March 2005 below Longhorn Dam, three sites
in February 2006 (near Altair, LaGrange, and Utley), and five sites in February
2007 (Altair, La Grange, Utley, Smithville, and Onion Creek). Habitat data from
these confirmed spawning areas were used in constructing the spawning blue
sucker habitat guild.
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APPENDIX C - Habitat Suitability Criteria

RIFFLES

500

r 400

r 300

r 200

Frequency

r 100

Suitability Index

0.10.20.30405060708091.01112131415161718192021222324
Depth (m)

Figure C1. Frequency distribution and Habitat Suitability Criteria for depth in the Riffle
Habitat Guild.
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Figure C2. Frequency distribution and Habitat Suitability Criteria for velocity in the
Riffle Habitat Guild.
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Figure C3. Normalized frequency distribution and Habitat Suitability Criteria for
substrate in the Riffle Habitat Guild.
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Figure C4. Frequency distribution and Habitat Suitability Criteria for depth in the
Shallow Run Habitat Guild.
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Figure C5. Frequency distribution and Habitat Suitability Criteria for velocity in the
Shallow Run Habitat Guild.
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Figure C6. Normalized frequency distribution and Habitat Suitability Criteria for
substrate in the Shallow Run Habitat Guild.
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Figure C7. Frequency distribution and Habitat Suitability Criteria for depth in the Deep
Run Habitat Guild.
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Figure C8. Frequency distribution and Habitat Suitability Criteria for velocity in the
Deep Run Habitat Guild.

DEEP RUN

0.9 |
08—
0.7 fmmmm
0.6 |
0.5 |
04 -
08 -
0.2 |

0.1 A
/1
Silt Sand Gravel Cobble Boulder Bedrock

Suitability Index

Substrate

Figure C9. Normalized frequency distribution and Habitat Suitability Criteria for
substrate in the Deep Run Habitat Guild.
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Figure C10. Frequency distribution and Habitat Suitability Criteria for depth in the
Shallow Pool / Edge / Backwater Habitat Guild.
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Figure C11. Frequency distribution and Habitat Suitability Criteria for velocity in the
Shallow Pool / Edge / Backwater Habitat Guild.
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Figure C12. Normalized frequency distribution and Habitat Suitability Criteria for
substrate in the Shallow Pool / Edge / Backwater Habitat Guild.
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Figure C13. Frequency distribution and Habitat Suitability Criteria for depth in the
Deep Pool Habitat Guild.
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Figure C14. Frequency distribution and Habitat Suitability Criteria for velocity in the
Deep Pool Habitat Guild.
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Figure C15. Normalized frequency distribution and Habitat Suitability Criteria for
substrate in the Deep Pool Habitat Guild.
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Figure C16. Frequency distribution and Habitat Suitability Criteria for depth in the
Adult Blue Sucker / Rapids Habitat Guild.
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Figure C17. Frequency distribution and Habitat Suitability Criteria for velocity in the
Adult Blue Sucker / Rapids Habitat Guild.
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Figure C18. Normalized frequency distribution and Habitat Suitability Criteria for
substrate in the Adult Blue Sucker / Rapids Habitat Guild.
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Figure C19. Frequency distribution and Habitat Suitability Criteria for depth in the
Spawning Blue Sucker Habitat Guild.
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Figure C20. Frequency distribution and Habitat Suitability Criteria for velocity in the
Spawning Blue Sucker Habitat Guild.
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Figure C21. Normalized frequency distribution and Habitat Suitability Criteria for
substrate in the Spawning Blue Sucker Habitat Guild.
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APPENDIX D — WUA versus Discharge Relationships

Site 1 - Longhorn Dam
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Figure D1. = Weighted usable area vs. simulated discharge at Longhorn Dam (Site 1).
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Figure D2.  Percent of maximum habitat vs. simulated discharge at Longhorn Dam
(Site 1).
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Site 2 - Utley
Weighted Usable Area versus Simulated Discharge
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Figure D3.  Weighted usable area versus simulated discharge at Utley (Site 2).
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Figure D4.  Percent of maximum habitat vs. simulated discharge at Utley (Site 2).
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Site 3 - Bastrop
Weighted Usable Area versus Simulated Discharge
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Figure D5. Weighted usable area versus simulated discharge at Bastrop (Site 3).
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Figure D6.  Percent of maximum habitat vs. simulated discharge at Bastrop (Site 3).
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Site 4 - Smithville Upstream
Weighted Usable Area versus Simulated Discharge
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Figure D7.  Weighted usable area versus simulated discharge at Smithville Upstream
(Site 4).
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Figure D8.  Percent of maximum habitat vs. simulated discharge at Smithville
Upstream (Site 4).
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Site 5 - Smithville Downstream
Weighted Usable Area versus Simulated Discharge
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Figure D9.  Weighted usable area versus simulated discharge at Smithville Down
(Site 5).
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Figure D10. Percent of maximum habitat vs. simulated discharge at Smithville Down
(Site 5).
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Site 6 - La Grange
Weighted Usable Area versus Simulated Discharge

—+— Riffles

—x¥— Pools/Edges/Backwaters —e— Rapid - Adult Blue Sucker —s— Spawning Blue Sucker

Shallow Runs Deep Run Deep Pools

160000 ~
140000 -
120000 5

Habitat (ft/1000ft)

0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000

Discharge (cfs)

Figure D11. Weighted usable area versus simulated discharge at LaGrange (Site 6).
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Figure D12.
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Percent of maximum habitat vs. simulated discharge at LaGrange (Site 6).
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Site 7 - Columbus
Weighted Usable Area versus Simulated Discharge
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Figure D13. Weighted usable area versus simulated discharge at Columbus (Site 7).

Site 7 - Columbus
Percent of Maximum Habitat versus Simulated Discharge

—— Riffles Shallow Runs Deep Run Deep Pools
—¥— Pools/Edges/Backwaters —e— Rapid - Adult Blue Sucker —s— Spawning Blue Sucker

100%
£ 90%
3 80%
T 0
s 70%
>
£ 60%
8 50%
~.§_ 40%
° 0,
= 30%
8 20%
3]
o 10%

0%
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 5,000
Discharge (cfs)
Figure D14. Percent of maximum habitat vs. simulated discharge at Columbus
(Site 7).
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Colorado River Flow Relationships to Aquatic Habitat and State Threatened Species: Blue Sucker

Site 8 - Altair
Weighted Usable Area versus Simulated Discharge
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Figure D15. Weighted usable area versus simulated discharge at Altair (Site 8).

Site 8 (Altair)
Percent of Maximum Habitat versus Simulated Discharge
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Figure D16. Percent of maximum habitat vs. simulated discharge at Altair (Site 8).
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Colorado River Flow Relationships to Aquatic Habitat and State Threatened Species: Blue Sucker

Site 9 - Wharton
Weighted Usable Area versus Simulated Discharge
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Figure D17. Weighted usable area versus simulated discharge at Wharton (Site 9).

Site 9 - Wharton
Percent of Maximum Habitat versus Simulated Discharge
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Figure D18. Percent of maximum habitat vs. simulated discharge at Wharton (Site 9).
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Colorado River Flow Relationships to Aquatic Habitat and State Threatened Species: Blue Sucker

Site 10 - Lane City
Weighted Usable Area versus Simulated Discharge
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Figure D19. Weighted usable area versus simulated discharge at Lane City (Site 10).

Site 10 - Lane City
Percent of Maximum Habitat versus Simulated Discharge
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Figure D20.  Percent of maximum habitat vs. simulated discharge at Lane City (Site 10).

Instream Flow Guidelines Development 10 Appendix D



