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1.0 INTRODUCTION 

As described in the Task Order 3 (2006) Scope of Work, the purpose of this Activities 
Letter Report is to summarize tasks conducted during 2006 and highlight any potential 
fatal flaws identified.  Activities conducted in 2006 built upon those conducted in 
previous years on Task Orders 1 and 2, which were summarized in the 2004 and 2005 
Data Activities Reports (BIO-WEST 2004, BIO-WEST 2005).  Those activities included 1) 
habitat mapping (instream and riparian) of the entire project area; 2) selection of 10 
intensive model sites; 3) thorough physical data collection at the intensive model sites; 4) 
blue sucker collection, tagging, and tracking; and 5) biological data collection to 
establish habitat guilds, define habitat suitability criteria, and provide model validation.  
The focus of this report will be on the 2006 activities that were completed since the 
submittal of the above-mentioned reports.  These activities include: 
 

 Continued Biological Data Collection, Summarization, and Analysis 
o 2006 fish collection 
o Habitat guild development 
o Habitat Suitability Curve (HSC) development 

 Continued Blue Sucker Life History Activities 
o Tracking 
o Spawning surveys 
o Larval/Juvenile sampling 
o Adult habitat information 

 Continued Intensive Site Physical Data Collection  
 Continued Sediment Transport Data Collection and Analysis 
 Hydraulic and Habitat Modeling 
 Preparation of the Draft Instream Flow Guidelines Report (BIO-WEST 2006) 

 
Activities conducted in relation to Task Order 3 during 2006 also involved the 
preparation and submission of this report, including the 2006 fatal flaws analysis. 

 

2.0 PROJECT COMMUNICATION 

As in previous years, frequent communication of the progress of this study was 
maintained with LCRA/SAWS and the CH2M Hill Project Management Team during 
2006.  This involved several in-person meetings as well as phone conversations and 
email correspondence.  Additionally, frequent communication with the Surface Water 
Availability Team, Water Quality Team, Facilities Siting Team, and Bay Health Team 
was conducted either in person, or via phone/email.  The monthly Project Management 
meetings conducted at LCRA provided another opportunity for interaction with the 
project sponsors, management team, and other study groups. Monthly LSWP aquatic 
habitat team conference calls were conducted to maintain the within team 
communication by addressing progress, methodologies, concerns, and scheduling.  
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In addition to the communications described above, the project team also interacted 
with resource agency scientists, the Science Review Panel (SRP) and Advisory Group 
(AG) on multiple occasions during 2006.   A meeting was conducted in spring 2006 with 
Mr. Doyle Mosier (Texas Parks and Wildlife Department [TPWD]) to gather information 
and seek guidance in study methodology and data interpretation.  SRP and AG 
interactions included presentations by the project team at various meetings, as well as 
several conference calls.  SRP conference calls were conducted in May to discuss habitat 
guild development, in July to discuss hydraulic and habitat modeling approaches, and 
in late November and early December to discuss development of instream flow 
guidelines.  The project team also made presentations at the October 2006 Science 
Review Panel meeting and December 2006 Advisory Group meeting.  These interactions 
provided the forum for the project team to communicate the progress of the study and 
receive pertinent feedback from a diversity of participants.  Feedback received from the 
SRP and AG was extremely valuable in the successful completion of activities associated 
with Task Order 3. 
 

3.0 BIOLOGICAL DATA - COLLECTION AND ANALYSIS 

3.1 2006 Fish Sampling 
The initial goal of fish collection efforts was to augment the data set collected by Mosier 
and Ray (1992).  However, since the project team was able to collect more data at a wider 
range of flows than the previous study, the focus shifted to place more emphasis on 
recent data, and use data from Mosier and Ray for validation purposes.    The team built 
upon data previously collected in 2004 and 2005 with 70 additional sample sites 
dispersed among a variety of habitats in 2006.  Sampling in 2006 occurred within or 
adjacent to intensive model sites at Bastrop, Smithville-Downstream, and La Grange at 
flows ranging from 1,080 to 1,150 cubic feet per second (cfs) (Table 1). 
 
Table 1.  Sample date, reach, number of sites sampled, and discharge from the nearest 
USGS gage for all fish sampling conducted in 2006. 

DATE REACH NUMBER OF SITES DISCHARGE (cfs) 
4/10/2006 Bastrop 25 1,140 
4/11/2006 Smithville 23 1,080 
4/12/2006 La Grange 22 1,150 

  
Fish sampling in 2006 was conducted with several techniques including seining, barge 
electrofishing, and boat electrofishing to provide effective coverage of a wide range of 
habitats.  Often, a barge-mounted electrofisher with a hand-held wand was used to stun 
fishes within the sample area into a seine set at the downstream boundary of the sample 
area.  At least two LCRA biologists joined the project team during all 2006 fish sampling 
efforts and used their electrofishing units during these efforts.  Using a range of 
sampling gear provides the most complete assessment of fish-habitat associations since 
each gear type has biases toward certain species or size classes of fish.   
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An attempt was made to sample fish 
from relatively small areas of 
approximately 3 meters x 3 meters with 
consistent depths, velocities, and 
substrates; however, exact size and 
dimensions were sometimes changed to 
facilitate sampling larger areas of 
relatively uniform habitat when fish 
densities were low.  Larger sites 
generally permitted larger sample sizes, 
thus as long as conditions were relatively 
consistent across the sample area the 
mean condition adequately represents 
fish collected there.  Care was taken to 
ensure that no unique habitat features 

(such as an undercut bank or other cover feature) were included since these features 
may have different fish species associated with them.   Qualitative mesohabitat 
descriptors were used for selecting sites in the field including runs, riffles, pools, and 
backwaters with relative depth and velocity categories within each (e.g., a slow, deep 
run or fast, shallow riffle).  In addition, an attempt was made to sample a range of 
substrate types within each category whenever there was more than one substrate class 
associated with a particular mesohabitat type.  These descriptors were not designed to 
be functional categories for separating sites, but to guide selection of sites in the field 
and ensure that a wide range of habitat conditions were sampled. 
 
Once captured, fish were identified to species, counted, and released.  Life stage (i.e., 
juvenile or adult) was determined based on size classifications used by Mosier and Ray 
(1992) for those species in which there was previous evidence of substantial ontogenetic 
changes in habitat use.  Upon completion of fish sampling, velocity, depth, and substrate 
were characterized at five points representing each corner and the middle of the 
sampled area.  Velocity and depth were measured using a Marsh-McBirney Flowmate 
Model 2000 portable flow meter and incremental wading rod.  Dominant and 
subdominant substrates were classified as silt, sand, gravel, cobble, boulder, or bedrock 
following the standard Wentworth scale based on particle size. 
 
A total of 1,830 fishes representing 11 families and 34 species were collected during 2006 
fish sampling efforts.  This data was subsequently combined with data collected in 2004 
and 2005 and used in constructing habitat guilds and defining hydraulic parameters for 
each guild as described below.   
 
 
 

LCRA electrofishing boat used 
during fish sampling. 
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Examples of fishes captured during fish sampling efforts. 
 
