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EXECUTIVE SUMMARY

Seine and dipnet sampling for small fishes (natives and nonnatives) in low-velocity habitats within
five reaches of the lower Yampa River (river km 0.0-94.1) was conducted annually during 1980-1984 by
the Colorado Division of Wildlife. Data from each collection were first entered into 2a MANAGE
computer database (during 1985-1986) then transferred to a dBase computer database (during 1998-1990);
data included sampling date and location, sampling gear, measured length and width of seine hauls, type
and physical characteristics of habitat sampled, and number, size, and life-history period of fish collected.

In this study, we first partitioned the existing database to differentiate between seine-collected
age-0 and older fish of each taxon. Two indices of relative abundance, ie., catch-per-unit-effort (CPUE)
and percentage of occurrence (PO), were calculated by river reach and over all reaches (total) per year and
by river reach over all years for each age group of eight commonly collected taxa including native Gila sp.,
speckled dace, bluehead sucker, and flannelmouth sucker, and nonnative red shiner, sand shiner, fathead
minnow, and redside shiner. Two spawning period parameters, i.c., number of days to initiation of
spawning (SPAWN-1) and total number of days in the spawning season (SPAWN-T), were also estimated
for each taxon per year. These data were associated with annual spring-summer (April-July) flow and
temperature parameters for the lower Yampa River including monthly peak, daily mean, and total
discharges and degree-days for five temperature thresholds (12, 14, 16, 18, and 20°C). Preliminary results
of this study were previously presented in Nesler (1991).

Annual flow and temperature regimes for April-July varied considerably among the five years
studied. Discharge was low in 1981, high in 1983 and especially 1984, and more moderate in 1980 and
1982. Temporal occurrence of annual peak discharge was earliest in 1982 and latest in 1981 and 1983.
Rate of decrease in flows following annual peak discharge to near baseline was fastest in 1981, slowest in
1982, and similar among 1980, 1983, and 1984. Annual trends in monthly water-temperature parameters
were somewhat predictable given values of corresponding discharge parameters and the shape of yearly
hydrographs. Rate of warming per month was fastest in 1981, slowest in 1983, and similar between 1982
and 1984,

Taxon-specific variation in SPAWN-1 and SPAWN.-T occurred for both native and nonnative
fishes; however, annual spawning periods were mostly consistent among taxa between and within the native
and nonnative groups. Variation in total relative abundance of age-0 fish among years differed mostly
between the native and nonnative groups. In most years and for most fishes, natives started spawning
earlier than nonnatives, and nonnatives ended spawning later than natives. Spawning for both native and
nonnative fishes among years started and ended earliest in 1981 and started and ended latest in 1983.
Among native fishes in each year, flannelmouth sucker started spawning earliest, and speckled dace ended
spawning latest. Among nonnatives in most years, fathead minnow started spawning earliest, and sand

shiner ended spawning latest. Highest relative abundance of age-0 fish among native taxa occurred in 1981
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for Gila sp. and in 1984 for speckled dace, bluehead sucker, and flannelmouth sucker. Lowest relative
abundance occurred in 1984 for Gila sp., 1982 for speckled dace, and 1981 for bluehead and flannelmouth
suckers. Relative abundance of age-0 fish among nonnative species was highest in 1981 and lowest in 1983
or 1984.

Results of this study suggest species- and group-specific (natives versus nonnatives) relationships
between timing of spawning and fish abundance and flow and temperature regimes. Earlier initiation of
spawning and higher CPUE of age-0 fish for all nonnatives and longer spawning seasons for red shiner,
sand shiner, and fathead minnow were generally associated with low peak discharge, low~moderate daily
mean and total discharges, and moderate-high numbers of cumulative degree-days. Conversely, later
initiation of spawning and lower CPUE for all nonnatives and shorter spawning seasons for red shiner, sand
shiner, and fathead minnow were generally associated with high peak discharge, moderate~high daily mean
and total discharges, and low-moderate numbers of cumulative degree-days. Spawning periods of native
fish species were fairly consistent among years. Associations between flow and temperature and relative
abundance of all natives, except Gila sp., were opposite of those for nonnatives (associations for Gila sp.
were similar to those for nonnative fishes). Higher CPUE of age-0 fish for speckled dace, bluehead sucker,
and flannelmouth sucker was associated with high discharge and low-moderate numbers of cumulative
degree-days, whereas, higher CPUE for Gila sp. was generally associated with low-moderate discharge and
moderate-high numbers of cumulative degree-days. Conversly, lower CPUE for speckled dace, bluehead
sucker, and flannelmouth sucker was associated with low-moderate discharge and moderate~high numbers
of cumulative degree-days, whereas, lower CPUE for Gila sp. was generally associated with high discharge
and low-moderate numbers of cumulative degree-days. Overall trends of fish abundance related 1o flows
observed in our investigation were very similar to those reported by other authors. Management of flow
regimes to approximate natural hydrographs and periodically provide above-average magnitudes in

spring-summer discharges may benefit native fishes and inhibit certain prolific nonnative fishes.
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INTRODUCTION

Declines in populations of fishes native to the Colorado River System have been attributed to
modification or loss of habitat and interactions with nonnative fish species (Behnke and Benson 1983;
Stanford and Ward 1986; Hawkins and Nesler 1991; Minckley 1991). Flow and temperature patterns and
channel morphology of mainstem and tributary rivers have been greatly altered by water-development
projects, and introduced nonnative fishes are now numerically predominant in most fish communities.
Successful protection, management, and recovery of natural elements of the Colorado River System require
an understanding of relationships among present physical and biological conditions.

