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Introduction

The Green River basin is the last remaining stronghold of the Colorado
squawfish (Ptychocheilus lucius) and the razorback sucker (Xyrauchen texanus)
in native riverine environments. It also supports populations of the humpback
chub (Gila cypha) and is a recommended recovery area for the bonytail chub
(Gila elegans). Flows of the Yampa River, last free-flowing river containing
endangered fish habitat in the Upper Colorado River Basin, are considered
critical to the maintenance of usable fish habitat of rare and endangered
fishes (Figure 1) in the Green River basin (reviewed by Tyus and Karp 1989).

Typical flows in the Yampa River begin to rise from winter baseflows in late
March and continue to rise through May. The annual peak at Deerlodge Park
usually occurs during the end of May and continues into the first week of June.
Peak flows at Deerlodge Park typically range from 7,748 to 20,476 cfs (75-25%
exceedence values), and the Towest peak flow recorded was 3,821 cfs, and the
highest was 33,200 cfs (1977 and 1984, respectively). In early to mid-June
flows begin a steady decline through August, subside to base flows in September
and continue at baseflow through the remainder of the year. The lowest base
flow recorded at Deerlodge Park was 43 cfs on September 5 and 6, 1988.

The Recovery Implementation Program (RIP), a cooperative effort between Federal
and State governments, water and power users, and conservationists (U.S. Fish
and Wildlife Service 1987), outlined procedures to protect four rare and
endangered fishes in the Upper Colorado River Basin. One of these is the
provision and maintenance of instream flows at certain times, locations, and
quantities, as necessary. The Yampa River was subsequently identified by the
cooperators as the highest priority area for investigating opportunities to
acquire instream water rights for the endangered fishes. A three-step process
was recommended to quantify the flow need of the fish in the Yampa River:

(1) an evaluation of habitat use, potential limiting factors, and general flow
needs relative to the maintenance and recovery of the endangered fishes and
supporting aquatic habitat; (2) quantification based on the best available
information and knowledge of the identified flow needs with respect to the
guantity, duration, and timing of flows; and (3) identification of future
studies necessary to refine or corroborate existing flow recommendations
developed in Step 2 above. Step 1 has been accomplished with a 1989
publication "Habitat use and streamflow needs of rare and endangered fishes,
Yampa River, Colorado" (Tyus and Karp 1989). This report provides Step 2 by
providing interim flow recommendations which are based on our best available
data and understanding of the Yampa River system and the needs of the fishes in
question.



Stream-flow needs of native fishes in the Yampa River are influenced by many
factors including time of year, life history stage, and flow requirements of
sympatric species. Reproductive activities of the target fishes, (i.e.,
Colorado squawfish, razorback sucker, and humpback chub) are closely associated
with flow, temperature and other parameters associated with normal spring
runoff conditions. Alteration of this hydrologic event may affect initiation
of Colorado squawfish and razorback sucker migrations, and spawning of these
and other native fishes, including bluehead (Catostomus discobolus) and
flannelmouth (C. Jatipinnis) suckers. Maintenance of low, stable flows in late
summer and fall is conducive to growth and survival of young Colorado
squawfish, and young of other species as well. Stable winter flows through ice
breakup are considered important to overwinter survival of young and adults in
some locations. Abrupt fluctuations of water level from late summer to spring
could strand larvae, stress adults, and influence reproduction. Life histories
of target fishes are associated with natural flow events that comprise the
Yampa River hydrograph.

Quantification of Instream Flows

The Service, and others, have expended substantial amounts of time and manpower
in making instream flow recommendations using physical simulations of habitats,
in developing temperature and flow models, in analyzing stream sediment-water
flow relationships using historic and current flow patterns, and others.
Physical modelling to date has not demonstrated predictive capability relative
to cause-effect relationship with the distribution and abundance of the
endangered fishes in the Green River basin (Rose and Hahn 1989). This is
attributed to the variability of the environment (e.g. seasonal fluctuations in
discharge, temperature, food base, species abundance, etc.) and interactions
among environmental variables; logistical problems associated with studying
fishes in Tlarge, turbid rivers; changing environmental conditions during study
periods; and the introductions of nonnative fishes. In addition, where
physical habitats have been measured, their use by the fish may only reflect
temporary, seasonal, or marginal habitat use. Thus, caution must be exercised
in determining flow requirements of fishes in decline. Ecological data and
professional judgement must be recognized as critical in interpreting fish
requirements in complex systems.