3.2 Data Analysis 
Over 13,000 fish representing 15 families and 50 species were collected from various 
habitats of the lower Colorado River from Austin to Wharton (Table 2) during discharge 
conditions ranging from 188 to 2,030 cfs.  Approximately two-thirds of this data was 
used in habitat guild development and construction of habitat suitability curves (HSC).  
The remaining data was withheld for biological validation of habitat model results.  
Data used in habitat guild development was summarized for each site where fish were 
sampled (N = 153) by averaging depth and velocity data at the five individual points 
and converting substrate types into percent coverage within the sample site.  Sample 
sites were widely distributed over a range of habitats, with mean depths ranging from 
0.4 to 7.5 feet and mean velocities ranging from 0.0 to 4.8 feet per second (ft/s) (Figure 
1).  
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Figure 1.  Graphical representation of mean depth and velocity at 153 habitat guild 
sample sites on the lower Colorado River, Texas. 
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Table 2.  Fishes collected by the project team from the lower Colorado River, Texas from 
2004-2006. 

Family Species Common Name Status Number Collected
Lepisosteidae

Lepisosteus oculatus Spotted gar Native 10
Lepisosteus osseus Longnose gar Native 9

Clupeidae
Dorosoma cepedianum Gizzard shad Native 463
Dorosoma petenense Threadfin shad Native 2

Cyprinidae
Campostoma anomalum Stoneroller Native 33
Ctenopharyngodon idella Grass carp Exotic 1
Cyprinella lutrensis Red shiner Native 3457
Cyprinella venusta Blacktail shiner Native 1979
Cyprinus carpio Common carp Exotic 19
Macrhybopsis spp. Speckled chub Native 559
Notropis stramineus Sand shiner Native 1
Notropis volucellus Mimic shiner Native 1004
Phenacobius mirabilis Suckermouth minnow Native 69
Pimephales promelas Fathead minnow Native 2
Pimephales vigilax Bullhead minnow Native 1769

Catostomidae
Carpiodes carpio River carpsucker Native 318
Cycleptus elongatus Blue sucker Native 22
Ictiobus bubalus Smallmouth buffalo Native 16
Moxostoma congestum Gray Redhorse Native 123

Characidae
Astyanax mexicanus Mexican tetra Introduced 12

Ictaluridae
Ameiurus natalis Yellow bullhead Native 1
Ictalurus punctatus Channel catfish Native 1267
Noturus gyrinus Tadpole madtom Native 2
Pylodictis olivaris Flathead catfish Native 130

Fundulidae
Fundulus notatus Blackstripe topminnow Native 18

Poeciliidae
Gambusia affinis Western mosquitofish Native 151
Poecilia latipinna Sailfin molly Introduced 148

Atherinidae
Menidia beryllina Inland silverside Native 6

Moronidae
Morone chrysops White bass Introduced 1

Centrarchidae
Lepomis auritus Redbreast sunfish Introduced 3
Lepomis cyanellus Green sunfish Native 32
Lepomis gulosus Warmouth Native 13
Lepomis humilis Orangespotted sunfish Native 3
Lepomis macrochirus Bluegill Native 158
Lepomis megalotis Longear sunfish Native 620
Lepomis microlophus Redear sunfish Native 4
Lepomis miniatus Redspotted sunfish Native 7
Micropterus dolomieu Smallmouth bass Introduced 1
Micropterus punctulatus Spotted bass Native 4
Micropterus salmoides Largemouth bass Native 32
Micropterus treculii Guadalupe bass Native 158
Pomoxis annularis White crappie Native 4

Percidae
Etheostoma chlorosomum Bluntnose darter Native 1
Etheostoma lepidum Greenthroat darter Native 2
Etheostoma spectabile Orangethroat darter Native 40
Percina carbonaria Texas logperch Native 135
Percina sciera Dusky darter Native 193

Sciaenidae
Aplodinotus grunniens Freshwater drum Native 3

Cichlidae
Cichlasoma cyanoguttatum Rio Grande cichlid Introduced 61

Mugilidae
Agonostomus monticola Mountain mullet Native 1

Total 13,067   



Colorado River Flow Relationships to Aquatic Habitat and State Threatened Species:  Blue Sucker 

 

2006 Activities Report 8 
 

To create the habitat guilds, habitat data along with sample reach (i.e., Bastrop, 
Columbus, etc.) and abundance data from 29 ecological units (species or particular life 
stages of species) were summarized in a Canonical Correspondence Analysis (CCA).  
Ecological units with a sample size of less than 15 individuals were not included in the 
analysis.  Since sample reach did not explain a significant portion of the variation in 
abundance of ecological units, it was excluded from further analysis.  Depth, velocity, 
and substrate data explained 20% of the overall variation.  This is within the range of 
explained variation documented in similar analyses from other studies, and 
demonstrates the importance of biotic interactions in structuring stream fish 
assemblages (Li and Gelwick 2005, Williams et al. 2005).  Based on the resulting CCA 
ordination plot (Figure 2), the 29 ecological units were grouped into five habitat guilds, 
each consisting of multiple species or life stages. Guilds were generally similar to those 
established by Mosier and Ray (1992).  When species fell on or near boundaries between 
established habitat guilds, life history information gathered from the literature was used 
to aid in guild assignment.  For the Rapids habitat, blue sucker (Cycleptus elongatus) data 
derived from the radio telemetry portion of this study were added to blue sucker data 
collected during fish sampling.  In addition, habitat data collected at four confirmed blue 
sucker spawning locations were used to create a seventh habitat category designated as 
“Spawning blue sucker” habitat (Table 3). 
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Figure 2.  Multivariate ordination plot showing species associations among depth, 
velocity, and substrate gradients.   Black circles designate habitat guilds.   
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Table 3.  Habitat guilds and blue sucker life stage categories derived from depth, 
velocity, and substrate use by fish collected in the lower Colorado River, Texas.  

Riffles
Percina sciera 121
Percina carbonaria 95
Ictalurus punctatus (<180 mm) 640
Phenacobius mirabilis 65
Etheostoma spectabile 27
Campostoma anomalum 30
Macrhybopsis spp. 280

Shallow Runs
Cyprinella lutrensis 1989
Cyprinella venusta 1305
Pimephales vigilax 698
Notropis volucellus 516
Micropterus treculii (<170 mm) 91

Deep Runs
Pylodictis olivaris 107
Ictalurus punctatus (>180 mm) 71
Moxostoma congestum 131
Micropterus treculii  (>170 mm) 23
Carpiodes carpio 215
Dorosoma cepedianum 451

Pools/Backwaters
Micropterus salmoides 19
Lepomis megalotis 490
Lepomis macrochirus 115
Lepomis cyanellus 29
Cichlasoma cyanoguttatum 45
Gambusia affinis 92
Poecilia latipinna 33
Fundulus notatus 15

Deep Pools
Ictiobus bubalus 16
Cyprinus carpio 18

Blue Sucker Life Stages

Adult blue suckers/Rapids
Cycleptus elongatus 82*

Spawning blue suckers
Cycleptus elongatus **

*Data collected during fish sampling was supplemented with habitat data from the radio telemetry portion of the study. 
**Habitat data collected at four confirmed spawning locations was used in constructing the spawning blue sucker category.

