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Introduction

The .15-mile reach of the Colorado River between Palisade, Colorado (River Mile
185), and. the confluence of the Colorado and. Gunnison rivers at Grand Junction (RM
170) is habitat for the endangered Colorado squawfish (Ptychocheilus lucius) and the
very rare razorback sucker. (Xyrauchen. texanus).. The general.physical characteristics of
. the 15-mile reach as well as.its use. by these rare fishes were .deseribed in a report by
Osmundson and Kaeding (Appendix A). That report concludes that the 15-mile reach is
of primary importance as habitat for adults of these rare fishes, though some spawning
of Colorado squawfish and razorback sucker may sometimes occur there under present
conditions. In that report, the probable factors limiting the Colorado squawfish and
razorback sucker populations in the 15-mile reach were identified.

In the present report, we outline a strategy for developing biologically defensible
flow recommendations for the maintenance and enhancement of habitat for Colorado
squawfish in the 15-mile reach. As part of that process, we identify logical objectives for
flow-habitat management efforts in the 15-mile reach, investigate approaches to
achieving these objectives, and we make preliminary flow recommendations intended to
meet these objectives during July, August and September. We also suggest a general
river-management scenario that may be one means of achieving these objectives and we
discuss the development of flow recommendations for the remaining October-June
period.

The ultimate goal of which this effort is a part, as directed by the Recovery
Implementation Program (USFWS 1987), is the recovery and delisting of the Colorado

squawfish. Although the razorback sucker is not addressed in the present report, it is



believed that the preliminary flow recommendations that we propose will also benefit
the recovery of this rare species. Comments received on drafts of this document, and
our subsequent responses, have been incorporated into the text. Appendix E provides a

list of persons who commented on drafts of this report.

A Strategy for Determining the Flow-habitat

Requirements of the Endangered Fishes

The fundamental and obvious component of the aquatic ecosystem and of the
habitats of fishes is water. However, quantifying the amount of water needed to sustain
a fish population of a particular size is not an easy task. In an effort to understand the
important factors that control the size of fish populations, numerous studies have
attempted to relate population size to river discharge and other variables of the aquatic
environment. Results of these studies have most often been less than definitive, with
few importaﬁt correlations being found between presumed important environmental-
variables and the size of the populations themselves (see for example ‘Orth 1987). These
and other studies have clearly shown that a complex array of interacting variables affects
the size of fish populations, and that the relative importance of these variables may
change over time and spacé. Thus, there can be no simple, universal formula to
describe the relation between discharge or any other environmental variable and fish
population size (also see Orth 1987). But the general lack of correlation with discharge
should not be taken to mean that discharge has no important effect on the size of fish
populations. In many instances, the carrying capacity of a river for a particular fish

species may be less than that allowed by the volume of water alone--the actual physical



space available to the fish. This is because other environmental variables--the
availability of food or of ‘hiding places away from predators, for example--become
limiting factors on the fish population before the population reaches a size-that is = =
limited by the availability of physical space. However, if the volume of physical spa‘cé'vis
reduced because of reduction in river flow, there will be a point reached where the
available habitat volume is effectively filled by the fish, food availability becomes
inadequate or other structural or functional-aspects of the habitat become limiting
factors and further reductions in volume therefore will have a direct, negative effect on
fish population size.

But how might flow recommendations to maintain or enhance important fish
populations be developed despite the prevailing scarcity of empirical relations between
d?scharge and the populations themselves? To begin, two critical concerns must be
addressed. First, an understanding of the important factors limiting the fish population
must be developed. If the important factors are related to flow, either directly or
indirectly, then the factor vs. flow relation would provide a good basis for developing a
flow recommendation. If the important limiting factors are not related to ﬂow? there
remains a need to identify flow values required to sustain some level of population
because, as discussed earlier, as flow decreases there will be a point reached where
further flow reduction will reduce the carrying capacity of the river and thereby reduce
the masimum attainable population size. An extreme example of this might be a river
flowing at 10 ft’/sec but otherwise having suitable conditions for Colorado squawfish.
Such a river will not sustain a population of 100, 10-pound adult squawfish per mile,

although this might be an established population goal considered important to recovery.



Thus, the second critical concern that must be addressed is the level of population
established as a recovery goal for the species. In its most simple form, this goal consists
of a desired number of animals in the entire river or in a specified river reach.
Establishment of such goals would require an objective assessment of the factors having
important }imitingg effects on the population, and of the management options available to
reduce or eliminate these effects.

A strategy for determining the flow-habitat requirements for the recovery of the
endangered fishes has both short- and long-term components and may be portrayed

’

diagrammatically as follows:

Short-term | Long-term
1. Identify probable limiting , 1. Monitor populations, flows <—

factors and habitats

2. Establish recovery goals
(numerical population
objectives)

2. Test and refine
hypotheses

3. Develop provisional flow
recommendations based on
probable limiting-factor
vs. flow relations

. Refine recovery goals
as needed

4. Develop testable hypotheses
based on predicted population
responses to implementation

- of provisional recommendations ~———

4, Refine flow recommendations -
as needed

Implement Flow Recommendations
(O8]

The short-term effort should be accomplished within two years, after adequate
baseline data on the fish populations and their habitats has been collected. Assuming

that the flow recommendations that result from the short-term effort are implemented,



the long-term monitoring, hirpOthési‘s-tesﬁng' and hypo_fhes’is-feﬁﬂement; effort will reqﬁiie’
many yeats: Moreover, preliminary results of this ‘loﬁg-teriﬁ effort may necessitate
refinement of flow recommeéndations, 'Téc’o‘ifery Zgoafls' and hypdtheses ‘to be teSted; :"The;‘
outcome of th‘e}}long—te‘rm effort, however; should be a good uﬁderstanding of the
interactions of the fish population and the important environmental variables that affect
it, including river discharge.

L

Assessment of flow recommendations, the long-term process - "

Flow recommendations need to be assessed in terms of the actualﬂows thsf ere
provided after implementation of the recommendation, the resulting aysllabﬂlty (m
terms of quantlty and quality) of the habltat and the subsequent response of the fish
populatlon to the ant1c1pated habitat changes Thus momtormg of flows, habltats and
fishes is essential to this assessment. Moreover, as additional data are c“Ollec’ted and
further undefstanding of imliertent factors af%ecting fhe fish populatidn is gained, it may
be necessary to adjust flow recommendatlons or Tecovery ob]ectlves Of conrse, the
most mportant concern in any assessment is the response of the fish p0pulat10n to.
mplementanon of the flow recommendatlon Such responses wﬂl detemnne whether
the populatlon is mcreasmg toward the recovery goals necessary for dehstmg of the ,
species. | |

Assessment of the flow recommendation thus becomes a matter of determining
whether the predlcted responses oceur m both the ‘habitat and the population of the -
endangered speaes Responses of the ﬁsh populatlon to implementation of the

recommended flows may include changes in fish growth, movement, spawning time, . -



,,,,,

population size, etc. It must be clearly recognized, however, that adequate flows by
themselves may not bring about the recovery of the fish. Such flows mﬁst be viewed as
only one, albeit major, step in the recovery process. Failure of the population to
increase after i{;}plementation of flow recommendations would not necessarily mean the
flow regime is inadequate. Rather, it might indicate that the anticipated populatioﬁv
response was too small to be detected or that our management efforts must be directed
toward additional important factors controlling the population. Moreover, because
Colorado squawfish apparently exhibit both long-term as well as short-term (migrational)

e

movements throughout their life history, such management efforts may need to include
other river reaches.

The objectives for recovery and delisting of the Colorado squawfish will probably
include the maintenance of certain numerical levels of self-sustaining adult fish in
specified river reaches. Thus the size of the adult population will be tracked as part of
a monitoring program. Ultimately, however, the success of this and other recovery
efforts under the Recovery Implementation Program needs to be based on achieving and
maintaining a self-sustaining adult population size (number of animalé) considered
necessary for species recovery and delisting. This requires that numerical population
targets or recovery goals be established for specific river reaches. These targets could

be actual population sizes or catch-rate statistics, direct indicators of population size.

Flow-habitat Management Objectives for the 15-mile Reach

Osmundson and Kaeding (Appendix A) presented data on the use of the 15-mile

reach by the endangered fishes and summarized information on several environmental



variables that might now be limiting the populations of those fishes or might become
important limiting factors as we endeavor to ¢ieate conditions important to the recovery
of the Colorado squawfish. In this report section, we briefly review those environmental
variables, diseuss. their importance to the recovery of Colorado-squawfish, and establish
flow-habitat management objectives for each of the limiting factors that have been -
identified in the 15-mile reach. Those flow-habitat management objectives afe based on
the habitat réquirements that we believe aré important to the recovery of ‘Colorado
squawfish in the upper Colorado River, as directed by the Recovery Implementation

Program.. -

Physical habitat

The 1S-mile reach i‘s‘:occupied habitat for Colorado ‘sqnawﬁsh and razorbactc sucker
spec1es that cannet be recovered and dehsted 1f such habitats are not mamtamed and
1mproved In their earher report Osmundson and Kaed.mg presented data that
indicated Colorado squawfrsh extenswely use deep runs and pools in the 15-m11e reach
durmg July, August and September (see for example, Flgure 22, Appendm A)

Although the present avaﬂablhty of such habltar may not now hmlt the s1ze of the adult
Colorado squawﬁsh populatton of the 15-m11e reach such avaﬂablhty nonetheless n:nght
prevent an increase in the populatron toward the recovery goals that need to be
established. Because the numencal recovery obJectlves for the self—sustalmng adult
Colorado squawﬁsh populauons have yet to be estabhshed and the relatlon between the
size of such populations and habitat quantity has yet to be detérmined, it'is prudent to

seek a near-maximum quantity of hiabitat for the adult fish and thereby eliminate the



availability of such physical habitat as an impediment to the achiévement of recovery
goals.

The argument that maintenance of a high availability of habitat for adult Colorado
squawfish is img_)ortant to recovery is not entirely speculative. There are data that
suggest the availability of habitat for adult fish could have an important effect on the
size of the adult population. That argument is based on the observation that Colorado
squawfish can make extensive spawning movements and, more important, return to their
former home range subsequent to spawning (e.g., Miller et al. 1983). The return of
Colorado squawfish to feeding/winte'rix;g areas occupied during the non-spawning season
is remarkable because during its accomplishment the fish pass through river reaches that
contain suitable feeding/wintering habitat--habitats so used, in fact, by other Colorado
squawfish. Because such migrations require the fish to expend considerable energy, one
must ask why the adult squawfish simply do not remain in the adult fec;ding/wdntefihg
habitats nearer their spawning area. This presumably would conserve energy and thus
would be advantageous to the survival of the individual fish. But the adults returﬁ fo

their former feeding/wintering areas after spawning. The most dramatic example of this

homing behavior is the return of adult Colorado squawfish to the upper White River,

after they have traveled more than 150 miles to spawning sites on the lower Yampa

River (Miller et al. 1983). Numerous other, less dramatic examples have been recorded
throughout the upper basin.

A possible explanation for this major expenditure of energy to return to former
feeding/wintering areas is that it represents a needed disbursal of the adult population

throughout the range of the species. Without such disbursal, negative interactions--



agonistic behavior or competition for food, space or othier limited resources--might oceur
among adults or perhaps between adult Colorado squawfish and other fish species. It
might therefore be hypothesized that the energy cost involved in returning to former
feeding/winterigg areas is ultimately less than that which the fish would experience if it
attempted to reside in a new feeding/wintering area subsequent to spawnirig. As Olson

et al. (1978) suggested for walleye (Stizostedion vitreum), Colorado squawfish might i

seek suitable adult habitats as they mature and establish residency in areas where -
habitat not occupied by other squawfish is available. A knowledge of the location and
characteristics of the particular feedfng}wmtering area that it selects is then retained by
‘the fish. Such memory thus allows the fish to retﬁrﬁ to this area after spawning
elsewhere. If this hypothesis is correct, the loss of a river reach that includes
feeding/winter habitat for adult Colorado squawfish, the 15-mile reach for example,
could result in a real reduction in the adult squawfish population or--of equal or greater
importance--in the potential size of the population that may be achieved as a result of ~
recovery efforts. | ‘

?’ Ouf flow-habitat management objective for July, August and September is to
maintain a near-maximum amount (95% or mo"r‘e)" of the aggregate run, pool and riffle
habitat in' the 15-mile reach. In so doing, we believe each of these three‘important =
habitat types will occur in suffi¢ient guantity to assure that their availability will not -

prevent the achievement of recovery goals for Colorado squawfish. -~
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Temperature

Kaeding and Osmun'dson (Appendices A & B) developed the hypothesis that the
relative scarcity of temperatures near the physiological optimum of Colorado squawfish
(25 C) is an imiportant limiting factor in the 15-mile reach, as wellyas elsewhere in the
upper Colorado River. Cool water temperatures reduce the growth rate of Colorado
squawfish and cause squawfish spawning to occur relatively late in the year. This results
in age-0 Colorado squawfish that are small when they enter their first winter. Based on
studies of other fish species, the rate of over-winter survival of such small age-0 fish is
low. Moreover, the slow growth of Colorado squawfish in the 15-mile reach and
elsewhere in the upper Colorado River lengthens the period when the young squawfish
are vulnerable to predators and other sources of mortality. Such slow growth thus
reduces the likelihood that the fish will survive to maturity. A detailed account of the
development of the hﬁothesis that temperature-mediated slow—growth is an important
limiting factor for Colorado squawfish in the upper Colorado River is provided by
Kaeding and Osmundson (Appendix B). Our ﬂow-habitat management objective for

temperature in the 15-mile reach is to increase the length of the growing season for

“Colorado squawfish and to advance their time of spawning, with the ultimate goal being

larger age-0 Colorado squawfish in the Grand Valley at the end of their first growing
season. Age-0 squawfish as long as the ones commonly found in the Green River in late
fall of most years (50+ mm TL) would be desirable.

The scarcity of temperatures near the physiological optimum (25 C) of Colorado
squawfish is not the only significant factor affecting the reproduction and early-life

history and survival of this species in the 15-mile reach or elsewhere in the upper
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Colorado River. The decline of Colorado squawfish in the upper Colorado is:
attributable to the interaétion of these and other negative effects (Appendix B). Only in
relauvely few river reaches can the declme be attrlbuted to 2 smgle adverse factor such
as the apprec1able mod1f1cat10n of the natural temperamre reglme munedlately N

downstream from some IGSCIVOIIS

Introdﬁced flshes -

Introduced fishes no doubt have a-negative effect on the endangered fishes in the
15-mile reach and. elsewhere in the upper Colorado River. This may be especially true
for the introduced predator: species, whose negative effects on the Colorado squawfish ~
may be enhanced by the slow early-life growth of squawfish (Appendix B). Moreover,
some introduced species may successfully compete with Colorado squawfish for limited:
resources, thereby lowering the carrying capacity of the stream for squawfish. The
flow-habitat ﬁzanagement objective for introduced fishes is to reduce the negative '
influence of the introduced fishes on the Colorado squawfish to the maximum extent

possible.-

Water clarity-

Osmundson and Kaedmg (Appendlx A) pmwded data that suggested the penodlc
hlgh ciamty of the water in the 15—1mle reach may hmlt the use of shallow Waters by

adult Colorado squawﬁsh The ﬁsh were more hkely to use shallow waters when the

11



water was turbid than they were when the water was clear. Our flow-habitat

management objective is to increase turbidity (decrease clarity) in the 15-mile reach.

Agricultural pesticides

Agricultural pesticides were identified as a possible limiting factor for the
endangered fishes in the 15-mile reach (Appendix A). Our management objective is to
(a) determine the pesticides that present important problems for Colorado squawfish

and (b) reduce the levels of these pesticides in the river to the maximum extent possible.

Angling mortality

Fishing is a popular recreational use of the upper Colorado River, including tl};: 15-
mile reach. Most angling on the Colorado in the Grand Valley is for channel catfi;h
(Ictalurus punctatus). Catfish fishermen sometimes catch and kill adult-size Coloré;}o
squawfish (U. S. Fish and Wildlife Service, unpublished data). The degree that such
angling mortality affects the maintenance of the Colorado squawfish ;;opulation in the
Grand Valley and elsewhere is unknown. Our management objective is to minimize

angling-related mortality of Colorado squawfish to the maximum extent pqssible.

12



- Approaches for ‘Achieving Flow-habitat -

Management Objectives for the 15-mile Reach

In this section, we identify ways to achieve the flow-habitat management objectives

that we have described for each of the important limiting factors discussed above.

Physical habitat . '

The Physical Habitat Simulatibﬁ nllethcid (PHABSIM) u‘ées data on fhé habitat use
of Colorado squawfish to predict how the availability of such habitat will be affected by
changes in flow. An important component of the PHABSIM model is the ‘habitat

~suitability index (HSI) curve. Hann and Rose ’(Api)endix C) used data collected from
radio-tagged adult Colorado squawfish in run, pool and riffle habitats in the 15-mile o
reach during July, August and Septeniber to create HSI curves for water depth and
velocity, as well xas: for the substrates used by squawfish. Smoothed curves were fitted to
the empirical data for depth and velocity in two ways. In the first (Sét A), the smoothed
curve was closely fitted to the raw-data histogram and its peak (suitability value of one)
was madé to correspond with the ‘modal group of data.’ In the second (Set B), both the
mean of the empirical data and the modal group in the raw-data histogram were given a
suitability value of one.

The approach used to create curve Set B was justified because each of our sampling
gears, including radiotelemetry, works more efficigntly in shallow (often low-\}elocity)

habitats. For example, after the seasonal high flows began to recede in 1988 and

13



continuing through the summer, field crews reported that radio-tagged Colorado

squawfish had begun the extensive use of deepwater habitat and that radio contact with

"these fish often could be established only when the boat passed nearly over them. Thus

the likelihood that such fish could be missed was significant. We believe the curves
fitted to the empirical data such that the mean value is also given a suitability of one
(Set B) may more accurately represent the actual habitat use of Colorado squawfish

than do the empirical data alone because they compensate for some of the effect of this
sampling bias.

Colorado squawfish, like all animals, need to conserve energy in order to survive.
Because maintaining position in a current requires the expenditure of energy for
swimming, Colorado squawfish and other riverine fishes most often occupy microhabitats
with little or no current velocity. Viewed in isolation, data collected from such areas
would suggest that habitats with little or no current velocity are all that Colorado
squawfish require. This would be a gfave misconception, however. An important .~
element of the complete habitat of squawfish is the nearby habitats that often have
greater current velocities than do the habitats actually occupied by the squawfish. These
higher-velocity habitats can be important to the production and transport of food
organisms, they may be used By impbrtant forage-fish species, they could include the
areas of cobble substrate considered nécessary for squawfish spawning, they may be
important to nutrient and oxygen transport and general aeration of the river, and so on.
These adjacent habitats are important components of the habitat mosaic that constitutes
the complete habitat of Colorado squawfish. If only the low-velocity areas often

occupied by squawfish are used in the PHABSIM process, the important higher-velocity,

14



surrounding habitats will not be represented. Our approach to developing the smoothed
HSI curve for velocity--wherein both: the modal data group. and.thie overall mean dre.
given a suitability index value of one (Set B)--helps to assure that those adjacent, .higher-
velocity habita@are tepresented in the I—.;HABSIM model.

- There was no important difference between the habitat vs. discharge relations that
resulted from application of HSI curve Sets A and B (Table 1). With both cutves, the:
maximum aggregate amount of run, pool and riffle habitat for adult Colorado squawfish
occurred at 900-1100 ft*/sec. Ninety-five percent or more of this maximum, as
determined by interpolation, occurred {Detween 712 and 1177 £t®/sec when the Set A HSI

curves were used, and between 675 and 1177 ft*> with Set B.

Table 1. Habitat (ft?/1000 linear ft of stream) vs. discharge (ft’/sec) relations at the
Palisade PHABSIM site for July, August and September, based on two sets of habitat

_HSI Curve

| st A set B )
Discharge | " Habitat (% x_n_m B | Habitat (% max.) .
300 | 56,028 (e 7592 (69) ll
450 67297 (s mas (87)
60 nos2 (% 78080 | (94)
s TasT (%) 79808 _( 96)
00 80319 (100) O wmasa o oo) |
1100 Coszn o) 8309 (100)
1300 0046 (87)  mm (sn

1500 64,367 ( 80) 66,760 ( 80)
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Temperature

In exploring the means to increase water temperatures during July, August and

September in the 15-mile reach, we studied the general relation between mean-monthly
o discharge and I;‘nean-monthly temperature for each of these months over a 23-year
period (1959-81). Those data were available from the U. S. Geological Survey gage at
Cameo, about nine miles upstream from the 15-mile reach. Results showed a strong,
o - negative relation (r = -.93) between flow and temperature in July (Figure 1), with each
| 1,500 ft*/sec reduction in flow resulting in an approximate 1 C increase in temperature.

Similar trends occurred in August and September, though the statistical relations for
these mdnths were appreciably weaker than they were for July. These analyses strongly
‘ suggested that one way to increase water temperature in the 1S-mile reach in July would
‘ be to reduce flows. July is typically the last month of seasonal runoff in the upper

Colorado and flows are relatively high.
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Figure 1. Relation between mean-monthly discharge and mean-monthly temperature of
the upper Colorado River in July at Cameo, Colorado. :
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Introduced fishes

Introduced flshes probably have 1mportant negauve effects on the endangered fishes
in the 15-rmle reach and elsewhere in the Colorado R1ver Because many of the
introduced spec1es are best adapted for life in 1/a1‘<es; and ponds, they are most oftenh |
found in backwaters inwthe Colorado River.' High ﬂows during _‘spring runoff mayhhelp
reduce the populations of these introduced fishes in the;i_ri’v‘er,. or perhaps prevent them
from becoming established there. Native southwestern fishes--unlike most non—nati\\ze"_
fishes--are believed to headapted to the large seasonal floods that characterize many -
rivers. of the southwestern United States (Minckley and Meffe 1987).

Opportunities for flow-mediated management of undesirable introduced fishes might
occur during the high-flow period of May and June, but apparently not during the July-
September period that is the focus of the present effort. McAda and Kaeding (1989a)

- recently drafted a report describing the relations between maximum-annual river . -
discharge and the relative abundance of age-0 Colorado squawfish and other fish species
in the upper Colorado River. Their prelirninary results indicate possihle important
relations between peak annual discharge and the relatrve abundance of age-0 Colorado
squawfish and several other fish species. In another report however, McAda and
Kaeding (1989b) analyzed the habitat use of age-0 Colorado squawfish and compared it
to those of several other native a,nd non-native fishes also collected by seines. They
found that some differences in habitat use occurred between squanish and the
sympatric native fishes but generally‘ not between squawfish and the non-native fishes.
Because the non-native fishes are believed to be those most likely to have significant

negative effects on age-0 Colorado squawfish, results of McAda and Kaeding's (1989b)

17



analyses indicate that it may not be possible to create habitat conditions both suitable
for young squawfish and unsuitable for these non-ﬁative species. Which of the non-
native species present important problems for Colorado squawfish is not yet known,
however. Such:,:'necessary information will begin to be collected as part of laboratory

studies that we will initiate this year.

Water clarity

No technically feasible or institqtioﬁally acceptable means of augmenting turbidity
(reducing water clarity) in the 15-mile reacﬁ was found. River turbidity is largely
dependent upon the erodibility of the soils and the extent of the erosional forces acting
in the drainage basin. Although turbidity therefore could be increased by encouraging
poor land-use practices that lead to increased soil erosion, obviously such options cannot
be seriously considered. However, the data provided by Osmundson and Kaeding
(Appendix A) suggest the possible negative effects of high water clarity on the habitat
use of Colorado squawfish can be at least partly offset by the provision of deepwater

habitats.

Agricultural pesticides

Definitive conclusions regarding the possible importance of agricultural pesticides as
a limiting factor for Colorado squawfish in the 15-mile reach are not yet possible.
Surveys of pesticides that occur in the upper Colorado River need to be made, and the

literature on the effects of these pesticides on fishes needs to be closely reviewed. If
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pesticides are found in the river and their-negative effect on Colorado squawfish and
other species is suspected, regulatory agencies shoiild institute appropriate corrective
measures. In addition, if pesticides are important, it seems their effects on squawfish--
the trophic pyramid--would be most significant during periods of extremely low flow,
when pesticides would be most concentrated in the river. Thus, augmentation of flows
during such periods should serve to reduce whatever risk agricultural pesticides may now

pose to the endangered fishes.

Angling mortality

The 15-mile reach should be made part of an Information and Education effort:
directed particularly toward fisherman who might inadvertently capture Colorado - -
squawfish or other endangered fishes.. Elements of such 4 program should include
appropriate ,Signage at fisherman access points, education: programs for preseritation
before various citizen groups, and informational brochures and relatéd materials. Such
an I & E effort is being planned for the entire upper basin as part of the Recovery
Implementation Program.

Flow-management Recommendation for the 15-mile Reach

Our"development of biologically defensible flow recommendations for the” i
maintenance and enhancement of Colorado squawfish habitat during July, Aﬁ‘gus”t and’ -

September is based on the attainment of three important objectives. In keeping with the
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directives of the Recovery Implementation Program, these objectives are considered
important components of the effort to recover the Colorado squawfish in the upper
Colorado River basin. The objectives are:
1. to proY_ide a near-maximum (95% or more) aggregate amount of rumn,
B 'pool and riffle habitat for adult Colorado squawfish, and
2. to enhance the first-year growth of age-0 Colorado squawfish in the Grand
Valley area by increasing water temperatures in the 15-mile reach.
3. While achieving 1 and 2 above, do not compromise our ability to meet
other flow-habitat requireméﬁts that need to be determined for the

remainder of the year.

! A flow "window" of 700-1200 ft’/sec during July, August and September will meet

N the objectives outlined above. During the relatively infrequent dry years (80%

| exceedence in total July-September discharge) when this flow recommendation will be

more difﬁcuit to meet, 600 ft*/sec (92-94% of the maximum aggregate amount of run,

pool and riffle habitat; Table 1) is considered an adequate lower limit for ;chis flow
window. As opposed to a single-valﬁe flow recommendation, fhe flow window that

8 results from application of our 95% criterion (objective 1, above) provides necessary

- flexibility for the process of meeting flow needs. This flow recommendation is targeted
at the PHABSIM site in the 15-mile reach (RM 181.4) near Palisade, Colorado, with the
assumption that the provision of adequate flows at that location will also result vin

adequate flows in the remainder of the 15-mile reach.
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Importance to Colorado squawfish of implementing the flow recommendation

Implementation of tbe ﬂow recomrnendatiorl yyill benefit thc recovery .of tbe
Colorado squawﬁsh population in two 1mportant ways F1rst the recommended flows
will provide a fear-maximum aggregate amount of run and pool habltat for adult
Colorado squawfish, habitats whose ava11ab111ty may importantly affect the recovery
potential of the spec1es The size of the adult squawflsh populat1on wﬂl be an 1mportant
measure of the success of recovery efforts Implementatlon of th1s recommendatron will
assure that the growth of the adult populatron will not be constralned by the avallab1hty
of habitat for adult Colorado squawfrsh S

Secondly, July water temperatures in the 15-mile reacb yyarrrler than those that
occurred historically should result in-earlier spawning of Colorado squawfish in the.
Grand Valley, a longer first-year growing; season for the resulting young, and larger - '
age-0 squawfish at the end of their first growing season. These larger age-0 fish should:
result in greater recruitment to the adult population (Appendix B). Recruitment that
may now occur to the adult Colorado squawfish population in the 15-mile reach is likely
the result of spawning in river areas downstream from .the 15-mile reach. Our flow
recommendation for July will improve conditions for early-life growth of Colorado -
squawfish not only in the 15-mile réach but in these areas downstream: as well. “ The
magnitude of the temperature increase that would result from implementation 'of the
flow recommendation:is demonstrated by -application of the Service’s temperature, . -
model. Model output showed that a flow of 700 ft*/sec in July would resultin an-
average increase of 2.41 C during the first half of the month and of 1.51 C during the

last half. Because the Service temperature model was recently recalibrated, the extent
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of this temperature increase is less than that reported in drafts of this report (Mike
Brewer, U. S. Fish and Wildlife Service, personal communication). Temperature
augmentation in July also occurred at 1200 ft°/sec, and to a lesser degree in August with
a discharge of ZOO ft’/sec. In September, though flows would often be increased with
impleméntation of our recommendation, average temperatures would decline less than
one degree (Table 2; Figure é).

The dry-year recommendation of 600 cfs would reduce the amount of adult habitat
somewhat (Table 1); however, because of the low frequency of this event (one year in
five) we do not believe it will have & significant negative effect on the Colorado

squawfish population. A flow of 600 ft’/sec increases river temperatures slightly above

those that would occur with a river discharge of 700 ft’/sec (Table 2).
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Table 2.

Comparison of mean historic temperatures for semi-monthly perlods with temperatures that would have occurred
in the 15-mile reach under flows of 1,200, 700 and 600 ft®/sec.