Studies conducted by the Colorado Division of Wildlife during 1980-1984 on habitat requirements
and limiting factors for rare native fishes of the Upper Colorado River System concentrated on
reproduction and early life history of the endangered humpback chub Gila cypha and Colorado squawfish
Prychocheilus lucius (Haynes et al. 1985). These studies included extensive sampling of small fishes
(primarily age-0) in low-velocity nursery habitats of the lower Yampa River. Data on distribution and
numeric abundance of native and nonnative fishes were produced from this sampling effort. Our primary
objective was to further analyze these data and associate resulting information on annual spawning periods
and relative abundance of young of selected fish species with annual spring-summer flow and temperature

regimes of the lower Yampa River. We compared our findings with results of other studies conducted in

the Upper Colorado River System.

STUDY AREA

The Yampa River, located in northwestern Colorado, is the principal tributary of the Green River
and the only large river in the Colorado River Basin not greatly affected by water-development projects
(Carlson and Muth 1989; Tyus and Karp 1989). Along its approximately 320-km course, the Yampa River
drops in elevation about 2,255 m and enlarges to a sixth-order stream before joining the Green River
(Joseph et al. 1977; Behnke et al. 1982). Major aquatic-habitat zones of the Yampa River include a
mountainous headwater zone with cold and clear water, an intermediate zone with cool to tepid and
occasionally turbid water flowing through cottonwood bottomlands and agricultural valleys, and a lower
zone with warm and usually turbid water flowing through deep lime- and sandstone canyons. The present
flow regime of the Yampa River appears to approximate historic annual and seasonal patierns and is
characterized by variable low-, average-, or high-flow years; high flows in spring and early summer; and low
flows during late summer through winter (Haynes and Bennett 1986; Tyus and Karp 1989). Tyus and Karp
(1989) summarized U.S. Geological Survey flow records for the Yampa River from 1922 through 1987 and
reported that daily discharge averaged about 61 m*s annually, 153 m%/s during spring runoff in April
through July, and 14 m?/s per month for August through March.



Similar to most Colorado River Basin rivers, the fish fauna of the Yampa River is dominated by
cyprinids and catostomids. A total of 12 fishes are native to the Yampa River, and at least 20 nonnative
fish species have been introduced (Table 1). The upper Yampa River and its tributaries are typical trout
waters, and a transition to cool- or warmwater fishes occurs at lower elevations. Of the native fishes, seven
are considered in jeopardy or declining and have federal status under the 1973 Endangered Species Act as
amended; four are endangered and three are under review (candidates) for federal listing. Most of the
nonnative fishes have established reproducing populations.

Fish collections used in our analyses were from the lower 94.1 km (river km) of the Yampa River,
between the upper end of Cross Mountain Canyon and the Yampa-Green River confluence (Figure 1).
This section of river was divided into five reaches defined mainly by prominent changes in terrain and river
morphology (Figures 1, 2). Cross Mountain Canyon (Reach 5) is a high-gradient reach with boulder,
cobble, and gravel substrates. Mainchannel habitat is primarily rocky falls, rapids, and runs. Small
shoreline pools and eddies occur behind boulders. Reach 4 is a low- to moderate-gradient stretch with
cobble, gravel, and sand substrates. Terrain is open and hilly. Mainchannel habitat mostly follows a
repetitive run-riffle-pool sequence, and shoreline habitat consists primarily of pools and embayments.
From the lower end of Lily Park downstream to Deerlodge Park (Reach 3), the Yampa River broadens
and slowly meanders through flat, open terrain and braids around sand and gravel bars. Numerous
backwaters and shoreline embayments occur in this reach. Substrates are primarily gravel, sand, and silt
The lower 72.2 km of the Yampa River are contained within Yampa Canyon. In upper Yampa Canyon
(Reach 2), the Yampa River is mostly a high-gradient system of rocky runs and rapids, eddies, and riffles.
Boulder, cobble, and gravel substrates predominate. Downstream of Harding Hole to the Yampa-Green
River confluence (lower Yampa Canyon, Reach 1), channel gradient is mostly low to moderate, and
mainchannel habitat consists primarily of deep runs and pools and braided sections interspersed with gravel
and cobble bars. In reaches 1 and 2, shoreline habitat is mostly pools, eddies, and embayments. Extent of

backwater development is higher in Reach 1 than in Reach 2.

METHODS
Sampling

The main objective of fish sampling conducted in the lower 94.1 km of the Yampa River during
1980-1984 was to document Colorado squawfish reproduction through collection of age-0 fish. Accordingly,
annual sampling schedules were based primarily on knowledge of timing and location of Colorado
squawfish spawning in the Upper Colorado River System, particularly the Green River sub-system, and
were revised as new information was produced. Vanicek and Kramer (1969) collected adult Colorado
squawfish in reproductive condition (ripe) from the Green River, Utah, in late June through early August,
1964-1966. They reported that, in all years, ripe Colorado squawfish were first collected about 1 month



Table 1.—Fishes of the Yampa River, Colorado (adapted from Behnke et al 1982; Tyus et al.

1982).
Principal distribution by river sections®
Upper Middle Lower
Taxon Section Section Section _Relative abundance®
NATIVES
Humpback chub Gila cypha® X rare
Bonytail G. elegans® X incidental?
Colorado roundtail chub G. robusta robusta® X X common
Colorado squawfish Prychocheilus lucius® X X rare
Colorado speckled dace Rhinichthys asculus yarrowi X X common
Catostomidae
Colorado bluchead sucker Catostormnus discobolus discobolus X X X common to abundant
Flannelmouth sucker C. latipinnis* X X common
Mountain sucker C. platyrhynchus rare
Razorback sucker Xyrauchen texanus® X incidental to rare
Salmonidae
Colorado River cutthroat trout Oncorhiynchus clarki pleuriticus® X incidental to rare
Mountain whitefish Prosopium williamsoni X X common
Cottidae
Mottled sculpin Cottus bairdi puncaulatus X X common
NONNATIVES
Cyprinidae
Red shiner Cyprinella lusrensis X common to abundant
Common carp Cyprinus carpio X X common
Utah chub Gila arraria X incidental
Sand shiner Nosropis stramineus X X common
Fathead minnow Pimephales promelas X X common to abundant
Redside shiner Richardsonius balteatus X common to abundant
Creek chub Semoxilus arromaculatus X rare
Catostomidae
White sucker Catostomus commersoni - X common
Ictaluridae
Black bullhead Ameiurus melas X incidental to rare
Channel catfish Jctalurus punciatus X X common
Esocidae
Northern pike Esax lucius X X rare to-common
Salmonidae
Rainbow trout Oncorhynchus mykiss X common
Brown trout Salmo rutia X X X incidental to rare
Brook trout Salvelinus fontnalis X rare 1o common
Cyprinodontidae
Plains killifish Fundulus zebrinus X incidental to rare
Centrarchidae
Green sunfish Lepornis cyanellus X X rare
Bluegill L. macrochirus X incidental
Smallmouth bass Micropierus dolomnicu X incidental
Largemouth bass M. salmoides X incidental
Percidae
Walleye Srzostedion vitreum X incidental