Species/Life StagesHabitat Guild Number Collected
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Once habitat guilds were established, data from all species within a particular habitat 
guild were combined.  Habitat suitability curves (HSC) for each habitat guild were 
constructed based on the methods of Bovee (1986).  Non-parametric tolerance limits 
(NPTLs) were used to encompass the central 50%, 75%, 90%, and 95% of the depth and 
velocity data for each habitat guild using a confidence level of 0.9.  Data that fell within 
the central 50% of observations for each guild was assigned a habitat suitability index 
(HSI) value of 1.0, data within the 75% interval received an HSI value of 0.5, data within 
the 90% interval received a 0.2, and data within the 95% interval received a 0.1.  The 
resulting HSC curves provide a range of depths and velocities of varying importance or 
suitability to each habitat guild.  To provide similar HSI values for substrate, frequency 
of use distributions for primary substrate were normalized to a maximum value of 1.0 
by dividing the frequency of each substrate by the maximum frequency observed.  
Figure 3 provides an example of the resulting HSC for the riffle habitat guild. 
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Figure 3.  Depth, velocity, and substrate suitability criteria for the riffle habitat guild.  
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4.0 BLUE SUCKER LIFE HISTORY 

4.1 Tracking 
In order to monitor migration patterns of blue suckers in the lower Colorado River, the 
project team collected, tagged and released 30 adult blue suckers into the river in 
October 2004 (BIO-WEST 2004).  As of the last activities report in December 2005, 23 of 
the 30 fish were considered alive and active, three tags had been recovered, three more 
tags were thought to be shed (no movement in several return visits), and one tag had 
never been located (thought to have malfunctioned).   
 
In 2006, the project team continued 
tracking the 27 radio-tags that remained 
in the river using a SRX_400 Telemetry 
Receiver (Lotek Wireless, Inc.), and an 
H-antenna (and occasionally an 
underwater antenna).  The project team 
tracked at each tagging site numerous 
times in addition to covering large 
stretches of river in between collection 
sites by boat.  Additionally, the team 
conducted two tracking sessions with 
fixed wing aircraft.  However, because 
of the specific adult blue sucker habitat 
affinity, during most efforts it was more 
efficient to track by boat to locate the 
majority of fish.  Whenever possible, 
habitat measurements (depth, velocity, 
and substrate) were taken at the specific 
location of tagged blue suckers and this 
data was used in defining adult blue 
sucker habitat as described in section 
4.2.  

 

 

 
In addition to mobile tracking efforts conducted by boat and aircraft, the study team also 
has a fixed location tracking station set up at the LCRA Eagle Lake Pumping facility just 
upstream of the Altair riffle.  This station consists of two large antennas (one pointed 
upstream and one pointed downstream) mounted near the edge of the river and 
connected to an SRX_400 Telemetry Receiver placed inside the pumping facility.  This 
station continuously monitors the section of river immediately in front of the pumping 
facility in order to document any tagged fish that swim by.  Data gathered by this 
stationary receiver are periodically downloaded to a laptop computer for analysis.  As in 
previous years, data downloaded from the fixed station in 2006 showed a number of 
false hits, most likely the result of interference from the large pumps located nearby.  
However, based on an updated methodology for handling interference (more detailed 
evaluation of the specific frequency of the data, in conjunction with the number of 
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pulses per minute), the project team was able to separate actual fixed station data from 
interference.  Signals indicated that fish (#149.440) moved upstream from the Altair riffle 
to the area near the pumping facility on December 15, 2005.  This fish, which normally is 
found in or around the Altair riffle, stayed in the area of the fixed station for 
approximately seven hours before moving back downstream toward the riffle.  Further 
processing of data gathered from the fixed station receiver in 2004 and 2005 will be 
conducted to determine if other signals were overlooked as a result of interference.   
 
During mobile tracking activities in 2006, the team successfully located 26 of the 27 
remaining tags.  Four more tags were recovered in 2006, bringing the total number of 
recovered tags to seven (Table 4).  The Teflon-coated antennae on most recovered tags 
had been twisted and mangled, suggesting that they had perhaps been tangled in rocks 
and thus pulled from the fish’s body.  Given the high-velocity rocky habitats occupied 
by blue suckers this is a distinct possibility.  One tag has still not been located since the 
beginning of the study, and is thought to have malfunctioned.  Five tags are considered 
to be dead or shed because they have not moved in several return trips; however, efforts 
to recover these tags have been unsuccessful thus far.  The remaining 17 tags have 
shown some movement in recent tracking sessions, or continue to be located in prime 
blue sucker habitat, and are thus considered to be in live fish.   
  
Table 4.  Current status of 30 radio-tagged blue suckers in the Colorado River, Texas. 

Status Number
Assumed alive 17
Never observed 1
Recovered Tags 7
Potentially dead or shed 5
Total 30  

 
One tagged fish (#149.580) was recaptured at the Altair riffle with the help of LCRA 
biologists and electrofishing equipment in February 2006 (16 months after tagging).  The 
fish was in good health, and the surgery wound had healed well.  The small Floy tag 
placed near the fish’s dorsal fin during surgery was no longer present.  This fish was 
subsequently released unharmed, and has been located several times since being 
recaptured.  
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Radio-tagged blue sucker (#149.580) recaptured in February 2006. 
 
Movement patterns in 2006 were substantially different than those observed in 2005.  In 
late winter and early spring of 2005 several fish made large upstream spawning 
migrations of over 100 miles (BIO-WEST 2005).  However, no large upstream 
movements were observed in 2006, most likely a result of much lower flows during late 
winter and spring months (Table 5).  In fact, the majority of fish moved very little in 
2006.  Only three fish moved distances of greater than 10 miles, all in a downstream 
direction.   
 
Table 5.  Average monthly discharge at Austin, Bastrop, and Columbus for January 
through May 2005 and 2006. 

USGS Stream Gage Average Monthly Discharge (cfs)

January February March April May
Winter/Spring 2005 

Austin (08158000) 2,154 2,274 5,719 2,183 1,446
Bastrop (08159200) 2,400 2,759 6,740 2,874 2,086

Columbus (08161000) 3,063 4,614 7,367 3,179 2,179
Winter/Spring 2006 

Austin (08158000) 188 209 456 965 1,355
Bastrop (08159200) 350 374 711 1,267 1,890

Columbus (08161000) 369 416 663 1,134 1,720  
 
In order to further document any movements associated with spawning, tracking efforts 
will continue into spring of 2007.  Data collected in 2007 will allow the study team to 
further explore the relationship between flows and blue sucker spawning migrations.       
 
4.2   Life Stages 
4.2.1 Spawning 
 
As discussed above, discharge during late winter and early spring of 2006 was much 
lower than in 2005, and thus presented the study team with much more favorable 
conditions for spawning observations (see Table 5).  Previous observations of spawning 
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blue suckers on the Colorado River by the study team and others have been made in 
early March.  Therefore, in early February 2006 the project team initiated tracking efforts 
to determine the current location of all radio-tagged fish in the river, with the additional 
goal of documenting any potential spawning aggregations.  These efforts led to 
documentation of three blue sucker spawning sites as described below.    
 