JULY 1-15 JULY 16-31 AUGUST 1-15 AUGUST 16-31 SEPTEMBER 1-15 SEPTEMBER 16-30
YEAR 1200 HIS DIFF 1200 HIS DIFF 1200 HIS DIFF 1200 HIS DIFF 1200 HIS DIFF 1200 ‘ HIS DIFF
1978 19.84 19.29 0.55 21.36 21.90 ~0.54 20.33 23.96 ~3.63 18.66 20.63 -1.97 18.80 19.69 - ~0.89 17.16 16.55 0.61
1979 19.31 17.65 1.66 20.52 20.60 -0.08 19.9%0 20.91 ~1.01 17.87 18.58 -0.71 18.29 19.13 7 -0.84 17.56 17.30 0.26
1980 20.63 19.36 1.27 21.56 22.40 ~0.84 21.54 25.07 -3.53 19.32 . 21.87 -2.55 17.81 21.25 =3.44 16,95 18.87 -1.92
1981 21.14 22.75 ~1.61 20.99 24.69 ~-3.70 20.14 21.50 -1.36 20.74 21.70 -0.96 18.93 20.76 -1.83 " 17.76 18.51 -0.75
1982 19.89 18.35 1.54 22.18 21.49 0.69 21.32 20.41 0.91 20.88 19.80 . 1.08 17.65 16.81 0.84. 17.19 15.78 1.41
1983 16.92 15.60 1.32 21.27 18.06 3.21 22.65 19.73 2.92 21.82 20.59 1.23 20.74 20.24 0.50 16.67 18.48 -1.81
1984 20.55 16.23 4.32 22.59 18.52 4.07 23.06 20.51 2.55 22.40 20.44 1.96 - 21.55 20.69 0.86" 18.91 ‘19.61 -0.70
1985 22.54 19.91 2.63 21.95 19.84 2.11 23.30 23.01 0.29 22.06 22.26 -0.20 -20.02 22.51 ~2.49%  18.22 .21.81 ~3.59
1986 19.25 17.90 1.35 20.22 19.81 0.41 21.54 21.42 0.12 21.14 20.49. 0.65 18.78 19.98 -1.20- 15.75 18.09 -2.34
Sum: 13.03 5.33 -2.74 -1.47 -8.49 -8.83
Mean Diff: 1.45 0.59 -0.30 ~0.16 ~0.94 -0.98

JULY 1-15 JULY 16-31 AUGUST 1-15 AUGUST 16:31 - SEPTEMBER 1-15 . SEPTEMBER 16-30
YEAR 700 HIS DIFF 700 HIS DIFF 700 HIS DIFF /700 HIS DIFF 700 HIS DIFF 706 HIS DIFF
1978 21.00 19.29 1.71 22.36 21.90 0.46 21.23 23.96 -2.73 19.34 20.63-: -1.29 -19.21 19.69 -0.48 17.08 16.55 0.53
1979 - 20.34 17.65 2.69 21.50 20.60 0.90 20.78 20.91 -0.13 18.43 18.58 -0.15 ©18.90 19.13 -0.23 17.91 17.30 0.61
1980 21.58 19.36 2.22 22.63 22.40 0.23 22.47 25.07 -2.60 19.81 21.87 -2.06 18.30 21:25 -2.95 17.18 18.87 -1.69
1981 22.26 22.75 -0.49 22.02 24.69 -2.67 21.02 21.50 -0.48 21.44 21.70 -0.26 -19.30 20.76 -1.46 18.03 18.51 ~0.48
1982 20.72 18.35 2.37 23.06 21.49 1.57 22.02 20.41 1.61 21.48 19.80 ~1.68 17.98 16.81 1.17 17.34 15.78 1.56
1983 18.08 15.60 2.48 22.26 18.06 4.20 23.59 19.73 3.86 22.36 20.59 1.77 21.14 20.24 0.90 16.95 18.48 ~-1.53
1984 21.30 16.23 5.07 23.26 18.52 4.74 23.75 20.51 3.24 23.19 -20.44 2.75 22.35 20,69 1.66 19.68 19.61 0.07
1985 23.36 19.91 3.45 22.61 19.84 2.77 24.18 23.01 1.17 22.48 22.26: " 0.22 20.77 22.51 -1.74 19.47 21.81 -2.34
1986 20.08 17.90 2.18 21.22 19.81 1.41 22.24 21.42 0.82 21.51 20.49 1.02 19.63 19.98 ~0.35 16.89 18.09 ~-1.20
Sum: 21.68 13.61 4.76 3.68 ~3.48 =4.47
Mean Diff: 2.41 1.51 0.53 0.41 -0.39 ~-0.50

JULY 1-15 JULY 16-31 AUGUST 1-15 AUGUST 16-31 SEPTEMBER 1-15 SEPTEMBER 16-30
YEAR 600 HIS DIFF 600 HIS DIFF 600 HIS DIFF 600 HIS DIFF - 600 HIS DIFF 600 HIS DIFF
1978 21.36 19.29 2.07 22.70 21.90 0.80 21.54 23.96 ~2.42 19.58  20.63 -1.05 19.41- 19.69 -0.28 ' © 17.17 16.55 0.62
1979 20.66 17.65 3.01 21.83 20.60 1.23 21.08 20.91 0.17 18.65 18.58 - 0.07 19.13 19.13 0.00  18.07 17.30 0.77
1980 21.90 19.36 2.54 22.98 22.40 0.58 22.80 25.07 ~-2.27 20.03 21.87 . -1.84 .18.51 21.25 -2.74 17.33 18.87 ~1.54
1981 22.61 22.75 -0.14 22.36 24.69 ~2.33 21.33 21.50 -0.17 21.71 21.70 .01 19.49 20.76 -1.27 18.19 18.51 -0.32
1982 21.01 18.35 2.66 23.38 21.49 1.89 22.29 20.41 1.88 21.73 19.80: 1.93 18.14 16.81 1.33 17.46 15.78 1.68
1983 18.46 15.60 2.86 22.59 18.06 4.53 23.94 19.73 4.21 22.63 20.59 2.04 21.36 20.24 1.12 -7 17.11 18.48 ~-1.37
1984 21.55 16.23 5.32 23.52 18.52 5.00 24.03 20.51 3.52 23.49 20.44 - 3.05 22.64.: 20.69 1.95 19.94 19.61 0.33
1985 23.64 19.91 3.73 22.87 19.84 3.03 24.50 23.01 1.49 22.70 22.26 0.44 21 04*— 22.51 -1.47 19.82 21.81 -1.99
1986 20.36 17.90 2.46 21.55 19.81 1.74 22.53 21.42 1.11 21373 20.49 - 1.24 19.92 19.98 ~0.06 17.20 18.09 ~0.89
Sum: 24.51 16.47 7.52 ‘ 5.89 -1.42 -2.71
Mean Diff: 2.72 1.83 0.84 0.65 -0.16 -0.30
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Figure 2. Comparison of mean historic temperatures for semi-monthly
periods with temperatures that would have occurred in the 15-mile
reach under flows of 1,200 and 700 ft°/sec.
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Comparison of the flow recommendation to historic flows

We compared our flow recommé;dafion to the mean-monthly d‘i,scharges‘ that would
have oécurred in the 15-mile reach during the period 1952-82 under ;he level of
upstream watefklproject operation that occurs today. Results showed that du;ing the 31-
year period of record, the minimum for July was exceeded in all but 3 years,u ;fhose for
August were exceeded in 45% of the years, and those for September were exceedec‘.], 111
16% of the years. Table 3 provides the delivery requirements that would be necessqi'y
to meet the minimum flows specified for each of these months, as well as for ;_he total »
‘July-Sep'tember period. Those data sﬁow tliat, for ekample, delivery of 10,000 AF per
year during the July-September period would have substantially increased, from 5 (16%)
to 14 (45%), the number of years during which the miﬁjmum requirements were meti

Although this analysis is useful, it is important to recognize that it is l;ased on .
estimates of mean-monthly discharge. Instantaneous discharge can vary markedly from
mean-monthiy values within months. The freqﬁency of extremely low flows, which can
" have important limiting effects on both habitat‘avéilabi]ity and fish pc‘)'pulations, is not
evident when such mean data are uséd. Moreovér, the effect of flows that greatly
excgéd the flow recommendation can be as undesirable as that of flows thét are t0o low.
This is the case for July flows that much exceed the recommended flow window and

thereby inhibit the early seasonal warming of the waters that we seek.
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Table 3. Delivery requirements (acre feet) to provide flows of 600 or 700 ft’/sec in the
15-mile reach. Years are ranked from wettest to driest, according to the total delivery
requirement for July-September.
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Comparison of the flow recommendation to natural flows

Hann and Rose (Appendix C) compared our flow recommendation to "natural"
flows for the 15‘-mile reach, ﬂoWs that the Colorado Water Resource a.nd,Power
Authority estimates would have occurred there withou't‘ any water development
upstream. Those data proved to be particularly interesting in that, contrary to an éarlier
and perhaps prevailing belief, water development has reduced rather than increased‘
July-September flows in the reach (Figure 3) According to the PHABSIM analyses :
performed by Hann and Rose (Append1x C) however, such reduced ﬂows durlng
summer have resulted in 4 general increase in the aggregate amount of run, pool and
riffle habltat for adult squawfish (compare F1gure 3 to, habitat vs d1scharge relation ' |

described in Table 1).
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Figure 3. Comparison of "natural" and actual flows in the 15-mile reach, showing the
general effect of water development on flow regime.
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Hypotheses to be tested as part of the long-term assessment effort

Our most important hypothesized response of the Colorado squawfish population to
impleméntation of the flow recommendation is earlier spawning and increased first-year
growth of Colorado squawfish in the Colorado River of the Grand Valley. In turn, this
could increase recruitment to the adult population, including that which uses the 15-mile
reach. It should be recognized, however, that this response is anticipated only if our
700-1200 ft’/sec recommendation for July, which would appreciably reduce current
average flow, can be met. g

Such recruitment of wild fish to the ad{llt stock may not be sufficient to effect an
important increase in adult numbers, however. Control of undesirable fish species and
other measures to increase Colorado squawfish recruitment may be necessary.
Supplemental stocking of Colorado squawfish, as part of an experimental augmentation
program, could bring about a rapid increase in the adult population and also allow us to
perform yet énother important test: determination of the degree that physical habitat
availability might limit the adult Colorado squawfish population. Because stocked
experimental fish would be uniquely marked, the relative contribution of experimental
vs. wild fish to the adult stock could be measured. We would like to begin the

experimental augmentation program in 1990.
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Problems with Developing and

Implementlng the Flow Recommendation
Water storage dn the descending limit of the hydrograph

Our flow recommendatiorl for .}uly, Alrgust arrd September encourages the storag‘k’e’)
of water on the descerlding limb of 'the‘hydrograph,"rather than during the traditional T
ascending and peak parts. An assessment of’the problerps associated with
implementation of such a water-storage scenario is provided in Appendix D. Perhaps |
the greatest of these problems involves the administration of wa‘t’rer’ rights. In addrtion,
water storage during the descendirrg lirnb of the hydrograph would probably require thart
predictive techniques used for seasonal-discharge and yield estimates be refined so that
necessary annual storage of water is achieved. Altho‘ugh’ such'modificetion of storage" U
procedures would not be without problems, water-storage procedures that provide for
human needs and also aid the recovery of the endangered fishes must be recognized as
an important component of the recovery process Addltlonal water needed to meet the
flow recommendation rmght be made avallable from TeServoirs upstream, through the |

purchase of water rlghts as a result of conservation efforts on 1rr1gated lands or by

other means.

Flow recommendations that differ from "natural" conditions

Our flow recommendations acknowledge that natural, predevelopment conditions,

including discharge and temperature regimes, are not necessarily "optimal" or "ideal" for
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Colorado squawfish. This fact becomes clear when one recognizes that, over the range -
of any species, environmeéntal conditions for the species become less optimal as one
moves away from the center of population toward the limits of the species’ range. Just
beyond the limits of range, conditions are less than optimal to such a degree that the
species can no longer persist there. Thus in regions near the upstream limits of a
species’ range, such as the 15-mile reach for Colorado squawfish, flow-habitat
management recommendations should be directed toward the enhancement of habitat

conditions for the species over those that probably occurred there historically.

Concern for other important habitats

Runs, pools and riffles are not the only habitats of importance in the 15-mile reach.
Backwaters, for example, are important habitats as well, though our earlier investigations
have demonstrated that the quantity of backwaters alone is not now a limiting factor for
Colorado sqﬁawﬁsh in the upper Colorado River (Archer et al. 1985). Based on our
experience and observations in the 15-mile reach, the recommended flow window will
provide adequate backwater habitat for young Colorado squawfish. However, as
specified earlier, if our flow recommendation is implemented it will be necessary for us
to monitor the availability of important habitats, including backwaters. This important
monitoring procedure constitutes, in part, the validation process described in the strategy
presented at the beginning of this document.

Habitats in other river reaches downstream from the 15-mile reach are of course
also of importance to the recovery of the endéngered Colorado River fishes. The

habitat characteristics of these important downstream reaches will be investigated, in
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light of the outcome of our flow recommendations for the 15-mile reach, during the .
consultation process for the Aspinal Unit. That process is scheduled to begin sometime
-after completion of the ongoing Flaming Gorge consultation. ‘The: Aspinal Unit.
consultation process will be extensive and will include additional. field studies, especially
of the éndangéred humpback chub (Gila cypha), and thorough analyses of existing data

for all species.

Development of Flow Recommendations

v

for the Remaining Months

w

Our flow recommendation for July, August and Septeﬁlbéf shou-lrdﬂnét 'Be Vlewed |
- without regard for the remaining months, when flows will also be requifed to maintain
and enhance Colorado squawfish habitat as part of the recovery effort. It is therefore!

. important that we discuss, in a general way, our plans for the development of flow .

recommendétions for the remainder of the year in the 15-mile reach.

During May and June, two months of high runoff flows in the Colorado,
recommended flows will probably be based on the control of undesirable introduced |
fishes and on the maintenance of channel morphology and desirable substrate =
charaéteristics in the 15-mile reach and in reaches downstream. We are currently
- analyzing data on larval and "young-of-the-year" fishes collécted from throughout the
upper Colorado River during 1982-88. Preliminary results indicate significant. ..
correlations between maximum spring discharge and the subsequent relative dbundance
of several species, including Colorado squawfish (McAda and Kaeding 1989a). Those.:

correlations differ among species and are both positive and negative with regard to. . -
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discharge. We envision that our May-June discharge recommendations will be based in
part on these relations and on our desire to reduce the relative abundance of
undesirable species while increasing that of age-0 Colorado squawfish.

Our second concern with regard to the development of May-June flow
recommendations is for the maintenance of gross channel geomorphology and important
substrate characteristics. Channel maintenance and sediment dynamics are important
concerns in all river reaches inhabited by the rare fishes, not just the 15-mile reach. It
may be necessary to conduct a studf to determine the relation between peak discharge
and the sediment dynamics of the upper Colorado.

With regard to the fall and winter months (October-April), we have begun to
analyze existing data using kthe techniques employed for July-September (Appendix C).
Adult Colorado squawfish habitat-use data collected during the October-April periods of
the past two years suggested that appreciable habitat for adult Colorado squawfish_
occurs at discharges much lower than those that occur under both present (actual) and
"natural" flow conditions (Appendix C). We are recommending a stugly to develop other
means to substantiate these preliminary observations, as well as to provide additional
information on habitat versus discharge relations for other habitats not modeled by
PHABSIM. For example, backwaters are important habitats for age-0 squawfish and
many other fish species during October and November and perhaps during the
December-April period as well, but backwaters are not usefully modeled by our current
PHABSIM techniques. The backwater-availability versus flow relation is unknown for
the 15-mile reach. Mapping based on aerial photographs or related techniques may be

needed to quantify how flows affect backwater quantity.
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-+ Winter recommendations will also,need to take into account the potential for river
icing, a factor believed important to the habitat use of adult Colorado squawfish and
razorback sucker in the upper Green River (Richard Valdez, Bio/West, Inc., per'sonal
communicatiorr},. Perhaps the temperature model will be of value in this assessment.
Details of the proposed study will be provided in a statement of work for this effort,. .
which will be developed during 1989. We recommend that the proposed study begin in
1990, after important results of related efforts in the Green River basin are available in

final report form.

Summary

~ The mtent of the Recovery Implementauon Program is to br1ng about the recovery
and delisting of the endangered fishes wh11e allowing Colorado and the other |
upper-basm states to develop their entitled water under the Colorado Rlver Compact
An 1mportant component of the Recovery Implementatlon Program is the determmatlon
of flows needed for recovery of the f1shes The 15-rmle reach of the Colorado Rrver |
between Palisade, Colorado (River Mile 185), and the conﬂuence of the Colorado and
Gunmson rivers at Grand Junctlon (RM 170) is 1mportant habltat for the endangered
Colorado squawfish and the Very rare razorback sucker We outlmed a strategy for
developing biologically defensible flow recommendatlons for the mamtenance and
enhancement of habitat for Colorado squawflsh in the 15 m11e reach An 1mportant _
component of this strategy is the 1dent1f1cat10n of hmltmg factors affectmg the Colorado

squawﬁsh populat1on or that may affect the populatlon as 1ts numbers increase toward

the levels established for recovery of the species. In add1t1on, we identified loglcal
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objectives for ﬂo&-habitat management efforts in the 15-mile reach, investigated
approaches to achieving these objectives, and made preliminary flow recommendations
intended to meet these objectives during July, August and September.

Our recommendation is for a 700-1200 ft*/sec flow "window" during July, August
and September. During the relatively infrequent dry years (80% exceedence in total
July-September discharge) when this flow recommendation will be more difficult to
meet, 600 ft*/sec is an acceptable lower limit for this window. We compared our flow
recommendations to the mean-monthly discharges that would have occurred in the 15-
mile reach during the period 1952-82 u/nder,the level of upstream water-project
operation that occurs today. Results showed that delivery of 10,000 AF per year,
generally during the August-September period, would have substantially increased, from
5 (16%) to 14 (45%), the number of years during which the minimum requirements
were met, Additional water needed to meet the flow recommendation might be made
available from reservoirs upstream, through the purchase of water rights, as a result of
conservation efforts on irrigated lands, or by other means. Our flow {ecommendation is
based on the best information and knowledge currently available, and, is subject to
modification based on the results of future investigations and data analyses.

Recovery of Colorado squawfish in:the upper Colorado River will require that
habitat conditions there be made as nearly optimal for squawfish as possible. The
recommended flows will provide a near-maximum aggregate amount of run and pool
habitat for adult Colorado squawfish, habitats whose availability may importaﬁtly affect
the recovery potential of the species. Implementation of this recommendation will

assure that the growth of the adult population will not be constrained by the availability
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of habitat for adult Colorado squawfish. Our flow recommendation for July encourages
the storage of water on the descending limb of the hydrograph, rather than during the :
traditional ascending and peak parts. Water storage upstream during July will result in
water temperatures in"the 15-mile reach warmer than those that occurred there
historically anci should result in earlier spawning of Colorado squawfish in the Grand -
Valley, a longer first-year growing season for the resulting young, and larger age-0'
squawfish at the end of their first growing season. These larger age-0 fish should lead to
greater recruitment to the adult population.

The enhancement of habitat for Colorado squawfish will require the provision of

flows that differ from those that o¢cur there presently or even historically. However, the

provision of such flows alone will not bririg about the recovery of the Colorado
squawfish in the upper Colorado River, Such flows must be viewed as only one, albeit:
major, step in the recovery process. Failure of the population to increase after
impleﬁlentation of flow recommendations would not necessarily mean the flow regime is
inadequate. Rather; it might indicate that the anticipated population response was too’
small to be detected or that our management efforts must be directed toward additional
important factors controlling the population. Such additional management actions might
include the control of undesirable fish species and the experimental augmentation of the
Colorado squawfish stock, an action that we bélieve is imperative in view of the low
numbeérs of both adults and young of this species in the upper Colorado River. Our '
goal of enhancing the-habitat:for Colorado squawfish in the 15-mile reach is an:
important step in the recovery process that may differ from those that pertain to other

river reaches elsewhere in the upper Colorado River basin. - In'the Yamipa River, for
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example, where a viable Colorado squawfish population occurs and where the most
abundant spawning of this species in the basin may take place, the goal for the
development of flow recommendations is to maintain current habitat conditions for the
species (Tyus and Karp 1988).

The razorback sucker was not included in our analyses because we have too few
habitat-use data available for this very rare species in the 15-mile reach. Nonetheless,
based on the observations that we have made on razorback sucker, we feel confident
that its habitat requirements for July, August and September will be met if those for

Colorado squawfish are provided through proper flow management.
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INTRODUCTION

Background

The fange of the Colorado squawfish (Ptychocheilus lucius) and razorback
sucker (Xyrauchen texanus) has been reduced by about 75% since the turn of
the century (Seethaler 1978, McAda and Wydoski 1980). Although both fish
are rare in their remaining habitat, only the Colorado squawfish is feder-
ally listed as ’'endangered’, despite the fact that the razorback is con-
siderably more rare than the squawfish and may be near extirpation in
nature (Tyus 1987).“"The razorback sucker is protected by the states of

Utah, Colorado, Arizona, Nevada and California.

Colorado squawfish are restricted to the upper basin of the Colorado River
system above Glen Canyon Dam, inhabiting the Colorado and Green rivers and
various iarge tributaries. The razorback sucker is also largely restrict-
ed to the upper basin, though a remnant population of old adults persists

in Lake Mohave, a lower basin reservoir.

Loss of habitat for these rare fishes has occurred over many years.
Gonstruction of dams and diversions has had a major impact by altering
natural flow and temperature regimes. Habitat in the lower basin has been
altered to such an extent that it no longer supports self-sustaining
populations of Colorado squawfish or razorback sucker (Minckley 1973,
1983). Although the upper basin supports populations of the endangered
fishes, their continued existence there is far from assured. Because
demands for municipal and agricultural water continue to increase, the

accompanying loss of suitable habitat for these fishes in the upper basin
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may be paralleling that which occurred in the lower basin. In the upper
basin, major tributaries that formerly provi&ed a variety of habitats to
which these fishes had unreéffiétééwa6cess have been partitioned by Flam-
ing Gorge, Taylor Draw, Redlands Diversion, and Price Stub Diversion dams.
In additioﬁ, operation of these and other dams and diversions further

Yﬁpstreém has alteréd fléw}regimes in the ddwnstream Eabiféts of the rare
(fiéh. The éumulatiﬁé négativé efféc£§;6ftsucﬁ‘proj;cts,?in cdniunétién
‘Qithjbttefqméﬁicauée& changeé iw fhé fiver éﬁﬁi?onment, méy ﬁltimatély“
iead fohfhe‘extirp;tioﬁlbf gﬁege énéémic species. | |

P .

.. The lSiMile‘Reach;

The‘hpééreaﬁiréngébéf‘fﬁe‘C;lofadéléquéwfish éndﬁfazdrsaék éﬁéker iévthé
Colorado River is delimited by the Priée Stub divérsion‘dam neéf Paiisade,
Colorado (Fig. l). The Redlands Diversion on the Gunnison River, 2.2
miles upstream from the confluence with the Colorado River, blocks up- .
stream mévement of fishes in that tributary. A small;. disjunct population
of adult Golorado squawfish still persists in the reéach above the Redlands
dam, however. The stretch of the Colorado River between the Grand.Valley
Diversion (River Mile 185.1) and the confluence with the Gunnison River
(RM 171.05,>heréinéfter référféd té‘és‘the '15-mile reach;' eﬁperienees
man-caﬁsedialterétion §f its néfufél £low regimé throughout the’yeér; |
?efhaps‘moéé Empartant\to the hébifat of the enaangered fishes is‘fhe
additional reductibﬁ:iﬁ flow ééﬁséd By irrigatibn witﬁdrawéi; dﬁriﬁg
Auguét;odtober; when natural fibws typically are already low. Becaus;‘the
15-mile reach is used by the“Coiorédo squawfish and‘fazdrback suckef,

there is concern that additional flow-regime alteration may further
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Figure 1. Map of the general study area.

degrade the habitat theré, perhaps to the extent that the reach will

become uninhabitable to the endangered fishes.

This report summarizes available biologiéal information on use of the 15- g

) mile reach by Colorado squawfish and razorback sucker, describes the
relative importance of the reach to these species, and identifies possible

i important limiting factors affecting their populations. Thg report will

) focus on the findings of a recently completed study designed to evaluate

o the relative abundance, movement and habitat use of Colorado squawfish and

razorback sucker in the 15-mile and adjacent reaches throughout the year.

Data collection for this study was conducted from May 1986 through Decem-

ber 1988. Data collected during previous studies by Valdez et al. (1982)

and Archer et al. (1985) were employed where appropriate.
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METHODS

[
b

‘Relatlve abundance‘of adult Colorado squawflsh ‘and’ rarorback sucker.(as
;1descr1bed by the catch of fish per unlt of sampllng effort) was estlmated
‘:u51ng electro fishing. . Tlmers on electroflshlng units recorded actual

‘p fshocklng time (seconds) durlng each sampling effort. The number of Colo-‘

rado squawfish or razorback sucker captured (or seen but not captured) per

hour of shocking was used 'as the standard unit of relative abundancé. All
areas within a reach did not receive equal shccking effort; thus, electo-
fishing searches should‘nof be considered systematic. Although both‘
shorelines and all large backwaters of each reach. were sampled, thosé! -
areas where squawfish or razorback suckers were found were subsequently
searched more intensively. ..

N
[HRES

Radiotelemetry was used to fcl1ow&movement of‘adult bciorauc ecuawfiah and
tragcrbackiguckerzias Well as;tpiident;fy the microhabitats used by»these
fish. Electrofishing and trammel nets were used to capture fish. . Fish
lqnger}than.SSO“mmﬂtotal length (TL) and captured from withip<the>157mile
%reachwwere eurgically implapted,yith‘radic1transuitters_fpllowinngrocer
‘dures qutlined byviyuau(}982l. Various sizes of transmitters were used
vdependiug ou:fieh e;;e. ’Baqpery;}ife of the smallest transmitter was ..
cscimated as 150-245 days; the lergese, 547-940 days., ALl capeured rare
fish,werewmeasured to:toralﬂlengrh?’Werghedjtapq_had a numbered Carlin tag
actached to theu,x Eish yere:releaeec‘at“their loca;iqu‘qf capture 1-2 hr
after implantationr‘!Ihepriyer‘waswaearched’fpr radio-tagged fish on a
weekly basis. The area routinely searched included the 32.4 miles of the

Colorado River between the Grand Valley Diversion and the Loma Boat
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Launch, and the lower 2.2 miles of the Gumnison River (the reach down-
stream from the Redlands Diversion Dam). The search area was expanded
upstream to the Price Stub Dam and downstream to the Utah state line when
some fish could not be located in the immediate study area (Fig. 1).
Radio-tracﬁing was conducted from boats; however, immediately below the
Price Stub Dam, searches from shore were necessary because of inaccessi-
bility by boat. ZLocations of fish in the Colorado River were specified as
river mile (RM) distance from the confluence with the Green River, and in
the Gunnison River as distance from the confluence with the Colorado

Ve

River.

There is some confusion regafding riﬁer-milage at the Gunnison confluence;
thus, a brief explanation of the circumgtances there is warranted. Prior
to this study, the Gunnison confluence (Gunnison RM 0.0) was considered to
be at the site where the Gunnison first met the Colorado main channel at
RM 170.2; the distance from there to the Grand Valley Diversion (CO RM
185.2) was therefore approximately 15 miles (thus the term 'l5-mile
reach’). However, waters of the Gunnison actually first mix with those of
the Colorado in a side channel at CO RM 171.0. Subsequent to the floods
of 1983 and 1984, this Colorado side channel became the new main channel.
The designated 'confluence’ therefore shifted 0.8 miles upstream from the
former site. The Gunnison mouth now occurs at CO RM 171.0 and the lower
0.8 miles of the Gunnison, as previously mapped, became part of the Colo-
rado River. For the sake of consistency, however, we retained the origi-
nal river-mile designations (Fig. 1). Thus, the Gunnison river now ends
at GU RM 0.8 and not GU RM 0.0, and there are 2.2 miles of river between
the confluence and the Redlands Diversion at GU RM 3.0. In addition, the

'15-mile reach' is now 14.2 miles long.



D1strlbut10n of 1arva1 flSheS was determlned by se1n1ng rlver backwaters
from mld July through the end of August The r1ver was subdrv1ded 1nto 2-
‘ AU B G e ol P ,

m11e reaches, once Weekly, backwater, embayment or shoreline habltat from

bl

¢

each reach was sampled u51ng O 5-mm- mesh handvselnes Captured f1sh were
preserved dn 10% formalln and 1dentrf1ed by the Colorado State Unlversrty
Larval Flsh Laboratory ;WSampllng effort‘wasLnot constant among‘samples
wdthln alglven year but average effort per sample was s1m1lar‘among-:d
years The area sampled 1ncluded the aforementroned 15 m11e reachA the

1

adJacent 18 mlle segment of Colorado Rlver 1mmed1ate1y downstream and the
lower 2.2 miles of the Gunnison Rlver between the Redlands Dlversion Dam
c.and’ the.confluence. - o oo Lo T e e bk

e e : ‘ ey LR
#Dlstrlbutlon and relatlve abundance of young- of the year (YOY) Colorado
squawflsh]were estfmatedvby selnlng backwaters with 3- mm mesh beach
selnes. Each year twd samples were’collected from.each of two bachwaters
in each 5 mlle reach The 1986 effort Was’conducted on 22 September and 1
; ! FRT RS £.00d
October, in 1987 on 22 and 23 September the 1988 effort *on 20 and 22

A Lo ’

September Collected flsh were preserved in 10% formalln in the f1e1d and

i
i

1dent1f1ed in the 1aboratory To determlne relatlve abundance of squaw-

f1sh and other spec1es the surface area selned was measured and the

cot
3E

number of 1nd1v1duals of each spe01es collected per 100 square meters was

calculated. The study area sampled for YOY 1ncluded the 15- mlle reach and

the adJacent 18 mlle segment of the Colorado R1ver 1mmed1ate1y downstream

EREE
Syt L

Habitat use by adult Colorado: squawfish and razorback sucker was estimated
by.visually- categorizing 'the habitat. type ‘at the lodations of'radio-tagged
fish (e;g;,ppol,.eddy;%rﬁffle,aetcﬁ);'rWeudivided‘riveriné“habitat”uSéd by
adults into eight major categories, the definitiofis of which dré givén in
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the appendix (Table®). Placing the site of-a fish location into a par-
ticular category was unambiguous in some cases but not in others. The
limits of precision in locating radio-tagged fish created some problem
when habit§; types were closely juxtaposed such as at shear zones between
runs and eddies. Also, the lack of a clear demarcation between some
habitat types, such as runs and pools, is a problem inherent in any such
categorization. The categorization of a particular site was, therefore,
somewhat subjective and relied on the'best judgment of the field crew

leader. ‘ .

Microhabitat use was characterized/by measuring depth, velocity, substrate
and temperature at fish locations. Velocity wasrmeasured at a depth 60%
of the water column (measured from the bottom) at sites < 3.0 ft deep; at.
sites > 3.0 ft deep, velocity was averaged from two measurements taken-at :
20 and 80% of the water column. In addition to temperature measurements -
made at fhe fish location, temperature was also measured at a nearby
lonation in the main channel. 1In 1987 and 1988, water claxity at a loca-
tion (RM 174.4-175.2) in the 15-mile reach was routinely monitored using a

standard Secchi disk.

Possible spawning sites were identified by the aggregation of ripe adults
during the spawning season and, for squawfish, by the subsequent collec-
tion of larvae. Unfortunately, techniques for identifying razorback
sucker larvae have not yet been developed. Post-hatching ages of collect-
ed squawfish larvae were calculated using total lengths of individual
larvae in age-length equations developed by Haynes and Muth (1985).
Spawning date was then estimated by subtracting four days ffom the esti-

mated hatching date. Four days was considered the mean embryo incubation

45



time, based on theé 3.8-5.0-day range reported by Hamman (1981) for ferti-

lized eggs of hatcheéryireared squawfish intubated at 20-24 C.

L Coa T ¢l“: . ... RESULTS S
Adult Relative Abundance

The’ Colorado ‘River Fisheétry Préjeéct (CRFP); U!S. Fish and Wildlife Service,
has’ conducted ‘studies on the raré fishés of the upper ‘Colorado River ‘since
1979. From 1979 to 1985, studies encompassed the length of river from the

upper end of Lake Powell Utah, to lele Colorado including the lS-mile

[ IS

reach As part of the standardlzed surveys of the Colorado R1ver upstream

from Lake Powell conducted between 1979 and 1981 the rlver was d1v1ded

.
PR

1nto 11 reaches, each from 13 to 50 mlles long (Valdez et al 1982) Each
reach was extens1vely sampled annually durlng pre runoff runoff and post-
runoff perlods Results showed captures of adult Colorado squawflsh (>

450 mm TL) were falrly evenly dlstrlbuted among the seven reaches that ;

%

oceur between the Colorado Rlver confluence w1th the Green Rlver and .