*Upper section = headwaters downstream to Hayden, Colorado, mlddle section = Hayden downstream to
Cross Mountain Canyon, lower section = Cross Mountain Canyon downstream to Yampa-Green River
confluence. *Relative abundance within river sections of principal distribution: abundant = occurring in
large numbers and consistently collected, common = occurring in moderate numbers and frequently
collected, rare = occurring in low numbers and having restricted or sporadic distribution, incidental =
occurring in very low numbers and known only from a few point collections. Federally endangered.
¢Probably extirpated from the Yampa River. *Candidate (under review) for federal listing.
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Figure 1.—Yampa River study area, 1980-1984. rkm = river kilometer.
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after the water temperature had reached 18°C and that late larvae (12-20 mm long) were captured 3—4
weeks later. Results of field studies conducted in the Yampa and Green rivers after 1979 generally
confirmed Vanicek and Kramer’s observations and demonstrated that Colorado squawfish spawn in the
Jower 50 km of the Yampa River, especially in lower Yampa Canyon, from late June through early August
(Tyus et al. 1981; Wick et al. 1983; Haynes et al. 1984). Information on principal spawning seasons of
other fishes occurring in the lower Yampa River was also considered when planning sampling efforts.

Seines (1.0 or 3.0 x 1.2 m; 0.8-mm-square mesh) were used to collect age-0 or older fish from
backwaters or shoreline habitats with negligible water velocity (typically < 0.2 m/s; e.g., pools, embayments,
and eddies) throughout each reach. Width and length of each seine haul (each seine haul was considered a
separate sample) were measured with a metric tape, and area sampled (m?) was calculated. Samples were
collected acoording to the "qualitative-representative-sample approach™ (Hocutt et al. 1974), i.e., all
available habitats in each reach that could be seined were sampled to obtain representative collections of
fishes that would yield data on relative abundance. Consequently, number of samples collected and area
seined in each reach per year generally reflected amount of seineable habitat. Water temperature (°C) was
measured in each habitat type at time of sampling.

Most sampling in 1981-1984 was conducted monthly or bimonthly from early-mid June (shortly
after spring flows had peaked) through late September or mid October (Table 2). In 1981 and 1982,
samples were also collected in late April (before spring flows had peaked). Collections in 1980 were made
in late August and early October. Collections were made primarily during early-mid June through late
August in reaches 1 and 2 and in April, late August, mid-late September, or early or late October in
reaches 3-5. All samples were fixed in 10% formalin and returned to the Larval Fish
Laboratory, Colorado State University, Fort Collins, for processing.

Analyses

Flow and temperature data.—Various environmental factors influence reproduction of fishes
(DeViaming 1972; Lam 1983; Bye 1984; Stacey 1984; Munro 1990). Welcomme (1985) reported that for
riverine fishes, timing of spawning is related to water flow and temperature and reproductive success or
survival of young are affected by the flow regime. Annual discharge and mainchanne] water-temperature
data for the lower Yampa River were taken from U.S. Geological Survey monthly records. Stream gages
on the Yampa River were located near the town of Maybell (river km 138.9; about 45 km upstream of the
study area’s upper end) and at Deerlodge Park (river km 72.2; at the upper end of Yampa Canyon).
Discharge and temperature data collected at the Maybell gage were available for each year studied,
whereas, collection of these data at the Deerlodge Park gage was started in 1982. Discharge of the Yampa
River at Deerlodge Park in 1980 and 1981 was approximated by adding monthly values of daily and total

discharge taken from Maybell records to corresponding data collected at a stream gage on the Little Snake




Table 2.—Area sampled (m?) and number of samples per year, sampling period, and river reach
for seine collections in backwaters or shoreline habitats with negligible water velocity, lower Yampa River,

Colorado.

River reach’

5 4 3 2 1 Total
Number Number Number Number Number Number
Sampling of of of of of of
Year period m’__samples m’ samples m samples m samples m’_samples m’_sample
1980 1late August 367 5 476 10 2,121 13 710 14 2,321 31 5,995 73
early October 33 2 27 1 60 3
Year 400 7 503 11 2,121 13 710 14 2,321 31 6,055 76
1981 late April 120 12 120 12
mid June 305 13 295 14 564 27
late July 510 28 1,310 88 1,820 116
mid August 100 10 100 7 190 9 788 26 1,430 60 2,608 112
mid September 42 5 79 4 100 4 221 13
Year 262 27 178 11 290 13 1,603 67 2,999 162 5,333 280
1982 late April 69 3 27 2 870 20 966 25
early June 378 13 679 19 1,057 32
late July 649 27 692 23 1,341 50
early and
late August 1,105 38 4,020 118 5,125 156
late October 52 ] 100 9 265 10 417 28
Year 52 ] 169 12 265 10 2,159 80 6,261 180 8,906 291
1983 early June 215 9 300 12 515 21
early and
late July 30 3 20 3 66 3 238 13 870 21 1,225 43
early and
late August 300 11 600 10 456 23 3,402 122 4,758 166
late September 30 3 31 3 34 4 85 10
Year 60 6 351 17 700 17 810 45 4,572 155 6,593 240
1984 mid June 38 4 45 4 83 8
early and
mid July 86 4 4,299 59 4,395 63
early and
late August 100 10 2,208 75 2,308 85
late September 98 10 90 14 188 24
Year 136 14 135 18 196 14 6,507 134 6,974 180