The first spawning site was located on February 8, 2006, when the project team tracked a 
radio-tagged blue sucker (fish # 149.620) to a small aggregation (≥ 5 individuals) of adult 
blue suckers within the Altair riffle complex.  Although the water was too turbid to 
accurately assess exact behaviors, the fish were congregated in a confined area (≈ 5 m x 
10 m) of decreased velocity immediately below a ledge in the middle of the riffle with 
high-velocity chutes on both sides.  The substrate in the area was dominated by bedrock, 
but also contained small amounts of gravel and cobble.  Water temperature at the time 
was 15 °C.  Upon closer examination hundreds of milky white eggs (≈ 2–4 mm diameter) 
were found attached to the underside of large cobble–sized rocks in the area.   Depths in 
the area ranged from 1.0-2.0 feet, and mean velocity ranged from 0.3-2.7 ft/s.   

                      
Spawning site documented at Altair on February 8, 2006.          

On February 9, 2006, another aggregation of approximately 20 adult blue suckers was 
documented while searching for radio-tagged fish at the La Grange riffle.  The fish were 
tightly congregated in a relatively small, high-velocity area near the head of the riffle 
with a mixed substrate of bedrock, gravel, and cobble.  Depths in the area ranged from 
1.5-2.3 feet, and mean velocities ranged from 0.6-3.3 ft/s.  Water temperature at the time 
was 16 °C.  Again, hundreds of milky-white eggs, identical to those collected at Altair, 
were found on the substrate in the area near the aggregation and immediately 
downstream.  The project team collected several of these eggs for verification, and 
several minutes of underwater video were taken in an attempt to capture spawning 
behavior.  Although no spawning was actually witnessed, the project team observed the 
aggregation for approximately one hour in which time most of the fish moved little from 
their initial location.  Similar to the spawning aggregation documented in 2005, fish were 
docile and were not readily disturbed by the observer. 
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The third confirmed spawning location was documented at a riffle complex within the 
Utley intensive model site on February 14, 2006.  Although no fish were observed at this 
location, eggs identical to those found at Altair and La Grange were collected from the 
substrate along a fast, shallow, cobble riffle near the upstream end of the site.  Several 
eggs were collected for verification, and habitat measurements were taken in the area of 
egg deposition.  Eggs were scattered over a relatively broad area in depths ranging from 
0.7-1.1 feet, and velocities of 0.6-1.1 ft/s.  Immediately downstream of the egg deposition 
site, depths increased to approximately 4 feet.  The water temperature at the time was 12 
°C.  

Eggs collected by the study team at La Grange and Utley were brought back to the BIO-
WEST laboratory for verification.  Visual examination of these eggs corresponded well 
with descriptions in the literature.  Eggs collected at Utley (unfortunately, eggs collected 
at La Grange were overcome by a fungus in the sample bottle) were sent to Mike Bessert 
at the University of Nebraska for official verification.  Mr. Bessert’s PhD project involves 
population genetics of the blue sucker complex.  Using both microsatellite and 
mitochondrial DNA markers, he confirmed that the eggs were in fact blue sucker 
embryos. 

Habitat data collected from the three confirmed blue sucker spawning sites in 2006 were 
similar in depth and somewhat higher in velocity than data from the 2005 spawning 
location (Figure 4).  Data from both years were combined and used in creating the 
“Spawning blue sucker” habitat category, as described in Section 3.2.   

  

Blue sucker eggs. Spawning site at La Grange. 
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Figure 4.  Depth and velocity data taken at four confirmed blue sucker spawning sites 
on the lower Colorado River, Texas in 2005 and 2006. 

 

4.2.2 Larval/Juvenile 
In the months following the observed spawning activity the project team sampled 
extensively for larval and juvenile blue suckers using a variety of techniques.  Although 
the majority of these efforts were centered around the confirmed spawning locations, 
numerous man hours were spent sampling a variety of habitats throughout the river.   
 
The first intensive larval/juvenile sampling effort was conducted on March 9, 2006, with 
the assistance of two LCRA biologists and LCRA electrofishing equipment.  The two 
main goals of this outing were to capture larval/juvenile blue suckers, and also to assess 
the reproductive condition of adult blue suckers.  The group sampled in and around the 
confirmed spawning site at La Grange using several techniques including boat 
electrofishing, barge electrofishing, and seining with a small-mesh larval and standard 
common-sense minnow seines.  Seven adult blue suckers (5 females, 2 males) between 
565 and 715 mm total length were collected using electrofishing equipment.  Several of 
these individuals expelled milt or eggs when squeezed, suggesting that spawning was 
perhaps still occurring.  Seines captured many small fishes of various species; however, 
no larval or juvenile blue suckers were collected.   
 
The next intensive sampling effort was a night-time effort on March 22, 2006 near the 
confirmed spawning site at Utley using a variety of seines, as well as light traps.  The 
project team felt it was important to include night-time sampling, since many fish 
species exhibit diel behavioral patterns, and some are more active at night.  Light traps 
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are small luminescent floating traps that are deployed at night to attract small fishes.  
Such traps have been successfully used to take a variety of larval fishes, including larval 
Catostomids such as the endangered razorback sucker (Xyrauchen texanus).  The traps 
were deployed in backwater areas near the riffle at dusk, and were allowed to sit for 
several hours while larval seines were used to sample other areas.  Both techniques 
captured a variety of larval fishes, including many larval suckers.  Since identification of 
larval fish in the field is difficult, several voucher specimens were preserved in 10% 
formalin and brought back to the laboratory for further examination.  Upon further 
examination these fish were identified as larval gray redhorse Moxostoma congestum and 
river carpsucker Carpiodes carpio.  Although night-time sampling with light traps and 
seines captured a variety of larval fishes, it proved to be no more effective than day-time 
sampling with larval seines, and was thus discontinued. 
 
Based on previous collections, seining was determined to be the most effective method 
of capturing larval and juvenile fish.  Therefore, continued sampling was conducted 
mainly with small-mesh seines.  Intensive efforts were concentrated in a variety of 
habitats near Bastrop on March 31st, around the confirmed spawning riffle at Altair on 
April 4th, and near Columbus on April 5th.  All of these collections yielded large numbers 
of larval fish, and because field identification was difficult, any specimens that were 
questionable were preserved and taken back to the lab for verification.  Larval fish 
identified included gray redhorse, river carpsucker, common carp Cyprinus carpio, 
smallmouth buffalo Ictiobus bubalus, longnose gar Lepisosteus osseus, Guadalupe bass 
Micropterus treculii, dusky darter Percina sciera, and several species of sunfish and 
minnows; yet no blue suckers were collected. 
 

            
Larval seining in April near Columbus. 
       
Given the fast initial growth of blue suckers (Moss et al. 1983), the focus shifted away 
from larval sampling methods toward collection of juvenile individuals during the 
summer months.  Since collections of juvenile blue suckers have been made from 
shallow high-velocity riffle areas in the Rio Grande (Tim Bonner, Texas State University, 
personal communication), these areas were chosen as the main focus of sampling efforts.  
To effectively sample these areas the project team employed the use of larger-mesh 
seines as well as electrofishing equipment.  On July 31st, two LCRA biologists assisted 
the project team in sampling the stretch of river from Utley to Bastrop.  Using LCRA 
electrofishing equipment, along with seines of various lengths, extensive fish collections 
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were made in a variety of habitats.  Although hundreds of fish were collected, including 
10-20 adult blue suckers, no juvenile blue suckers were observed.  This effort was 
continued on the following day (Aug. 1st) at Smithville.  Again, two LCRA biologists 
along with several project team personnel conducted extensive sampling using a variety 
of techniques from the Smithville boat ramp upstream for approximately five miles.  
Although several adult blue suckers were observed, no juveniles were collected. 
 