9",

Pallsade, Colorado. The mean number of adults captured per reachvwas 3.1

(SD

I

1.3) and the mean number of fish caught per mile per reach was 0.12

(SD

0.04). Thrée adult Colorads squawfish, or 0.10 per mile, were
captured from thé: Grand’ Valley ‘dréa, the reach between the towns of Pali-
sade’ and' Loma, ‘Colorads. Thus rélative abundancé of Colorado squawfish in
fthexGrandealley Whs about average that of the seven Colorado River reach-
es where adult squawfish were captured (Table 1). ’length.of‘thewGrandw
Valley réach is about 16% of ‘the’ total lergth of these seven reaches.

oy ) R TR . ) R - | P : \ -
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Table 1. Numbers of adult Colorado squawfish caught from the upper Colo-
rado River during standardized surveys, 1979-81. Fish were caught from
seven of eleven reaches sampled between Lake Powell, Utah, and Rifle,
Colorado, during pre-runoff, runoff and post-runoff periods.

Miles
5 Number

Reach ~ Number Percent caught No./mile
Spanish Bottom - Potash 50 26.6 4 0.08
Potash - Big Bend 24 12.8 3 0.13
Big Bend - Onion Creek 15 8.0 2 0.13
Onion Creek - Agate Wash 7 25 13.3 5 0.20
Agate Wash - Westwater 14 7.4 1 0.07
Westwater - Loma 29 15.4 4 0.14
Loma - Palisade 31 16.5 3 0.10
Total 188 100.0 22
Mean 3.1 0.12
SD A 1.3 0.04

Although razorback sucker are very rare in the upper Colorado River, most
of those captured in recent years were found in the Grand Valley area.
During 1979-85, river-wide surveys conducted by CRFP yielded 70 different

individuals; 53 (76%) of these were captured from the Grand Valley area.

Within the Grand Valley, endangered fish utilize three adjacent river
reaches: the 15-mile reach, the 18-mile reach of the Colorado immediately
downstream, and the lower 2.2 miles of the Gunnison River between the

Redlands Diversion dam and the confluence with the Colorado (Fig. 1).
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. Results of electroflshlng surveys conducted durlng May and June of 1986-

1988 1nd1cate that certaln areas in the 15 mlle reach may be concentratlon

p01nts for many Colorado squawflsh and razorback sucker of the Grand
Valley durlng sprlng runoff. Durlng this time in 1986, the number of
squawfish Caught ,0r seen per hour of shocking in the 15-mile reach was

approx1mate1y 3 2 times that caught or seen in the adJacent 18 m11e reach

\r)

of river 1mmed1ately downstream 1n 1987 there was approx1mate1y 6 1

( PR b A
7 DR "

t1mes as many caught or seen per hour In 1988, however 1 5 times as

Uy

Ve

many squawflsh were caught or seen per hour in the 18- mlle reach as were

(w H . 3 54‘

in the 15-m11e reach. Thus in two .of three years the e1ectroflsh1ng

success rate was higher in the 15-m11e reach. The comblned data indicated
g r_ &L FETUIY 3 .,‘,.»\)ow .

relatlve abundance durlng sprlng runoff was about 2.0 tlmes hlgher in the

Vo

15 m11e reach than the adgacent 1ower reach (Fig. 2).

i
Wy, b

The number of razorback suckers shocked in the 15-mile reach during the
three years was about 5.9 times larger than in the lower 18-mile reach

(Flg 2)

Although relatively little sampllng effort was expended in the Gunnison

!

J.Rlver below theNRedlands D1vers1on in sprlng 1987 and 1988 (no effort 1n
1986), there were three Colorado squawflsh caught or seen durlng 3.8 hr of
shocklng, thls rate was con31derab1y hlgher than that for the other two
adgacent‘dolorado Rlver reaches (Flg 2). Durlng our July and August
electrofishing ‘efforts in ‘the lower Guntilson in 1987, Colorado squawfish

- were either caught or seen:.at rates .of 2;007andf2.23‘fish-per houtr (Table
) .. Almost all of these captures or observations were made in the plutige

pool of -the Redlards: Diversion Dam, the use: of which: by squawfish’ dropped

off entirely in September. Many squawfish seem attracted to a 1l.3-mile
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Figure 2. Electrofishing catch per effort for Colorado squawfish and
razorback sucker in three contiguous river reaches during spring, 1986,
1987 and 1988. River reach codes: C0-15 = Colorado River 15-mile reach
(RM 171-185); C0-18 = Colorado River 18-mile reach (RM 153-171); GU-2.2 =
Gunnison River 2.2-mile reach (RM 0.8-3.0). Note: the Gunnison River was
not sampled in 1986.

section (RM 174.4-175.7) of the 15-mile reach during spring and to the

plunge pool of the Gunnison River during summer. Radio-tracking data on

" the movement of adult Colorado squawfish, reported below, also support

this conclusion. 1In 1988, however, extremely low flows in the lower
Gunnison apparently precluded use of this reach by Colorado squawfish:
extensive electrofishing (as well as radiotelemetry) effort failed to
reveal the presence of any individuals there during July-October. No
razorbacks were seen in the iower Gunnison during our sémpling efforts in

either year.
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Table 2. Electrofishing catch per effort for Colorado squawfish in the
lower 2.2-mile reach of the Gunnison River, 1987 and 1988.

L

MAY JUN JUL AUG SEP  OCT
Shocking 1987 1.70 - 1.50 3.59 2.46 -
effort (hr) 1988 2.14; 2.90 0.68  0.46 - 0.82
No. caught 1987 - 0 -2 7 -0 -
1988 1 o . .0 0 iy 0
No, seen but 1987 1 : 1 1 0 -
not caught 1988 1 1 0 0 - 0
} :
No. caught/hr ' 1987 0.00 - 1.33  1.95 0.00 = -
1988 0.47  0.00 0.00 0.00 - 0.00
No. caught + '
seen but not ' 1987 0.59 . - 2.00 - 2.23  0.00 = -
caught/hr 1988 0.94 . 0.35 0.00 - 0.00 - 0.00

Movement of Radio-Tagged Adult Fish

“ Colorado squawfish .

P R
L]

Movemenémof‘adult'Cdlorado squawfish'in‘thé315-mile reach and;adjééént'j
areas has been monitored in recent years using radiotelemetry. During
1?82-85 fish were radioetagged in May and June and tracked through fall.
(Arqher et al,‘1985)?‘ Duringb;28§¢88,Lextepdedilifg3radio tags, were usgd
and the fg@iq—tagged fish‘were_mgﬂiggFeqvthrpugh the winter months, into

the following year.

RN R

S UL S R TR O STy S T S AP
During the 1982-85 studies, 15 of 34 squawfish (44%) captured and radio-
tagged in the Coidrédb"RiverJﬁpstreém'from Black Rocks (RM 136,‘Fig. 1)
occupied the 15-mile feach at otie time or another duriﬁg‘tﬁé May-October

i

" period:
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Figure 3. Movement of 11 radio-tagged Colorado squawfish (fish A-K)
during 1982. Top diagram shows movement of five squawfish that were
tagged within the 15-mile reach; bottom diagram shows movement of six
squawfish tagged elsewhere that moved into the 15-mile reach (others that
were tagged elsewhere that did not move into the reach are not shown).
Dotted lines mark downstream end of 15-mile reach (RM 171); crosses along
vertical line at RM 171 represent times when fish were located in the
lower 2.2 miles of the Gunnison River.
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In 1982, five squawfish were . tagged and releaséd within the 15-mile reach
(Fig. 3). Ome fish;(designated E on Fig. 3) disappeared shortly agter
release, one (D) stayed within the reach through July, and two others (A
arid B) stayed throdgh August. Another (C) remained in the reach from’June
through~Se§tember: then moved ‘a few miles downstream from the reach in
October.ﬁ Slx fish thvC, H, I, J and K) tagged elsewhere moved imto the
15-mile reaeh for'at’least a brief period. One of these fish (H) had:been
tagged iniﬁtoer Laﬁeffowell in April; it moved 198 miles to the lSémile

; j

reach by late September, where it remained at least through October.

-

In 1983 one squawflsh tagged at Black Rocks the prev1ous fall moved 47
mlles upstream to a 'siteé within the reach at' the end of July (Flg 4y

however, contact was lost one week later.

Four squawfish tagged in lower reaches during 1985 subsequently moved into
the 15-mile reach (Fig. 5) ‘ One flSh (A) moved there from RM 58.3 t5 RM

178.3 durlng July and August a distance of 120 river niles. The remaln-

Lt

ing fish (B, C and D) were tagged 7-10 miles below the reach in May One

of these (D) movednln‘and out of the lower Gunnison River on three sepa-

rate occasions. All four fish moved back out of the reach between late

July and early Septemherm

In. 1986, six squawfish and two razorback suckers from the 15-mile reach

Werexradioftagged.: Contact was lost with one squanish\and oﬁe_razorback
almost immediately. Two squawfish moéved into the Gunnison River during

June (Flg 6) One of" these (A) 1ater lost its tag and the- other (F).

L

returned to. the area: of release in late July, where it remalned untll at

PAPRE I

least May of the follow1ng year Thls flsh (F) Was next located near the

Ol

Walker Wlldllfe Area (WWA RM 163. 7) of the downstream 18 mlle reach on 25
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Figure 4. Movement of one radio-tagged Colorado squawfish during 1983.
Dotted lines mark downstream end of 15-mile reach (RM 171); crosses on
vertical line at RM 171 represent times when the fish was located in the
lower 2.2 miles of the Gunnison River.
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Figure 5. Movement of four radio-tagged Colorado squawfish during 1985.
Only squawfish that moved into the 15-mile reach are shown. Dotted lines
mark downstream end of 15-mile reach (RM 171); crosses along vertical line
at RM 171 represent times when fish were located in the lower 2.2 miles of
the Gunnison River.
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Figure 6. Movement of five Colorado squawflsh (fish A, C, D, F and J) and
one razorback sucker (fish L) radlo tagged in 1986. Crosses along verti-
cal line at RM 171 represent tlmes when fish were located in the lower 2.2
miles of the Guniiison River.
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June 1987, but returned to the original releése location in the 15-mile
reach by 9 July where it remained through mid August when contact was lost
(presumably tag failure). Another squawfish (D) stayed near the point of
release unEil at least mid June of the following year. On 7 July 1987 it
was locatea 45 miles downstream near the Utah border. By 21 July, it had
returned to the original release location in the 15-mile reach. Another
squawfish (J) moved upstream in mid July 1986, over the Grand Valley

Diversion dam, to the plunge pool of the Price Stub Dam. It remained

there until the end of Septembet when it returned downstream. Between

early October and the end of March,‘the fish (J) remained near its initial
point of release. 1In July 1987, it made two brief forays to the base of
the Redlands Diversion Dam on the Gunnison River, each time returning to
the 15-mile reach after a day or two. 1In late July 1987, it returned to
the plunge pool of the Price Stub Dam and remained there until mid Septem?‘
ber, when it again made its way downstream. From early October through
mid May, it stayed within 0.2 miles of its point of release. In mid July
1988, it was again moving upstream for the third year in a‘row when tag

failure occurred.

In 1987, four squawfish from the 15-mile reach were equipped with radio
transmitters (Fig. 7). One of these (B) remained near the center of the
reach through the end of the study, making local movements no more than a
few miles from the capture site. Another (G) stayed in the reach during
June and most of July, then moved seven miles downstream. It expelled its
tag while in a deep pool 2.5 miles below the reach. This fish was again
captured in the 15-mile reach at RM 180.5 on 12 May of the following year.

Two other tagged fish (H and I) remained in the reach until late July,
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Figure 7. Movement of six Colorado squawfish (fish B, E, G, H, I and K)
and two razorback suckers (fish M and N) radio tagged in 1987. Crosses
along vertical line at RM 171 represent times when: fish were located in:
the lower 2.2 miles of the Gunnison River.

then moved to the Redlands Diversion piﬁﬁgeipoal on the Gunhison River. '
In late-'Septembéror early October, one of ‘these (I)’retﬁfﬁ%&‘td within
one mile of its release site in the ‘15-mile ‘réach and remained in that
vicinity through'June of the followihg year. It then moved about four
miles upstream in early July 1988." We présume that this fish was then

killed by a fisherman bécause' its raked transmitter was fourd on a bank
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above the river, in a location where fishermgn had been previously ob-
served. The other fish that had been in the Gunnison similarly returned
to the 15-mile reach in late October or early November and overwintered
near RM 184.1. 1In mid March 1988 it began making local movements and
appeared tg stay within the reach until the tag failed in late July.

Three squawfish were captured from the Gunnison River and radio-tagged in
mid August 1987; contact was lost with one of the fish immediately and
then with another a month later after it had moved 34 miles downstream.
The third fish moved downstrea@fabout 38 miles during the following month
and stayed in the Black Rocks area until at least mid-November. We re-
gained contact with this fish the following April when it moved back into
the Grand Valley. It remained in the lower 18-mile reach until mid-June
1988 when it then moved up into the 15-mile reach. 1In early July it
traveled downstream to the mouth of the Gunnison River, which at that time
had extremely low flow because of low runoff and heavy irrigation demand;
the fish.then briefly returned to the 15-mile reach in mid-July befor:"
moving back downstream to the Black Rocks area. After somé local movement
in that area, it remained at Black Rocks from mid-September through at

least the end of October.

In 1988, eight squawfish from the 15-mile reach, one from the 18-mile
reach and one from the lower Gunnison River were equipped with radio
transmitters. Contact was lost almost immediately with one fish; another
moved from the 15-mile reach downstream to the Walker Wildlife Area (RM
164.0) at the end of June and either died or lost its transmitter there.
Another fish (T) moved downstream and either died or lost its tag at RM
167.0 after only one month (Fig. 8). One (U) tagged at RM 175.4 on June 1

was located a mile up the Gunnison River the following week; a week later
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Figure 8. Movement of eight Colorado‘squawfish (fish 0, P, Q, R, S, T, U
and V) radlo tagged in 1988. Crosses along vertical line at RM 171 repre-
sent times when Fish were located in the lower 2.2 miles of the Gunnison
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on Juhe 16, it was located for the last time downriver at RM 158 5

ioon

Contact was lost with a fifth fish (V) after it had moved upstream three
miles, two weeks after: being tagged.

We malntalned contact with the other f1ve flsh through at least September.

i SRR

One of these (P) moved from the 15- mlle reach to RM 2 6 on the Gunnison
River in early June. Durlng five days in late June it moved 18 miles
downstream to RM 154.7, Where 1t remalned through July 13 Two weeks

later it was found near the top end of the 15 mile reach It subsequently

moved to the lower end of the reach where it remalned through August. In

I
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mid-September it moved 6.4 miles out of the reach, moved back up to the
lower mile of the Gunnison and then returned to the lower end of the 15-
mile reach before contact was lost in late September. Another fish (S)
tagged in late May at RM 175.0 remained in that vicinity until the last
half of Ju%e when it traveled 20 miles downstream to the lower end of the
18-mile reach (RM 154.7). By late July it had returned to the 15-mile
reach near the point of capture and remained there through September. In
mid-October it was last located downstream at RM 157.7. Another fish (R)
tégged at RM 175.0 in late May/Poved 4.1 miles upstream in late June and
early July and then moved down to the 18-mile reach in late July or early
August. It made local movements within that reach until late September,
when iﬁ moved to a deep pool at RM 168.5; it remained there through at
least early December. The fish (0) captured and tagged at the plunge pool
of the Redlands Diversion Dam moved out of that river in mid-May, was
located at progressively downstream sites within the 18-mile reach and
spent thé end of June near two other radio-tagged fish at RM 154.5. 1In
mid-July it moved to Black Rocks and then to a site near the Utah border
at RM 129.8. It then moved upstream at least as far as RM 162.6 in the
Grand Valley in early August but then moved back aownstream and was last
contacted at Black Rocks in late October. The one fish tagged in the 18-
mile reach (RM 168.2) moved downstream and spent early July near the Utah
border at RM 130.2. In late July it moved back upstream 43 miles to the
lower end of the 15-mile reach. From early September through at least

early December it remained near the mouth of the Gunnison River.

Based on observations made during our recent studies, as well as during
earlier efforts, it appears that individual squawfish have a relatively

limited range during much of the fall-spring period. Many squawfish were
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found concentrated in a few localltles durlng sprlng runoff in the 15 mile

F.reach they would then dlsperse throughout the Grand Valley Much of the
movement between late June and late August may represent migrations to and
from spawn%ng areas; or‘movements“in search of such habitats. The range
of one fish extendedhas;far upstream as the Price Stub ham, while}several
others spent nart of the'year:ln the éunnison Rlver' avfew moved‘out.of
the Grand Valley and traveled downstream as far as RM 130 (Flg 9) "Some
of these movements were no doubt related‘to spawnlng act1v1ty; however,
movement after the spawnlng perlod may serve to dlsperse 1nd1v1duals
thereby m1n1mlz1ng 1ntraspec1flc competltlon Thus the 15- mlle reach is
used by some adult squawflsh year round by others most of the year
except during the spawnlng period. Some useklt as a winteriné‘area only;
others move there prlor to spring runoff and apparently then take advan-

tage of the flooded gravel pltS and large backwaters durlng the hlgh flow

period. . It is also periodically used durlng the spawnlng season by some

OISy L St

adults from downstream reaches.

Razorback Sucker.
In 1986, the s1ng1e razorback sucker that was tracked left the 15 mlle
reach within one Week after release and spent the remalnder of the year in
a side channel near WWA (Flg 6). Contact w1th thls razorback was 1ost
durlng May and June, 1987 when the flsh may have moved to a spawnlng
site It was later 1ocated downstream (RM 158 8), but then moved up to a
deep pool at RM 168.5 where 1t remained untll at 1east the beglnnlng of
April 1988. It was next located in the 15-mile reach near the 1986 point

of capture., However, 'in mid May ‘it moved upstream to RM:180.0. In late

~ May it moved downstream but stayed within the 15-mile reach through the
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end of June. On 7 July it was back in the dgep pool at RM 168.5 in the
18-mile reach. It stayed in this pool until the end of September when it
moved a few miles upstream;.it femaiﬁed there\through the en@ of October
when the tag failed. Another razorback, captured from the 15-mile reach
(RM 178.3)#énd tagged in early June 1987, was located in early July down-
stfeam at RM 166.6, where it remained through September of that year (Fig.
7). A third razorback, tagged 2.8 miles downstream from the 15-mile reach
on 19 May 1§é7;‘wasilocated iﬁ the 15-mile reach (RM 175.1) oﬁ 8 June.
This fish was later found downs;ream stranded in an isolated pond near the
point of réleaseﬁ We captureh the fish and refurned it to the ?iver. It
remained within ﬁalf a mile of the release site ffom.then untgl:the tag
failed at the end of‘ﬁéy i988. |

Larval  and Young-onthe-Year Collections
“Colorado Squawfish

1086 ‘ | ' K

No Colorado squawfish larvae were found within the 15-mile reéch in 1986.
Eight squawfish larvae were collected from the downstream 18-mile reach;
five were froﬁ a backwatervnéar WWA (RM 158.1) and three were from a
banwater near the Fruita Bridge, 5.6 miles downstream (Fig. 10). In
addition, one squawfish 1ér;a was found in shoreline habitat in‘the Gunni -
son River; 0.4 miles below thelRedlands Diversion bam. The‘average number
of squawfish larvae pér sample for the lé%ﬁile réach was 6.14; for the
lower Gunnison, 0.13 (Fig. 11). Esfi;ated spawning dates calculated from
these larvae were between 26 July and 5 August (Appendix; Table 5).

Maximum-daily, main-channel temperatures at this time were 19-21 C; mini-
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Figure 11. Catch tates of larval Colorado squawfish for the 18+«mile and
lower-Gunnison reaches, and young-of-the-year (YOY) for the 18 mile reach
during 1986, 1987 and 1988

mum-daily, 17-18 C. Though river tempeteturee’at Palisade»(lS-mile reach)
were slightly less than at WWA (lower 18-mile reath) dﬁring June and part
of July, mean;daily“temperatures at the tye:sites‘Were very similar during
the estimated spawning‘ﬁeriod and»for,the‘rema{ﬁder ef‘the ée;son (Fig.
12). Thus temperatures suitable7f6;tspawning'of Colotadoqsquawfisﬁ oc-

curred in the 15-mile reach during 1986.

No YOY Colorado squéﬁfish‘ﬁere collected from the 15-mile reach in late
September. However, one 105-mm-1ong (yearling-size) squawfish was seined
from the 15 mile reach, from a backwater at RM 174 5 thls is the same

‘area where adult squawfish were most frequently found A‘total“of 29 Yoy

squawflsh was collected from the adgacent 18-mile reach ‘Ihese‘wefe
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Figure 12. Main-channel temperatures at Palisade (RM 183.2) and Walker
Wildlife Area (RM 164.8) on the Colorado River, 2 May - 30 October 1986.
Daily-mean temperatures given for each site are mean values for data
recorded by two Peabody Ryan thermographs at each site. Data from six
daily readings were first averaged for each thermograph for-a daily mean,
and the daily means for the two thermographs were then averaged.

distributed among four of seven backwaters sampled; all four were down-

stream from the most upstream collection site for larval Colorado squaw-

"fish (RM 163.7; Fig. 10). Mean catch per effort of Colorado squawfish YOY

within the 18-mile reach was 4.02/100 m? (SD = 7.87; Fig. 11 and Appendix;
Table 6). Mean total length of these fish was 24.7 mm (SD = 3.14); range
in length was 19-33 mm (Appendix; Table 7). Assuming they hatched at
approximately the same time as the previously collected larvae, age at

time of collection was 53-63 days.
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1987
No squawfish larvae‘wére foﬁnd wiﬁhin éheAIS-mile reach in 1987, noxr were
any collected from the lower Gunnison River. Only one larval squawfish
was collected, and this was from the lower 18-mile reach, fromﬁa shoreline
habitat ong.mile downstream frbm WWA (RM 162.7; Fig. 10). The meéﬁﬁnumber
of squawfish larvae per sample ff&m the 18-mile reach was 0.02 (Fig. 11).
Spawning date, estimated from this ohe 1aﬁva, Qas'ﬁ Juiy,JéboutWOne>month
v ‘ ;

earlier than the estimated spawning daﬁes %6r¥1986 (Appendix;HTablé 5).
Main-channel}temperatures warmed earlier‘in 1987 (Fig;f13), aﬁﬁ were
similar to tﬁﬁse during the estimated spawning periodfiq?1986§‘tﬁe"ﬁinimum

,and maximum temperatures on 4 July.were 17 and 21 C, re;ﬁectively.

"No YOY squawfish were .collected from the 15-mile reach in 1987. ' However,
a total of 13 YOY was collected from two of eight backwaters sampled in
the lower 18-mile reach, The\more upstream of the two backwaters that
yielded YOY was 0.5 miles downstream from the}collection site of the larva
found in Augustk(Fig.:IO);y Mean caﬁch per efforf of fOY sqﬁéwfisb for‘fhe
reach Wasx2.75/100 m? (SD ¥R9.34; Fig;”il=and Appendix; Table 8)." Mean
total length of these fish was 27.0 mm (SD = 5.9); range in length was 20-

39 mm (Appendix; Table 7).

. 1988

. No }arval'sqgawfish were found in the 15-mile reach or lower Gunnison
River during 1988. One specimen collected from the 1l8-mile reach was
tentatively identified as a Colorado squawfish by the Larval Fish Labora-
tory. It was collected from a shoreline habitat at RM 158.2 (Fig. 10).
The mean number of squawfish larvae per sample for the 18:mile: reach was

0.02 (Fig. 11). Estimated spawning date, based on this one larva, was &

66



25

| ) 1986
! T 20
£ /\/\/ \r\
M |
| E W V\
| R A
| T o ’
9]
] ST J
J sl .
s MAY JUN _JUL  AUG SER _QCGT
| j\ | 1987
. T 20
'f 5 /V\/\/ \/V\/
; M
! P
| c ~ \\
? A 15 AV A
| ]
| A
E M
. C E—
’ - o U
.
\ 5 I -
| ' ps— MAY _JUN ' JUl AUG  SEP QCT
) /\/,\/N\,\ /\/\ 1988
] 20
: ¢ N
M
| £
R A A
; a i
R P\V
‘; g
. C 10
- 5 |
MAY ' JUN = JUL = AUG = SEP = OCT

Figure 13. Mean-daily, main-channel temperatures at Walker Wildlife Area
(RM 164.8) during 1986, 1987 and 1988. Means are from six daily tempera-
ture readings recorded by Peabody Ryan thermographs.

67



July (Appendix; Table 5). The minimum and maximum temperatures on 4 July

were 18.5 and 20.5 C, respectively.

Only one YOY Colorado squawfish was collected dufing late September 1988.
This was from the 18-miléareach at RM 162.8 (Fig. 10); total length was 32
mm. .Mean catch per effort for the 18-mile reach was 10.12/100 m2 (SD =

0.45; Fig. 11 and Appendix; Table 9.
Razorback Sucker

Because identification technigies have not yet been developed, no larval
or YOY razorback suckers have been identified in samples collected from
the 15-milévreéch during thiéystudy. However, the Larval Fish Laboratory
at Colorado State University is currently developing fechniques to distin-

guish between the early life stages of sucker species found in the upper

Colorado River. Our samples await development of these techniques.
Other Species

General

At leést 16 other fish species inhabitat the rearing areas of larval and
YOY Colorado squawfish in the Grand Valley. Little is known regarding the
positive or negative effects these fiShrmay have on the early life stages
of Colorado squawfish. However, for young gquawfish, the interactions
among the fishes of this diverse fish commﬁni£y, of which they are a part,
no doubt greatly influences their survival during the critical first year

of life.

Because of the variable nature of Colorado River flows within and among

years, ‘the fish communities of backwaters are not stable over time (Fig.
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14). Each species has its own specific set Pf conditions, both physical
and biotic, which are optimal for.growth and survival. Some years afford
conditions which are well suited for some species, but not for others.
Also, within a given year, a species may do better in one reach than in
another beéause of differences in physical or hydrological characterisics
between the two reaches. In addition, a species may do poorly during a
year of otherwise good physical-habitat conditions if it is negatively

affected by another species that is particularly abundant.

Six species comprised the majority of fish collected from habitats sampled
for young squawfish (Fig. 14 and Apéendix: Tables 6, 8, 9 and 10). Three
were native species: roundtail chub (Gila robusta), bluehead sucker
(Catostomus discobolus) and speckled dace (Rhynichthys osculus); three
were introduced species: fathead minnow (Pimephales promelas), sand shiner
(Notropis stramineus) and red shiner (N. lutrensis). Without speculating
on the causal factors involved, we report here the changes in abundance of

these six species during the three years of study.

Roundtail chub, bluehead sucker and speckled dace occupy backwater and
other low-velocity, shallow habitats during their early life stages, but
as adults they largely occupy main-channel habitats, much like Colorado
squawfish. However, several other Colorado River fishes, common in the
main channel as adults, apparently do not rely extensively on backwater
habitat§ for the rearing of young, as relatively few are detected during
larval or YOY sampling. These species include flannelmouth sucker (Catos-
tomus latipinis), common carp (Cyprinus carpio) and channel catfish

(Ictaluras punctatus). The three abundant introduced species, fathead
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minnow, sand shiner and red shiner, however, occur in backwaters as both

young and adults.

Native fishes

Young of two of the three common native species declined in numbers over
the-three years of study; young roundtail chub were the exception. Larvae
of roundtail chub were more abundant in all reaches during 1987 than in
1986 or 1988 (Fig. 15). Roundtail chub larvae were particularly abundant
in the lower Gunnison reach during 1987. However, catch rates for YOY in
late September, though high in the 18-mile reach, wereilow in the 15-mile
reach that year. 1In 1988, we saw tﬁe opposite trend: compared to the 15;‘

mile reach, almost no YOY roundtail chub were collected in the 18-mile

reach.

Young of bluehead sucker declined from 1986 to 1988 (Fig. 16). There were
more larvae and YOY captured in all three reaches during 1986 than during
1987 or 1988. YOY were particularly abundant during 1986 in the 15-m;1e
reach. The &ery low number of larvae collected from the lower Gunnison in
1988 might have resulted from the extremely low flows in the reach during
July and August of that year. Though numbers of larvae collected from the
15-mile and 18-mile reaches were somewhat lower during 1987 and 1988 than
during 1986, YOY were dramatically lower. This suggests that reproductive
success, as measured by larval abundance, cannot be used to predict later
abundance of YOY. Survival from the larval stage in July to the YOY stage
in late September may be extremely limited during some years. Alterna-

tively, these data might indicate that these young fish disperse into the

main channel earlier in some years, before fall sampling occurs.
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Speckled dace numbers declined over the three years of study (Fig. 17).
There were slight declines in larval abundance in the 15-mile and 18-mile
“reaches, and a large decline in 1988 in‘the lower Gunnison. Deciines in
YOY. abundance were mﬁch more‘prdnounced; however; densities measured
during 198; and 1988 were appreciably less than they were in 1986. No YOY
speckled dace were detected in Eaékwaters of the 15-mile reach dﬁring
1987, and almost none were found in both the 15-mile and 18-mile réaches

in 1988,

Introduced Fishes

In general,; the three common:infroduced Spéciés increased in abundance
1over the three-year period of stﬁdy, parficularly in the 18-mile rgach.
The increase in all reaches in i988 was dramatic (Fig. 14). Also, for a
given species, trends in YOY abundance of the introduced speciesuﬁqre
neafly reflected trends of larvéi ébundénce than they did for the ﬁhree

native species discussed above.

Numbers of larval sand shiners incieased steadily over the"three years and
were particularly high in all three reaches in 1988 (Fig. 18). Uniike
larval bluehead sucker and speckled dace, which became scarce during the
period of extremely low flow in the lower Gunnison in 1988, larval sand
shiners apparently did quite well. Thqqgh thefe was a decline in YOY
abundance from 1986 to 1987 in the 15-mile reach, their numbers greatly
increased there in l988.h '

®

0f all the species, fathead minnows displayed the most dramatic increase
in numbers (Fig. 14). They increased in all reaches over the 3-yr period,
with the exception of a decrease in YOY in the 15-mile reach from 1986 to

1987, much like sand shiners (Fig. 19). 1In all years, larvae were most

74



25

20

SPECKLED DACE
15-MILE REACH

LARVAE

mroT»0 MY IMOICZ Z>mI

25

20

SPECKLED DACE
18-MILE REACH:"

LARVAE

meEoT>»e0 MY IMEOICZ ZX>»mI

25

1086

1987

1988

MroT>@ IMT IMOXTCZ Z>MI

Figure 17.

dace in the 15-mile, 18-mile and lower Gunnison reaches during 1986, 1987

and 1988.