*Reach 8 = Cross Mountain Canyon (river km 94.1->89.1), Reach 4 = lower end of Cross Mountain
Canyon to Lily Park (river km 89.1->81.8), Reach 3 = Lily Park to Deerlodge Park (river km 81.8->72.2),
Reach 2 = Deerlodge Park to Harding Hole (river km 72.2->32.2), Reach 1 = Harding Hole to
Yampa-Green River confluence (river km 32.2-0.0).




River near Lily Park (the Little Snake River joins the Yampa River at Lily Park; river km 81.8). To place
the maximum-daily (peak) discharge of the lower Yampa River for each year during 1980-1984 in historical
perspective, values of annual peak discharge in 1934-1991 were taken from Maybell records and frequency
and cumulative-frequency distributions were prepared. Each peak-discharge value in 1980-1984 was given
a percentile rank within the grouped frequency distribution.

Carlson et al. (1979) and Haynes and Muth (1982) reported that in 1976-1977 and 1981,
respectively, estimated peak spawning for most of the more common fishes in the lower Yampa River
occurred sometime during late May through late August. Discharge of the lower Yampa River typically
begins to increase from over-winter, baseline flows in April, peaks in mid May-early June, remains
relatively high through July, and is at or near baseline from August through March. Because river flows
exert deterministic effects on various physical conditions important in spawning or survival of young fish
(e.g., water temperature, velocity, and quality and formation and maintenance of spawning and nursery
habitats), we presumed that discharge conditions during spring-summer would affect annual reproductive
timing and success of fishes in the lower Yampa River. Three parameters describing the monthly flow
regime of the lower Yampa River during April-July in each year studied were selected for our analyses;
ie., peak (maximum-daily), daily mean, and total discharge.

Mainchannel water temperatures of the lower Yampa River typically begin to increase from their
over-winter lows in early-mid March, are fairly constant from day-to-day in May-mid June (during
spring-runoff discharge), and reach maximum values in early-mid August (after spring-runoff flows have
subsided). Degree-days (sensu Arnold 1960; Baskerville and Emin 1969) were used as an index of the
annual rate of warming of the lower Yampa River during spring-summer. Degree-days were estimated
using mainchannel water-temperature data collected at the Maybell gage in 1981-1984 (1980 data were
incomplete). Although this gage is located about 45 km upstream of the study area’s upper end, it
provided the most continuous data on mainchannel water temperatures (typically, on dates when
temperature data were recorded at the Deerlodge Park gage, daily minimum or maximum mainchannel
water temperatures were about 1-3°C greater at Deerlodge Park than those recorded near Maybell). For
each year, monthly degree-days were estimated as number of days maximum mainchannel water
temperature reached or exceeded 12, 14, 16, 18, or 20°C in April-July. These temperature thresholds were
selected to represent a range of water temperatures likely affected by variations among years in discharge
during spring-summer. It was believed that annual onset and seasonal persistence of each of these
temperature thresholds would be especially influenced by magnitude and timing of peak discharges, thus

affecting the rate of warming of the lower Yampa River.

Fish data.—In the laboratory, samples were first organized by collection date and location (reach).
Fish from each sample were identified to the lowest possible taxon (most were identified to species; native

Gila were left at genus, although most were probably Colorado roundtail chub). Specimens in each taxon




were assigned to a larval phase or the juvenile or adult developmental periods (Snyder 1976), measured
(total length, TL) to the nearest millimeter, and enumerated. All data for each sample were entered into a
computer database (MANAGE or dBase).

Eight of the more oominonly collected fishes were selected for our analyses; four natives (Gila sp.,
speckled dace, bluehead sucker, and flannelmouth sucker) and four nonnatives (red shiner, sand shiner,
fathead minnow, and redside shiner). Fish were classified as age-0 (all taxa) or older (nonnatives only) by
relating data on date of capture and specimen TL and developmental phase or period with available,
taxon-specific information on typical TL at hatching, early growth rates, length at end of first year, and
spawning period (see Appendix A).

Initiation and duration of the spawning season for each taxon per year were estimated from
length-frequency distributions of age-0 fish organized by sampling dates and using available information on
TL at hatching and early growth rates (see Appendix A). Two spawning-period parameters for each taxon
were produced from these estimates: (1) total number of days in the spawning season (SPAWN-T) and (2)
number of days, beginning April 1, to initiation of spawning (SPAWN-1). April 1 was selected as the
starting date because, typically, ice covering the river breaks up and river discharge, water temperature, and
extent of Jow-velocity habitat begin to increase in April; these events were presumed to be biologically
relevant to spawning of Yampa River fishes.

Indices of relative abundance of age-0 or older fish for each taxon by river reach and over all
reaches (total) per year and by reach over all years were calculated as number of fish collected per area
seined (catch-per-unit-effort; CPUE) and percentage of all samples in which a particular taxon occurred
(percentage of occurrence; PO). In calculating these indices for age-0 fish, only samples collected on or
after estimated initiation of spawning for each taxon per year were included in analyses. According to
Ricker (1975) and others, values of CPUE are related in a constant or predictable way to population size,
and changes in absolute abundance over space and time will be reflected in CPUE values. Haynes and
Muth (1982) discussed strengths and weaknesses of CPUE in estimating abundance of fishes in open,

structurally diverse systems like rivers of the Colorado River Basin.