Sampling for juvenile blue suckers continued on September 27th and 28th using a Fyke 
net, seines, and cast nets.  A Fyke net is a large funnel-shaped trap net with long 
“wings” that stick out on each side to funnel fish into the trap.  The net was deployed at 
the Altair riffle on the morning of September 27th, and was left out approximately 24 
hours.  It was then moved to a riffle area near Columbus and deployed for 
approximately 8 hours the following day.  Fish collected in the Fyke net included:  
gizzard shad Dorosoma cepedianum, flathead catfish Pylodictis olivaris, freshwater drum 
Aplodinotus grunniens, longear sunfish Lepomis megalotis, longnose gar, channel catfish 
Ictalurus punctatus, white crappie Pomoxis annularis, and bluegill Lepomis macrochirus.  
The project team also sampled nearby areas extensively with seines and cast nets while 
the net was deployed.  Species collected with seines and cast nets included:  threadfin 
shad Dorosoma petenense, Texas logperch Percina carbonaria, suckermouth minnow 
Phenacobius mirabilis, gray redhorse, blacktail shiner Cyprinella venusta, Guadalupe bass, 
and redear sunfish Lepomis microlophus.  Despite considerable effort, no blue suckers 
were captured. 
 

                  
Sampling with Fyke net near Columbus in late September. 
 
Another juvenile sampling event occurred on November 29, 2006.  On this date, the 
project team, along with three LCRA personnel, sampled extensively in and around the 
Altair riffle using a variety of methods including the previous mentioned Fyke net, boat 
electrofishing, barge electrofishing, and seining.  Several adult blue suckers were 
observed and captured, but no juveniles were collected.   
 
Extensive sampling in 2005 (BIO-WEST 2005) and 2006 directed specifically at capturing 
juvenile blue suckers has, thus far, been unsuccessful.  In addition, the project team has 
conducted considerable larval/juvenile sampling while on the river for telemetry 
tracking activities.  The team has also spent numerous hours on the river collecting fish 
during fish sampling (over 8,000 fish) and biological validation sampling (4,994 fish). 
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Through these efforts, the project team has gained extensive knowledge of habitat 
preferences for the entire lower Colorado River fish assemblage, including other 
Catostomid species (i.e., river carpsucker, smallmouth buffalo, and gray redhorse).  The 
team has also collected and observed numerous adult blue suckers and have gained 
extensive insight into their habitat preferences.  Unfortunately, as of this report 
(December 2006) the project team has not yet collected a juvenile or larval blue sucker in 
the lower Colorado River. 
 
Despite previous difficulties in locating young blue suckers, efforts will continue in 2007.  
Identification of blue sucker eggs in 2006 has provided confirmation that spawning is 
occurring in the lower Colorado River.  The next step is to evaluate spawning success by 
determining if eggs are hatching, and subsequently locate larval blue suckers.  Any areas 
with observed spawning activity and confirmed blue sucker eggs will be intensively 
monitored for a short-time following egg identification.  Fine-mesh nets will be fixed 
over or immediately downstream of known blue sucker eggs and hatching and larval 
development will be evaluated.  Upon successful hatching, larval seines will be used to 
evaluate possible settlement areas for blue sucker larvae in the immediate and 
downstream areas.  If hatching proves successful, approximately one month after, a 
limited field effort will be conducted in these areas to locate juvenile blue suckers.   

 
4.2.3 Adult 
During the tracking efforts discussed in Section 4.1, habitat data was gathered for radio-
tagged fish whenever possible.  Using an H-antenna, an individual fish was tracked 
until a strong signal was heard at a gain of zero indicating the fish was very close (on 
several occasions this was done using an underwater antenna).  At that location, four 
depth and velocity measurements were taken (depth permitting) in a square around the 
habitat where the fish was located.  In addition, the substrate type was recorded at each 
depth/velocity measurement location.    
 
Many of the adult blue suckers were found in high velocity water as is consistent with 
other habitat observations for this species (Figure 5).  Though not evident from the 
graph, many of these high velocity areas were adjacent to small low-velocity pockets in 
the boulder and bedrock substrate likely used by these fish as velocity refugia.  It should 
be noted that these measurements were made at many different discharge conditions.   
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Figure 5.  Mean velocity (ft/s) and depth (ft) measurements at locations where radio-
tagged blue suckers were found (N = 60). 
 
Substrates in the habitats occupied by adult blue suckers were variable (Table 6), but 
most radio-tagged blue suckers occupied habitats dominated by bedrock, large gravel, 
small cobble, and boulder substrates.  Sampling efforts that have yielded non-tagged 
blue suckers (specific habitat data were not collected in all these locations) were most 
often found in large gravel riffle habitats, and boulder/bedrock outcrops.   
 
Table 6.  Substrates present in habitats occupied by radio-tagged blue suckers in the 
lower Colorado River (N = 211). 
 

Substrate Percent
Sand 2 

Small gravel 9 
Large gravel 25 
Small cobble 11 
Large cobble 3 

Boulder 10 
Bedrock 40 
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4.3 Genetics 
Genetic samples were taken in the form of fin clips from the first thirty blue suckers 
caught during the tagging collection effort in the fall of 2004.  A 1-3 cm2 section of the 
soft tissue of the anal fin was taken from each fish after surgery (tag implantation) was 
performed, and subsequently placed into a vial containing 95% ethanol for preservation.  
Fin clips were collected from fish from each site where sampling of blue suckers 
occurred (Altair, Bastrop, Columbus, La Grange, and Smithville).  Upon completion of 
the tagging portion of the study, all genetic samples were sent to Mike Bessert at the 
University of Nebraska for analysis, where he is working on his PhD project assessing 
genetic differences in blue sucker populations across the country.  

An update received from Mr. Bessert in October 2006 indicated that he has successfully 
sequenced all 30 fish using mitochondrial DNA markers.  Results show that the 
Colorado River fish are not divergent from blue suckers in the Mississippi basin, and 
that they are surprisingly homogenous.  Of the 30 samples examined, 28 are identical, 
and the other two differ by a single point mutation each.  According to Mr. Bessert, this 
suggests a pretty significant and recent founding event or population bottleneck (BIO-
WEST 2005).  To further explore population dynamics of the Colorado River blue sucker 
population, Mr. Bessert has also sequenced all 30 individuals at 15 microsatellite 
markers that he developed.  Since these markers contain more variation, they should 
provide useful information on divergence times, and potentially effective population 
size.  The results from this microsatellite analysis are not yet available; however, the 
project team intends to stay in close contact with Mr. Bessert. 

 
5.0 INTENSIVE SITE TOPOGRAPHY DATA COLLECTION 

Data necessary to develop, calibrate and validate a river hydraulic model includes 
discharge within a study site, the elevation of the water surface at the up- and down-
stream edges of the model site (and at any location where abrupt changes in water 
surface slope occur) at the time that the discharge is measured, elevation of the channel 
bed surfaces (bathymetry), substrate size for estimates of channel roughness, and a 
series of depth and velocity measurements distributed throughout the model site.  
 