215

SPECKLED DACE
LOWER GUNNISON

LARVAE .

17

1987

1988

£ 00w ©00a IMY IDMITCT Z>MET

£ O 00O~ YMUYU DMOLCZ Z»MEK

SPECKLED DACE

15-MILE REACH

YOY

0.38

1986 1987

1988

SPECKLED DACE

18-MILE REACH

22.1 YOY
221
I 0z
1987 1988

Catch rates of larval and young-of-the-year (YOY) speckled

75




15

u 30 e
M SAND SHINER E SAND SHINER
A 16-MILE REACH N 16-MILE REACH
N LARVAE 0 Yoy
U q9 . M 200
M ¥ g
2 R
R P
£ R
R 1 100
3 8
lpfl g 30.4
L
s
1986 1987 " 1988
18 - EYES M 300 ————
M SAND SHINER E SAND SHINER
A 18-MILE REACH N 18-MILE REACH
N LARVAE N YOY
g 10 E 200
£ R
; ;
E R
R ¢ , 100
8 3.7 Q 7ne2
& 0 4538
8
e e
. o] T o T ,
1886 1987 1188 1986 1987, 1988
15
M SAND SHINER
A LOWER GUNNISON
N LARVAE v
U 10
M
B
E
R
P
E
R g
8
A
M
P
L
E 04
Q 3
1986
Figure 18. Catch rates of larval and young-of-the-year (YOY) sand shinets
in the 15-mile; 18-mile and lower Gunnison reaches during 1986, 1987 and’

1988.

76



25

M FATHEAD MINNOW g 1500
E 15-MILE REACH N FATHEAD MINNOW
N 20 C N 15-MILE REACH
y ARVAE i Yoy
M s 2 1000
g R
; :
E 10 R
R 1 500
3 | 3
uos A4 s 208.5
P Q
S O
oL rm— - Mo
1988 1987 1986 1987 1988
25 .
M FATHEAD MINNOW £ 1500
€ 18-MILE REACH A FATHEAD MINNOW
N 20 L ARVAE N 18-MILE REACH
g »:4 Yoy
1000
£ - '
R B 7025
E 10 R
R 3 so0
i 4.5 o
M 5
P 8
L Q 77.8
gl Mo L IR
1988 1987 1988 1986 1987 1988
25
g FATHEAD MINNOW
ﬁ LOWER GUNNISON
20
N LARVAE .
]
v
B 15
E
R
P 07
E 10 _
R
8
M oS —
P
L
E 0.3 0.4
] T T s
1986 1987 1988

Figure 19. Catch rates of larval and young-of-the-year (YO0Y) fathead
minnows in the 15-mile, 18-mile and lower Gunnison reaches during 1986,

1987 and 1988.

77



abundant in the 18-mile reach. Though catch rates varied between reaches,
the relative increases in larvae over the three years were similar between
the 15-mile and 18-mile reachéél Numbers of larval fathead minnowé, like

sand shine£s, inéreased éubstgﬁtially in the lower Gunnison in 1988.

Increases in YOY were particularly pronounced in the 15-mile and 18-mile

- reaches in 1988.

Red shiners also displgyed a‘génefal increase in abundancglover the three
years of study (Fig. 20). LarY?e were relatively scarce in all reaches
during 1986, but in 1987 andL1988, numbers were subStanfially highér. The
most pronounced’increase in numbers of larvae was in 1988 in the ls-mile
reach. Though larvae increased’in abundance in the 15-mile reach from
1986 to 1987, YOY declined, a trend very similar to that of sand shiners
and fathead minnows. In 1988, however, persistence to late Septemger (YOY
abundance) was high. YOY in the 18-mile reach showed a steady increase
over theAthree years, much as larvae did.

AN

The abundance of early life stages of most of the native and introauced
fishes discussed above, including Colorado squawfish, showed either a
positive or negative trend during the three-year period of study. In
general, native species decreased in abundancgﬁwhile introduced spécies
increased. We do not know whether this alarming trend will continue or
whether these changes are short-term and related to the flow conditions of
these particular years. ' Peak sptring flows énd summey flows"progfeégively
decreasé& bet&een 1986 and 1988:‘1986 Was\a felaéiveiy Qet‘yeér, 1987”Was
an average-flow year and 1988 was a low-flow year. Additional analyses
and additional data will be required before the relationship between flows

and abundance of young in backwaters is understood.
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Spawning of Endangered Fishes

Colorado Squawfish

I

X , ‘ .
When spring flood waters subside and the water warms, squawfish begin to
exhibit their most extensivé“mOVements. Much of the movement exhibited
between late June and late Auguét may represent migrations to and from

spawning areas, orf movements in search of such habitats.”

In 1982, 1983, 1984, 1985 and 1988, one or more squawfish, tagged else-

where, moved into the 15-mile reaéh during the spawning season and subse-

bquently departed the area. ‘In 1982, five radio-tagged Colorado squawfish
were 1ocated in a pool in the 1é-mile reach at RM 178.3 during 12-f9 July.
Sampling of this pool with nets yielded nine adult squawfish in 6r'hear
spawning condition. Al;hpugh'subsequent floods (1983 and 1984)rapprecia-
bly changed the habitat there, three other radio-tagged squawfish were

located very near that same site on 21 July 1987. However, onlﬁ oﬂe of

.

these three fish remained in the reach during the entire spawning period.

The estimated ages of larvae collected in fall enable us to estimape the
dates of spawning activity for each year. In turn, interpretation?of
radio-telemetry data is aided by our knowing when spawning}bccufred; this
allows us to distinguish which movements were most likely migrations to
‘and from spawning sites.. L G L

IR

In 1986, spawning in the Grand Valley was estimated, based on the 1engfh
of the larval fishes collected, to have occurred between 26 July and 5
August. Only one larva was collected in 1987 and one in 1988; in both

cases spawning was estimated to have occurred on 4 July. A 20-day period

'
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encompassing this date (24 June to 14 July) is assumed to be a reasonable
estimate of the spéwning period in the Grand Valley during these two

years. Movements related to spawning were distinguished based on a care-
ful examingtion of fish locations prior to, during, and subsequent to the

estimated spawning periods.

One of five squawfish radio-tagged in 1986 apparently stayed within the
15-mile reach during the estimated spawning period, and another moved
above the reach to the base of the Price Stub Dam. Three others had moved

downstream from the reach pr{or to the period: two to the Gunnison River,

and a third to the Walker area.

In 1987, three of seven radio-tagged squawfish apparently stayed within
the reach during the entire spawning period. Tﬁree tagged fish moved .
downstream and out of the reach during or just prior to the spawning
period and were located outside the reach during the spawning period; -a
fourth fish may have moved to the Gunnison during the end of the period
but was not found there until after the estimated period wés over. - If all
of these fish spawned, four of them probably did so inside the reach, two
outside; the seventh fish, having moved in and out on two separate occa-
sions during fhe estimated spawning period, may have spawned either in or
out of the reach. Inte%estingly, both of the fish that stayed within or
moved above the reach during the spawning season in 1986 moved downstream
and out of the reach during the 1987 spawning period. One was located at
the base of the Redlands Diversion Dam (GU RM 3.0), and the other near the
Utah state line (CO RM 130.1). Both of these fish returned to the 15-mile

reach during or shortly after the estimated spawning period. Another

1986-tagged squawfiéh that had moved to and returned from the Gunnison
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River in 1986,. moved instéad, in 1987, to the Walker area (RM 163.7)
during the spawning period and returned shortly thereafter.

In 1988, five of nine squawfish present in the 15-mile reach during spring

v

definitelyﬁﬁévéd oﬁt ﬁrior to or during“the eétimated spawning period, and
were located in downstream reaches. The other four Weré missing for 1;3
weeks during this period, though were not located elséwhere.  Of three’
‘fish outside the reach in spring, one moved in and stayed there through
most. of the spawning period (th9ugh it did make omne brief foray to the:

lower end of thé,Gunnison“ddring this time); the other two moved down-

stream rather than into the 15-mile reach: - i

Despite the presence of adult squawfish in the 15-mile reach during the
spawning seasons of 1986, 1987 and 1988, successful reproduction may‘have
not occurred there then. No larvae were collected there during our inten-
sive sampling program. Only two larval (< 25 mm TL) and no young-of-year-
'size (25-60 mm TL) squawfish have been collected from the teach since’

. 1982. Larval Colorado squawfish were collected only during 1982, the year
when the aggregation of adult squawfish occurred in mid-July at RM 178.3
in the 15-mile reach. However, in 1986 a 105-mm-long (yearling size)
squawfish was seined from a Backwater at RM 174.5:. .Colorado squawfish
larvae -and.YOY were collected 6-8 miles downstream from the 15-mile reach
. (in the lower 18-mile’ study reach) in 1986 and 1987, as well as in 1983,
1984 and 1985. In ‘these years, some (1-23) larvae were collected between
RM 162.7 and 164.8 (Walker Wildlife Area), as well as from other sites
downstream, In 1988, one larva was collected from the lower 18-mile reéach
but downstream of the Walker Area.. Although it is' pessible that these

larvae drifted down from the 15-mile reach, it seems unusual that none was
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collected from the 15-mile reach itself. This might imply that downstream
movement of larval Colorado squawfish from the 15-mile reach, if it oc-
curs, is accomplished rapidly and essentially simultaneously by all lar-
vae. Intggéstingly, the only year when larvae were collected from the 15-
mile reach (1982) was also the only year they were not collected from the
lower 18-mile reach. Perhaps the best explanation is that detectable
spawning activity in the 15-mile reach occurs only during infrequent
years; limited spawning activity may occur more frequently but the result-

ing larvae are so few that they are not detected by our sampling efforts.

In 1986, the first year that we sampled the lower Gu;nison for larval
fishes, one larval Colorado squawfish was found immediately do&nstream
from the Redlands Diversion plunge pool (Fig. 10), suggesting that spawn-
ing may occur there. It is possible, however, that this larva drifted
downstream from the reach of the Gunnison above the dam, where adult
squawfigh also occur. The movement of radio-tagged Colorado squawfish to
the Redlands Diversion plunge pool described earlier may be associated
with spawning in this Gunnison reach, or perhaps with attempts to reach
spawning areas above the diversion dam. Alternativeiy; movements of some
fish to this pool and to the pool below the Price Stub dam, especially
movements well after the spawning period, may indicate that dam plunge
pools are good feeding and resting habitat sought by Colorado squawfish
during low summer flows. No larvae were found in the lower Gunnison in
1987 or 1988. 1If spawning occurs in the lower Gunnison, it may,‘as may be
the case in the 15-mile reach, occur in detectable levels only during
infrequent years.. It may be that Colorado squawfish spawn at various

sites within the Grand Valley; the sites selected might depend on condi-

83



tions that vary from year to year. Perhaps individuals return to areas
where they spawned before, and, if conditions are no 1onger suitable the

fish seek alternate 31tes

Catch rateg of larval Colorado squawfish indicate that 1986 was a consid-
erahly better year for squawfish reproduction in the Grand Valley than'was
1987 or 1988 (Fig. 11). T PR .o

o

Razorback Sucker

Because razorback sucker are §6 rare and our data on radio-tdgged razor-

backs is relatively limited, it is difficult to draw definitive conclu-

sions about their movement patterns Razorbacks spawn in the Grand Valley

area in May and June, the precise period belng determined by Water temper-
ature,‘and perhaps photoperlod or other environmental variables A rlpe
razorback captured Wlthln the 15 mlle reach on 3 June 1986 and given a
radio tag at that tlme spent‘the remalnder of the year at a locatlon lO 7

miles downstream. Another razorback captured in the 15-mile reach on 11

L=

June 1987 31m11arly spent the remainder of the year at a locat10n112 miles
downstream (RM 166 5) A third razorback tagged on 19 May at RM 168 2
(2.8 miles below the 15-mile reach) was located on 8 June in the 15- mlle
reach, seven mlles’upstream from 1ts‘point of release .The fish subse_

quently returned to the v1c1n1ty of 1ts release s1te However the fol-

“u

1ow1ng year it apparently d1d not move to the 15 m11e reach durlng the

S .. PRARLS TS b

»

suspected spawnlng season as it dld in 1987 These results suggest that

"

razorback suckers may sometimes move to areas within the 15—mi1e reach to

Ki

spawn, then return to feeding and resting areas of relatively small size

I

for the remainder of the year.
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The two razorback suckers captured from the 15-mile reach in spring 1986
were in spawning condition when caught. One was a female captured on 3
June; she had very ripe eggs that could be expressed when slight external
pressure was applied. The other was a male captﬁred eight days later,
about 30 o from the site of the female; he had thin milt expressable with

slight pressure.

No young or juvenile razorback sucker has been cpllected from the Grand
Valley area during our investigations. However, as mentioned before,
larval razorbacks are difficult to distinguish from the larvae of the -
other sucker species of the upper Cblorado River and it is possible that
some may have been collected but not identified as such. Two long-time
residents who live along the 15-mile reach near Clifton report that
"humpback" (razorback) suckers were plentiful there through at least the
early 1940's (Glen Humphreys and Raymond Lurvey, personal communication).
They report that during spring runoff periods in the 1930's and early‘m
1940's, several thousand razorbacks used a flooded pasture near their
homes at RM 175.6, ostensibly to spawn. Thus, a sizable p;pulation of
adult razorbacks formerly existed in the area and the 15-mile reach may
have included important spawning habitat. In 1945, the pasture that had
been used by razorbacks was diked, filled in, and converted to an orchard.
Whether this particular site was unique to the area or was one of many

such habitats is unknown.

During the 1979-88 studies, 50 of the 57 razorbacks (88%) captured in the
Grand Valley were caught from flooded gravel-pit ponds: Walker Wildlife
Area (RM 163.6), Connected Lakes (RM 167.8) and Clifton Pond (RM 177.8).

McAda (1977) captured 43 razorbacks from the Walker Wildlife Area during
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1974-1976 and he believed razérbacks spawned there in 1975. We captured a
ripe female from WWA on 16 June 1982. . Eighteeén razorbacks have been
captured from Clifton Pond, a gravel:pit pond connected to the river in
the 15-mile reach. One of these fish.was a ripe malé captured on 9 June
1982, Spring floods of 1983 and 1984 dramatically altered thé Golorado
River channel in many areas of the Grand Valley. The three gravel-pit’

ponds from which razorbacks had been routlnely caught were washed out, or
made 1nacces51b1e to fish from the river because of sediment dep051t10n or

subsequent dlklng The two rlpe razorbacks radlo tagged in the 15 mlle

r

reach (RM 174 4) durlng 1986 were captured from a small gravel pit pond

Both had been caught prev1ously, the female, from Cllfton Pond in June
1980; the male from a gravel p1t at RM 175 3 in June 1981

Habitat Use

"Adult Colorado Squawfish . ; o

PN

Habitat Type

Although a varlety of habltat‘types is used durlng each month some sea-
sonal trends in habltat use are apparent Exten51ve’use of runs,‘the most
common riverine habitat type occurs throughout the year, but run use
increases and decreases‘as other habltat’types become seasonally lmportant

i

(Flgs 21 and 22) ‘ A relatlvely constant“pattern of habltat use occurs
during the winter months of November-February (Flg 21) | In November,
water temperature drops dramatically; at the same time; flows increase as
the irrigation season ends. During winter, fish movement is restricted’ to

localized areas.. Pool habitat is most frequently' used, -followed by low-

velocity rums. During January, ice forms over the low-velbcity areas, and
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Figure 21. Frequency of habitat type at locations of radio-tagged Colora-
do squawfish, by month. Data were collected during 1986, 1987 and 1988 in
the Grand Valley, Colorado. N = number of observations; n = number of
different squawfish. Habitat codes: GP = gravel pit; BA = backwater;
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87



ik

) 1)
(e} °llL < © | < M~ - <
o &~ e > g R & Z oo x
1” a " AMM oA U n
3§ n a ) (o] po— p = n o s — llnu n —
=z . - @ = F & zZ 0@
@Q o N
) P of
3 2 & 2 ® 3
~ o .
x i x ¢ x:
@ 2} o ] 5
N 2]
- - (o] o]
@ 4 2 2
n.u. o 2‘ HD [=%
< a N ] w
A <
[ S
® 3 @ = m.
o
) d
d a ] a a.
MY K i « - o a;
Y ~r ~r T 1 Y *y - T T 1 T “y T
o o ) o ) Q o o o ) ) ) o
+e] © < o (i © ~ o~ [*e] © ~
LEwoDWzO> LOWoDWZO> R LEWODWZO> R
o - ~ RN
| o o
< © | < L <
Zlao L m o z x | Yo z
AH n " N EW n - Aﬁ "
) c c- 0
- Z ol = , z oll - 2] xc —
|z - & =
Q 0 <
< ~ © )
3 2 5 2 2 2
ollx oll x L
7] ] 73
@ v e
< o -
¢ 2 z 2 8 2
N~ a Q o U Q
~ w - w -~ ul
i < © o
Pl - Q &, I -
o]l a Of [a
g S
Y “r “y T 1 Y = ~r ¢ 1 Y “r “y “y 1
o o o o o o Q o o o o o o o o
@ © ~ ™~ (¢} © Lo o~ [ie] Lo} - o

U CWoOWZO>

LTWoDWZO> R

UEWODWZO> R

Continued.

Figure 21.

!

88



|
—

o =

70+
619
POOLS
601
F F
R - R i
E E 80
a Q
u ¥ z. U 404
; i -1 [ ; o | i ELRE
C — B — R . ; C
nn: N N-N0: A . 201
V . - ) ! - 101 »
S ) s ) - : v . 3 ; - ) Vs ] L7 o -
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
N-28 N=22 N=28 N=23 N-48 N-87 N-02 N-03 N-GE8 N-20 N<18 N-21 N=28 N=22 N=28 N-=23 N-48 N-§7 Ne82 N-63 N-I8 N+-20 N«18 N-21
n-8 n=8 n-s n=7 a=13 n=21 n-14 nA=14 -0 =0 n-8 neg n-g n-e n-8 n=7 n=13 n=21 n=14 n=14 n=10 @ o8B n=8
70 70
GRAVEL PITS GRAVEL PITS MM rirrLes Y AAPIDS RIFFLES
60 - |l BACKWATERS 54.3 680 }
F AND F AND
R \ R
60 - 50
E BACKWATERS E RAPIDS
U 404 - U 404
R | N
304 B { . p
C = c¥
Y Y
20 201 .3 132
* =1 | = %
107 ™ FE o . 3 L 104 6.4
: z M - : u
’ g ? T v ) T T T T T e T
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
N-28 N-22 N=28 N-23 N~48 N-87 N-62 Ni63 N-38 N-20 N=16 N«21 N=28 N-22 N-28 N-23 Ne46 N-87 N~82 N-03 N-38 N-20 N-18 N-21
n-g n-a n=-a 07 n=13 0=21 n=14 n=14 010 N8 N8 08 - n-4 nee n-e a7 n=13 n=21 n=14 n=14 010 n-Q n~9 a8

Figure 22; Frequency of Colorado squawfish use of selected habitat types,
by month. Data were collected in the Grand Valley, Colorado during 1986,

1987 and . 1988. N = number of observations; n = number of different squaw-
fish.

A

squawfish are often located under the ice. Ice-out is usually in early
February. March is a transition month between winter and spring habitat-
use patterns. .Water begins to warm, but flows have not yet increased; the
use of pbols begins to drop and the use of runs increases. Flows are
reduced in early April when the irrigation season begins. During late
April to early May a spring-runoff period begins and lasts through early
July. As flows increase in late April, there is a substantial increase in
the use of backwaters. In May and June, flows increase dramatically and

riverside gravel pits become flooded; many squawfish then move into these

protected off-chanmel habitats. The yearly use of gravel pits and back-
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waters reaches a peak at this time (Fig. 22). A pattern of summer habitat
use §ccurs from July through September. Fiows decrease and c¢can becomég
quite low, particularly in the 15-mile reach. Water is warm during this
period and fish metabolism is therefore at its peak. Runs are bredomi;
nately used and some use of riffles and rapids occurs (Fig. 22). October
1s a transition period between summer'and winter; flows are still 10; and

water temperatures drop. Though fish predominately use runs, the use of

pools increases (Fig. 21).

Depth ) g
| i [

Depths at locations of radio-tégged'squawfish varied seasonally. Sh??low
sites (< 3 ft deep) were used in all months except November and Decemb;;;
the highest frequency of shallow-water use was during April, May‘and
August (Fig. 23). 7Use of deep water (2‘4.5'ft) was greétest‘dufing winter
from November to January. Deep water began to dectease in use 'in Februgry
and was little used dﬁring‘April and May.:: Théugh flowé decreased from W
July through October, use of deep water increased. Mean depth perhaés

A

best illustrates the seasonal trend (see Fig. 24).

'

Velocity
Mean Watéf-coihhnfveloéitj”measured at sites of radio-telemgferédkééﬁéw;
fish was low (< 0.35 ft/sec) over 50% of the time dﬁfing all ﬁbnﬁﬁs except
for the Jdly=OctoBer period"(Figi'ZS).‘ Tﬁié féflects the high ﬁse éf‘ |
‘Zéfo- to"low-VEIOCify‘pObls‘dufing Novembef;Feruarj; and thgﬁﬁigﬁ uéédbf
zero-velocity backwaters and gravéi piés dufing thé'Apfil:Jﬁné ﬁéribd.
Conversely, use of relatively swift-water aréas > 1.0'ft/séé)>was at its
peak'during‘JulyaSéptember, reflectihg tﬁe’high useAbf runs, riffles:and

rapids during this time. Elevated fish metabolism due to warm water
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Figure 23.
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Frequency of depths at locations of radio-tagged Colorado

squawfish, by month. Data were collected during 1986, 1987 and 1988 in
the Grand Valley, Colorado and pooled by one of five depth categories.
N = number of observations; n = number of different squawfish.

Figure 24.

—4mmTm Z—~ I-OmMg Z»mT

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
N=24 N=22 N=26 N=23 N=36 N=73 N=57 N=52 N=32 N=20 N=15 N=21
n=8 n=8 n=g n=7 n=18 n=20 n=13 n=12 n=10 n=9 ne7 n«8

Mean depth-at locations of radio-tagged Colorado squawfish, by

month. Data were collected during 1986, 1987 and 1988 in the Grand

Valley, Colorado. N = number of observatlons n = number of different
squawfish.
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temperature§ aliows greater use of high-velocity areas. However, we were
surprised by the high frequency of use of relatively fast water areas,
especially during the colder months; consequently, in September 1988 we
began measuring the bottom velocity (0.1 ft from the‘bottom) in addition
to the meaﬁ'column velocity. We found that in all cases, bottom velocity
was less than mean column velocity--in most cases, substantially so.
Because we did not know the position in the water column thét a radiote-
lemetered fish actually occupied, currents that the fish maintained itself
in might have been considerably less strong than indicated by mean column
‘ .
velocity, especially if the fish wa§ at or near the bottom. From Septem-
ber through December 1988, velocities at the bottom were £ 0.35 ft/sec 77%

of the time and < 0.5 ft/sec 94% of the time (n = 35 locations).

Substrate

Substrate type is closely correlated with water velocity. Where water is
swift, sediments are carried away leaving larger substrate particles
behind. In swift-water areas, rubble, boulder or bedrock are‘the likely
substrate types. At low-velocity sites, deposition occufs; leaving a sand
or silt substrate. Thus, the frequency distribution for substrate type at
squawfish locations resembles the seasonal trend for velocity in these
areas (Figs. 25 and 26). It is unclear whether substrate is a key factor
in site selection by Colorado squawfish or a relatively unimportant varia-
ble affected by the velocity at the site. In some cases, large stones
such as those in rubble or‘bbulder‘substrates may allow use of an other-
wise swift portion of river by slowing velocity along the bottom and

creating sheltered microhabitats.
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Figure 25. Frequency of mean column velocity (in cubic feet per second)
at locations of radio-tagged Colorado squawfish, by month. Data were
collected during 1986, 1987 and 1988 in the Grand Valley, Colorado and -

pooled by one of four velocity categories.
n = number of different squawfish.
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A better k;oﬁledge of the feeding éctivity of squawfish is needed before
ﬁhe factors involved in site selection can be sorted out. It is not known
how squawfish divide their time between resting and pursuing prey, or
whether thgy do both simultaneously (ambush strategy). One hypothesis for
the occurrence of various substrate types at squawfish locations might be
that during colder months, metabolic demands and feeding are reduced and
more time is spent in low-velocity areas to rest--areas where silt tends
to deposit. During warmer months, feeding activity increases causing
squawfish towépeﬁd é large p:§p6rtion of their time in rocky areas where
prey fish like bluehead éucker afé in greatest abundance. The unseasona-
‘bly high occurrence of silt substrate in May and June is explained. by the
overriding att;aétion of Warm,béékwateré;;ndlfloodéd gfavel éifs ‘dufinéi

fhis time (Fig.'ZZ‘gnd 26).

‘l " i A
" Adult Razorback Sucker

General
We collected data from four radio-tagged razorback suckers during 1986-
1988. One fish was tracked through all three years and provided 68-71% of

the habitat-use data. From one to four different fish provided a total of

three to 15 observations per month. Unfortunately, more observations per

month from more individuals are needed before we can draw conclusions
about habitat-use patterns with any degree of confidence.. Judging from
our frequencyFof-use'data'for Colorado squawfish, at least 15-20 observa-

tions are needed per month to produce relatively stable frequency values. ’
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Habitat Tvpe

Despite the limitations of our data, use of Various habitat types by
razorbacks displayed some seasonal patterns (Fig. 27). Pools and low-
velocity eddies, often associated with pools, were extensively used from
November through April. In April or May, razorbacks begin to move in
search of spawning sites. In May, habitats used were primarily runs and
backwaters. In June; most use was of backwaters and flooded gravel pits;
no use of runs was detected. In July, as spring flows declined, razor-
backs moved out of flooded grayel pits (one became stranded) and the use

of runs again increased. During the August-October period, runs and pools

were primarily used.
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Figure 27. Frequency of razorback sucker use of selected habitat types,
by month. Data were collected in the Grand Valley, Colorado during 1986,

1987 and 1988. N = number of observations; n = number of different razor-
back suckers.
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Depth

Depth at 1ocations ef radibteiemeteree razorbacks yaried seasonally iﬁ a
pattern similar to tbat évaoloradejsqeawfish (Figs. 23 and 28). Herever,
razorbaeks displayed a much stronéervpreference'than‘squawfish for deep-
water siteg particularly for s1tes > 6.0 ft deep. Mean deptb at sites
was > 6.0 ft from November through Aprll Unllke squawflsh whlch began
“to use‘morebshallow sites in Aprll razorbacks did not increase thelr use

of shallow sites until May. Mean depth at razorback locations was lowest

‘during May-July (Fig. 29).

Velocity e

No strong seasonal pattern was evident in velocities at the locations of
razorbacks (Fig. 30). Howeveré«as previously discussed regarding sites of
radiotelemetered‘sﬁuawfish, velocity near the bottom, where suckers are

likely to be, was probably considerably less than the mean-column veloei-

ties that we measured.

Substrate *

Substrate may be a very important habltat variable for suckers, and may be
a better indicator of bottom ve16city]than‘is mean-column velocity.
Substrates where razorback suckers were located during November through
April were always silt and/or sand, indicative of low-velocity habitat
(Fig. 31). Metabolism increases during the warmer:months and abundancé;of
ﬁarious food types are apt to‘cbange seasonally. This may explain the
increased frequency of rubble and boulder substrates at sites used‘by
raaorbacks during the May;Oetober period. The high use of flooded back-
waters anq gravel pits during June .explains the high frequency of silt

substraté at that time.

96



n=2 n=2 n=2 n=2 n=2 n-3 ne2 n=2 n=2 n=1 n=1 n=2
N=8 N«10  N=10 N+8 N-=10 N=13 N-14 N-14 N-8 N-8 N=3 N=8

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC

Bl >50ft 4,5-5.9 {t 3.0-4.4 ft
1.5-2.9 it 0-1.4 ft.

Figure 28. Frequency of depths at locations of radio-tagged razorback
suckers, by month. Data were collected during 1986, 1987 and 1988 in the
Grand Valley, Colorado and pooled by one of five depth categories.

N = number of observations; n = number of different razorback suckers.
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Figure 29. Mean depth at locations of radio-tagged razorback suckers, by
month. Data were collected during 1986, 1987 and 1988 in the Grand
Valley, Colorado. = number of observations; n = number of different
razorback suckers.
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Figure 30. Frequency of mean column velocity (in cubic feet per second)
at locations of radio-tagged razorback suckers, by month. Data were
collected during 1986, 1987 and 1988 in the Grand Valley, Colorado and -
pooled by one of four velocity categorles N = number of observations;
n = number of razorback suckers. - ' ;
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Figure 31. Frequency of substrate type at locations of radio-tagged
razorback suckers, by month. Data were collected during 1986, 1987 ‘and.
1988 in. the Grand Valley, Colorado. Substrate type codes: SI = silt;

SA = sand; GR = .gravel; RU = rubble; BO = boulder; BE = bedrock. ‘

N = number of observations; n = number of different razorback suckers.. .
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SUMMARY

The 15-mile reach is habitat for two imperiled fish species, Colorado
squawfish and razorback sucker. Some adult squawfish occur there year
round, whereas others are found there only during the winter and spring or
duriﬁg the spawning season. Razorback suckers move there in spring from
lower reaches, presumably to spawn. However, successful reproduction
there appears to be very limited for both species. For squawfish, detect-
able spawning may only occur during infrequent years, and for razorback no
young has yet been found. The few gravel-pit ponds and large backwaters
within the 15-mile reach are extensi;ely used by both squawfish and razor-
back during spring floods. For both species, the use of runs increases
during thé summer months, and pools are predominately used during winter,
Razorback suckers appear to more strongly prefer deep-water habitats than
do squawfish. During some years, some Colorado squawfish move out of the
reach during the spawning season, then return shortly thereafter. Other
squawfish move out of the 15-mile reach and spend the summer in the Colo-
rado River upstream from the Grand Valley Diversion, or in the Gunnison
River. These areas may be attractive because of the large pools there.
Plunge pools below diversion dams may be good feeding and resting habitat;
they might also serve as staging éfeas for squawfish using nearby spawning
sites, such as cobble bars that often occur just downstream from plunge
pools. From 1986 to 1988, abundance of larval and YOY Colorado squawfish
decreased in the Grand Valley. Yoﬁng of two other native species also
decreased in abundance, while three common introduced species dramatically
increased. It is not yet clear whether this trend will continue or wheth-
er these changes in abundance of young are natural short-terﬁ fluctuations

2

related to yearly flow conditions.
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RELATIVE IMPORTANCE OF THE 15-MILE REACH

Because of the hlgh capture rate and the year round presence of adult
Colorado squawflsh and razorback sucker Valdez et al (1982) consldered
the Grand Valley reglon of the Colorado and Gunnison rivers to be very

important habltat for endangered flshes As our data show, the 15- mlle

i
'

reach is an integral component otvthls larger Grand Valley reglon .Ret

" sults of our studles 1nd1cate.adult Colorado squawflsh and razorback
sucker travel among the three adjacent reaches in the‘Grand Valley Such
movement is ev1dent1y necessary to £ulf111 the varlous‘season Speclflc
habltat needs of the flSh. Thus loss of the 15-mile reach as habltat
would be especially significant to the Colorado squawfish and razorback
populations of the Grand Valley. The important habitats of the 15-mile

reach need to be maintained; with proper management, the value of these

habitats might be enhanced.