Correlations —Correlation coefficients (Pearson r) were calculated to better assess interdependency
among years between monthly discharge parameters and degree-days, among annual relative-abundance
indices and spawning-period parameters of fishes, and between annual relative-abundance indices and
spawning-period parameters of fishes and monthly discharge parameters and degree-days. Because of the
survey-sampling nature of the existing fish database (data were not collected within an experimental
framework) and because variables were measured or estimated, therefore subject to error, this descriptive
statistical technique was considered most appropriate; our objective was to establish and estimate degree of
association between variables (interdependence), not to describe functional relationships between variables

(i.e., predict one variable in terms of another). The level of statistical significance for coefficients was set at



P < 0.05. Degree of association for correlations with non-significant coefficients was subjectively considered
strong if  values were within 0.001-0.1 from the lower limit of significance, moderate if r values were within

0.101 from the lower limit of significance to 0.500, and weak if r values were < 0.499.

RESULTS AND DISCUSSION

Flow and Temperature Regimes

Annual flow regimes of the lower Yampa River for April-July varied considerably among the five
years studied, encompassing a full range of flow conditions including extremes and averages (Figure 3;
Table 3). In increasing order, total discharge (m®) over these four months near Maybell and at Deerlodge
Park, respectively, was about 5.7 and 8.1 x 10% in 1981, 1.4 and 2.0 x 10° in 1980, 1.5 and 2.1 x 10° in 1982,
1.6 and 2.5 x 10° in 1983, and 2.4 and 3.3 x 10° in 1984. Similarly, annual peak discharge (which, except
near Maybell in 1981, occurred in May each year) was low in 1981, high in 1983 and especially 1984, and
more moderate in 1980 and 1982. Even though annual peak discharge was higher in 1983 than in 1980 and
1982, values of daily mean and total discharge for April and May were greater in 1980 and 1982 than in
1983; in 1981 and 1984, these values were consistent with the respective lowest and highest annual peak
discharges. In 1983, unlike in the other four years, values of daily mean and total discharge for June were
substantially greater than those for May; values of these discharge parameters for July were greater in 1983
than in the other four years (even greater than those in 1984). Rate of decrease in flows following annual
peak discharge to near baseline was fastest in 1981 and slowest in 1982 (Figure 3).

In historical perspective, extremely low-flow years like 1981 and extremely high-flow years like 1983

or 1984 occurred very infrequently. Values of annual peak discharge during 1980-1984 were some of the
smallest and greatest recorded at the Maybell gage in 1934-1991. Peak discharge in 1984 was the highest
recorded during the 58-year period. In 1981, peak discharge had a percentile rank of 13 (i.e., only 13% of
annual peak-discharge values during 1934-1991 were lower than the value for 1981). Values of peak
discharge in 1980, 1982, and 1983 had respective percentile ranks of 79, 57, and 89.

The water-temperature regime of the lower Yampa River during spring and summer in 1981-1984
differed among years (Table 4; Figure 4), and annual trends in monthly water-temperature parameters v
were somewhat predictable given values of corresponding discharge parameters and the shape of yearly v
hydrographs. Rate of warming per month (as represented by numbers of degree-days) was fastest in 1981
and slowest in 1983. In 1981, monthly means of maximum daily water temperatures for April-July were
about 3-6°C greater than the same values in 1982 and 1983 (compared to 1984 for May-July, monthly
means were 2-5°C greater in 1981). Comparing 1981 to each subsequent year of progressively increasing
discharge, cumulative numbers of degree-days over the five temperature thresholds for the April-July
period were 28-56% lower in 1982, 49-65% lower in 1983, and 28-53% lower in 1984.
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Figure 3.—Annual discharge regimes of the lower Yampa River, Colorado, April-October,
1980-1984 (USGS records).
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Correlations among years of peak, daily mean, and total discharges in April-July with monthly
degree-days were negative, but only a few coefficients were strong or significant (Table 5). The general
weak-moderate degree of association for these comparisons was primarily a result of increased rate of
warmimg in 1984. Numbers of degree-days per month were similar in 1982 and 1984 even though date of
annual peak discharge occurred 12-13 d earlier in 1982 than in 1984, and values of .momhly discharge
parameters in April-July were greater (especially for May and June) in 1984 than in 1982. However, as
noted, flows following annual peak discharge decreased at a faster rate in 1984 than in 1982. Compared to
1982 and 1984, cumulative numbers of degree-days over the five temperature thresholds for the April-July
pericd were 4-26% lower in 1983. Other than noted differences in values of monthly discharge parameters
among these three years, date of annual peak discharge in 1983 occurred 13 d later than in 1984 and 25-26
d later than in 1982 and rate of decrease in flows following annual peak discharge was faster in 1984 than
in 1983. When assessing effects of discharge on water temperature and rate of warming, characteristics of
annual flow regimes other than magnitude of discharge, such as time of peak discharge and rate of
decrease in flows following peak discharge, must be considered.

Mean values of water temperatures in low-velocity habitats we sampled were typically greater than
or equal to maximum daily water temperatures of the mainchannel on the same dates in each year studied
(Figure 4). However, seasonal patterns for water temperatures in these habitats closely tracked those
recorded for mainchannel temperatures. Therefore, mainchannel water temperatures appeared to be

adequate indicators of trends in thermal conditions of the lower Yampa River.

Fisk Data

The eight fishes selected for our analyses were represented by 92,482 age-0 (all taxa) or older
(nonnatives only) fish from a total of 1,067 seine samples collected during 1980-1984. Of that total catch,
* 81,239 fish were classified as age-0 and, of these, about 70% represented native taxa. This high
representation by native taxa agrees with conclusions of Tyus and Karp (1989) that, at least in terms of
abundance, native fishes dominate the Yampa River fish community. Over the five years studied, within -
the native group, Gila sp. constituted 50% of the total catch, speckled dace 27%, bluehead sucker 18%, 5
and flannelmouth sucker 5%. Within the nonnative group, red shiner constituted 53% of the total catch of
age-0 fish and 38% of the total catch of age-1+ fish, sand shiner 11 and 31%, fathead minnow 32 and 11%,
and redside shiner 4 and 19%. Annual abundance of fish in each taxon varied considerably for most taxa

among years.