Flow recommendations to provide needed habitat and to satisfy life history
requirements of endangered fishes in the Yampa-Green River system must be
approached with great caution. Decline of the Colorado squawfish in other
rivers of the upper basin apparently continues, as evidenced by very low
numbers of young fish, and failure 1in detecting spawning areas. Recruitment of
the razorback sucker is not sufficient to sustain the species anywhere at this
time, but higher numbers of the fish, and the identification of two spawning
areas in the Yampa and Green rivers offer some promise for recovery.
Experimentation with flows to which the endangered fishes may not respond
favorably should be conducted elsewhere; not in the Yampa River. A reduction
in the 1989 year-class of Colorado squawfish in the upper Green River suggests
that additional factors may influence successful recruitment in this species
even if flow conditions in nursery habitats are presumably adequate. This is
indicative of the precarious existence of the endangered Colorado River fishes.



Provision of sufficient water quantity and timing of flows delivered to certain
river locations are considered of utmost importance for recovery of endangered
fishes in the Yampa River. Delineation of critical river reaches are presented
in Table 1. The following briefly reviews the needs of the endangered fishes
(for further detail see Tyus and Karp 1989) by season (Julian dates represent
the onset and end of each season). Because life history and flow requirements
do not change precisely with Julian defined seasons, actual interim flow
recommendations are made on a monthly basis (Table 2). Mean monthly flows hide
the variability inherent in the natural river system and are used only to
identify water volumes. The 50% exceedence flows (equalled or exceeded 50% of
the time - see example Flow Duration Curve in Figure 2), which correlate
closely with average monthly flows for the period of record, are presented in
Table 2 and Figure 2. Flow events considered important toward recovery of the
rare Colorado River fishes in the Yampa and Green rivers are presented. In
making its recommendation, the Service recognized that protection of a single
species or Tife history stage does not adequately protect all species, because
each has different requirements for survival.

1. Spring (March 21-June 21)

Colorado squawfish

The reproductive cycle in Colorado squawfish presumably begins soon after
spawning, but gonadal activity increases in spring in response to endogenous
and exogenous factors. In early spring, adults move into flooded or
protected areas where they feed and ostensibly prepare for spawning. Annual
spawning migrations are associated with high spring flows, and on the
average, radiotagged adults in the Yampa River initiated migrations with
flows ranging from. about 4,200 cfs to 8500 cfs (Tyus and Karp 1989). Spring
migrations were also associated with increasing water temperatures that
exceeded about 14C (range 9.2-19.4C), and a long period of daylight (summer
solstice, June 19). These relationships are similar in the Green River as
well, and chemical imputs from flooded lands, and other cues may act in
concert or in sequence with flows, temperatures, and photoperiod to
influence timing of the spawning migrations. Spawning of Colorado squawfish
in the Yampa River, 1981-1988 occurred about 26 days (range 17-33 d) after
the start of spawning migrations, with minimum water temperatures of 19C and
maximum temperatures of 24C. Spawning generally occurred earlier in low
water years and Tater in high water years--presumably in response to changes
in the annual distribution hydrograph. Although all of the environmental
conditions required in the spawning reaches remain unknown, some
requirements include cleaning and preparation of cobble beds, and formation
of eddy habitats used by staging fish. In addition, high spring flows
mobilize and deliver sediment downstream, creating and maintaining nursery
habitats in the Green River.

Razorback sucker

Reproduction of the razorback sucker is not well understood with respect to
riverine conditions needed for migration cues, vitellogenesis, final
maturation, egg deposition, and larval survival. However, spawning in the
lower Yampa and upper Green rivers (1975, 1981, 1988 and 1989) occurred with
increasing flows and temperatures associated with highest spring runoff
(average 14C, range 9-17C). Curtailment of high spring flows in the Green



River due to operations of Flaming Gorge Dam may be associated with a loss
of effective recruitment to the juvenile stage. Normal seasonal inundation
of low-lying lands provides a food base for adults and may be important for
future dispersal and rearing of young. Unless higher, warmer flows can be
released from Flaming Gorge Dam than are presently occurring with current
operations, such seasonal flooding can only be accomplished by flows of the
Yampa River.

Humpback chub

Spawning of humpback chub occurred shortly after highest spring discharge at
temperatures of about 19.5C (range 14.5-23C) in 1987-1989. These flows are
also important to promote development of shoreline eddy habitat used by the
fish, and deepening of habitats used later in the year. Interspecific
hybridization between chubs may result from alterations of historic
conditions during spawning.