" POSSIBLE LIMITING FACTORS ,

Adult Colorado Squawfish .. :. .- R o

Habitat

The habitat needs of adult squawfish. apparently. chdange throughout the '
year. The extensive use by squamfish of gravel-pit ponds and backwaters
during spring may reflect their ,desire for a respite from high-veloecity
flood waters or an attraction to the warm waters that thesé habitats

provide, as discussed later. Off-channel, low-Vvelocity habitats thus may

be important from April through June. The concentration of squawfish in
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certain large backwaters and flooded gravel pits during this time suggests

that these habitats are limited in number. However, we do not know wheth-
er the availability of such habitats in spring could in some way limit the

Colorado squaﬁfish population in the 15-mile reach.

Summer

Summer is a critical time for Colorado squawfish. Metabolic requirements
are high and the concurrent spawning season places large physiological
demands on the fish. Runs are the habitats most used by squawfish during
summer. Run habitat is common in the 15-mile reach; its availability is -
therefore probably not now a limiting factor. Though fish are often found
in shallow water (< 3 ft) in summer, their use of deep water (> 4.5 ft)
increases. Paradoxically, this increased use of deep water occurs at a
time when flows and average depthsvin the 15-mile reach are at their
lowest. Availability of deep water may be ;mportant during summer, par-
ticularly during those times when water clarity becomes high (discussed

below),

Colorado squawfish spawn in summer, usually in July or Aﬁgust in the Grand
Valley. Studies conducted in the Green River system suggest that suitable
spawning habitat for squawfish includes a cobble bar adjacent to a deep

pool (Tyus et al. 1987).‘ Habitat of this type occurs in many areas of the

15-mile reach, although its actual suitability to squawfish for spawning

~1s unknown. Availability of suitable spawning habitat could be one factor

limiting reproduction in the 15-mile reach. The habitat at the one site
ostensibly used for spawning in 1982 was significantly modified by the
1983 flood; since that time, no evidence of spawning in the reach has been

found. However, spawning in the 15-mile reach may not be necessary to
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maintain a population:of adult squawfish there; many of the adults there
now may have colonized the area aftér having been hatched and reared in
downstream reaches.

kY

Fall-Winter

During October-November, when the irrigation season ends and many upstream
diversions of water cease, flows in the 15-mile -reach increase. This" -
increasés the depth of warious Hhabitats. Adult Colorado squawfish move to
vintering sites during this time and their movéments are then restricted
to a relatively small area until spring. Thése $ites are generally deep,
low-velocity habitats, primarily pools.‘ Some use is also made of tuns and
large backwaters. The low-velocity sites are covered with ice, primarily
during January. Whether adults prefer ice cover ot whether ice coinciden-
tally forms on the low-velocity waters selected by fish is unkhQWn.
Availability of suitable wintering sites is probably not now a limiting

factor for adult squawfish in the 15-mile teach.
Temperature

Enviroﬁmental temperature is very important'tovéll colé-blooded organisms,
including fish In upstream regions- of hlstorlc rangerllke the 15 mlle
reach, seasonal temperatures’are<génerally well 5elow the phy51ologlcal
v}optlmum (25 C) of Colorado squawflsh (Kaedlng and Osmundson 1988) In
response to this, squawflsh may at times select habltats that afe.warmer
‘than the main channel (Fig. 32). In the 15 mile reach, such hébltats;
include backwaters and flooded gravel pits, which are uéed extensively in
spring and may be as much as lO;SFC warmer than the main channei. More-

I s R

over, as pointed out by Kaeding and Osmundson (1988), low temperatures can
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Figure 32. Mean difference between temperature at the location of cap-
tured or radio-tagged Colorado squawfish and the adjacent main river
channel. "Temperature differences were first averaged by month for indi-
vidual fish; a mean of means was then calculated for each month.

N = total number of observations; n = number of different fish.

result in slow growth and a decreése in the reproductive po%entiél of the
population because it takes longer for the fish to reach the size of
sexual maturity. Slow growth also makes ydung fish vulnerable to preda-
tion for a longer period, thereby decreasing the likelihood.of their
surviving to maturity. Temperatures considered minimal for squawfish
spawning (20 C) occur in thg 15-mile reach, though often not until mid
summer (Fig. 13). Thus the first growing season of the young produced
there is especially short and the age-0 squawfish are quite small when
they enter their first winter, another factor that may have an important

effect on recruitment to the adult population (Kaeding and Osmundson

1988).
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Contaminants

Numerous agricultural chemicals are used on lands in the GrandIQalley,
éspecially in orchards near the river. Summer rains may fldsh pesticides
and herbicides into the river where they could be harmful to the endan-
gered fishes, particularly to the young. Heavy metals may also be present
in the Colorado River. Squawfish, a predator at the top ofkthe food
pyramid, would be at greatest risk of contaminant toxicity becausemof
bioaccumulation., Currently thefe are no definitive data regarding levels
of contaminants in squawfish or?their prey. . Although the importance of
this problem to fhe endangered fishe; is unknown, low summer flows in the
15-mile‘réachﬁmay serve to concentrate pollutaﬁts that enter the river.

Water Clarity

i v

A

Colorado squawfish and razorback sucker evolved in tﬁe turbid envifonmené
of the Colorado River; Water clarity in the 15-mile reach may affeét
habitat use by adult squawfish. Our casual observations iQdicate water
clarity in the 15Lmilé reééﬂ ié‘ofteﬁ much gfeéter thaﬁ‘in éther Célofado
squawfish habitats dowﬁ;tream. Secchi disk‘visibilify measufedyiﬁ 1987L
énd 1983 revealed ahwidé rangé of turﬁidiéy levels (Fig. 33);‘ Spfing j
runoff and ;pates from sﬁmméf thuﬁaeréforms cause the river’s siltlload to
dramatically increase and Wétéf clérity to decline. ‘Howevef,’bétwéen.such
events, water clarity c;n Bécomé quite ﬁigh.k:Wedféggésééd aéééhdatdfiéﬁz
location égaiﬁst water ciérif} and %ouﬁd.é signifiéént, fhougﬂygéak;)
positive relationship (r = .29; P < .01; n = 204). Although squawfish do

not always use shallow-water habitats when turbidity is higﬁ; the correla-

tion éuggésts that they are more likely to do so then. In Auguét, we

P

noted an unseasonably high use of shallow water (Fig. 24); regression of
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Figure 33. Water clarity in the 15-mile reach during 1987 and 1988, as
measured by Secchi disk visibility. Measurements were taken between
Colorado RM 174.4 and 175.2.
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depth and Secchi visibility for August reévealed a higher-than-average

correlation (r .49; P < .05; n = 26). During periods of high clarity,
reduced light intensity at greéter depths may provide cover for fish, much

as turbid conditions otherwise might do.

Water clarity in the iS-milleéach may also be a problem forqﬁatiye fishes
becéuse of the introductiOn of siéht-feeding predator fishes  to tﬂe sys-
tem., Cle;; wéter duiing summer may increase the vulnerability ofuyoung
squawfish énd‘razorbacks Eo sucg pfedgtion. Moreover, low flows in summer
reduce the amount of‘baékwétef habitaegapd concentrate young fish, thus
making them even more vﬁlnerable to predation £f;m piscivoréus birds and

fish. - 0 -
Food Availability

It is not known whether food for Colorado squawfish or razorback sucker is
1imiting‘in fhe 15-mile reach.’ The movements of radio-taggéd adults of
both specieé, déséribed éariier, might in part be related to différences
in food availability among the ri&er reaches. The availability &% food is

1

probably' least impbrtanﬁ during winter months, when low temperatures

i

reduce the metabolic demands offthp fish.
Availability of Gravel-Pit Ponds

Squawfish 'use of 'warm off-channel habitats ‘during spring may be an impor-
tant behavioral mechanism by which they speed up gonadal maturation before
the onset of the spawning season, or perhaps extend their limited growing
season, in this their upstream region of range. xAlthough flooded gravel

pits may provide a source of warmer temperatures for Colorado squawfish
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and razorback sucker in the spring, they may also have a detrimental
effect on these fishes. Both adult squawfish and razorback suckers have
been found stranded in these ponds after flood waters recede. Moreover,
if razorbacks spawn in these ponds, their young would be subject to preda-
tion from é%merous introduced predators, including green sunfish (Lepomis
cyanellus) and largemouth bass (Micropterus salmoides). Accordingly,
Valdez and Wick (1982) and Osmundson (1987) recommended that gravel pits
be sealed off from the river. To compensate for the loss of the benefi-
cial aspects of these habitats, Valdez and Wick (1982) suggested the
excavation of backwaters openyto the river at all flow stages but having a
graded bottom that allows complete, natural drainage with descending river

flow. Whether such man-made habitats would have a beneficial effect on

Colorado squawfish is unknown.

Large natural backwaters are also heavily utilized during spring. The
creation and maintenance of large backwaters requires periodic high spring
flows that cut side channels in the river floodplain; backwaters are then
created when desceﬁding flows dewater the upstream end of these channels

and the downstream end backs up with slack water.
Introduced Fishes

Introduced predatory fishes probably have important negative effects on
the endangered fishes in the 15-mile reach and elsewhere in the Colorado
River. Colorado squawfish grow slowly in the upper Colorado River and
this probably exacerbates their wvulnerasbility to predation from introduced
species (Kaeding and Osmundson 1988). If resources such as food are .

limiting, competition with introduced species may also be a problem. How-
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ever, which of the numerous introduced species have important negative

effects on Colorado: squawfisli is unkniown:: _— i

Angling

¥ N
Mortality from angling is a potentially significant problem for adult

Colorado squawfish in:the 15-mile reach. Although there are no definitive
data on the number of squawfish caught by fishermen,' the close proximity
to. an urban area, the local popularity of fishing for channel catfish, and
the vulnerability of squawfish to lures and bait could pose a serious
threat to maintenanceé of the already low number of adults in: the loeal
.population. Low summer flows could aggravate the situation by making
squawfish more vulnerable to angling; not only are fish more concentrated,
but fishermen access to the whole channel increases as' river width and

depth is reduced.

.. Razorback Sucker

SRy

Although the Colorado Rlver of the Grand Valley, 1nc1ud1ng the 15- m11e
reach is the remalnlng stronghold of the razorback sucker in the upper
Colorado River, very few flah have been captured there in recent‘fears.
Moreover, many of the razorbacks caught are recaptured individuals--fish
that had previously been caught and tagged Becauae recruitment of young
razorback to this small adult populatlon is ev1dently‘net occurrlng, the
razorbacksof‘the Grand Valley are most assuredly hearlng extlrpatlon

Ripe razorback sucker have been c¢aptured in old gravel-pit ponds through-
out the Grand Valley. Razorbacks may have historically spawned in flooded

pastures or ox-bow lakes during high water. However, many of these atreas

have been filled in or diked from the river. The lack of such habitats
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may be a bottleneck to the razorback population. The flooded gravel-pit
ponds that razorbacks use during spring floods may not be entirely suit-
able as spawning habitat. Whether ripe fish successfully spawn in these
gravel-pitponds is unknown, although no young razorback has yet been
collécted from anywhere in the Grand Valley. This suggests that the
probable bottleneck for the razorback population involvés failure to
successfully spawn or high mortality during the very early life stages.

In the lower basin, researchers at Lake Mohave and Senator Wash Reservoir
reported heavy predation by com&on carp on razorback sucker eggs (Minckley
1983). Such predation might result in low egg survival in the upper
basin, where carp are common. Moreover, young razorbacks that may suc-
cessfully hatch from eggs laid in pond or backwater environments would
still be subject to predation, including that from introduced centrarchids
and catfish., Marsh and Langhorst (1988) report cﬁmplete elimination of
previously abundant larval razorback from a backwater in Lake Mohave

shortly after centrarchids and catfish gained access to the site.

RIVER MANAGEMENT OBJECTIVES

The 15-mile reach should be maintained as habitat for adult Colorado
squawfish and razorback sucker. This will require that important habitats
for these species be maintained through the provision of adequate flows.

The present critical time period is the summer months, when flows are near

their seasonal low and the physiological demands of the fish are high.

Colorado squawfish use a diversity of habitat types at this time, though
runs are used predominately. Razorback sucker mostly use low-velocity

runs and pools during summer. Both speciés appear to require the avail-
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ability of deep water, particularly razorbacks. However, we must empha-
size that the most predominately used habitat types and conditions are not

necessarily the only ones of importance or the only ones to be managed

for. Species that require a combination of contiguous habitat types to

v,

meet life history needs may not be protected unless managers recognize the

importance of these habitat combinations.

River management intended to maintain the, adult habitat: described above
might also be useful for enhancing the‘spawning;success:and early-life
survival of Colorado squawfish and razorback -sucker in the 15-mile reach.
For example, flows might be controll;d to ‘inctrease temperatures: and thus
promote spawning earlier in the year. Such temperature augmentation might
ultimately improve the growth and surviwval of the fish. Assuring high
rflusﬂing flows during spring may also be necessary to. control the popula-

tions of introduced competitive or predatory fishes. These and other

options need to be closely examined. L R z
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Table 3. Definitions of habitat types.

Backwaters

Backwaters are calm areas adjacent to the river channel, and are often
created when a declining water level cuts off flow at the top end of a
side channel and the bottom end is filled with slack water backed up at
the mouth.  Mouths of backwaters were included in the backwater category
unless a distinct counter-current (eddy) was present at the fish location.

Gravel pits

Flooded gravel pits are artificial backwater-like habitats that are avail-
able to riverine fish only during high water. They are calm protected
areas, and those that are relatively shallow can become substantially
warmer than the main channel, even more so than most natural backwaters.

Eddies

Often at the mouths of backwaters or coves and in steep-walled canyons,
eddies form where the main current forms a distinct whirlpool or counter
current.

Pools

Pools are calm areas in the river chanmnel and are often deep; they may lie
at the base of a riffle or off to one side of the main current. Velocity
rather than depth was used to classify habitats as pools. We arbitrarily
assigned mean velocities of 0.35 ft/second or less as a consistent indica-
tor of pool rather than run or eddy habitat if a fish was located in a
slow moving portion of the river channel.

Shorelines

If a fish was located in the river channel near shore, we would usually
categorize the habitat as either a run, pool, etc. However, in some
cases, the fish was so close to shore (< 0.5 m), that we concluded the
habitat to be more influenced by the shoreline than the dominant habitat
type nearby. Shoreline habitats were generally shallow and of lower
velocity than the adjacent river channel.

Runs

A run is a stretch of relatively fast laminar flow in the river channel;
it is often, but not always, relatively deep. Runs are by far the domi-
nant habitat type in the Grand Valley.

Riffles
Riffles are shallow, fast-flowing areas where the water surface is broken
into waves by obstructions wholly or partly submerged.

Rapids 4
Rapids occur where water is deep and fast-flowing; like riffles, the
surface is broken into waves.

114



Table 4. Summary data for Colorado squawfish (CS) and razorback sucker
(RZ) caught or seen while electrofishing (EL).and trammel netting (TR)
during 1986,1987 and- 1988 in the Grand Valley, Colorado. Disposition
codes: BF = kept as brood fish; SN = seen but not captured; RT = radio
tagged and released; RA = released without a radio tag. River codes:

- CO = Colorado River; GU = Gunnison River. Reproductive codes: T = tuber-
| culated; E = expressible eggs present; M = expressible milt present.

A

i Carlin Capture Length Repro.
Spp. Date River RMI Tag No. Gear Disp. (mm) signs
_ 1986
i Cs 860512 co 168.7 2674 EL BF 800
/ ' cs 860514 co 168.2 3136 EL BF 650
cs 860516 co 174.2 3308 EL BF 810
- cs 860516 co 165.5 3393 EL BF 595
\ s of} 860522 co 175.1 SN
j Cs 860522 co 175.3 SN
cs 860523 co 174.5 3376 EL BF 745
cs 860523 co 175.1 3336 TR BF 551
- Cs 860523 co 175.1 2775 TR BF 545
! cs 860530 co 174.4 4116 EL RT 541
RZ 860603 co 174.4 836 EL RT 565
cs 860603 co 174.4 3351 EL RA 533
cs 860603 co 174.4 4092 TR RT 693
a cs 860603 co 175.3 3353 EL RA 476
! cs 860603 co 174.4 4120 TR RA 600
! cs 860603 co 174.4 4111 TR RT 556
cs 860605 co 174.4 3100 TR RT 640 T
o CS - 860610 co 174.4 4112 EL RT 585 T
| CS 860610 co 174.4 4110 TR RT 586
1 J RZ B60611 co 174.4 939 EL RT 525 T,M
. (o] 860811 GU 3.0 EL RA
cs 860812 GU 3.0 2728 EL RA 582
P cs 861014 co 167.2 SN
E Cs 861014 GU 0.9 SN
L ‘ CS 861028 Cco 173.5 SN
Cs 861105 co 174.8 SN
cs 861106 co 173.8 SN
o
L 1987
. cs 870519 GU 2.5 SN
b RZ 870519 co 168.2 2949 EL RT 583
L Cs 870526 co 158.8 3296 EL RA 760
R cs 870527 co 179.1 4119 EL RT 620
R2Z 870603 co 172.5 SN
= RZ 870611 co 178.3 4104 EL RT 556
| cs 870611 co 175.6 4110 EL RA 585 T
. cs 870611 co 175.6 SN
- RZ 870612 co 183.6 4098 EL RT 496
cs 870612 co 175.7 SN T
- CS 870612 co 175.5 SN
. CS 870612 co 175.5 SN
J Cs 870615 co 175.2 4117 TR RT 486
Cs 870615 co 175.6 SN
cs 870616 co 175.2 4118 EL RT 468
il Cs 870616 lofe] 175.6 4093 TR RT 521 T,M
‘ Ccs 870619 co 174.4 SN
- cs 870716 GU 3.0 2781 EL RA -
cs 870716 GU 3.0 EL RA -
o . Cs 870716 GU 3.0 SN
P Cs 870812 GU 3.0 4121 EL RT 750
P CS 870813 GU 3.0 2728 EL RT 608
— cs 870813 GU 3.0 4100 EL RT 600 T
cs 870813 GU 3.0 3354 EL RA 442
cs 870813 GU 3.0 3129 EL RA 510
Cs 870813 GU 3.0 3331 EL RA 552
- Cs 870825 GU 3.0 3343 EL RA 431
— Cs 870825 GU 3.0 SN
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Table 4. ‘ Continued

Carlin - o Repro.

Spo. Date River  RMI tag No. Gear Disp. Length signs
&
' 1988
RZ . ...880428. Cco 174.4 . 5052 ... EL .. .BF 565
RZ 880506 (o] 175.2 5051 EL BF 515
cs 880510 GU 3.0 4122 EL RT 566
cs 880510 e 3.0 . . EL: SN - 999 .
cs 880512 (o] 180.5 4093 EL RA 534
cs 880512 (e¢] 176.2 4101 EL RT 536 T
cs 880517 (ee] 168.2 4761 EL: RT - 679 . T
cs 880517 (es] 168.0 EL SN
cs 880518 (e0] 2. EL SN
cs 880524 0 162.7 EL SN
cs 880524 (e¢] 158.5 EL - SN
cs 880526 (o] 154.0 EL SN
cs 880526 © ? ‘ EL SN N ‘
cs 880527 - 175.0 4112 TR RA, 530 T,M
Ccs 880527 co 175.0 4118 TR RA . 485 T ‘
cs 880527 o 175.0 . 4781 TR RT 636 T
cs 880527 (o0} 175.0 4750 TR RT 566 T
cs 880527 (e 175.0 4734 TR RT 603 M
cs 880527 (o] 174.6 4101 EL RA 999
cs 880601 (ae] 175.2 1 4734 TR RA 999
cs 880601 (o0] 175.2 - 4117 TR RA: 510 T
cs 880601 Nae 175.2 4743 TR RT 545 T,M
cs 880601 (o] 175.2 4793 TR RT 629
cs 880601 (se] 175.2 - 4753 TR RT 653 T,M
cs 880601 (a0] 175.2 4702 TR RT 785 T
cs 880622 GU 3.0 EL SN
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Table 5. Data for larval Colorado squawfish collected in 1986, 1987 and
1988. )

[y

Estimated Estimated Estimated
Collection TL Age Hatching Spawning
Location® Date (mm) (days) Date Date
1986
CO RM 158.1 Aug 21 9.2 12.1 Aug 9 Aug 5
10.1 15.1 Aug 6 Aug 2
11.8 19.1 Aug 2 Jul 29
13.8 21.8 Jul 30 Jul 26
CO RM 158.1 Aug 28 11.5 18.5 Aug 9 Aug 5
CO RM 163.7 Aug 28 12.4 20.1 Aug 8 Aug 4
12.8 20.6 Aug 7 Aug 3
14.8 22.7 Aug 5 Aug 1
GU RM 2.6 Aug 28 14.6 22.5 Aug 5 Aug 1
1987
CO RM 162.7 Jul 30 14.3 22.3 Jul 8 Jul 4
1988
CO RM 158.2 Jul 27 11.7 18.8 Jul 8- Jul 4
8C0 = Colorado River; GU = Gunnison River
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:Table 6. Catch rates of fish species: eélledted during young-of-the-year
sampling in two adjacent Colorado River reaches, 1986. n = number of
seine hauls,

: o B 1s.Mile Reach - © 18-Mile Reach
d Mean Mean

fish/100. @2  SD n fish/100 m2  SD n
Golorado sqanfish f ojda” 12 40 79 14
Roundtail chub 7500 80.7,. 11 21.8 8.5 4
Bluehead sucker - 265:9 L 506.5 11 ~ = 57.9 67.6: - 4
Flanmelmouth sucker 40 5.8.7 11 .. 2.5 2.1 w0 4
White sucker 05 0.9 11 0.0 ; 4
GCommon carp ' - 0:0 - - 0011 1.8 2.0 T4
Black bullhead 0.0 - 11 0.4 0.8 4
Largemouth bass O;At 1.3 1 0.4 . 0.8, N 4
Green sunfish - 13 26 11 119 238 4
Fathead ﬁinnow 208.5.: 7 234.8 11 77.6 v 23.0 4
Red shiner ~ - . 66.2 ~ 107.4 11 36.3° 314 4
Sand shiner 30.4  4k9 11 8.1 8.9 4
Speckled dace 4.8 700 11 2.1 25.4 o
Mosquitofish 1.0 3.5 11 0.0 - 4
Plains killifish 0.1 0.2 11 0.0 - 4
Brassy minnow 0.8 1.7 11 0.0 - 4
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Table 7.

Data for young-of-the-year Colorado squawfish (CS) collected

from the Colorado River on 1 October 1986, 23 September 1987 and 20

September 1988.

River-mile No. Total length x TL
location collected (mm) (mm) Std. dev.
1986
RM 162. 2 19, 25 22.0 C(4:2)
RM 158. 3 23, 28, 24 25.0 (2.6)
RM 155. 4 2§, 27, 33, 23 26.8 (4.5)
RM 153. 20 28, 25, 29, 26, 22
24, 20, 23, 25, 24
25, 20, 29, 23, 24
26, 25, 24, 20, 29 24.6 (2.8)
1987
RM 163. 2 36, 39 37.3 (1.8)
RM 154. 11 22, 26, 35, 28, 24
24, 26, 26, 25, 20
21 25.1 (4.0)
1988
RM 162. 1 32 32 (-)
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Table 8. Catch rates of fish.speciés collected during young-of-the-year
sampling in two adjacent.Colorado River reaches, 1987. mn = number of -
seine hauls. g . L

15:Mile Réach’ 0 18-Mile Reach -
Mean Mean

fish/100 m2  SD n fish/100 m®  SD n
“Colorado squawfish 0.0 010 © 2.8 9.3 . 16
.Roundtail chub 0.8 . 1.3 .- 9 ' 99.3 46.0°- 4
- Bluehead sucker. 0.4 ., 0.8 ° 9 3.8 3.8 4
Flannelmouth sucker 0.8 k2.9 © 5.3 407 4
White sucker 1 3;5‘ ‘ir S;O :ML 9 0.0 - 4
" Common carp o o5 1.5 9 1.6 2.2 4
Black bullhead 0.3 0.8 9 0.0 - 4
i Largemouth bass. 2.7 6.8 .« 9 - 0.0 L g
Green sunfish 0.2 7059 . 0.4 0.7 4
‘Fathead ﬁinnoW‘k 52.5 601 . 9 702.5 889.8 4
Red shiner 13.0 13.7 9 187.3"  205.7 4
Sand shiner 5.0 ‘J‘5.8 / 9 ~ 45.8 5§.3>: 4
sﬁéékled dace 0.0 0.0 B 9 2.2 4:4 .
Mosquitofish 3.0 7.5 9 0.0 ; 4
Plains killifish 0.0 0.0 9 0.0 - 4
Brassy minnow 0.0 0.0 9 0.0 - 4
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Table 9. Catch rates of fish species collected during young-of-the-year

sampling in two adjacent Colorado River reaches, 1988.

seine hauls.

n

= number of

15-Mile Reach

18-Mile Reach

Mean Mean

fish/100 m%2  SD n fish/100 m®  SD n
Colorado squawfish 0.0 - 12 0.1 0.5 14
Roundtail chub 18.3 18.7 12 0.9 1.1 14
Bluehead sucker 0.6 1.6 " 12 0.9 1.7 14
Flannelmouth sucker 1.3 2.4 12 0.4 1.1 14
White sucker 2.8 3.8 12 0.2 0.6 14
Common carp 3.6 4.7 12 3.1 5.6 14
Black bullhead 0.0 - 12 0.0 - 14
Largemouth bass 0.0 - 12 0.6 1.1 14
Green sunfish 0.3 0.9 12 0.8 1.7 14
Fathead minnow 809.6 1047.4 12 1426.0 1460.8 14
Red shiner 375.79  471.5 12 277.3° 267.0 14
Sand shiner 250.5 360.3 12 71.6 147.9 14
Speckled dace | 0.4 0.9 12 0.2 0.5 14
Mosquitofish 49 .4 94.2 12 3.4 7.1 14
Plains killifish 6.0 - 12 0.0 - 14
Brassy minnow 0.3 0.9 12 0.0 - 14
Channel catfish 0.0 - 12 0.2 0.4 14
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Table 10. Percent species composition of larval samples collected between
16 July and 28 August 1986, 13 July and 28 August 1987 and between 5 July
and 10 August 1988, and pooled within three adjacent river reaches..

Colorado R. 1 Gunnison R. Colorado R.
15-Mile Reach 2.2-Mile Reach 18-Mile Reach

1986 1987 1988 1986 1987 1988 1986 1987 1988

Colorado squawfish 0.00 0.00 0.00 0.12- .0.00 0.00  0.17 0.03 .0.02
. Roundtail chub. : 3.14 6.94 4.21  3.49 37.61 7.21 2.04 11.53. 4.39
Bluehead sucker? 68.50 45.18 28.38 73.68 22.87 0.75 74.26 30.00 26.43
Flannelmouth sucker 2.69 Oféb 8.50 0.96 1.14 0.25 0.75 0.23 0.74
White sucker = 0.30 0.04 0.73 0.24 0.00 0.25 0.08 0.00 0.00

Unidentified sucker 0.00 0.00 0.00 0.00 0.00 0.00 1.11 0.00..0.00

Green sunfish 0.03 0.15 0.17. 0.00 0.00 0.25 0.02 0.06 0.02
- Black crappie, 0.00 0.00 0.00 0.00. 0.00 0.00 0,19 ©0.00 0.00
Fathead minnow 1.40 7.02 9.45 0.24 0.64 31.84 5.40 25,71 19,23
Red shinér . 1.64 18.93 18.59 0.12 10.55 23.38 1.48 16.92:37.44
- Sand shiner 1.61 2.20 10.30 - 0.36 3.81 29.35 0.46 1.23° 3.99
Speckled dace 20.10 18.82 18.25 20.67 23.38 4.98 15.15 14.01. 7.26
Mosquitofish 0.48 0,19 1.12 0.00 0.00 0.25 0.00 0.20 -0.19

Unidentified fish 0.12 0.04 0.30. 0.15° 0.00 1.49 0.02 0.09 0.28

No. fish 3349 2636 2329 832 787 402 4813 3427 4711
No. samples 49 42 43 8 12 12 58 s4 51
No. fish/sample 68.8 62.8 54.2 85.0 63.6 33.5 83.9 63.3 92.4

8Includes some questionable specimens that the Larval Fish Laboratory
tentatively believes are bluehead sucker; however, until techniques are
developed to positively identify sucker of this size to species, the
presence of razorback sucker larvae in these samples should be considered
a possibility.
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APPENDIX B

Interaction of slow grc;wth and increased early-life mortality:
an hypothesis on the decline of Colorado squawfish in the upstream
regions of its historic range
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Synopsis

The Colorado squawfish, Ptychocheilus lucius, the principal native piscivore of the Colorado River basin,
was once widespread and abundant in large rivers and their major tributaries. It occurs today only in the

upstream regions of its historic range and is threatened with extinction. Growth rate of the species there is .
much slower than its potential rate and the rate that might once have been typical in lower-basin rivers. We

develop the hypothesis that the interaction of slow growth and increased early-life mortality is an important

cause of the decline of Colorado squawfish in the upper basin. We use a growth-rate versus temperature

relation for Colorado squawfish to compare temperature regimes of historic and present habitats, and we
describe the strong, positive relation between our measure of temperature-regime suitability and first-year
growth of Colorado squawfish in upper-basin rivers. The unusually small size of the age-0 fish going into
winter might be an important factor affecting recruitment to the adult stock. Simulations showed how the
effect of increased early-life mortality can be especially significant on populations of slow-growing fishes.
Predation by introduced fishes, as well as other man-induced causes of increased early-life mortality,
probably contributed importantly to the decline of Colorado squawfish in the remaining habitat. Manage-
ment efforts that might help this endangered species to recover include water management to enhance
temperatures for growth, and the control of important introduced fishes.