Spawning periods.—Taxon-specific variation in estimated number of days to initiation of spawning
(SPAWN-1) and total number of days in the spawning period (SPAWN-T) occurred among years for both

native and especially nonnative fishes. However, annual spawning periods were mostly consistent among
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taxa between and within the native and nonnative groups (Figure 5). In each year except 1981, native
fishes started spawning earlier than nonnative species; in 1981, red shiner and fathead minnow started
spawning earlier than all native fishes except flannelmouth sucker. In each year, all nonnatives except
redside shiner ended spawning later than native fishes. Spawning for both native.and nonnative fishes
among years started and ended earliest in 1981 and started and ended latest in 1983. Among native fishes
in each year, flannelmouth sucker started spawning earliest, followed closely by Gila sp., speckled dace, and
bluehead sucker, respectively. Speckled dace ended spawning latest, followed by bluehead sucker, Gila sp.,
and flannelmouth sucker, respectively. For nonnatives, fathead minnow started spawning earliest, followed
by red shiner, redside shiner, and sand shiner, respectively in all years except 1981. Sand shiner

ended spawning latest, followed by red shiner, fathead minnow, and redside shiner, respectively. In 1981,
sand shiner started spawning earlier than redside shiner.

Correlations among years between values of SPAWN-1 and SPAWN-T by taxon were different
between the native and nonnative groups (Figure 5). For all nonnative fishes, values of SPAWN-1 were
smallest in 1981 and greatest in 1984 and especially 1983, and values of SPAWN-T were smallest in 1983 or
1984 and, except for redside shiner, greatest in 1981. Coefficients for correlations between these
spawning-period parameters, for all nonnatives except redside shiner, were negative and significant (positive
and moderate for redside shiner). Values of SPAWN-1 and SPAWN-T for each native taxon were similar
among years, the greatest difference among years occurring in 1981 with values of SPAWN-1, and
correlations were positive for Gila sp. and flannelmouth sucker and negative for speckled dace and

bluehead sucker; however, correlations were weak for all four fishes. -

Relative abundance.—Values of total (over all reaches) relative abundance from the two indices, i.e.,
catch-per-unit-effort (CPUE) and percentage of occurrence (PO), were positively correlated among years
for each age class of all fishes except fathead minnow (Table 6). Correlations were strong or significant for
age-0 speckled dace, bluehead sucker, red shiner, and sand shiner and for both age classes of redside
shiner.

Variations in total relative abundance of age-0 fish among years and relative abundance among
reaches over all years differed mostly between the native and nonnative groups (Tables 7, 8). For all native
fishes except Gila sp., values of total CPUE and PO were greatest in 1984 (greatest in 1981 for Gila sp.),
whereas, for all nonnatives except fathead minnow, these values were greatest in 1981 (CPUE and PO for
fathead minnow were highest in 1982 and 1984, respectively). Smallest values of total CPUE and PO
occurred in 1984 for Gila sp., 1982 for speckled dace, 1981 for bluehead and flannelmouth suckers, 1984
for all nonnatives except fathead minnow, and 1983 for fathead minnow. Among reaches, CPUE for native

fishes was highest over all years in reaches 1-3 and lowest in reaches 4 or 5. CPUE for red shiner was
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Figure 5.—Estimated annual spawning periods (horizontal bars; determined from collections of
age-0 fish) for selected fishes, lower Yampa River, Colorado, 1980-1984, and correlations (Pearson r)
among years between estimated number of days, beginning April 1, to annual initiation of spawning and
estimated total number of days in the annual spawning period for each taxon. Coefficients in bold type
followed by an asterisk (*) are statistically significant (r 2 0.878; df = 3; P < 0.05). Gila sp. primarily G.
robusta robusta.
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Table 6.—Correlations (Pearson ) among years between total catch-per-unit-effort (number of fish
collected per area sampled) and percentage of occurrence (percentage of all samples in which each taxon
occurred) of age-0 or older fish for selected fishes, lower Yampa River, Colorado, 1980-1984. Coefficients
in bold type followed by an asterisk (*) are statistically significant (r 2 0.878; df = 3; P < 0.05). Strong
correlations (- = 0.778-0.877) are indicated by coefficients in bold type not followed by an asterisk.

Correlation coefficient

Taxon Age 0 Age 1+
NATIVES

Gila sp. 0.235

Rhinichthys osculus 0.867

Catrostomus discobolus 0.973*

C. latipinnis 0.593

NONNATIVES

Cyprinella lutrensis 0.857 0.273
Notropis stramineus 0.833 0.010
Pimephales promelas -0.326 0.377
Richardsonius balteatus 0.981* 0.852

highest in reaches 1 and 3 and lowest in reach 5 (similar to natives). For sand shiner and fathead minnow,
CPUE was highest in reaches 3 and 4 and lowest in reach 2. CPUE for redside shiner was highest in reach
4 and lowest in reach 1.

From percent contribution per year of each taxon to the total annual CPUE for age-0 fish (all taxa
combined), slightly different patterns emerge, especially for native fishes (Figure 6). Among native fishes,
highest percent contribution by taxon occurred in either 1983 or 1984, and lowest percent contribution,
except for Gila sp., occurred in 1981; for Gila sp, lowest percent contribution occurred in 1984. Among
nonnative species, highest percent contribution by taxon occurred in either 1980 or 1981, and lowest
percent contribution occurred in 1984.