Spring recommendations

Spawning migrations of Colorado squawfish and razorback suckers require free
channel access in their occupied Yampa River range. Uninterrupted flow (no
stream blockage without proven fish passage capabilities) should be
maintained in the Yampa River from its mouth to Craig, Colorado.

Spring peak flows are associated with reproduction of all the target fish .
species, and this occurs with ascending (razorback sucker), peak (Colorado
squawfish), and descending (humpback chub and Colorado squawfish) flows.
Spring peak flows of the Yampa River provide seasonal bottomland habitats,
and maintain Colorado squawfish nursery habitats. The loss of razorback
sucker recruitment may be related to a reduction of flooded Tands. Because
all approved projects in the Yampa River are not yet fully operational, it
is anticipated that some additional change in these flows and associated
effects on the aquatic environment will occur as the environmental baseline
flows are implemented. The environmental baseline includes all existing
projects, and all projects which have received favorable opinions under
Section 7 consultation but are not yet operating (Table 3). Loss of natural
spring peaks due to flow regulations were associated with decline or loss of
native fish populations in the upper Green, San Juan, and lower Colorado
rivers.

High flows are also implicated in restricting the growth of the introduced
salt cedar (Tamarix ramosissima), an exotic plant that competes with native
riparian vegetation (e.g., cottonwood and willow) and alters important
riparian habitat via shoreline stabilization. Changes brought by this plant
are not conducive to providing good humpback chub spawning habitat. There
is also evidence that high spring flows 1imit the proliferation of fish
species introduced from more mesic environments, while 1little affecting the
more adapted native fish community.

High spring flows mobilize sediments that are delivered to downstream areas,
and provide the basis for creating nursery habitat for Colorado squawfish in
the upper Green River. Native fishes are adapted to this high sediment
load, and the resultant turbidity presumably reduces the efficiency of more
visually dependent predators, such as northern pike and walleye.



Protecting what remains of the best habitat conditions for the rare fishes
in the Yampa River basin during the Spring may be achieved by not further
altering the magnitude, frequency, duration, or timing of spring flows as
described under current environmental baseline conditions (Table 2). Major
deviations from the current environmental baseline flows will likely
eliminate any hope for recovery and maintenance of the rare fishes in the
Yampa and Green River basins. The Yampa-Green ecosystem constitutes the
best remaining riverine habitat for Colorado squawfish and razorback sucker.

Caution was exercised in providing flow recommendations for these fishes for

fear they will be driven to further decline.
. Summer (June 22 - September 22)

Colorado squawfish

Spawning and egg deposition of Colorado squawfish occur in association with
the declining flows, decreasing sediment transport, and increasing
temperatures of summer. A gradual decline in summer flows following spring
scouring of spawning substrate would maintain a natural sediment transport
equilibria, and prevent siltation of spawning substrate. The growth,
development, emergence, and downstream drift of larvae are also related to
this regimen. Downstream nursery areas are created by high spring flows,
but maintained as productive fish habitats by the declining flows.

Razorback sucker

Late spring and early summer is presumably the time when recruitment fails
in this species. This failure has been linked elsewhere with predation by
introduced species, and may be associated with loss of flooded bottomlands
and lower river temperature. Lower flows tend to favor establishment and
proliferation of potential competitor species by creating shallow habitats
and warmer temperature regimens. ' '

Humpback chub

Rapidly declining summer flows could adversely affect spawning and nursery
habitat of the humpback chub in Yampa Canyon by concentrating fishes in
suboptimal habitats and increasing the potential for disease, competition,
predation, and hybridization. Low flows probably aid the growth of channel
catfish, a presumed competitor. Gradual decline of flow from peak spring
condition is favored for this species.

Summer recommendations

Gradual decline from spring peak flows are needed to maintain favorable
habitat conditions. Present flows should be maintained for the period
June 22-August 1, followed by flows near the 50% exceedence value. These
flows would be compatible with larval transport for the remaining summer
period (August 1-September 22) and maintenance of nursery habitats for
Colorado squawfish in the Green River in August and September (flows of
about 1800 cfs at Ouray, Utah).