Introduction

The Colorado squawfish, Ptychocheilus lucius, was
once widespread and abundant in large rivers and
major tributaries of the Colorado River basin (Jor-
dan 1891, Evermann & Rutter 1895, Jordan &
Evermann 1896, Gilbert & Scofield 1898). Today,
however, this principal native piscivore of the basin

! Senior author
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occurs naturally only in upstream regions of its
historic range (Fig. 1) and is threatened with extinc-
tion (Seethaler 1978, Holden & Wick 1982, Tyus et
al. 1982). Understanding both the causes of the
population decline and the factors limiting the pop-
ulation is problematic yet essential to programs
intended to recover the species. Although the ex-
tirpation of Colorado squawfish from its former
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Fig. 1. The Colorado River basin, showing rivers that lﬁstoﬁcal- .

ly provided habitat for Colorado squawfish (light lines) and
those that still support the species (heavy lines). (Modified from

survival, such rapid growth reduces the period
when fish are prey for other species and, in pisci-

' vores, it enables the use of 4 wider variety of prey

(e.g. Keast 1985). Rapid, early-life growth is con-
spicuously lacking in the Colorado squawfish of the
upper Colorado River basin, however (Fig. 2).
Growth rate in fishes is largely dependent upon
the interaction of water temperature and food

‘avallablhty (e.g. Weatherley 1972). That this inter- :

action might explain the slow growth of Colorado
squawfish in upper-basin rivers became evident
during a study of growth and survival of young .
Colorado squawfish in ponds by Osmundson
(1987). In one test, 5S-month-old Colorado squaw-

-, fish 50~75mm long stocked in .a pond in which
_ age-0 common carp, Cyprinus carpio, were abun- .

dant grew to an average length of 226 mm within "
one year; the largest was 304mm long (Fig. 2). .
Osmundson attributed rapid growth in the pond to
summer water temperatures nearly optimal for,

- growth, plus abundant food. Such rapid growth

had never before been reported for Colorado

squawfish, and its observation led us to conclude |
that slow growth in upper-basin rivers was attribut--
able to suboptimal conditions for growth in these
upstream regions of the historic range. Améng ,‘

- widely distributed species, such an effect is well

. known for populations that occur at high l‘atitu‘de":

Seethaler 1978. ) Sites of temperature-data collection are in-

dicated in the Green River (A) and the upper (B), middle (C)
and lower (D) Colorado River.

range is generaliy agreed to be :va're‘"s\u‘ltuof‘ the wideﬁ-“ o

spread and often profoundly evident effects of wa-
ter-resources development, the introduction of
non-native fishes, and poor land-use practices
(Miller 1961, Minckley & Deacon 1968, Mmckley
1973), the causes of its dechne to the présent low
levels in the remaining habltat are not s0 clearly
evident nor well undérstood.

Among fishes, piscivores show an e‘sf)eéidlly pro-
nounced potential for rapid, early-life growth. This
- can be seen, for example, in two widely distributed
piscivores, tiorthern pike, Esox lucius, and large:
mouth bass, Micropterus salmoides (Fig. 2). Pre-
sumably a mechanism that has evolved to increase
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and elevation where annual growth of fish can be
much slower than the potential (e.g. Weatherley
1972).

We develop the hypothesis that the mteract10n
of slow growth and increased early-life mortallty is
an important cause of the decline of Colorado
squawfish in the upper Colorado River basin. In so
doing, we use a growth-rate versus temperature
relation for Colorado squawfish to compare tem-
perature regimes of historic and present habitats,
and we describe the relation between our measure
of temperature-reglme sultablhty and ﬁrst-year
growth of Colorado squawfish in upper-basin riv-
ers. Simulation is used to show how the effects of
ih‘creased early-life mortality can be especially sig-
nificant on populations of slow-growing fishes, and
we recommerd management efforts to bring about
the recovery of Colorado squawfish in its remain-
ing habitat. ‘
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Fig. 2. Early-life growth of two widely distributed piscivores, northern pike and largemouth bass (shaded areas show the median 50% of
the range of length-at-age values for these species provided by Carlander [1969, 1977]), compared to that of Colorado squawfish from
the upper Colorado River basin (data derived by Vanicek & Kramer 1969, and Seethaler 1978, using scale annuli). Also shown is
early-life growth of Colorado squawfish in a pond near Grand Junction, Colorado (Osmundson 1987). The broken line on the curve for

pond fish shows estimated growth used in our simulations.

Methods
Temperature regime analysis

Black & Bulkley (1985a) studied the relation be-
tween constant temperature and growth of 45—
100mm long Colorado squawfish given excess
food. They reported that growth was optimal at
25°C, and that growth at 15, 20, and 30°C was 18,
54, and 51% of optimum, respectively. Additional
studies by Black & Bulkley (1985b) and Bulkley et
al. (1981) indicated that 25°C was the preferred
temperature, generally considered the optimum
for many physiological processes including growth
(e.g. Magnuson et al. 1979), for both yearling and
adult Colorado squawfish. Our least-squares ana-
lysis of the published data of Black & Bulkley
(1985a) suggested that growth ceases at temper-
atures below about 13°C, a value supported by
observations on seasonal growth of Colorado
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squawfish in ponds (Osmundson 1987). We as-
signed suitability indices to the growth-rate versus
temperature relation of Black & Bulkley (1985a)
according to the percent of optimum growth that
temperatures provided. Thus the suitability indices
for temperatures of 25, 15, 20, and 30° C were 1.00,
0.18, 0.54, and 0.51, respectively, and those for
13°C or lower were zero. Indices for intervening
temperatures were estimated by interpolation.
The growth-rate versus temperature relation for
Colorado squawfish reported by Black & Bulkley
(1985a) is symmetrical and triangular in shape,
whereas those for other species often have a flat
dome around the optimum temperature and an
absolute value of the slope to the left of the opti-
mum less than that to the right (e.g. Magnuson et
al. 1979). Because we were concerned that the
unusual shape of the Black & Bulkley (1985a)
curve might affect our subsequent analyses, we
performed preliminary analyses using several dif-
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ferent modifications of the curve, each made to
appear more typical. Results showed that these

modifications had no important effect on the out-
come of the analyses nor on our subsequent conclu-,

sions.

U.S. Geological Survey (USGS) annual reports
were the source of teémperature data for two upper-
basin river reaches presently inhabited by Colora-
do squawfish (Fig. 1): the Green River near Green
River, Utah (data for the years 1975-1983, 1985),
and the upper Colorado River near the Colorado-
Utah border (1979-1986). Temperatures at the
Green River and upper-Colorado locations have
not been affected by upstream water-development
projects (Robert Green, Regional Hydrologist,
U.S. Fish and Wildlife Service, Denver, Colorado,
unpublished data). For the former range of Col-

orado squawfish, the few temperature data rec- .

orded before modification of temperaturé regimes
by upstream dams are from the lower Colorado
River near Yuma, Arizona, for the years 1917-1924
(Dill 1944), and from the middle Colorado River
near Grand Canyon, Arizona (USGS annual re-
ports for 1943-1947, 1957).

Because the temperature data from the lower,
middle and upper-river reaches were not concur-
rent, we were concerned that possible long-term
climatic changes might affect comparisons among
these locations. We therefore analyzed climate da-
ta provided by the U.S. National Oceanic and At-
mospheric Administration for 1901-1986 for Yuma
and Flagstaff, Arizona, and Grand Junction, Col-
orado, monitoring stations near the sités of lower,
middle and upper Colorado River data collection,
respectively. Results showed that mean-annual air
‘temperatures for the eight years for which historic
lower-river temperature data were available were
all cooler than the 86-yr mean for Yuma, and aver-
‘aged 0.8° Cless, whereas the six years during wh1ch
‘the hlStOl‘lC middle-river temperature ‘data were
collected were all warmer than the 86:yr average
for Flagstaff, and averaged 0.8°C warmer. Of the
ten years during which the Green River data were
collected, four were cooler and six warmer than the
86-yr average for Grand Junction, and averaged
0.2°C warmer, whereas these respective data for
the upper Colorado River location were two cool-
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er, six warmer, and averaged 0.5°C warmer. Al-
though we have no means of standardizing our
river-temperaturé data to account for the effect of
these climatic differences, such adjustment would
increase the average temperatures that we report
for the historic lower river and reduce them for the
other locations.

River-temperature data were reduced to mean-
monthly tempeératures for each year of record and
means were averaged within months to produce an
average-annual temperature regime (the type of
data provided by Dill [1944]) for each location.
Because they consisted of once-daily measure-
ments collected over a wide range of daylight
hours, the Green River data had an uncorrectable
bias toward the warmer temperatures that occur

" during daylight. However, our analyses of the con-

tinuously recorded data collected at the nearby
upper Colorado River gauge indicated this bias was
probably no more than 1°C. Using the suitability
indices that we assigned to the growth-rate versus
temperature relation of Black & Bulkley (1985a),
we estimated the relative suitability of each tem-
perature regime by summing the indices for its
average-monthly temperatures

Age-0 growth analysis

Mean total lengths of ‘age-0 Colorado squawfish
captured from the Green and upper Colorado riv-
ers in fall (mid September-mid October) were-ob-
tained from Tyus et al. (1987) and from the U.S.
Fish and Wildlife Service (USFWS) and Utah Divi-
sion of Wildlife Resources (unpublished data).
These data were compared to the relative suitabil-

- ity of the annual temperature regime for their re-

spective rivers for the year of capture.

. Population simulation

We used a simple simulation technique to-demon-

strate how growth rate can affect survival in pop-

ulations of slow- and fast-growing fish. Beginning
populations consisted of 1000 female larvae 10 mm
fong, which we arbitrarily accepted as being, the




offspring of one mature female. Our initial assump-
tion was that, in fish of the slow-growing stock,
growth rate, length at maturity, and age at maturity
resembled these characteristics in upper-basin Col-
orado squawfish, whereas in the fast-growing
stock, squawfish growth resembled that in Os-
mundson’s pond (Fig. 2). First maturity of Col-
orado squawfish in the upper basin occurs at a
length of about 428 mm and an age of about 6 years
(Seethaler 1978) —a size that pond-raised fish might
conceivably reach in about half that time (Fig. 2).
For computational convenience, we assumed that
maturity in both simulated stocks occurred at a
length of 410mm and the age of 6 years in slow-
growing fish and 3 years for fast-growing fish.
There are no definitive data on the survival of
Colorado squawfish in its natural environment. In
the simulations, we therefore assumed annual mor-
talities of 80, 90, 95 or 99% in the shortest length
class (10-110 mm TL), and 20% in each of the three
larger, 100 mm length classes. Although arbitrary,
these rates were chosen because such rapid, early-
life mortality and a reduced, constant rate for later
ages is typical of many freshwater fishes (e.g.
Weatherley 1972). Thus the important difference
between our simulated populations was the length
of time that fish remained in each length class,
which was determined by growth rate. The number
of fish that died in each length class was calculated

as the product of the initial number of fish, mortal-

ity rate, and duration of time spent within the
length class. For periods longer than 1 year, the
number of deaths during the first year was calculat-
ed as described above, and deaths during the re-
maining time period were similarly calculated for
fish that survived the first year.

Vital statistics for our simulated populations
were calculated using equations provided by Krebs
(1972): '

G= (Z Lmx)/R,
r= (log.R,)/G, and f= ¢,

where G = mean length of generation (the mean
period between the birth of the parent and that of
offspring); /.= age-specific survival; m,= age-
specific effective birth rate; x = age in years; R, =
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S [ m, = net reproductive rate (the number of ma-
ture female offspring produced in the lifetime of a
female parent); r= intrinsic rate of natural in-
crease; and f = finite rate of increase (the multipli-
cation factor by which the adult female stock will
annually grow if that particular value of R, is main-
tained). For these computations it was assumed
that, beginning in the first year of maturity and
continuing through age 10 (arbitrarily taken to be
the age of last reproduction), each slow- and fast-
growing female produces mature female offspring
at an annual rate equal to the age-specific effective
birth rate (m,) for our simulated stocks when early-
life mortality was 95 or 99%.

‘Development of the hypothesis

Temperature regime analysis

Although the temperature data used in our analys-
es do not reflect the precise temperatures that Col-

orado squawfish may experience throughout their
life history, they nonetheless allow demonstration -
of the marked differences in suitability for Col- -

orado squawfish growth among the temperature
regimes of present and historic habitats. If growth
of Colorado squawfish occurs only when water
temperatures exceed 13°C, growing seasons in the
upper-basin river reaches are less than 6 months,
whereas they were 7 to 9 months in historic, pre-
development, middle- and lower-basin reaches
(Fig. 3). Comparisons among these temperature
regimes are more useful, however, if their relative
suitability for Colorado squawfish growth is con-
sidered. Such suitability was estimated as 3.2, 2.1,
3.9, and 4.9 for the Green River and the upper,
middle, and lower Colorado River, respectively.

If the bias in the Green River data (Fig. 3) was as
large as our worst-case estimate of 1°C, and we
reduced these data by that amount, the Green Riv-
er would continue to warm earlier and haveé warm-
er temperatures during the growing season than
does the upper Colorado. Suitability of the Green
River temperature regime would be 2.7, an aver-
age value 29% larger than that of the upper Col-
orado.
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Fig. 3. Comparison of temperature r‘egin:les‘ (average mean—monthly temperitures) of the historic lower and middle Colorado River and

of the present upper Colorado and Green rivers. Horizortal

spawning (20°C) of Colorado squawfish. Numbers in parentheses are the relative availability of temperatures suitable for Colorado:
squawfish growth provided by each temperatiiré regime (see text for explanation). See Figure 1 for sites of temperature-data collection. - -

Age-0 growth analysis

There was a highly significant, positive relation’
(p<0.01, r = 0.95) between the mean total length "

of ‘age-0 Colorado squawfish captured in fall from
the Green and Colorado rivers and the relative
suitability of the temperature regime for the year of
capture (Fig. 4). The coefficient of determination
(= 0.91) indicated 91% of the variation in fish
length was explamed by varlatlon in the suitability
index.

Age-0 Colorado squawfish are most often cap-

tured from river backwaters (Holden & Stalnaker
1975). Although the temperature regimes of both
backwater and main-channel habitats are largely
dependent upon ambient air temperature and solar
radiation and theréfore are closely correlated with

one another, backwaters generally have larger diel
temperature variation than does the main ¢hanne]

(Robert Green, personal commumcatlon) ‘Colora-

do squawflsh might make dlel movemeilts between; , '

backwater and maini-channel habitats to maximize

the use of temperatures near their physiological ,

optimum (e.g. Magnuson et al. 1979). The impor-

tance of such behavioral thérmal regulation to the
relation shown in Flgure 4, which is based on maln- _

channel temperatures, is unknown. =

b

lines are temperature thresholds for growth (13°C) and the onset of

Population simulation

1

fish than slow-growing ones reach maturity at each

rate of early-life mortality; and this disparity in-'

creases as early-life mortality increases. The poten-
tial effect of increased early-life mortality is there-

fish than in those of fast-growing fish.

The combined effect of low survival to maturlty B
and advanced age at first maturity is reduced po-

tential for population growth (Cole 1954), as pre-
dicted by our simulations (Fig. 5). Moreover, we
illustrated in Figure 5 that growth potential of the

emplified in the Appendix.
Although our simulations are useful for showing

can affect potential for population growth, they
also provide examples in which the growth of the
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As one would expect, our simulations showed that o
fewer fish reach maturity as early-life mortality -
increases; more important, however, they showed. ..
that growth rate can have a pronounced effect on
survival (Table 1). Markedly more fast-growing .

fore much greater in populatlons of slow- growmg

populations of fast-growing fish is markedly grea-,'}
ter than that of the slow-growing ones, especially ~
when early-life mortality is 99%. Computatlon of .
vital statistics for our simulated populauons is ex-

the importance of growth rate of individual fish asit
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Fig. 4. Relation between the mean total length of age-0 Col-
orado squawfish in fall in the Green and Colorado rivers and the
relative availability of temperatures suitable for growth*(suit-
ability index) for the year of capture. Year of data collection is
given.

theoretical populations is much greater than in pre-
sent-day, upper-basin Colorado squawfish. Be-
cause that population is at best stable and perhaps
declining (Holden & Wick 1982, Tyus et al. 1982),
its net reproductive rate (R,, the number of mature
female offspring produced in the lifetime of a fe-
male parent) is no more than 1 — a condition far
worse than that shown even by our simulated slow-
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“Fast”
(95% per
year,

early-life

mortality) “Fast”
(99% per

year,

early-life
mortality)

“Slow”
(95% per year,
early-life mortality)

Female population size

“Slow"
{99% per year,
early-life mortality)

Time

Fig. 5. Comparison of theoretical growth of populations of
fast-growing, early-maturing female Colorado squawfish (‘fast’)
with those of slow-growing, late-maturing fish (‘slow’), in a
limitless environment, under conditions of 95 or 99% early-life
mortality. '

growing population when early-life mortality is
99% (Appendix). Although the sustained, geomet-
ric growth indicated by our simulations (Fig. 5)
does not occur in nature, the slopes of these curves
provide an indication of the relative capacity of the

B

Table 1. Estimated survival (number of fish) in simulated populations of 1000 female Colorado squawfish that grow at different rates
(S = slow; F = fast) and are subjected to different annual mortalities (80-99%) while at total lengths of 10-110 mm and to equal annual

mortalities of 20% while in each of three longer length classes.?

Total length  Time in

Assumed annual mortality of first length class, and growth-rate category

(mm) length class

(years) 80% 90% 95% 99%

S F S F S F S F S F

10-110 1.9 1.0 56 200 19 100 73 50 1.1 10

111-210 1.1 0.25 44 190 15 95 5.7 48 0.9 9.5
211-310 1.2 0.5 34 171 11 85 4.4 43 0.7 8.6
311410 1.8 1.25 23 130 8 65 3.0 32 0.5 6.5
Production
of mature
females® - - - 466 - 712 - 967 - 1200

* Initial population of 1000 female larvae 10 mm long were accepted as being fhe offspring of one mature female.
® Percentage by which fast-growing fish exceed slow-growing fish in producing mature females 410 mm long.
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theoretical populations to bear additional mortal-
ity yet remain self-sustaining. As such, the capacity
of the slow-growing population expenencrng 99%
early-life mortality is quite low. >

Synthesis
The decline of Colorado squawfish and that of
other native fishes of-the southwestern U.S. has
been attributed to alteration of discharge and tem-
perature regimes downstream from dams and di-
versions, conversion. of riverine écosystems tc§ la-
custrine ones in the reservoirs upstream, introduc-
tion of non-native fishes, and altered water quélity
(Miller 1961, Minckley & Deacon 1968, Minckley
1973, Holden & Wick 1982). However, aside. from
the obvious detrimental effect of severe reduction
in river discharge on Colorado squawfish, only the

effect of unseasonably cold, hypolimnetic waters

from dams has been demonstrated Marsh (1985)
showed that survival of Colorado squawfish em-
bryos is appreciably reduced by low water temper-
atures such as those evident below mainstream
Colorado River dams. However, this effect alone
does not account for the Colorado squawfish de-
cline to the present low numbers in its remaining
habitat. Recént-analyses of USGS records showed

that dam operation did not reduce temperatures in-

most Colorado and Green river reaches still inhab-
ited by Colorado squawfish (Robert Green, un-

published data). Nonétheléss, the species is rare in

these areas, and factors other than alteration of
temperature regimes must therefore have brought
about the presumed dramatic reduction of the
stock in these river reaches. Our analyses are useful
for developing the hypothesis that the interaction
of slow growth and increased early-life mortality is
an important cause of the decline of Colorado
squawfish in the numerous upper—basm river
reaches whose temperature regimes have not been
importantly affécted by the operation of upstream
dams. " ‘

In their review of literature on Colorado squaw-
fish, Behnke & Benson (1983) noted the slow
growth of Colorado squawfish in upper-basin riv-

ers and speculated ‘that it'was a récent phenom-

enon. They observed that the largest Colorado

squawfish' found today weigh about 7kg, whereas
early in this céntury squawfish weighing more than

20 kg apparently were not uncommon. Behnke &

Benson (1983) hypothesized that a replacement of |

large, hative prey fishes by introduced species that
attain only small body size had caused a decline in

Colorado squawfish food availability and growth
rate. But fish need not grow rapidly to attain large -
size; they might also be slow-growing: but long- .-
lived. Moreover, to us Behnke & Bénson’s hy-:
pothesis seemed an unlikely explanation because':..

preyispecies of a variety of sizes are abuhdant in
upper-basin rivers (Holden & Stalnaker 1975, Tyus

et al. 1982), although their actual availability to

Colorado squawfish is unknown.

We believe a more plausible explanatlon is that
+ the slow growth of Colorado squawfish in the up- :;
per basin is both historic and the result of sub--

optimal conditions for growth in these upstream

regions of historic range. Temperature regimes in
the former middle and lower Colorado River were
more favorable to Colorado squawfish growth than
are those of its present habitat (Fig. 3), although ~
the availability of food and the rate of growth in™"’
these former habitats is unknown because squaw- "
fish were eliminated from these areas before such’
life-history information could be collected. None-" -
theless, as judged by the growth rate of Colorado

squawfish in Osmundson’s (1987) pond (Which had

abundant food and a temperature regime w1th suit-
ab111ty of 3.6) it is reasonable to assume that annual
" growth in these former downstream areas was rap-

id.

“We believe that.in the historic Colorado. River < ¢
basin there was a marked longitudinal effect on -

growth of Colorado squawfish, most important on
that of the age-0 fish. This beliefis supported by the
strong relation between size of age-0 Colorado

squawfish in fall in upper-basin rivers and our mea-
Sure of the relative surtabrhty of the temperature

reglme for growth (Fig. 4). The actual ¢ause of thls

relation might include a direct effect of temper- -
ature on Colorado squawfish metabolism, on the .
production . of food organisms, on the time of -

spawning and length of the subsequent first-year

‘growing season, or perhaps a combination of these
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factors. Serns (1982a, b) showed a similar relation
between growth (as well as year-class strength) of
age-0 walleye, Stizostedion- vitreum, and small-
mouth bass, M. dolomieui, and aspects of the an-
nual water temperature regime. Water temper-
ature is a cue for spawning of temperate-zone fish-
es. Colorado squawfish begin spawning when tem-
peratures reach 20-22°C (Hamman 1981, Tyus &
McAda 1984, Haynes et al. 1984) — normally during
July or August in the upper basin (Fig. 3) — and
embryos hatch 4-5 days later (Hamman 1981). As
the relative suitability of the temperature regime
increases, the date when spawning temperatures
are achieved advances and the length of the grow-
ing season increases (Fig. 3). In the historic lower
Colorado River, spawning temperatures were
reached in early May (Fig. 3) and young fish had

most of the longer growing season available for

first-year growth. Although its precise causal fac-
tors are unknown, the relation shown in Figure 4
provides a perspective for the much larger differ-
ences in age-0 growth that probably occurred his-
torically between the upper and lower basins.

In the upstream regions of historic range that
constitute the remaining habitat of Colorado
squawfish, the small size of the age-0 fish going into
winter might be an important factor affecting
recruitment to the adult stock. Studies on age-0 fish
have shown that overwinter survival is directly re-
lated to fish size (Toneys & Coble 1979, Oliver et
al. 1979, Shuter et al. 1980), and that first-year
growth can directly affect adult year-class strength
in smallmouth bass and largemouth bass (Shuter et
al. 1980, Gutreuter & Anderson 1985). The largest
age-0 largemouth bass most often recruit to the
adult stock (Gutreuter & Anderson 1985 and refer-
ences therein). If a similar relation holds true for
Colorado squawfish in the upper basin, the more
frequent occurrence in the Green River than in the
Colorado of comparatively large age-0 young in fall
(Fig. 4) might explain the relatively large adult
squawfish stock of the Green (Holden & Stalnaker
1975, USFWS, unpublished data).

But examples probably exist of species that live
under conditions well below their optimum for
growth — where age-0 growth is slow and subse-
quent recruitment to the adult stock might be quite
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restricted — yet their populations are large. Our
simulations provide insight into why this may no
longer be the case for Colorado squawfish, a spe-
cies presumed to have formerly had large pop-
ulations in the upper basin. They show how slow
growth in the upper basin can make Colorado
squawfish there especially vulnerable to the effects
of increased early-life mortality. Introduced fish
species and other habitat manipulations of techn-
ologic man have doubtless contributed to increased
early-life mortality of Colorado squawfish, though
the precise nature of these negative interactions
and their relative importance is unknown. River
reaches inhabited by Colorado squawfish have
been successfully colonized by numerous intro-
duced species, including piscivores such as channel
catfish, Ictalurus punctatus, green sunfish, Lep-
omis cyanellus, and largemouth bass (Holden &
Stalnaker 1975, Tyus et al. 1982). Green sunfish,
for example, can greatly suppress native cyprinid
populations in rivers (Lemly 1985).

Our simulations also show how an increase in
early-life mortality can reduce both the number of
age groups (eliminating the oldest, largest fish) and
the relative abundance of those that remain (Table-
1) — changes that have indeed occurred in the up-
per-basin Colorado squawfish population. But why
are the natural compensatory mechanisms that oc=
cur in populations of numerous other species not
operating to offset the effects of increased early-life
mortality on the Colorado squawfish population
(e.g. McFadden 1977)? Most common among these
are the related responses of increased growth and
fecundity in the fish that escape early-life mortal-
ity. Each of these would have the effect of in-
creasing the potential for population growth. Such
compensatory responses would be anticipated if
competition for resources had a limiting effect on
growth and fecundity. However, if growth of Col-
orado squawfish in the upper basin is ultimately
limited by the relative scarcity of optimal temper-
atures — a resource whose availability to individual
fish is independent of population density — such
compensatory mechanisms would not be oper-
ative. The capacity for compensatory responses in
a population might be severely limited when condi-
tions for growth of individual fish are appreciably
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less than optimal, as they are in the upstream re-
gions of the historic range of Colorado squawfish.

Our observations suggest that the growth physi- -

ology and timing of spawning of the Colorado
squawfish are not well adapted to the temperature
regimes of upper-basin rivers (cf. Keast 1985).
Nonetheless, the fish might have been common
here under former, pristine conditions because
early-life mortality then was relatively low and
these life-history characteristics were not impor-

tant impediments to population maintenance.
Lack of strong directional selection then may have
precluded evolution of phenotypes that grow more.
rapidly or spawn earlier in the year under upper-.

basin temperature regimes.

Management recommendations

Management recommendations for this ‘endan-
gered species are based on the arguments that we
have made and include possible tests of our hy-
pothesis. ‘

Dams and reservoirs might be operated. to in-
crease both the length of the growing season and

Appendix. Computation of vital statistics for simulated populations of fast(F)- and slow(S)-growing Colorado squawfish that matureat3 .
and 6 years of age, respectively. It is assumed that, beginning in the first year of maturity and continuing through age 10, each ‘
slow-growing female produces 0.5 mature female offspring annually and each fast-growing female produces 6.5~ based on survival w1th T
99% annual mortality in the smallest length class; se¢ Table 1.2

the availability of temperatures suitable for

growth, and to stimulate earlier spawmng How-v

ever, such enhancement must be cautiously consid-
ered because it might also benefit undesirable spe-
cies — perhaps to the ultimate detriment of Col-
orado squawfish. Water-development programs
that reduce available temperatures should of
course be avoided.

Investigations should be conducted to determine

the relation between the size of age-0. Colorado
squawflsh and overwinter survival. If an important

relation occurs, it would provide useful objectives
for possible growth-enhancement efforts.

Because elimination of 1ntroduced flshes is im-

practlcable in a river system as large as the Col-
orado, concern must clearly be directed toward
preventing introductions of additional, undesirable

fishes to the already large non-native fauna. In--
vestigations to determine which non-native fish
species present problems for Colorado squawfish -
should be conducted. Perhaps ways can be found to .-
reduce the negative effects of the important non- ..

native fishes on the Colorado squawfish.

Y.

x L m, Lm, Lmx
(age in years) : : ,

S " F S F ' S F S F
0-2b 1.0 1.0 0 0 .0 0 0 0
3 1.0 1.0 0 .65 0 . 6.5 0 19.5
4 1.0 1.0 -0 6.5 0 6.5 0" . 26.0
5 1.0 1.0 0 65 0 6.5 0 32.5
6 1.0 1.0 ‘ 05 6.5 0.5 6.5 3.0 39.0
7 1.0 1.0 0.5 65 Y05 6.5 3.5 45.5
8 1.0 1.0 205 i 65 0.5 6.5 .49 C52.0
9 1.0 © 10 - 0.5 - 6.5 0:5 6.5 v 4.5 58.5
10 1.0 1m0 . - 05 6.5 0.5 65 .50 65.0..
11 00 00 o 0 0 0 0 . 0
Sums

2.5 52 20 338

* For slow-growing population, G= (ZLm.x)/R, = 20/2. 5= 8 years; r= (log.R,)/G= 0.916/8 = 0.115; and f= e"= 1.121. For
fast-growing populatxon, G = 338/52= 6.5 years, r= (log,52)/G = 0.608; and f= 1.837.: ‘
b Values apply to ages 0,1and?2.
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Introduct1onA

One task of the U. S. Fish and W1]d11fe Service (FWS) is to develop year-round
flow recommendations for the 15-mile reach at Palisade, Colorado, river mile 181.4-
182.0. The recommendations will enhance adult habitat for Co]orédo squawfish

(Ptychocheilus lucius). One method for simulating the amount of habitat available

at a part1cu]ar stream flow is the Phys1ca] Hab1tat S1mu1at1on Methodo]ogy (PHABSIM)
system, part of the Instream F1ow Incrementa] Methodo]ogy (TFIM). PHABSIM compares
water depth, mean column velocity and substrate at various flow levels with the
suitability of these parameters for'tish'use. Thus, the effects of proposed
streamflow alterations on existing riverine habitat can be expressed (Bovee 1982).

This PHABSIM analysis follows three general steps to develop a flow
recommendation. First, fish microhabitat utilization data are analyzed to develop
suitability index (SI) curves which represent the relative use of various water
depths, velocity and substrate during a fish life stage (i.e. adult Colorado
squawfish in the 15-mile reach). second;fsl €urves are compared with data collected
along several transects to determine the relative amount of habjtat available under
various flow scenarios. These habitot conditions establish a baseline of habitat
comparison for flow recommendations.“‘Third,ithe feasibility of implementing
recommended flows is evaluated based on existing water records.

In this analysis, habitat is considered for adult Colorado squawfish during the
summer months of July, August and September, and a pre11m1nary effort is made to
address the "winter" months from October through Apr11 " Preliminary analyses
suggest that a proposed flow w1ndow between 700 and 1200 cfs during July, August and
September could maximize adult Colorado squawfish habitat in the 15-mile reach. In
comparison to the flow records revieuedA(utrgtn flows from 1950-1982 and actual

flows from 1930-1987), a proposed flow of 700 cfs would decrease present flows by an
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average of 44 percent during July, August, and September but increase available

habitat for Colorado squawfish adults by 45 percent during these months.