Patterns of total relative abundance among years and relative abundance among reaches over all
years for age-1+ fish of nonnative species were somewhat predictable given the patterns exhibited by age-0
fish of these species (Table 8). Total values from both relative-abundance indices for age-1+ fish of each
species were smallest in 1984, and, except for redside shiner, CPUE of age-1+ fish for each species was
highest in 1982 (for redside shiner, greatest values of CPUE and PO for age-1+ fish occurred in 1983).
Over all years, reaches with greatest CPUE values for age-1+ fish were the same as those with highest
CPUE for age-0 fish.

Correlations among years between values of total relative abundance for age-0 fish with annual
spawning-period parameters by taxon were somewhat similar among most fishes, natives and nonnatives
(Table 9). For all fishes, correlation coefficients were positive for CPUE compared with SPAWN.T and,
except for flannelmouth sucker, negative for CPUE compared with SPAWN-1. The degree of association

was generally stronger for nonnatives than natives. Similarly, for all fishes except flannelmouth sucker and
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Table 7.—Relative abundance of age-0 fish, by river reach and over all reaches per year and by
reach over all years, for selected native fishes collected with seines from backwaters or shoreline habitats
with negligible water velocity, lower Yampa River, Colorado. Relative abundance indices: CPUE =
catch-per-unit-effort (number of fish per 1,000 m? sampled), and PO = percentage of occurrence
(percentage of all samples, per year and reach, in which fish in either age class for each taxon occurred).
Only samples collected on or after estimated initiation of spawning for each taxon per year were included

in analyses.

River reach
5 4 3 2 1 Total
Year Taxon CPUE_PO CPUE PO CPUE PO CPUE PO CPUE PO _CPUE PO
1980 Gila sp.b 328 86 815 73 346 46 1,556 57 1,080 68 807 64
Rhinichthys osculus 238 86 439 100 218 69 1280 79 414 58 437 12
Catastomus discobolus 8 29 109 27 134 54 251 43 35 35 102 39
C. latipinnis 5 57 74 45 4 62 52 50 19 39 40 45
1981 Gila sp.® 401 67 981 82 84 77 806 69 1,224 74 1,043 73
R osculus 1,254 73 239 73 512 T 250 48 317 67 334 63
C. discobolus 28 20 50 4S 297 62 59 18 97 25 93 26
C. latipinnis 7 7 19 45 45 31 1 10 4 20 41 18
1982 Gila sp.® 0 0 0 0 3,366 50 6717 63 946 73 966 64
R osculus 0 0 140 100 308 80 266 64 224 53 233 57
C. discobolus 0 0 0 0 177 50 201 39 149 36 158 34
C. laripinnis 0 0 0 0 34 50 105 39 162 48 141 42
1983  Gila sp. 67 50 1,085 88 729 59 719 56 1,026 75 955 N
R osculus 0 0 285 88 426 76 635 48 667 67 602 65
C. discobolus 61 67 20 24 307 59 10 23 266 34 240 35
C. latipinnis 83 S0 2% 35 60 35 35 23 144 36 116 34
1984 Gila sp.® 06 S0 556 50 1,354 79 731 73 740 N
R osculus 418 T 333 56 2219 100 784 85 814 83
C. discobolus 173 79 552 S0 3333 719 815 87 874 83
C. latipinnis 112 43 33 44 83 100 150 63 146 63
1980 Gila sp. 199 51 637 63 1,166 56 1,022 64 1,000 73
— R osculus N 4 304 85 373 70 930 59 481 67
1984 C. discobolus 33 A4 70 37 293 55 91 32 272 44
C. latipinnis 4 22 43 35 46 44 57 31 104 40

*Reach 5 = Cross Mountain Canyon (river km 94.1->89.1), Reach 4 = Jower end of Cross Mountain
Canyon to Lily Park (river km 89.1->81.8), Reach 3 = Lily Park to Deerlodge Park (river km 81.8->72.2),
Reach 2 = Deerlodge Park to Harding Hole (river km 72.2->32.2), Reach 1 = Harding

Hole to Yampa-Green River confluence (river km 32.2-0.0). *Primarily G. robusta robusta.



19

(0°0~7°Z€ Iy 19A11) 20UIN{JUOD JAAIY UIIID-edwex 01 ojoH Suipie
= 1 Yoy (7€<-7'TL WY 19a1) 9joH Juipsey 01 yred 23pojad = T Yoy ‘(ZZL<-8'18 WY JdAU) yied 33polioaQ 01 Yied AT = ¢ yowy
(8'18<-1'68 WY 12ALI) YIed A1] 01 uoAue)) UIRIUNO SSOID JO PUd JIMO| = p YoBaYy .A.—.mwA..~.§ wy J2ALD) UOAURD) UIRIUNOIA SSOID) = § YIBaY.

0 69 L9 e ol 12 o€ L¥ 1z st B IL 6 U s 8 61 v spaoq Y
U ST 6st 11 ¥ 61 95  LE 99 W 61T 7€ LOl vy 906y O 8¢ LT O8] sopwioad 'y 861
91 €6 ol syl 11 S9 6 T Of LLI 8y 989  8E 1Z1 LV ¥SS  vZ 8y ¥ 18 sounuoas N —
L2 191 ST 189 SL ¥ SI T8 Iy 191 O 679 6T 89 vy ¥6E 1€ €9  SE I ssuaan) D 0861

L v 9 2 T 2 v 2 129w 0 o L owL L ol 1z e 1z 81 soanoq Y

6 Ol ¥ 181 ¥ 9 o181 1Z 1€ 6L 91 €€ Wl L Ol i W L 02 sopowsod g

8 ¥ s T s u s T L o1 o0 o0 oLl L n vi L Ol smounuoas ‘N

L ¥ v 8l 11 £ 6l L st 0 o £€ 19 v 6 L L o ssuany D y861

¥ Ol L Ol 9 $6 S 9 €€ €91 8 9 $9 98 ARG 9 sZTT ¥l 0 € L9 L Ll smpanog Y

S1 L€ 1z %l T 6l 61 €21 L 6L  S1 Ll v oL 65 9TT  Sc STT tv 81 €€ € L1 OS sopowioad <4