In 2005, with assistance from the Texas Water Development Board (TWDB), the project 
team collected the majority of the necessary site-specific physical data to be used to 
develop hydraulic and aquatic habitat models (BIO-WEST 2005).   The goal was to 
collect data at each of the 10 intensive study sites (Figure 6) during at least three separate 
discharge conditions (high flow, moderate flow, and low flow).  However, due to time 
constraints and river flow conditions, data was not collected for Site 1 (Longhorn Dam) 
during a moderate flow condition in 2005.  Therefore, in order to supplement previous 
data, physical data was collected from Site 1 at a discharge of approximately 1,791 cfs on 
April 4, 2006.  Data collected on this date included water surface elevation, discharge at 
the upstream and downstream ends of the site, waters edge data, and several point 
measurements of depth and velocity to be used in model calibration and validation.  
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BIO-WEST (2005) provides a complete description of the methods used, and therefore, 
they will not be repeated here.  Information gathered at Site 1 in 2006 completed the 
dataset needed for model development.  Table 7 shows the date and measured discharge 
for each site during each flow range. 
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Table 7.  Sites, dates, and discharge for each flow range in which physical data were 
collected.

Flow Range Site Number Site Name Date Discharge (cfs)
High-Extra High

1 Longhorn 3/7/2005 7,492
1 Longhorn 4/13/2005 3,703
2 Utley 3/11/2005 7,823
3 Bastrop 3/8/2005 8,039
4 Smithville-Upstream 3/14/2005 4,218
5 Smithville-Downstream 3/15/2005 7,863
6 LaGrange 3/9/2005 8,659
7 Columbus 3/18/2005 8,017
8 Altair 3/17/2005 8,018
9 Wharton 3/22/2005 6,236

 10 Lane City 3/23/2005 6,318
Moderate

1 Longhorn 4/13/2006 1,791
2 Utley 5/19/2005 1,930
3 Bastrop 5/19/2005 1,981
4 Smithville-Upstream 4/20/2005 1,601
5 Smithville-Downstream 4/21/2005 1,745
6 LaGrange 5/20/2005 2,000
7 Columbus 5/20/2005 1,751
8 Altair 5/2/2005 1,731
9 Wharton 5/3/2005 1,445

10 Lane City 5/3/2005 1,588

Moderate-Low
1 Longhorn - -
2 Utley - -
3 Bastrop 10/26/2005 507
4 Smithville-Upstream 10/28/2005 477
5 Smithville-Downstream 10/27/2005 561
6 LaGrange 10/27/2005 555
7 Columbus - -
8 Altair 11/4/2005 662
9 Wharton - -

10 Lane City - -

Low
1 Longhorn 4/14/2005 153
2 Utley 10/25/2005 407
3 Bastrop 11/10/2005 352
4 Smithville-Upstream 11/10/2005 334
5 Smithville-Downstream 11/11/2005 361
6 LaGrange 11/11/2005 370
7 Columbus 11/7/2005 447
8 Altair 11/16/2005 445
9 Wharton 11/18/2005 502

10 Lane City 11/17/2005 468     
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Figure 6.  LSWP Intensive Study Sites 
 
 

6.0 SEDIMENT TRANSPORT 

A geomorphic field reconnaissance (by boat) of the lower Colorado River was conducted 
in February 2005 (BIO-WEST 2005).  From that reconnaissance and subsequent 
interaction with reviewers, a sediment transport evaluation effort was implemented.  
The effort focused on completing a thorough geomorphic assessment to appropriately 
divide the study area into distinct geomorphic reaches and then analyze sediment 
transport rates and yields at select modeling transects.  
 
Because no bedload data are available for the lower Colorado River and because field 
collection of bedload samples was beyond the scope of this project, our analysis 
approach relies on sediment transport modeling.  Although reach-scale HEC-RAS 
hydraulics models have been developed for the lower Colorado River by LCRA, no 
sediment transport module is currently available for use in conjunction with HEC-RAS.  
Therefore, we opted to model transport at the four individual transects using the 
SAMwin Hydraulic Design Package (Thomas et al. 2002).  The focus of the analysis was 
on the La Grange and Columbus river reaches (Figure 6) because these reaches provide a 
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diversity of aquatic and riparian habitat and are located immediately upstream from a 
potential additional instream structure that may be required should Off-Channel 
Storage Facilities (OCSF) be sited in Colorado County.  In addition, both the La Grange 
and Columbus reaches have active USGS gages with consistent flow and discharge 
measurement records, and few or no changes in location or datum. 
 
Four transects were selected for sediment transport modeling and analysis.  The 
farthest-upstream transect is located at a bedrock riffle in the middle of the La Grange 
intensive study site (site 6, Figure 6).  This transect is located approximately at River 
Mile 180.9, and will be referred to as “LA Site”.  The next transect is located at the La 
Grange USGS gage (gage #08160400) at River Mile 177.9 and the new State Highway 71 
bridge crossing.  This transect is located in a sand-bedded “run” type habitat, and will 
be referred to as “LA Gage”.  Continuing downstream, the third transect is located in a 
gravel riffle at the downstream end of the Columbus intensive study site (site 7, Figure 
6).  This transect is located approximately at River Mile 135, and will be referred to as 
“CO Site”.  The final transect is located at the Columbus USGS gage (gage #08161000) at 
River Mile 134 and the U.S. Highway 90 bridge crossing.  This transect is located in a 
sand-bedded “run” type habitat, and will be referred to as “CO Gage”. 
 
LA Site 
The project team surveyed the LA Site sediment transport modeling transect in spring 
2006 using a total station.  A hand-held GPS was used to determine the real-world 
horizontal coordinates of the transect endpoints.   A nearby benchmark established by 
the project team as part of the intensive study site modeling efforts (MDPIN06) was 
surveyed to determine the real-world elevation of the modeling transect.  Flow at the 
nearby La Grange USGS gage at the time of the survey was approximately 500 cfs.  
Water surface elevations at the right and left edges of water as well as an approximate 
water surface slope were also surveyed. 
 
The LA Site transect is located within a bedrock riffle.  Because this bedrock is not 
mobile and does not characterize the size of sediment moved as bedload, we instead 
evaluated the size distribution of the material within a gravel bar spanned by the river-
right portion of the transect (Figure 7).  Surface material size distribution was 
determined by completing a pebble count (Wolman 1954) of 300 rocks on the bar.  In 
addition, bulk sediment samples were collected at two locations on the bar.  Separate 
surface and subsurface samples were collected at each site, for a total of four bulk 
samples (Figure 8).  Samples were sieved and weighed at the Utah State University Soils 
Lab.  The composite size distribution of the two subsurface bulk samples was used for 
sediment transport analysis. 
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Figure 7.  Upstream view from LA Site gravel bar. 
 

 
 
 

Cross section coordinates were input 
into the SAMwin hydraulic design 
package along with slope and 
roughness information to generate 
transect hydraulics (width, depth, 
velocity, shear stress, etc.) at ten flows of 
interest.  Hydraulics were determined 
for flows between 170 cfs and 80,000 cfs 
using the “Normal Depth” and 
“Composite by Conveyance” options 
within SAMwin.  Slope and roughness 
information were determined based on 
information from the River 2D model 
for the LaGrange intensive study site 
and from the LCRA’s HEC-RAS model. 