3. Autumn (September 23 - December 21).

Colorado squawfish

Flows of the Yampa River that favor nursery habitats in the downstream Green
River should be maintained until at least November 1 of each year, for
growth and survival of young. Higher Yampa River flows (about 50%
exceedence or more) are desirable for adults and juveniles until ice cover,
and these would reduce frequency of ice breakup, ice jams and shoreline
scouring. It is preferable not to increase flows and disrupt this cover
until the following spring (see winter recommendations).

Razorback sucker

High, fluctuating flows in Tate autumn resulted in increased fish activity
and presumably stressed on the fish. This may be most critical with ice
conditions.

Moderate to average, stable flows are recommended (50-75% exceedence
values).

Humpback chub

Low flows (in 1989) resulted in poor habitat conditions for humpback chub in
Yampa Canyon. Field inspections indicated that the river consisted of semi-
isolated runs and pools which effectively limited fish movement and reduced
occupied habitat to a low Tevel. Flows lower than about the 75% exceedence
value are not recommended.

Autumn recommendations

Stable flow conditions at the 50% exceedence value are recommended to
provide nursery habitat for the Colorado squawfish and humpback chub until
ice formation. High flows that would cause ice breakup and jamming should
be avoided.

4. Winter (December 22 - March 20)

Colorado squawfish

Stable winter flows reduce the scouring of shoreline habitats by ice. Flows
at the 50% exceedence value (about 400 cfs) were acceptable for adult
habitat during the 1986-88 winter study, when Colorado squawfish were
actively foraging in shallow shoreline habitats.

Razorback sucker

Fluctuating winter flows with icy conditions may stress the overwintering
fish.



Humpback chub

Little is known about conditions needed for overwintering humpback chub.
However, it is presumed that these fish occupy the same habitats in the
winter as in autumn.

Winter recommendations

Stable winter flows near the 50% exceedence value are recommended. Flows
lower than 75% exceedence (Table 2) caused loss of habitat and may result in
winterkill of smaller fish in pools.
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Table 1. Delineation of critical river reaches for rare and endangered
Colorado River fishes in the Yampa River, with notes on potential

limiting factors.

-

Life history

Location(RM)2a

Season

Potential limiting factors

Adult
Concentration
Migration
Spawning

Larval

Juvenile

Adult
Concentration
Spawning

Larval

Juvenile

Adult

Adult
Spawning
Larval

0-140
51-124
0-140
4-31
0-31
0-140

0-56
- 4-40
12-40

0-40

0-56

0-10

Colorado Squawfish

A1l Year
August-May
May-August
June-August
July-August

A1l Year

Humpback Chub

A1l Year

A1l Year
May-July
May-July

A1l Year

Bonytail Chub
A1l Year

Razorback Sucker

A1l Year
April-June
April-June

Spring peak flows; overbank
flooding; seeps in spawning
reaches; number of ripe
females; angling or other
incidental takes; siltation
of spawning substrate;
competition and predation
with nonnative fishes; food
availability; stream
blockage; Tow flows late
summer, fall, and winter;
stability of winter flows.

Spring peak flows;
availability of shoreline
eddy habitat and deep
canyon habitat; competition
and predation by nonnative
fishes.

Factors unknown

Spring peak flows; overbank
flooding; number of
reproducing adults;
competition and predation by
nonnative fishes; Tack of
substantive recruitment to
juvenile Tife history stage.

4 Numbers represent river miles (rounded) upstream from the mouth of the Yampa

River.



Table 2. Historic, environmental baseline, and rare fish recovery flows for
the Yampa River at Deerlodge Park, CO (RM 32). =
Historicl Environmental baseline Flows needed for

aquatic resource

Month 25%3 50% 75% 25% 50% 75% recovery and
maintenance.

APR 4,882 3,583 2,278 4,531 3,139 1,976 Environmental
baseline flows;

MAY 10,484 9,089 6,189 9,680 7,856 5,604 percentile which
occurs naturally

JUN 9,316 7,247 5,143 8,585 6,198 4,416 in any given
year.

JUL 2,295 1,427 789 1,908 1,161 598

AUG 627 370 278 514 364 251 364  (50% exc.

SEP 384 231 148 323 254 177 254  (50% exc.

ocT 604 386 244 439 339 245 339  (50% exc.

NOV 588 424 310 474 385 326 385  (50% exc.

DEC 480 373 267 437 327 278 327  (50% exc.

JAN 419 338 275 404 327 276 327  (50% exc.

FEB 512 390 337 450 373 333 373 (50% exc.