STEP 1: Suitability Index Curves

For -adutt %o]orado squawfish, SI curves were derived by compiling and
organizing microhabitat data into frequency histograms of habitat use. The data for
construction of these SI curves were obtained from the Colorado River Fishery
Project, Grand Junction, and consist of radiotelemetry observations of adult
Colorado squawfish depth, velocity and substrate microhabitat use in pool, run, and
riffle habftats in the 15 mile reach (Tables 1 and 2). Generally, SI curves are
developed by combining data from all habitat types (pool, run,'riffle, eddy,
backwater, etc.); however, in this analysis, the 1imiting microhabitat, and hence
the microhabitat evaluated for Colorado squawfish, is considered pools, runs and
riffles (Kaeding, Response to questions posed by the Technical Group in Jim
Bennett's memo of 13 April 1988). Further, only data collected from habitats
modeled by the PHABSIM site Cross sections--pools, riffles and runs—--were used.

The raw data are prepared in frequency tables for summer (July, August and
September) and winter (October through April) (Tables 3 and 4). Summer habitat use
occurred at depths between 0.5 and 8.0 feet (X =.to 3.76 ft; Tables 3 and 5), and
velocities between 0 and 5.6 feet per second (X = to 1.57 feet per second; Table 3
and 5), over cobble substrate. In winter, depths between 0.5 and 10.5 feet (X = to
4,22 feet; Tables 4 and 6), and velocities ranging from 0.0 to 2.8 ft/sec (X = to
0.74 ft/sec), over silt and cobble substrates were used. Thus, in winter adult
Colorado squawfish used deeper, lower velocity habitats. There also appears to be a
shift from predominantly run habitat in the summer to a combination of pool and run

habitats in the winter.
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Table 1. . _Rad1ote1emetry observations co]]ected by the. Colorado River
© " 'Fishery Projeéct, Grand Jdunction, for Colorado squawfish
(Ptychocheilus_lucius) pool, run and riffle microhabitat use in

the 15-mile reach during July, August and September.

. POOL MICROHABITAT -

Date . . RM. .. Depth Velocity  Substrate , - Number . . Discharge”
' A € 4 9 E. (ft/s) R Observat1ons (cfs)
‘82/07/13”‘ ©178.3 4"”3}5”"' ”0;4 - Rubb]e 9 5221
86/07/22 = 185.1 231 0 0.3 - Sand/Rubble . 1 6908
"86/08/12 ' 174.2 6.0 0.7 Rubb]e/Rubb]e 1 2003
86/08/19  174.2 -.5.0 0.8 .Sand/Silt o1 2003
87/08/25 '180.3 1.6 1.5 ‘ Rubb]e/Rubb1e‘ 1 975
87/08/25 175.9 0.9 . 0.1 . Rubble/Rubble - .1 - . 975
'88/07/11 °~ 179.1 5.0 ~NA  Sand/Sand 1 NA**
88/07/25 - 173.4 . 2.0, 0.1 Rubble/Boulder.: 1 NA -
'88/08/15 173.0 3.0 1.1 Rubble/Rubble 1 NA
88/09/13 . . 171.2 4,3 0.1 Rubble/Sitt ., .+ .1 NA
88/09/13  175.1 3.0 0.3 Silt/Silt 1 NA
RIFFLE MICROHABITAT u
Date  RM. . Depth.:. Velocity  Substrate. - : Number Discharge
' ~ S (ft) (ft/s) Observat1ons (cfs)
85/08/29 ' 178.3 1.0° 1.7 Rubb]e 1 1961
85/07/30 172.5 1.3 3.2 Gravel/Rubble 1 5618
85/07/15 - 185.1 2.3 5.4 Rubble/Boulder 1 5618
- 86/08/15 187.5 0.8 - 0.8 Rubble/Rubble - 1 2003
87/07/27 = 174.3 2.0 NA  Rubbie/Rubble 1 1530
87/08/17 = 178.8 - 1.5 . 3.0 . . Rubble/Rubble 1 -975:
'87/09/08 = 180.8 2.0 ~ NA Rubble/Rubble 1 634
87/09/18  181.9 1.8 2.5  Rubble/Boulder 1 634
88/07/11  178.3 © 3.8 NA Rubble/Rubble 1 NA
88/08/29 175.4 L 1.9 2.2 -Rubble/Rubble, 1 “NA.
RUN MICROHABITAT
Date RM ' Depth ‘ Ve]oc1ty Substrate Number D1scharge
C(fY) (ft/s) o Observations  (cfs).
79/09/12 185.1 ., . 6.0 1.0 Gravel/Rubble: 2 . 657:.
79/09/13 185.1° 8.0 0.5 Gravel/Rubble 2 657
86/07/01 175.5 5.4 0.5 Rubble/Rubble. 1o 6908
86/07/16 174.5 3.0 3.5 Rubble/Rubbie 1 6908
86/07/22 175.2 2.5 2.2 Rubble/Rubble 1 6908
86/07/29 174.4 4,2 1.0 S{1t/Si1t 1 6908



86/07/30
86/08/06
86/09/03
86/09/18
86/09/30
87/07/08
87/07/09
87/07/13
87/07/21
87/07/21
87/07/27
87/08/17
87/08/17
87/08/17
87/09/08
87/09/18
88/07/05
88/07/05
88/07/05
88/07/05
88/07/11
88/07/11
88/07/18
88/07/18
88/07/18
88/07/25

88/07/25

88/07/25
88/08/02
88/08/02
88/08/02
88/08/08
88/08/08
88/08/08

88/08/15

88/08/15
88/08/22
88/08/29
88/08/29
88/08/29
88/08/29
88/09/06
88/09/06
88/09/19
88/09/19
88/09/26
88/09/26
88/09/26

* Mean monthly
** Not available

) . . - - . L] - - L . . . - - L] L) . . - L) . ] . . - - L] . . . . - . L] . . *
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discharge.
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Boulder/Rubble
Rubble/Rubble

Rubble/Boulder

Rubble/Rubble

Rubble/Gravel

Rubble/Rubbie
Boulder/Silt

Rubble/Boulder

NA/NA

Sand/Sand
Rubble/Silt
Rubble/Rubble
Rubble/Rubble

Sand/Sand
Rubble/Rubble
Rubble/Rubbie
Rubble/Rubbie
Rubble/Rubble
Rubbie/Rubble
Rubble/Rubble
Rubble/Rubble
Rubble/Rubble

Boulder/Boulder

Rubble/Rubble
Rubble/Gravel
Rubble/Rubble

Rubble/Boulder

Rubble/Rubble
Rubble/Rubble
Rubble/Sand
NA/NA
Rubble/Rubble
Rubble/Rubble

Rubble/Boulder

Rubble/Sand
Rubble/Rubble
Rubble/Rubbie
Boulder/Sand
Rubble/Rubble
Rubble/Rubble
Rubble/Rubble
Rubble/Rubble
Sand/Sand
Rubble/Rubble
Boulder/Rubble
Rubble/Rubble
Rubble/Sand
Bedrock/Rubble




~.Table 2. = Radiotelemetry observations collected by the Colorado River
Co - Fishery Project, Grand Junction, for Colorado squawf1sh
(Ptychocheilus Jucius) pool and run microhabjtat use 1n the
15-mile reach from October through. Apr11 L

pooL MI’CROHABITAT:

" L

Date ~RM Depth Ve10c1ty Substrate Number - D1scharge
: (ft) = (ft/s) = Observat1ons "(cfs)
\¢;86/10/07 ~175.9 1.5 0.3 S11t/Rubb1e 1 2204
- 86/10/07 - 174.4 3.9 0.2 Si1t/Si1t 1 2204
86/10/07 174.4 3.1 _ 0.3 Silt/silt 1 2204
86/11/04 174.5 3.0 . 0.5 Silt/Rubble . 1 3198
. 86/11/05 174.5 5.0 0.2 Silt/Silt - .o 1 3198
- 87/03/02 -174.6 3.0 0.0 Sand/Sand . 1 2513
- 87/04/16 - 179.1 - 0.8 0.2, Silt/Silt 1 3344

- 88/01/08 174.4 3.0 0.0y = Si1t/Silt 1 L NAER*
-88/01/08 174.5 2.8 0.1 - Silt/Silt 1 'NA
88/01/13 174.5 2.5 0.0 Silt/Silt 1 NA
88/01/13 174.4 3.0 0.0 Sitt/Silt 1 “NA
88/01/19 174.4 3.0 . 0.0 Silt/Silt 1 ‘NA
88/01/27 - 174.4 2.8 0.1 Silt/Silt 1 ‘NA
88/02/04 174.,5 . 1.4 0.0, Silt/Silt 1 NA
88/02/04 174.4 6.6 0.1, S11t/Bou1der 1 ~NA
88/02/09 - 174.4 6.4 0.2 Gravel/Silt . 1 . NA
88/02/09 - 174.5 1.4 0.3 Silt/silt .o 1 B “NA
- 88/02/19 - 174.4 - 4,0 0.3 Silt/Bedrock , 1 NA
- 88/02/19 174.5 2.0 0.1 Sitt/sitt . 71 NA
- 88/02/19 176.7 3.0 0.1 Boulder/Silt 1 " NA
. 88/02/24 174.4 3.8 0.4 Sil1t/Silt 1 NA
- 88/02/24 174.5 2.0 0.1 Silt/Silt 1 ‘NA
88/02/24 176.7 3.8 0.2 Rubble/Silt R | NA
. 88/03/01 174.4 4,3 0.1 Sand/Rubble “.. ‘1 NA
- 88/03/10 174.4 4.0 0.2 Sand/Rubble 1 ‘NA
- 88/03/10  176.5 4,2 - 0.7 Silt/Silt 1 NA
88/03/16 176.5 - 2.5 0.3:.: Silt/Rubble 1 “NA
.. 88/03/17 174.4 4.8 0.2°. . Boulder/Rubble - 1 NA
., 88/03/31 174.4 3.8 . 0.0 . Silt/silt 1 - NA
. 88/04/18  174.4 4,0, 0.2 Silt/Silt 1 NA

- : - ".—‘—————_‘_—‘_.._———————_—————_——————————'—':——'——'——‘ﬁ_————
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Date RM Depth

Velocity
(ft/s)

Substrate

Number
Observations

Discharge*
(cfs)

87/10/09 176.5
87/10/09 176.5
87/10/09 174.4
87/10/09 174.3
88/10/07 184.2
88/01/11 177.0
88/01/13 177.0
88/01/15 - 184.2
88/01/21 177.0
88/01/22 184.2
88/01/27 176.7
88/01/27 174.4
88/01/28 184.1
88/02/04 176.7
88/02/05 184.1
88/02/09 176.7
88/02/10 184.1
88/02/19 184.1
88/02/25 184.1
88/03/01  174.3
88/03/01 176.6
88/03/02 184.1
88/03/11 184.1
88/03/17 184.1
88/03/17 174.4
88/03/22 174.4
88/03/22 174.3
88/03/23 177.2
88/03/23 183.4
88/03/29 177.3
88/03/31 182.7
88/04/06 174.4
88/04/06 174.4
88/04/12 179.9
88/04/25 178.8
88/04/25 181.6

Rubble/Rubble
Rubble/Sand
Sil1t/Silt
Si1t/Silt
Si1t/Silt
Rubble/Rubble
Silt/Rubble
Rubble/Rubble
Rubble/Silt
Silt/Bedrock
Rubble/Rubble
Sil1t/Silt
Rubble/Silt
Rubble/Rubble
Rubble/Silt
Rubble/Rubble
Rubble/Rubble
Si1t/Silt
Silt/Rubble
Sand/Silt
Rubble/Silt
Sand/Sand

Boulder/Bedrock

Silt/Boulder
Sand/Sand
Sand/Sand
Sand/Sand

Rubble/Silt

Rubble/Silt
Rubble/Silt
Rubble/Rubbie
Sand/Sand
Sand/Sand
Gravel/Rubble
Rubble/Rubble
Sand/Sand

* Mean monthly discharge
** Not available
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Table 3.  Radiotelemetry observations for Co]orado squawf1sh (Ptvchoche11us
lucius) depth, velocity, and substrate microhabitat use in the
15-mile .reach in pool, run, and r1ff1e habitats during July,
August and September o

FREQUENCY R o L FREQUENCY

DEPTH ~ :POOL ~ RUN . RIFFLE . VELOCITY POOL - RUN .~ RIFFLE
(FT) : R o (FTIS) T O
0-0.49 0 0 . 0. - 0.0—0.19 3 1.0
5-0.99 1 0 17, 0.2-0.39 2. 0 0
0-1.49 0 12 - 0.4-0.59 1 5 . 0 -
5-1.99 1 "33 ; 0.6-0.79 1 1 -0
0-2.49 1 6 . 3 g - 0.8-0.99 1 3 1
5-2.99 0 6 0 - 1.0-1.19 1 7 - 0
0-3.49 3710 0 - 1.2-1.39 0 4 - 0
5-3.99 1 2 1 - 1.4-1.59 1 - 6 0
0-4.49 1 4 0 - 1.6-1.79 0 - 1 1
5-4.99 0 2 0 1.8-1.99 0 6 0
0-5.49 2 8 . 0 2.0-2.19 0 2 . 0
5-5.99 0 2 0 2.2-2.39 0 1 - 1
0-6.49 1 4 0 2.4-2.59 0 4 1
5-6.99 0 0o 0. - 2.6-2.79 0 . 1 - 0
0-7.49 0 2 0 2.8-2.99 0 1 0
5-7.99 0 2 0 3.0-3.19 0 1 1
8.0 ~ 0 1 0 3.2-3.39 0 1 1
————— e - 3.4-3.35 0 2 . 0
TOTAL .11 53 10 - 3.6-3.79 . 0" 0 -0
———— e - 3.8-4.19 0 0o 0
4,2-4.39 0 0 -0
———————————————————————————— - 4,4-4,59 0 1 0
SUBSTRATE POOL RUN RIFELE - 4.6-5.19 0 0. 0
---------------------------- - 5,2-5,39 0 0 -0
1 0 0 0 - 5.4-5.59 0 0. 1
2 0 0 0 5.6 0 0 0
3 1 1 .0 —— e ——m——mm——— -
4 3 3.0 TOTAL: 10 48 7
5 0 2 1 ——-——44—* R Rt
6 7 .39 .9 mmmmemmbeee s e
g 8 -5 f‘g“ﬁ SUBSTRATE CODE DESCRIPTION
1 0T e e : -"‘—-‘*-"‘"-_—-‘y---—
9 0 0 0 1 " Plant detritus
---------------------------- 2 Clay
TOTAL: 11 51 10 3 S Silt
---------------------------- 4 Sand
5 Gravel
6 Rubble
7 Boulder
8 Bedrock
9 Other
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FREQUENCY
RUN

POOL

VELOCITY
(FT/S)

FREQUENCY
RUN

Radiotelemetry observations for Colorado squawfish (Ptycho-

cheilus lucius) depth, velocity, and substrate microhabitat
use in the 15-mile reach in pool and run habitats from

October through April.

POOL

DEPTH
(FT)

Table 4.
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To produce SI curves for summer and winter adult Colorado squawfish
microhabitat use, frequency bar graphs {(developed form Tab]esys and 4},were smoothed
by connecting ‘the peak bars. Genera11y; the peak of a SIvcurve (the bin value
assigned a su1tab111ty of one) occurs at the bar w1th the highest frequency of use,
Thus, the resu1t1ng smoothed curve closely reflects the frequency bar graph, as in
Figures-1 and 2 (Tables 5 and 6; Set A). However,-to alleviate the radiote1emetry
sampling bias towards sha]]ow, 1ow ve]oc1ty habitats and to ref]ect the range of
hab1tat use in the 15-m11e reach the peak of the SI curve was extended to include
the mean depth and ve]oc1ty va]ues CTable 7 and 8; Figures 3 and 4 Set. B)

Substrate is represented as a bar graph of hab1tat use,

Once the SI clurves were. deve]oped they were run through the HABTAT4 program,
part of the Physical Hab1tat S1mu1at1on System for IBM- Compat1b1e M1cro Computers
developed by BIO/WEST, Incorporated (Biowest 1987). The results of runn1hg curve
Sets A and B are given in Tables‘Qiand 10. The highest habitat index value for
curve Set A occurs at 1100 cfs for summer and 450‘cfs for winter. The h1ghest value

for curve Set B occurs at 900 and 450 cfs for summer and w1nter, respect1ve1y

t,

"4
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Table 5.

Set A: Coordinate pairs for the cambined suitability index curves
for pool, run, and riffle habitats in the 15-mile reach during
July, August and September.

MICRCHABITAT
DEPTH VELCOCITY SUBSTRATE
B Value Suitability Value Suitability Code Suitability
| (fr) Index (ft/s) Index Index
0.00 0.00 0.00 0.00 1 0.00
- 0.25 0.00 0.10 0.50 2 0.00
0.75 0.15 . 0.50 0.75 3 - 0.04
1.25 0.23 1.10 1.00 4 0.11
. 1.75 0.54 1.90 0.75 5 0.05
( 2.25 0.77 2.50 0.63 6 1.00
: 3.25 1.00 3.10 0.25 7 0.09
; 5.25 0.77 3.50 0.25 8 0.12
N 6.25 0.38 4.50 0.13 9 0.00
| 7.25 0.15 5.50 0.13
7.75 0.15 5.70 0.00
. 8.25 0.08 100.00 0.00
i 8.75 0.08
’ 100.00 0.00
o mean 1.57
v variance 0.97
\ mean 3.76
variance 3.26
|
SUBSTRATE CODE DESCRIPTION
1 Plant detritus
- 2 Clay
\ 3 Ssilt
| 4 Sand
) 5 Gravel
6 Ccble
: 7 Boulder
' 8 Bedrock
- 9 Other
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Figure 1. Set A: Suitability index curves for adult Colorado squawfish

(Ptychocheilus lucius) in the Colorado river -at the 15-mile reach
during July, August and September, The peak of the suitability
curve has not been extended to include the mean water depth and
velocity va]ues

Suitability Index
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Table 6. Set A: Coordinate pairs for the cambined suitability index curves
for pool, run, and riffle habitats in the 15-mile reach during
October through 2April.

MICROHABITAT
‘ DEPTH VELOCITY SUBSTRATE.
Value Suitability Value Suitability Code Suitability
; (fr) Index (ft/s) Index Index
1 0.00 0.00 0.00 0.00 1 0.00
N 0.25 0.00 0.10 0.65 2 0.00
| | 0.75 0.09 . 0.30 1.00 3 1.00
o 1.25 0.27 1.50 0.53 4 0.34
. 2.25 0.36 1.90 0.12 5 0.06
o 2.75 0.91 2.70 0.06 6 0.56
’ 3.25 1.00 2.90 0.00 7 0.09
4.25 0.91 100.00 0.00 8 0.00
N 4.75 0.36" 9 0.00
| 7.25 0.36
7.75 0.18 mean 0.74
. 8.25 0.09 variance 0.34
i 10.25 0.09 :
-~ : 10.75 0.00
o 100f00 0.00
.
B mean  4.22
K variance 3.79
‘ SUBSTRATE CODE DESCRIPTION
g 1 Plant detritus
2 Clay
= 3 silt
o 4 Sand
— 5 Gravel
‘ 6 Cabble
ﬁ 7 Boulder
B 8 Bedrock
S Other
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Figure 2. Set A: Suitability index curves for adult Colorado squawfish
(Ptychocheilus lucius) in the Colorado river at the 15-mile reach
“during October through April. - The peak of the suitability
curve has not been extended to 1nc1ude the mean water depth and
velocity values.
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Table 7. Set B: Coordinate pairs for the combined suitability index curves
for pool, run, and riffle habitats in the 15-mile reach during
July, August and September.

MICRCOHABITAT
N DEPTH VELOCTITY SUBSTRATE
Value Suitability Value Suitability Code Suitability
i (ft) Index (ft/s) Index Index
0.00 0.00 0.00 0.00 1 0.00
- 0.25 0.00 0.10 0.50 2 0.00
I 0.75 0.15 , 0.50 0.75 3 0.04
B 1.25 0.23 1.10 1.00 4 0.11
. 1.75 0.54 1.57 1.00 5 0.05
Ly 2.25 0.77 1.90 0.75 6 1.00
L 3.25 1.00 2.50 0.63 7 0.09
3.76 - 1.00 3.10 0.25 8 0.12
7 5.25 0.77 3.50 0.25 9 0.00
3 6.25 0.38 4.50 0.13
7.25 0.15 5.50 0.13
N 7.75 0.15 5.70 0.00
; 8.25 0.08 100.00 0.00
- 8.75 0.00
| 100.00 0.00 mean  1.57
e : variance 0.97
mean  3.76
variance 3.26

SUBSTRATE CODE DESCRTPTION

Plant detritus
Clay

Silt

Sand

Gravel

Cobble

Boulder
Bedrock

Other

Lo~k wheE
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Figure 3. Set B: Suitability index curves for adult Colorado squawfish
: -~ (Ptychocheilus lucius) in the Colorado river at:the 15-mile reach
- during July, August and September.. The.peak of the suitability
curve has been extended to. include the mean.water depth and
velocity values.

2 -
5 U
£ ¥
= | = p
d 00 0 oy O L .
0 1 2 3 4 5 6 0 2 4 8B 8
Uelocity in ft/sec ... Depth in«fee+
X ? 1 l 1 =7 : T —
U - |
y
I'-C'| |8 B ——t
3) = —
a
: I4 [ —
-D ‘i‘ vt
£ T )
E — [ 1 — — [ ]
3 0 1 1 1 | 1 | |
@
oS TN TP S AU > SO
A 2 & <£5J (§§O \g\e’ C§£>
) N Y 4

Substrate Type

150



Table 8. Set B: Coordinate pairs for the carbined suitability index curves
for pool and run habitats in the 15-mile reach during Octcdber
through April.

MICROHABITAT
DEPTH VELOCITY SUBSTRATE

Value Suitability Value Suitability Code  Suitability
(ft) Index (ft/s) . Index Index
0.00 0.00 0.00 0.00 1 0.00
0.25 0.00 0.10 0.65 2 0.00
0.75 0.09 . 0.30 1.00 3 1.00
1.25 0.27 0.74 1.00 4 0.34
2.25 0.36 1.50 0.53 5 0.06
2.75 0.91 1.90 0.12 6 0.56
3.25 1.00 2.70 0.06 7 0.09
4.22 1.00 2.90 0.00 8 0.00
4.25 0.91 100.00 0.00 9 0.00
4.75 0.36
7.25 0.36 mean 0.74
7.75 0.18 variance 0.34
8.25 0.09

10.25 0.09

10.75 0.00

100.00 0.00

mean 4.22
variance 3.79

SUBSTRATE CCODE DESCRIPTION

Plant detritus
Clay

silt

Sand

Gravel

Cchble
Boulder
Bedrock

Other

WoOo~NoOOHPdWN
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Figure 4. Set B: Suitability index curves for adult Colorado squawfish
" (Ptychocheilus lucius) in the Colorado river at the 15-mile reach
during October through April. " The peak of the suitability curve

has been extended to include the mean water depth and velocity
values,
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Table 9. Set A: Physical habitat (sq.ft./1000 linear ft. of stream) versus
discharge relationship for adult Colorado squawfish in the 15 mile

reach. The peak of the suitability curve has not been extended to
include mean valtues.

Discharge Physical Microhabitat

(cfs) July, Aug, Sep Oct through Apr

* % X X H % % X X

1 300.00 56028.64 24269. 46
2 450.00 67296.86 * 25067.11 *
3 600.00 73952.05 23048.86
4 750.00 77237 .37 19765.51
5 900.00 80319.25” 17952.59
6 1100.00 * 80701.00 * . 15509.,92
7 1300.00 70045.51 13596.16
8 1500.00 64367.04 11034.96
9 2000.00 41300.50 6207.90
*10 2500.00 37543.22 6093.47
*11 3000.00 35959.93 6109.78
*12 3500.00 40846.59 7395.31
*13 4000.00 38744.78 7388.63
*14 4500.00 36790.31 - 7466.84
*15 5000.00 34460.90 7852.51
*16 5500.00 29545.45 8442,57
*17 6000.00 27549.20 9008.66
*18 6500.00 24881.62 9645.06
*19 7000.00 23843.78 9940.42
*20 7500.00 22924.88 9785.92
*21 8000.00 19515.84 9465.13
*22 8500.00 17834.88 9301.63
*23 9000.00 16270.96 9061.86
*24 9500.00 15751.91 8952.10
*25 10000.00 14556.03 8827.30
*26 12000.00 12402.97 7722.08
*27 14000.00 11863.88 6161.58
*28 16000.00 12123.08 5260.25

kK kk ok k Kk Fok ok ok ok okkok
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~Table 10, Set B: Physical habitat (sq.ft./1000 linear ft of stheam) versus
B discharge relationship for adult Colorado squawfish in the 15 mile
reach at Palisade.” The peak of the sujtability. curve has been
extended to include the mean ‘depth and velocity values.

A

Discharge 'Phy51Ca1'Mi€rohab1tat
(cfs) JUTyjIAuQ;‘Sebf” Oct through Apr

*1 300.00 57592.22° 26534.54

* 2 450.00 72156.56 *27364.61 *
* 3 600.00 78080.21 . 25190.85

* 4 750.00 79808.09 . 21438,30

* 5 900.00 * 83254.01 * 19143.66

* 6 1100.00 83059.15 16349.70

* 7 1300.00 72721.34 14145.73 J
* 8 1500.00 66760.34 11477.27

* 9 2000.00 42288.81 6572.93
*10 2500.00 38492.04 6507.76
*11 3000.00 36770.83 6602.83
*12 3500.00 41825,69 7906.67
*13 4000,00 39583.34 7893.06
*14 4500.00 37552.72 7983.77
*15 5000.00 35261.92 8426.54
*16 5500.00 30270.20 9064.51
*17 6000.00 28334.02 9628.77
*18 6500.00 25742.38 10295.53
*19 7000.00 24675.67 10596.92 :
*20 7500.00 23685.78 10403.78
*21 8000.00 20046.39 10107.56
*22 8500.00 18197.25 9990.74
*23 9000.00 16546.07 9769.09
*24 9500.00 16034.47 9728.42
*25 10000.00 14870.52 9629.77
*26 12000.00 12821.08 8462.57
*27 14000.00 12242.39 6655,11
*28 16000.00 12299.16 5799.19
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Step 2: Evaluation of Virgin, Actual and Proposed Habitat

The next step of this analysis is to evaluate how adult Colorado squawfish
habitat has changed under a dynamic flow regime (virgin versus actual flows) and how
a proposed f]oﬁ?regime may affect habitat. The summer and winter Tape 8's from
curve Set A are combined with the virgin, actual and proposed flow records to
produce monthly habitat time series which depict how habitat has changed over time.
It must be stressed that this analysis is strictly limited to changes in depth,
velocity and substrate, and that other changes (geomorphology, water temperature,
species interactions, water qua]ify, etc.) have also had important effects on the
Colorado squawfish in the 15-mile reach, as well as elsewhere in the upper Colorado
River.

The virgin (1952-1982) water records for the 15-mile reach were
summarized by the Colorado Water Resources and Power Authority, Denver, Colorado,

and received through George Smith, FWS hydrologist, Denver, Colorado. The virgin

‘water record represents the historic (i.e. pre-water development) conditions in the

15-mile reach for which USGS flow records are available. The actual flow record is
a recorded flow (i.e., Cameo Gage + Plateau Creek + Orchard Mesa Irrigation return
flow - the Government Highline Canal and the Grand Valley Canal) and does not assume
a full level of development for all projects that have received non-jeopardy
biological opinions. It illustrates the variety of flow conditions experienced by
squawfish in the Upper Colorado River.

Looking at the summary tables of habitat duration (Tables 11 and 12), it is
evident that habitat for adult Colorado squawfish, as defined by depth, velocity and
substrate, has increased by 50, 48 and 22 percent, respectively, for July, August
and September under actual flow conditions, and that a proposed flow of 700 cfs

would increase habitat by 89, 26 and 20 percent over actual during these respective
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months. Conversely, during October through April (Table 13), medn monthly habitat
has decreased from 9 to -18 percent from November to March, and has increased 47 and
97 percent during April and October, wrespectively: A flow of 450 cf$ would increase
~ habitat between 45 and 209 percent. througholit the winter:months (Table 14). The
durationwplots.?or each month are provided in Appendix ‘A-1 through A=4 and are:

available upon reguest. . .+ © . . vy C T

. ..°'Step 3: - Evaluation of Vingin, Actual and Proposed Flow Regimes. '

e .o ... The virgin‘(1952-1952)“and¢actua1‘(1930*1987) floW ‘records used for
the habitat :and: flow ‘analyses are! provided in Tables 15 and 16.:' If-one looks -at-the
summary table comparing flow duration during these two time periods (Table 17); it
becomes ‘apparent that the average monthly flow under actual conditions has been
reduced between. 19 and 63 percent during April through October, whereas from -
November through March flows have increased between 13 and 19 percent. The avérage
monthly flow during July, August and Septefber has been reduced by 39, 58 and 63"

‘percent, respectively (Table 17).. A flow: of 450 c¢fs during October through April
would reduce flow between 56.and 81 percent in all months. - A proposed average:
.monthly flow of:700.cfs during July, -August and September would redice the actual
average fiow by 84, 45; and 4 percent .in. July, August, and September, respectively
(Table 18). The duration plots of each/month are provided in.Appendix A~5 and A-6
and are available upon request.

¢
s '
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LST

Table 11.
MONTH AVERAGE

Virgin WUA Actual WUA  Virgin WA
JULY 26839.09 40357.60 . 27597.%0
AJGUST 40982.69 60511.67 38509.00
SEPTEMBER 52113.59 63333.79 52095.50
MONTH 10 h

Virgin WUA Actual WA  Virgin WUA
JULY 39154.40 75049,80 37061.50
AUGUST 54381.80 80459.00 41265.10
SEPTEMBER  71521.00 79156.40 65363.80

MONTH  CHANGE IN INDEX - A
64.49

JULY
AUGUST 31.42
SEPTEMBER 34.62

MEDIAN

SUMMARY STATISTICS

D(PRESSED AS PERCENT OF VALUE FOR FIRST DATA-SET

Surmary stat1st1cs of v1rg1n (1951-1983) and actual (1930-1987) mean monthly habitat (i.e. we1ghted -usable-area (WUA)) in
square feet per 1000 feet, in the 15-mile reach during July, August and Septarber.

INDEX - A INDEX - 8"
Actual WUA  Virgin WUA Actual WA Virgin WUA Actual WUA
375989.00 18509.55 30447.21 26680,34 38845,25
64679.00 37183.52 48865.34 39318.26 61212.89
66354,00 41184.75 55441.79 51237.91 64467.92
PERCENT EXCEEDENCE
20 - 80 *0]
Actual WA Virgin WA Actual WUA' . Virgin WUA Actual WUA
51461.20 13955.10 24045.80 13090.50 19360.40
78782.60 36482.80 40882 .60 35538,90 36467.00
75356.10 37322.90 51717.30 36896.70 . 39937.20
CHANGE IN INDEX - B CHANGE IN AVERAGE CHANGE TN MEDIAN
15.59 50.37 %24
55.69 47.65 67.96
25.82 21.53 27.37

* Index A is the average of the interval befween the 50 and 90 percent duration.
Index B is the average of the interval between the 10 and 90 percent duration,



Table 12. Summary statistics of actual (1930-1987) and proposed mean monthly habitat (i.e. weighted-usable-area (WUA)), in square feet
per 1000 feet, in the 15-mile reach during July, August and September.