 
 
Once the LA Site hydraulics were modeled, the SAM.aid tool was used to select 
sediment transport equations appropriate for use at the site.   The Ackers-White and 
Laursen (Madden) 1985 equations were used to generate transport rating curves in 
SAMwin.  The default values in SAM were used for sediment density and water 

Figure 8.  View of surface and 
subsurface material at one of the bulk 
sample sites on the LA Site gravel bar. 
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temperature (60 degrees F).  A flow duration curve representing existing hydrologic 
conditions was developed using daily flows at the Bastrop USGS gage for the time 
period 1/1/75-9/30/04.  This flow duration curve was input into the SAM package to 
generate sediment yield and effective discharge information under “existing conditions” 
(Figure 9).  Data from the La Grange USGS gage were not used because of the short 
period of record with continuous data (1988-present). 
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Figure 9.  Flow duration curves used for sediment transport analysis.  Data from the 
Austin and Bastrop USGS gages were used to develop the La Grange curves. 
 
LA Gage 
The LA Gage sediment transport modeling transect was not surveyed; instead, USGS 
discharge measurement data were used to develop hydraulic information (width, mean 
depth, velocity) at ten different flows.  Slope data were obtained from the LCRA’s 
Columbus Reach HEC-RAS model (which extends upstream to the La Grange USGS 
gage).  The LA Gage transect is located in a sand-bedded, deep run habitat.  Therefore, 
in order to characterize the substrate size distribution, bulk samples were collected from 
a boat using a pole-mounted sediment dredge sampler.  Three evenly spaced samples 
were collected across the wetted portion of the channel.  Samples were sieved and 
weighed at the Utah State University Soils Lab. 
 
The LA Gage hydraulic data were used as inputs for the SAM.aid tool to select an 
appropriate set of sediment transport equations for the site.  The Ackers-White, Laursen 
(Copeland), and Engelund-Hansen equations were used to generate transport rating 
curves in SAMwin. The same flow duration curve used to model sediment yield at the 
LA Site transect was also used to generate sediment yield and effective discharge 
information at the LA Gage transect. 
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CO Site 
The project team surveyed the CO Site sediment transport modeling transect in spring 
2006 using a total station.  One of the benchmarks established by the project team as part 
of the intensive study site modeling efforts (DSPIN07) was used as the left transect 
endpoint, and another established benchmark (MDPIN07) was used as a backsight to 
determine real-world horizontal and vertical coordinates.  Flow at the nearby Columbus 
USGS gage at the time of the survey was approximately 416 cfs.  Water surface 
elevations at the right and left edges of water were noted during the transect survey. 
 
As with the LA Site, a combination of pebble counts and bulk samples were used to 
characterize the surface and subsurface particle sizes at the CO Site.  A 300-rock pebble 
count was completed in the gravel riffle located in the central portion of the transect.  In 
this same location, a bulk-sample of the subsurface material was also collected.  Bulk 
samples of surface and sub-surface material were also collected from the sand/gravel 
bar spanned by the transect (Figure 10).   Samples were sieved and weighed at the Utah 
State University Soils Lab.  The composite size distribution of the two subsurface 
samples was used for sediment transport analysis. 

 
Figure 10.  View of surface and subsurface material at the bulk sample site on the CO 
Site bar. 
 
Cross section coordinates were input into the SAMwin hydraulic design package along 
with slope and roughness information to generate transect hydraulics (width, depth, 
velocity, shear stress, etc.) at ten flows of interest.  Hydraulics were determined for flows 
between 250 cfs and 69,000 cfs.  Slope and roughness information were determined 
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based on information from the River 2D model for the Columbus intensive study site 
and from the LCRA’s HEC-RAS model. 
 
Once the CO Site hydraulics were modeled, the SAM.aid tool was used to select 
sediment transport equations appropriate for use at the site.   The Ackers-White, 
Laursen (Madden) 1985, Laursen (Copeland), and Engelund-Hansen equations were 
used to generate transport rating curves in SAMwin.  A flow duration curve developed 
using daily flows at the Columbus USGS gage for the time period 1/1/1975-9/30/2004 
was input into the SAM package to generate sediment yield and effective discharge 
information under “existing conditions” (Figure 9).   
 
CO Gage 
The CO Gage sediment transport modeling transect was not surveyed; instead, USGS 
discharge measurement data were used to develop hydraulic information (width, mean 
depth, velocity) at ten different flows.  Slope data were obtained from the LCRA’s 
Garwood Reach HEC-RAS model (which extends upstream to the Columbus USGS 
gage).  The CO Gage transect is located in a deep, sand-bedded run/pool habitat.  Bulk 
substrate samples were collected at three points distributed across the wetted portion of 
the channel along the transect.  Samples were sieved and weighed at the Utah State 
University Soils Lab.  The composite size distribution of the three samples was used for 
preliminary sediment transport analysis. 
 
The CO Gage hydraulic data were used as inputs for the SAM.aid tool to select an 
appropriate set of sediment transport equations for the site.  The Ackers-White, Laursen 
(Copeland), and Engelund-Hansen equations were used to generate transport rating 
curves in SAMwin. The same flow duration curve used to model sediment yield at the 
CO Site transect was also used to generate sediment yield and effective discharge 
information at the CO Gage transect (Figure 9). 
 
6.1 Hydraulics and Sediment Size 
Hydraulic and sediment size characteristics are summarized in Table 8 for the 30,000 cfs 
discharge level.  The LA Site is the steepest, shallowest and coarsest transect analyzed.  
The LA Gage and CO Gage transects are fairly similar hydraulically, and are much 
flatter and finer-grained than the LA Site.  The CO Site is intermediate between the LA 
Site and the Gage sites. 
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Table 8.  Comparison of particle size and hydraulic characteristics at the four sediment 
modeling transects. 

 
 

Transect 

 
Median (D50) 

particle size (mm) 

 
Hydraulic Characteristics at 30,000 cfs 

  Velocity 
(ft/s) 

Mean Depth 
(ft) 

Top Width 
(ft) 

Slope (ft/ft) 

LA Site 38 (surface) 
20 (subsurface) 

5.20 13.36 432 0.0008 

LA Gage 0.5 4.37 17.8 386 0.00024 

CO Site 3 (surface at bar) 
23 (surface in 

channel) 
0.8 (subsurface) 