MAR 1,168 860 705 913 659 554 659  (50% exc.

1 Historic flow (cfs) is actual flow record from 1922-86.

2 Environmental baseline simulates conditions with existing water projects

(1930-82) and projects which have received favorable biological
opinions.

3 Values given as % exceedence flow.

10



Table 3. Projects in the environmental baseline for the Little Snake and

Yampa Rivers.
Yampa River
Hayden Power Station
Craig Power Station
Private Actions

Stagecoach Reservoir

LittTe Snake River
'Cheyenne Stage I
Cheyenne Stage II - Little Snake

Total Depletion Above Green River
Confluence

11

Depletion
7.1 K Acre-feet

19.2 K Acre-feet
5.9 K Acre-feet
12.8 K Acre-feet

8.0 K Acre-feet
15.8 K Acre-feet

68.8 K Acre-feet
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APPENDIX I

YAMPA RIVER HISTORIC AND ENVIRONMENTAL BASELINE CONDITION

The historic condition for the Little Snake River was derived by using U.S.
Geological Survey (USGS) gage data for the Little Snake River near Lily. The
historic condition for the Yampa River above the confluence with the Little
Snake was derived by using the USGS gage record for Maybell. Gage records for
the Yampa River are good except in the winter when the record is fair. At Lily
on_the Little Snake River the record is fair except in the winter when the

record is poor.. Both gages have quite extensive records, dating back to the
early 1900’s.

The historic flow of the Yampa River at Deerlodge Park is also of interest, but
no gage existed there until 1978. Deerlodge Park is below the confluence of
the Yampa and Little Snake Rivers and generally reflect condition on both
Rivers, and is widely accepted as being above important spawning habitat areas.
Yampa flow at Deerlodge Park can be accurately estimated by summing the gage
“record for Little Snake near Lily and Yampa River near Maybell. The data and
statistical analysis are presented in Attachment 1.

The development of the environmental baseline (baseline) for the Yampa River .
was accomplished using the Service’s HYDROSS computer model. The baseline
condition was modeled with all existing and permitted major water development
projects on the Little Snake River and Yampa River up to and. including
Stagecoach Reservoir. These projects are modeled as if they were on line and
operating for the entire period of record, 1930 to 1982. On the Yampa River
all depletions were modeled up to the year the actual depletion commenced. For
example, the operations of the Hayden and Craig thermoelectric power plants
were staged to reflect their operations through the entire period of record.
The Hayden unit was operated in the model from 1930 to 1965, when the unit

actually came on line. Likewise, the Hayden II unit was operated from 1930 to
1976.



Table 1 displays the projects in the baseline for the Little Snake and Yampa
Rivers.

Table 1
Depletion
Yampa River
Hayden Power Station | 7.1 K acre-feet
Craig Power Station 19.2 K acre-feet
Private Actions 5.9 K acre-feet
Stagecoach Reservoir 12.8 K acre-feet
Littie Snake River
Cheyenne Stage I ’ 8.0 K acre-feet
Cheyenne Stage II - Little Snake 15.8 K acre-feet
Total Depletion Above Green River Confluence 68.8 K acre-feet

The Service’s HYDROSS model was then used to quantify the effects of the above
depletions on the Yampa River at Deerlodge Park. The model begins with gage
flows for the period 1930 to 1982 and subtracts depletions based on water )
rights and availability. The results of the HYDROSS run were statistically
analyzed and are displayed in Attachment 2.

Several general trends can be identified by comparing Attachments 1 and 2.
The general trend is downward, with major reductions taking place in the peak
flow months, with sma]]er'depletions in other months. There is also a trend
toward augmentation of flows from September through January of dryer years.
Table 2 displays these trends.



TABLE 2

Yampa River at Deerlodge Park

Historic Period

Percent exceedence 25%

Spring

Summer

Fall

Winter

April 4882
May 10484
June 9316
July 2295
August 627

September 384

October 604
November 588
December 480

January 419
February 512
March 1168

50%

3583
9089
7247

1427
370
231

386
424
373

338
390
860

CFS

75%

2278
6189
5143

- 789
278
148

244
310
267

275
337
705

Baseline Period

25%

4531
9680
8585

1908
514

- 323

439
474
437

404
450
913

50%

3139
7856
6198

1161
364
254

339
385
327

327
373
659

75%

1976
5604
4416

598
251
177

254
326
287

276
333
554



ATTACHMENT 1
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