SUMMARY . STATISTICS
MONTH AVERAGE MEDIAN INDEX - A INDEX - B .
- Actual WA~ -Proposed WA Actual'WA - Proposed WA "Actual WUA Proposed WUA  Actual WUA Proposed WUA
JuLY ABST.60. T6142.02 . 37599.00. . 76142.00- - 30447.21 - 76141.99-— 3884505 ¢ TELL.9 T

AUGUST 60511.67 76142.02 - 64679.00 -~ 76142.00 48865.34 76141.99 61212.89 76141.99
SEPTEMBER  63333.79 76142.02 66354.00 76142.00  55441.79 76141.99 ~ 64467.92 76141.99

n PERCENT " EXCEEDENCE

MONTH 0 o 20 80 e %
Actual WUA Proposed WIA  Actual WUA Proposed WUA Actua] WUA Proposgq WUA Actual WUA Proposed WA

JULY 75049.80 76142.00° © 51461.20 76142.00 24045.80 76142.00  19360.40  76142.00
. AUGUST - 80450.00 . 76142.000  78782.60 76142.00 ABB2.60  76142.00°  36467.00. - 76142.00
S SEPTBBER  79156.40 76142.00 753%.10 76142.00 5171730 76142.00- 39937200 76142.00

(023
MM CHGE IV IEX -A CHANGE IV INDEX - B CHANGE INAVERAGE  CHANGE IN MEDIAN
Yy 0 150.8 %ol & . 105
ALGUST 55.82 243 25.83 17.72

SEPTEVBER 37.34 18.11 | 02 14.75
© DPRESSED AS PERCENT OF VALUE FOR FIRST DATA SET o | .

Index A is the average of the interval between the 50 and 90 percent duration.
* Index B is the average of the interval between the 10 and 90 percent duration.
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Table 13. Sumery statistics of virgin (1951-1982) and actual (1930-1987) mean monthly habitat (i.e. weighted—dsab] e-area, in square feet
per 1000 feet, in the 15-mile reach during October through April.

SUMMARY STATISTICS
MONTH AVERAGE MEDIAN INDEX - A INDEX - B -
Virgin WUA Actual WUA  Virgin WA Actual WUA  Virgin WUA Actual WUA  Virgin WA Actual WUA

OCTOBER 8750.84 17269.72 7685.00 17513.00 6612.44 13882.62 8420.42 17661 .51
NOVEMBER ~ 8955.59 8115.68 9345.50 7386.00 7304.29 6447.71 8878.53 7786.75
DECEMBER  11275.62 9414.19 11227.00 9220.00 10041.09 7237.35 11316.01 9116.88
JANUARY  12670.66 10570.53 13077.50 10514.00 11420.35 8572.19 12751.55 10468.21
FEBRUARY ~ 12844.53 10336.07 13231.50 10552.00 11791.89 8596.40 12962.68 10470.84
MARCH 11123.44 9538.61 11278.20 9529.00 9570.73 7229.59 11210.87 9301.39
APRIL 6632.44 9746.21 6184.50 8447.00 6128.59 7011.45 6451.66 9266.17
PERCENT EXCEEDENCE
MONTH 10 20 80 ‘ %0
Virgin WA Actual WA  Virgin WA Actual WA  Virgin WA Actual WA Virgin WA Actual WA
OCTOBER ~ 12749.70 24541.80 12184.90 23038.40 6136.30 11003.70 6100.40 8208.20
NOVEMBER ~ 11920.00 10845.80 11178.40 10056.40 6206.90 6151.50 6163.10 6111.00
DECEMBER  13709.70 14103.60 13248.20 11726.80 9501.00 6204.90 8416.00 6168.40
JANUARY  14851.80 14591.60 14517.50 13507.00 10848.80 7252.60 10173.80 6179.20
FEBRUARY  15374.10 14265.80 14693.70 13083.90 10932.20 6930.10 9503.00 6183.80
MARCH 14058.30 13652.00 13691.60 12638.50 9009.30 6196.70 6972.60 6100.00
APRIL 7821.10 1544500 7205.50 13157.30 6104.90 6192.80 6098.40 6136.60
MONTH  CHANGE IN INDEX - A CHANGE IN INDEX - B CHANGE IN AVERAGE CHANGE IN MEDIAN
OCTOBER 109.95 109.75 97.35 127.89
NOVEMBER -11.73 -12.30 -9.38 -20.97
DECEMBER -21.92 « -19.43 -16.51 , -17.88
JANUARY -24.94 -17.91 -16.57 -19.60
FEBRUARY - -27.10 -19.22 -17.97 -20.25
MARCH -24.46 -17.03 -14.25 -15.51
APRIL 14.4 43.62 46.95 36.58

EXPRESSED AS PERCENT OF VALUE FOR FIRST DATA SET
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.EXPRESSED AS“ PERCENT OF VALUE FOR FIRST DATA SET

Table 14. Surmary statistics of actual (1930-1987) and proposed mean monthly habitat (i.e. weighted-usable-area (WUA)), in square feet
per 1000 feet, in the 15-mile reach durmg October through Aprﬂ
SUMMARY STATISTICS
MONTH -AVERAGE ' MEDIAN Lo INDEX - A o INDEX - B T,
Actual WUA  Proposed WUA™ Actua] WUA ~ Proposed WUA.  Actual WUA  Proposed WUA ~Actual WUA'  Proposed WUA-
OCTOBER 17269.72- ~ 25066.98 - _17513 00 25067.00 13882.62 25066.99: 17661.51 25067:01°
NOVEMBER 8115.68 25066.98 - -7386.00 25067.00 6447.71 25066.99 7786.75 25067.01; . -~
DECEMBER - 9414.19 25066.98 - 9220.00 2506700 - 7237.35 25066.99--  9116.88 2067.010 .
JANUARY 10570.53 - 25066.98 10514.00 25067.00 " 8572.19 25066.99 . 10468.21 25067.01 . .
FEBRUARY  10536.07 25066.98 10552.00 25067.00 8596.40 25066.99 10470.84 25007.01
MARCH 9538.61. = 25066.98 © . 9529.00 25067.00. .0 . 7229.59 25066.99 - . 9301.39 2506701 - - .-
APRIL 9746.21 25066.98 8447.00 25067.00 7011.45 25066.99 9266.17 25067.01
. R PERCENT EXCEEDENCE S
MONTH . ' 10 - ‘ 20 . 8 . o R
: Actual WUA Proposed WUA Actua] WA Proposed WA  Actual WA~ Proposed WA Actual WUA Proposed WUA ,
- OCTOBER 24541.80: 25067».‘00, 23038.40 25067.00° 11003.70 25067..00.. 82@8@20{' 25067 00
NOVEMBER ~ 10845.80. 25067.00: 10056.40 25067.00° 6151.50 25067.00-- 6111.00. 25067.00.
DECEMBER  14103.60 25067.00 11726.80 25067.00 6204.90 25067.00 6168.40  25067.00
JANUARY 14591.60 2506700 13507.00 + 25067.00.. . 7252.60 L 25067.00 6179.20 . -25067.00
FEBRUARY  14265.80 - 25067.00 13088.90 “25067.00 6930.10 . 25067.00 6183.80 - 25067.00
MARCH 13652.00 25067.00 12638.50 25067.00  6196.70 25067.00 6100.00 25067.00
APRIL 15445.00 25067.00 13157.30 25067.00 6192.80 25067.00 6136.60 25067.00
NONFH GW\IGE IN INDEX A ] ‘CHANGE IN INDEX - B CHANGE IN AVERAGE CHANGE: IN MEDIAN
OCTOBER 80. 56'7 41.93 » - 45,15 43.13
NOVEMBER -~ 288.77 - - 221.92 - 208.87 " 239.39
DECEMBER - 246.36 174,95 - 166.27 171.88
JANUARY 192.42 139.46 137.14 138.42
FEBRUARY -~~~ 191.60 - . - 139.40 137.92 137.56
MARCH - =~ 246.73 169.50 162.79 163.06
APRIL 257.52 170.52 157.20 196.76

\v
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Table 15. Virgin (1952-1982) mean monthly flows, in cfs, in the Colorado River at Palisade, river mile 181.4-182.0.

YEAR

1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1%l
1962
1963
1964
1965
1966
197
1968
1969
19/0
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982

JAN

1231.00
1499.00
1517.00
1335.00
1187.00
1192.00
1252.00
1255.00
1240.00
1227.00
1127.00
1401.00
1335.00

1401.00
1447.00
1278.00
1281.00
1515.00
1517.00
1845.00
1715.00
1540.00
1662.00
1473.00
1558.00
1400.00
1205.00
1131.00
1558.00
1185.00
1346.00

FEB

1339.00
1380.00
1289.00
1294.00
1206.00
1116.00
1334.00
1516.00
1282.00
1305.00
1191.00
1843.00
1408.00

938.00
1319.00
1287.00
1179.00
1338.00
1323.00
1402.00
1501.00
1717.00
1510.00
1584.00
1492.00
1641.00
1372.00
1110.00
1186.00
1700.00
1103.00
1150.00

MAR

1431.00
1562.00
1483.00
1237.00
1385.00
1479.00
1314.00
1700.00
1291.00
1988.00
1268.00
1636.00
1502.00
1039.00
1281.00
1707.00
1608.00
1359.00
1331.00
1390.00
1910.00
2129.00
1689.00
1946.00
1704.00
1792.00
1258.00
1413.00
1509.00
1717.00
1148.00
1413.00

MAY

10123.00
17382.00
6843.00
6555.00
8074.00
14510.00
10641.00
16695.00
7580.00
8762.00
7544.00
16658.00
7515.00
9265.00
10234.00
8383.00
7246.00
6541.00
13189.00
17058.00
9624.00
8806.00
11782.00
15474.00
7890.00
8804.00
4449,00
9727.00
13347.00
12327.00

- 4683.00

8995.00

JUNE

18339.00
27911.00
19006.00

4965.00
10268.00
14674.00
29184.00
16749.00
16921.00
16553.00
11350.00
19973.00

6580.00
11491.00
22613.00

7006.00
14076.00
19712.00
12798.00
19512.00
21228.00
17445.00
20060.00
15911.00
18311.00
11864.00

5841.00
23720.00
22425.00
21344.00

9610.00
18611.00

JuLY

9884.00
8339.00
5718.00
2657.00
4547.00
3364.00
21225.00
3568.00
4613.00
47%.00
3068.00
10746.00
2333.00
5161.00
13587.00
2974.00
6825.00
6017.00
7500.00
7764.00
8980.00
4395.00
11246.00
5953.00
13324.00
5285.00
1844.00
9274.00
10551.00
7193.00
3311.00
10624.00

SEPT

1736.00
2722.00
1419.00
1520.00
1275.00

871.00
2766.00
1470.00
1569.00
1390.00
3701.00
1784.00
1740.00
1593.00

.3008.00

1266.00
2036.00
2011.00
2078.00
3104.00
2720.00
2567.00
2145.00
1592.00
2097.00
2080.00
1257.00
1522.00
1808.00
1748.00
1587.00
3132.00

ocT NOV DEC

1891.00 1673.00 1543.00
1767.00 1677.00  1450.00
1413.00 1655.00 13%6.00
2122.00 1658.00 1344.00
1222.00 1490.00 1361.00
1123.00  1346.00  1190.00
2270.00 2008.00 1725.00
1370.00 1477.00 1286.00
2515.00 2004.00 1449.00
1535.00 1537.00 1320.00
3979.00 2277.00 1611.00
1831.00 1833.00 1486.00
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-Table 16. Actual (1930»19{37) mean monthly- flows in ¢fs, in the Colorado River at-Palisade, river mile 181.4-182.0 - -

YER

11930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
1983
1944
1945
1946
1947
1948
1949
1950
1952
1953
1954
1955
1956
1957
1958
1959

JAN
1546.00

-1190.00

1546.00
1331.00
1450.00
1039.00
1252.00
1180.00
1346.00

11551.00
1047.00

1114.00
1536.00

1307.00

1245.00
1327.00

1833.00
1374.00
1924.00
1662.00

1554.00
1584.00
1652.00

1576.00

1220.00
1327.00
1307.00
1560.00
1587.00
1639.00

FEB

-1562.00

1228.00

1562.00
1368.00

1408.00
990.00
1238.00

11298.00

1341.00
1395.00

1134.00
1262.00

1644.00
1386.00
1372.00
1352.00
1681.00

1530.00

1988.00

1563.00

1660.00

1487.00

1467.00
1503.00
1212.00
1327.00
1417.00
1815.00
1613.00
1604.00

MAR

11632.00

1294.00

11632.00

1406.00
1489.00
1032.00
1261.00
1479.00

"1957.00
1876.00

1295.00
1375.00
1713.00
1477.00

1341.00
1572.00

1666.00

1788.00

1928.00
1646.00

1941.00

1839.00

1656.00

1526.00
1411.00
1699.00

1330.00

1352 00
2208.00

APR

1919.00

-1057.00

1919.00
1438.00

- 2368.00

1102.00
4786.00
1766.00

-4147.00

2778.00

-1576.00

1455.00
5368.00
3306.00
1127.00

1126.00

4149.00
2205.00
3670.00
2706.00
2786.00

1425.00
1504.00
1524.00
2249.00
1701.00
2208.00
1133.00
3378.00

MAY JUNE

7747.00 11963.00
3986.00 3439.00
7747.00 11953.00
5243.00 * 7609.00
8930.00  2767.00
4690.00 19911.00
18128.00 14373.00
11429.00 ~ 8526.00
13758.00 24082.00
12769.00  9548.00
7949.00  7396.00
15573.00 12615.00
12605.00 19919.00
7245.00 14358.00
8826.00 14358.00
9261.00 12462.00
6262.00 10217.00
12781.00 16202.00
14841.00 12904.00
8586.00 17186.00
5831.00 12064.00
15440.00 21489.00
4589.00 13723.00
3680.00 1857.00
5355.00  6152.00
10041.00  9194.00
8661.00 23868.00
13672.00 12496.00
“5214.00  9972.00
6011.00 9804.00

Jury

3540.00
799.00
3540.00
1901.00
37.00
6162.00
4073.00
3429.00
6902.00
1487.00
1032.00
3589.00
5116.00
4729.00
4718.00
6625.00
27%6.00
10393.00
3532.00
8172.00
2893.00
5773.00
3215.00
767.00
1878.00
1219.00
16299.00
1561.00
1883.00
1922.00

AG

S 973.00
©210.00

%7.00

. 451.00
34.00

1009.00
2274.00

532.00

1258.00

100.00

33.00
824.00

- 741.00
1684.00
497.00 -

3209.00
566.00

:2390.00

1089.00
1489.00
498.00
2985.00
1608.00
178.00
1000.00
316.00
4028.00
. 244.00
601.00
378 00

LFu8BB
28888888

B

SEPT

~ =3
Nuula
Jroeie
5888

S

PHSEG
8888888888

S
o

—
(S A \CRE
. D)

-0CT

NOV

1870.00
1517.00
11870.00

1651.00
1079.00
1634.00
1554.00
1802.00

1836.00
1349.00
1502.00
2241.00
1687.00

2014.00
1767.00

2203.00

-1808.00

2366.00
1878.00
1892.00
1697.00
1892.00
1696.00

1661.00

1587.00
1390.00
2165.00
1603.00
1966.00
1671.00
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Table 16. CONTINUED

JAN

1605.00
1890.00
1630.00

942.00
1527.00
1908.00
1430.00

1781.00
1779.00
2316.00
2145.00
1947.00
2051.00
1789.00
1921.00
1724.00
1291.00
1345.00
1831.00
1400.00
1552.00
1806.00
2303.00
2693.00
2464.00
2258.00

FEB

1548.00
2521.00
1628.00

969.00
1428.00
1831.00
1368.00
1574.00
1590.00
1784.00
2058.00
2119.00
1919.00

1988.00 -

1788.00

1550.00
1318.00
1518.00
1981.00
1197.00
1392.00
1806.00
2269.00
2466.00
2772.00
2253.00

1373.00
2631.00
1635.00
1055.00
1401.00
2219.00
1726.00
1547.00
1586.00
1925.00
2489.00
2497.00
2049.00
2527.00
2024.00
2266.00
1261.00
1544.00
1818.00
2024.00
1162.00
1569.00
1942.00
2652.00
2932.00
3387.00
2513.00

APR

814.00
8084.00
1229.00

921.00
1923.00
1592.00
1377.00
1344.00
3420.00
1740.00
4245.00
2006.00
1227.00

MAY

4534.00
13599.00
3799.00
5589.00
6695.00
4903.00
3973.00
4181.00
7998.00
12947.00
7416.00

12627.00
7654.00

JUNE

- 5601.00
13862.00
2547.00
6349.00
14431.00
3127.00
7641.00
11500.00
7253.00
12858.00
136%.00
9%643.00
13570.00
9520.00
11508.00
6003.00
1343.00
12927.00
14169.00
13942.00
3899.00
10489.00
25252.00
21679.00
15937.00
15749.00
6489.00

JuLy

658.00
7374.00
238.00
2050.00
8427.00
1000.00
3145.00
2656.00
4292.00
4386.00
5807.00
2003.00
7775.00
3106.00
7728.00
1903.00
230.00
4293.00
6985.00
3852.00
/781.00
5221.00
15458.00
13912.00
5618.00
6908.00
1530.00

AUG

352.00
1481.00
368.00
978.00
2961.00
423.00
694.00
2201.00
973.00
1214.00
1388.00
778.00
1884.00
1078.00

1722.00 -

882.00
214.00
658.00
1393.00
836.00
244.00
18098.00
5205.00
5068.00
1961.00
2003.00
973.00

NOV -

2244.00
2516.00
1530.00
1583.00
2404.00
1582.00
1775.00
1950.00
2266.00
2661.00
2378.00
2604.00
2427.00
2160.00
2271.00
1962.00
1350.00
1878.00
2158.00
1827.00
1624.00
2550.00
2629.00
3350.00
3024.00
3198.00
2233.00

DEC

2010.00
1942.00
1166.00
1555.00
2337.00
1454,00
1673.00

1734.00
203900
2353.00
2182.00
2127.00
2129.00
1922.00
2015.00
1821.00
1413.00
1520.00
2021.00
1685.00
1447.00
1963.00
2476.00
3086.00
2501.00
2625.00
1879.00
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EXPRESSED AS PERCENT OF VALUE FOR FIRST DATA SET

Table 17. Summary statistics of virgin (1951-1983) and actual (1930-1987) mean monthly flows, in cfs, in the Colorado River at Palisade
river mile 181.4-182.0.
SUMMARY STATISTICS
MONTH AVERAGE MEDIAN INDEX - A INDEX - B
Virgin flow  Actual flow Virgin flow  Actual flow  Virgin flow _ Actual flow Virgin flow Actual flow
JANUARY 1368.84 1607.84 1340.50 1554.00 1247.26 1396.82 1360.49 1578.02
FEBRUARY 1355.12 1615.47 1328.50 1550.00 1242.57 1397.64 1343.91 1578.01
MARCH 1520.56 1783.09 1481.00 1656.00 1356.32 1483.95 1504.22 1734.02
~APRIL - -- 2098.22 - - - -2426.58~ - --2567.00 --1919.00 - - 2280.60-- - - 1493.58 - - 2746.00- - 2183.46
MAY 10209.56 T8494.04 . 9130.00 7747.00 - 7946.81 1 5767.30 . ' 9970.96 - 78170.83
JUNE 16439.09 - 11640.02 17183.00 - 11963.00 13118.45 8480.70 16482.69 . 11383.99
JULY 7083.31 ;0 4338.72 5985.00 3540.00 4386.87 2145.30 ~ 6598.88 3829.13
AUGUST 2081.50 - 1264.82 - 2765.00 973.00 2300.52 586.54 - 2858.83 1068.93
SEPTEMBER  1981.37  727.98 1766.00 599.00 1555.48 - 388.26 - 1921.81 - 662.36
OCTOBER 1960.78  1017.65 1847.00 936.00 1594.72 - 671.32 .. 1901.94 965.44
NOVEMBER  1749.97 . . -1982.14 1675.00 1878.00 1563.09 1697.76 1732.16 1942.24
DECEMBER ~ 1497.62 - 1747.91 ©1485.00 1688.00 1378.31 1517.39 -1491.01 - 1719.44
) PERCENT EXCEEDENCE - <L
MONTH.. 10 , 80 N ' 4] :

. Virgin: flow:  Actual ﬂow Virgin flow. Actua] flow _ Virgin flow  Actual flow . Virgin ﬂow Actual flow
JANUARY 1589.20 2126.20 - 1519.30 1891.80 1203.70 1307.00 - 1168.80 1196.00
FEBRUARY 1658.70 - 2106.80 1510.60 1925.20 1185.30 - 1339.60 1114.20 1230.00
MARCH 1920.80 - 2508.80 1709.80 2075.70 1290.00 1374.80 1251.70 1294.20
APRIL 4810.90 . 4573.00 3293.30 3382.20 - 2141.00 1332.50 2001.50 1106.80
JULY 11869.40 -8092.60 10558.30 6902.60 3358.70 1525.70 _2878.90 784.60
AUGUST 4513.20 2846.80 3752.80 1904.30 2042.20 . 377.00 - 1716.10 220.00
SEPTEMBER  3099.80 15882.20 2720.20 1108.40 - 1464.90 279.20 1272.30 - 103.40
OCTOBER 2734.70 - 1792.80 - 2519.10 1504.40 1410.20 546.80 1366.10 472.00
NOVEMBER 2194.40 7 2593.20 2004.40 2367.20 1488.80 - 1601.40 1430.90 1519.60
DECEMBER 1771. 30 o ‘2306 00: . 1658.90 2015.60 1327.20 11446.00 -1288.10 1247.00

NON[H _CHANGE IN INDEX - A CHANGE IN INDEX - B _CHANGE IN AVERAGE CHANGE IN: MEDIAN
JANUARY - - 11.99 ' 15.99 17.46 -15.93
FEBRUARY 12.48 - 17.42 19.21 - 16.67
CMARCH.. " - 9.4 - 15.28 17.27 - 11.82
APRIL -34.51 -20.49 -19.07 -25.24
JULY- -51.10 -41.97 . -38.75 - -40.85
AUGUST--— = = T4.50- meme =62 61 -57.58- --64.81
SEPTEMBER -75.04 -65.53 -63.26 -66.08
OCTOBER--- YA, | = 2| S 4810 -49.32
NOVEMBER 8.62 12.13 13.27 12.12
DECEMBER 10.09 15.32 16.71 13.67
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Summary statistics of actual (1930-1987) and proposed mean monthly fiows, in cfs, in the Colorado River at Palisade river mﬂe

Table 18.
181.4-182.0.
SUMMARY STATISTICS
MONTH AVERAGE MEDIAN : INDEX - A INDEX - B
Actual flow  Proposed flow Actual flow  Proposed flow Actual flow  Proposed flow Actual flow  Proposed flow
JANUARY 1607. .00 1554.00 450.00 139.8 1. ] 45,
FEBRUARY 1615.% 3%8.00 }550.00 450.00 1397.6£2L 450.% %2%%8% 4?8.%
MARCH 1783.09 488'00 1656.00 450.00 1483.95 453,00 1734.02 450.00
e 5 v S v N 7 & R - > o R - S
JUNE 1%340202 11640.02 11963288 11963.00 8480.70 8430.70 11383.99 11389:99
JULY 1338.72 700.00 3540.00 700.00 2145.30 700.00 3879.13 700.00
T 1264.87 700.00 973.00 700.00 586.54 700.00 1068.93 700.00
SEPTEMBER ~ 727.98 700.00 599.00 700.00 383.726 700.00 662.36 700.00

TOBER 1017.65 250.00 936.00 450.00 671.32 450.00 965. 44 450.00
NOVEMBER ~ 1982.14 jso.oo 1878.00 450.00 1697.76 450.00 1942.24 450.00
DECEMBER  1747.91 50.00 1688.00 450.00 1517:39 450.00 1719.44 450.00

0 - PERCENT EXCEEDENCE v
Actual flow  Proposed flow Actual flow — Propo 0S a DOS!

ANUARY 6.0 X 891.80 0.00 0/. 0.00 9% .00 0.00
FEBRUARY  2106.80 450.00 1925.20 450.00 1339.60 450,00 1230.00 450.00
MARCH 2509.80 450.00 2075.70 450.00 1374.80 450.00 1294.20 2450.00
APRIL 4573.00 450.00 3382.20 450.00 1332.50 450.00 1106.80 450.00
MaY 14624.28 }4624.40 12770.20 12770.20 5026.30 5026.30 4025.00 4025.00
JUNE 19917. 9917.40 14562.80 14562.80 6475.00 6475.00 3531.00 3531.00
JULY 8002.60 ;oo.oo 6902.60 700.00 1525.70 700.00 784.68 ;%.oo
AJGUST 2846.80 00.00 1904.30 700.00 377.00 700.00 220.0 00
SEPTEMBER ~ 1582.20 700.00 1109.40 700.00 279’58 700.00 103.40 700.00
bR A 2.0 0 200 e 120:00 14168 120:09
DECEMBER 2306.00 450.00 2015.60 450.00 1446.00 450.00 1247.00 450.00

MNTH  CHANGE IN INDEX - A CHANGE IN INDEX - B CHANGE IN AVERAGE CHANGE IN MEDIAN
%lélf\}lHﬁRAEY :b/./8 :/1.48 :/5'(1% :/(l).Uél
MARCH 8528 ﬁég -74.76 —;22
APRIL -69.8/7 -79.39 -81.46 -76.55
MaY 0.00 0.00 0.00 0.00
JUNE 0.00 0.00 0.00 0.00
JOLY -67.3/ -81.77 -83.87 -80.23
ST 19.34 _ -3@.51 -04.66 -28.06
SEPTEMBER 80.729 o 5,68 -3, 16.86
TOBER -32.9/ -53.39 -55.78 -51.92
NOVEMBER -73.19 -76.83 -77:30 -76.04
DECEMBER -70.34 -73.83 -74.2 -73.34

EXPRESSED AS PERCENT OF VALUE FOR FIRST DATA SET
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APPENDIX D

United States Department of the Interior
FISH AND WILDLIFE SERVICE

MAILING ADDRESS: STREET LOCATION:

Post Office Box 25486 134 Union Blud.
IN REPLY REFER TO: v &:::: i& e:;::ldfenstg;ﬁ Lakewood, Colorado 80228
BA/WTR
co

Mail Stop 60189

MAY 17 1988

Memorandum g
To: Regional Hydrologist, Division of Water Resources, Region 6
From: Supervisory Hydrologist, Division of Water Resources, Region 6

Subject: Water Storage on the Descending Hydrograph as identified in the
' draft report on Development of Biologically Defensible Flow
Recommendations for the Maintenance and Enhancement of Colorado
Squawf1sh in the "15-Mile" Reach of the Upper Co]orado River
During July, August and September

At the direction of the Colorado River Recovery Implementation Coordinator in
a memorandum dated April 29, 1988, I have made an evaluation of the
feasibility and practicality of encouraging water storage on-the descending
hydrograph.

Reservoirs physically capable of storing water of the magnitude necessary to
influence the flow and temperature regimes in the fifteen-mile reach are Green
Mountain, Dillon, Ruedi, Granby, and Shadow Mountain. These reservoirs are
located high in the basin and store predominantly during peak runoff. Because
of their location, high in the basin, they are dependant on a limited drainage
area and cannot afford to gamble on filling each year.

Under Colorado water right administration, each reservoir is granted a once
yearly fill right. Normal administration is to have the reservoirs located
high in the basin fill first, even if they have a low water right priority.
Downsteam reservoirs are filled next, and if there is not sufficient water to
fill downstream reservoirs with senior rights, water is called down from
upsteam reservoirs with junior rights. This allows the State to optimize
reservoir storage under most water year conditions.
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Having established how reservoirs are administered in Colorado, we can now
look at how water storage on the descending hydrograph would be affected by
this administration during dry, average, and wet years. We will also try to
hypothesize how the administration and operation of reservoirs mwght be g
modified to accommodate descend1ng hydrograph storage

DRY YEARS

During dry years, there is not much opportunity for changes in storage -
patterns. The peak flows typlcally come earlier in the year and are reduced
in magnitude and duration. This is generally of little concern because'data
collected to date indicates that optimal temperature conditions are present in
dry years.

WET YEARS

During wet years, most reservoirs are operated on two criteria, to fill,and
to prevent spills which damage the spillway. This type of operation moves
water storage to the descend1ng hydrograph as reservoir operators work toward
filling later in the year.” Since this type of operat1on is currently in:
practice, there is little room for additional storage in the descending 11mb
without additional. storage facilities above the fifteen-mile reach. sads

AVERAGE YEARS -

Average years have the most potential for moving depletions to the descending
hydrograph, but they also have the most associated water allocation problems.
The problems are with convincing senior right holders to delay storage based
upon runnoff forecasts; and if they do delay, they will be precluding other.
Junior water right holders from storing. The Junior water right ‘holders would
be adamantly opposed to such a plan because there is a significantly h1gher
probability that they would not get their full allocation. - With most of the
senior storage high in the basin, senior right holders would be reluctant to
let juniors downstream fill first because it is difficult to effect an
exchange mechanism on a year-to-year basis. . Prediction techn1ques would a]so
havetto be significantly 1mproved to accommodate a change in present storage
practices. L ‘ ‘

. ISIGEORGE R.SMITH

R v
(R T AT A R

cc: ARD-FWE (John Hamill) (60153) =~ - -
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Name

Jim Bennett and
Tom Nesler

Bob Burdick
John Hamill
Denise Hann

Bob Jacobsen and
Bill Martin

Alan Mauzy

Lee Mills
Pat Nelson

Tom Pitts

Keith Rose

John Shields

Clair Stalnaker
Robert Wigington

Raymond Willms

Appendix E

Table 1. Persons who commented on drafts of this report.

Affiliation

CDOW

USi:“WS )
USFWS
USFWS
USFWS

Wyoming Water Dev. Com.

USFWS
USFWS

Water Users

USFWS

Wyoming State Eng. Office
USFWS

The Nature Conservancy

USBR
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Date

if responded
with letter

25 April 1988

19 April 1988
7 Feb 1989

2 May 1988
29 April 1988

6 July 1988
8 Mar 1989

22 April 1988
8 July 1988
31 Jan 1989

28 Feb 1989

1 Mar 1989
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