3.74 15.6 513 0.0004 

CO Gage 0.35 4.00 17.2 432 0.00017 

 
6.2 Sediment Rating Curves 
Rating curves for total sediment load at the four analysis transects are shown in Figures 
11-14.  Although the curves vary depending on the transport equation used, several 
trends are apparent when the results from a single equation (Ackers-White) are 
compared among the transects.  The LA Site and CO Site have relatively flat curves, and 
transport sediment even at flows below 1,000 cfs.  The LA Gage and CO Gage have 
steeper curves, and do not begin transporting “substantial amounts” (arbitrarily defined 
as 100 tons/day for the purposes of this discussion) of sediment until flows exceed 2,000 
and 4,000 cfs, respectively.  The steepness of these curves is partly due to the fact that 
these transects are located in run habitats where the water surface slope steepens as flow 
increases, leading to increased transport rates.  In addition, more fine-grained sediments 
are available for transport at the gage transects. 
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Figure 11.  Sediment rating curves for LA Site. 
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Figure 12.  Sediment rating curves for LA Gage. 
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Figure 13.  Sediment rating curves for CO site. 
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Figure 14.  Sediment rating curves for CO Gage. 
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These same trends in steepness are apparent when the gravel (particles 2mm and 
greater) and sand (particles less than 2mm) fractions are plotted separately (Figures 15 
and 16).  At both the LA Site and CO Site, which are located in riffles, substantial sand 
transport occurs even at low flows of 500 cfs.  At the LA and CO gage sites, sand 
transport does not become substantial until flows exceed about 2,000 and 4,000 cfs, 
respectively.  However, at high flows, greater sand transport rates occur at the deeper 
gage transects than at the LA Site and CO Site riffle transects (Figures 15 and 16).  Gravel 
transport rates are always significantly lower than sand transport rates at the modeled 
transects.  For the purposes of this discussion, a “substantial amount” of gravel is 
defined as 1 ton/day.  Substantial gravel transport occurs earliest at the steep LA Site 
transect (at about 1,300 cfs), followed by the CO Site and LA Gage transects (at about 
6,000-8,000 cfs), and finally the CO Gage transect (at about 28,000 cfs). 
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Figure 15.  Sand and Gravel transport rating curves at La Grange sites. 
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Figure 16.  Sand and Gravel transport rating curves at Columbus sites. 
 
6.3 Effective Discharge 
Plots of the percentage of annual sediment load transported by different discharge 
increments are provided in Figure 17.  These plots are the product of the sediment 
transport rating curve and the flow duration curve (discharge frequency curve).  
Although the highest-magnitude flood flows have the greatest sediment transport 
capacity, they occur very infrequently.  Therefore, they are not typically the flows that 
transport the greatest amount of sediment over a long period of time.  Typically, 
moderate-magnitude flood flows which occur more regularly (e.g., 1 or 2-yr recurrence 
interval floods) transport the greatest amount of sediment.  This flow (the peak 
discharge increment on plots such as Figure 17) is known as the “effective discharge”, 
and has been found to approximately equal the bankfull discharge (Andrews 1980, 
Leopold 1992, Andrews and Nankervis 1995). 
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Figure 17.  Effective discharge plots for Columbus and La Grange transects. 
 
Several trends are apparent in the plots for the different analysis transects.   At both the 
LA Site and CO Site, the greatest proportion of total sediment is transported by low 
flows.  At the LA Site, the peak occurs at the discharge increment of about 1,700 cfs; at 
the CO Site, the peak occurs at the discharge increment of about 2,000 cfs.  At these 
relatively low flow ranges, sand-sized particles are being transported while little to no 
gravel is mobile (Figures 15 and 16). 
 
The curve for the LA Site has a strong secondary peak at the discharge increment 
between about 26,000- 29,000 cfs (Figure 17).  This flow range is the effective discharge 
for gravel transport at the site.  Minor secondary peaks can be seen in the CO Site curve 
at about 21,500 cfs and 31,500 cfs, when gravel would be in transport at the site.  This 
gravel-based effective discharge is important for channel (and riffle) maintenance, and 
flows of this size reach the top of the banks at the CO Site and LA Site transects.  Flows 
of this size are equaled or exceeded between 0.5-2 percent of the time (Figure 9).  The 
computed 2-year recurrence interval flood at the Columbus USGS gage is 48,500 cfs 
(Espey Consultants 2002), suggesting that the gravel-based effective discharge at the LA 
Site and CO Site transects has a recurrence interval of less than 2 years.  However, the 
flow resulting from a 2-year recurrence interval storm event was calculated at 26,500 cfs 
at the La Grange USGS gage and at 26,611 at the Columbus USGS gage (Halff Associates 
2002).  At any rate, the majority of gravel-sized sediment at these sites is transported by 
moderate-magnitude, commonly occurring flood flows. 
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The sediment yield plot for the LA Gage has its primary peak at a discharge of about 
28,000 cfs, with a secondary peak at about 2,700 cfs.  Although flows of 2,700 cfs do not 
transport sediment at a rapid rate (Figure 12), flows in this range occur frequently and 
over time transport a substantial volume of material (primarily sand in this case).  The 
CO Gage site does not exhibit the lower-flow peak seen in the plots for the other sites 
(Figure 17).  This is because this site is located in a flat run/pool habitat with a very flat 
slope at low flow that is not able to transport significant quantities of sediment of any 
size until higher discharges.   The CO Gage peak occurs at a flow of about 31,500 cfs.  
Effective discharge for the gage transects (28,000-31,500 cfs) is essentially equivalent to 
the gravel-based effective discharge at the CO Site and LA Site transects. 
 

7.0   MODEL DEVELOPMENT AND FLOW GUIDELINES  

Much of the activity associated with Task Order 3 in 2006 was concentrated on hydraulic 
and habitat model development and calibration, and the subsequent development of 
LSWP specific instream flow guidelines.  A complete description of associated activities, 
methodologies, and results can be found in the Draft Instream Flow Guidelines Report 
(BIO-WEST 2006).   

 

8.0 YEAR 2006 FATAL FLAW EVALUATION 

There were no fatal flaws identified during 2006 study activities specific to the LSWP 
Colorado River Flow Relationships to Aquatic Habitat and State Threatened Species:  
Blue Sucker Study.  However, areas of concern that may require attention as the project 
moves forward do remain.  As noted previously (BIO-WEST 2005), migration data from 
2005 confirmed that adult blue suckers move considerable distances within the lower 
Colorado River under certain discharge conditions, and thus, any potential structure 
placement within the river channel would likely be an extremely important component 
of the facility siting project.   Yet, 2006 tracking data demonstrated that adult blue 
suckers moved little, most likely as a result of the much lower flows experienced in the 
river during the pre-spawning and spawning period.  This suggests that spawning 
migrations are related to and perhaps initiated by higher discharge conditions.  
Additional tracking data will be collected in winter/spring 2007 to further evaluate the 
relationship between flow and migration.  Regardless, close coordination with the 
Facility Siting team will be maintained.   

The lack of juvenile blue suckers documented in the lower Colorado River despite 
extensive effort by the project team in both years raises questions about successful 
recruitment for this species regardless of discharge conditions or migration.  The 
homogenous genetic structure of the population elicits further concern.  Despite these 
concerns, the project team feels confident that adequate larval and juvenile blue sucker 
habitat will be maintained with the recommended instream flow guidelines (BIO-WEST 
2006).  Modeling based on suitability indices for all habitat guilds maintains the natural 
diversity of habitats available in the river, and therefore, indirectly accounts for juvenile 
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blue sucker habitat.  Proposed activities for 2007 include continued migration and 
spawning surveys, and limited larval and juvenile sampling.  If future project activities 
identify juvenile blue sucker habitat in the lower Colorado River, then this information 
will be incorporated into habitat modeling runs during key hatching and rearing 
periods.  Additional activities to address these recruitment concerns and confirm the 
ability of the recommended instream flow guidelines to protect this habitat component 
will be incorporated into the long-term monitoring and adaptive management plans to 
be developed in 2007. 

As outlined in this report, the project team successfully collected and processed the 
information required for completion of all activities relating to Task Order 3 in 2006.  
Additional 2007 data will be analyzed and incorporated into the Final Technical Report 
to be submitted in summer 2007.   A detailed description of proposed 2007 activities is 
presented in the Task Order 4 (2007) Scope of Work. 
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