L EL v o001 L1 6 6 89 9t 1L 0 O S€ WL S€ €T  IL L8 1L 0s€ L1 €€ LI LI snaunuons ‘N

o Lty 11 T, 8T SS 6 of 6 11 8 v 6 $€ oL oSy L9 0s 91l Ll 91 ssuaan) D €861

9 8 O 6 It ot Loy sT e 8 Sl o1 11 o€ Of € Tl 9 oL 11 66 0 0 smoaoq Y

61 LL € vE 17 88 2 vl €l ¥ €1 9l o1 11 08 ISI T LL 95 02991 11 61 T SE sopwoid g

00 €8¢ €1 811 € WE 6 S 6 191 9 ¢ Ov LVS 001 6817 €€ Z1 ww OVI'T 11 8 0 O snaunuogs ‘N

[z 19T € 6L LE 9S€ €€ 0001 9 O 9 SL ov 6vv 0O 6¥ LI 65 0010¥S'T 11 8E 001 €8 ssuann) D 7861

0 9 € v Ll 6L ol €l € LSy £2 29 g€ 29 SV L9 €L 68T'T  wvb 811 €1 12 smpanoq o

v 9 € 0§ 6 1l ot S¥I  O1 9% LI 18 vS €01 79 SS9 Sy €Ll SS €v8Y 61 ¥8  OF SOV svpauacud ‘g

S1 79 ST 61 T €L 91 9% ol 62 61 9 9% €6 LL L68 9 O¥I SS 8¢S  S1 €5 €€ ¥l snaunuoas N

7€ 667 8y ISI'l TE SEE O LSSl 8T S6 8¢ 1Tz 9y €0T  LL SS6T ¥9 1St sy IST 61 69 €1 #1 suagny D 1861

Ve 62 91 IS 62 6§ o1 L vlo6€ L 8E £ € 1€ s 8l v ¥ 9ly 62 8 LS OE1 Sruponvq sniospaoyony

oz 8 8 L6l Ol 6 (VA S vl 0T g€ ¢ 1€ s Lz 81 €L LSBT 62 SI ¥l OLl  sopwwsd soppydoung

€€ S € ¥l 8 6 ol ¥ ¥ S L €9 8 1 vs 8¢ LT 0 SS vwL 98 8 €% SLI smounupas sidosoN

Sh SS Iy SKE TS ¥8 9L 9% 6 1T 06 g€ SY oL 29 8l 8 001¥SZ 98 82 ¥l ol sisuzany ojppund(y 0861

Od andd 0d and) 0d andd 0d andd 0d ANdd 0d dNdd 0d andd 0d dNdD Od dNdd Od dandd 0d daNdd 0d dNdd TRE U T ) |

Iﬂuﬂnlﬂq I3 "0 “F19% T 0098V T F13%V T 0oV ¥V 098V ~+19%V T~ 03V

6101, T (4 £ G 3

EUELEV R

‘sasAjeue ur papnpoul a1am Jedk 13d sorads yoes 10 Juiumeds Jo uonentuy

PIIBWINSD 191J€ JO Uo paldd|0d sajdwes Kuo ‘ysiy g-23e 104 “(pa1Indoo sapads yoes Joj ssepd ode 13y Ul ysy Yoy ul ‘yoeas pue seak Jod ‘sojdwes

11 Jo a3euaoiad) aouasIno Jo sduusoiad = 4 pue ‘(pojdures ;w ppQ‘] 13d Ys1j Jo Joquinu) 1iol3-NuN-13d-Yoied = FNJD :SIIPUI DUBPUNQE

2ANE[2Y ‘OpeIojo)) ‘12Ary edwex 1Mol ‘A1120[da Jorem o[qiSNFau Yiim s1eNqeY JUIDI0YS JO SIANBMNIBQ UIOJ) SFUIIS YIIM PIIDI[0D SIYSY) DAIIBRUUOU
Pa129}9s J0J ‘s1eak e 1aa0 Yoeas Aq pue Jeak 1od sayoeal [je 19A0 pue Yoeal I9Al £q ‘Ys1J JIp|O 10 (-3de JO dURPUNGE JANE[IY—'8 JqEL



100 -
Gila sp.
80 -
60
40
2 |
° 1980 1981 1982 1983 1984
B 100 _
§ Rhinichthys osculus
]
g w i
= ol
w
a
I 20 |
2]
w
L oo
O 1580 1881 1982 1883 1984
@
w 100 -
g Catostomus discobolus
2w
2
5w
’.-
w
O 40}
w
2
E ®r
w
o
% ° 1880 1981 1982 1983 1984
a
100 )
Catostomus latipinnis
80
60 -
‘o b
20 —
=" I -
0 1980 1981 1882 1983 1984
YEAR

20

PERCENTAGE OF TOTAL NUMBER OF FISH PER 1,000 M2 SAMPLED

100

-]

8

&

8

o

8

NONNATIVES

Cyprinella lutrensis

1980 1981 1982 1983 1984
Notropis stramineus

01

1880 1981 1982 1983 1984
Pimephales promelas

1980 1981 1982 1683 1984
Richardsonius balteatus
L
—
03 [-X] 0.1
1980 1981 1982 1983 1984
YEAR

Figure 6.—Percentage contributed by each taxon to the total number of age-0 fish (all eight taxa
combined) collected per 1,000 m? sampled per year, lower Yampa River, Colorado. Collections were made
with seines in backwaters and shoreline habitats with negligible water velocity. Gila sp. primarily G. robusta

robusta.
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Table 9.—Correlations (Pearson r) among years between values of total relative abundance of
age-0 fish and annual spawning-period parameters for selected fishes, lower Yampa River, Colorado,
1980-1984. Coefficients in bold type followed by an asterisk (*) are statistically significant (r 2 0.878;
df = 3; P < 0.05). Strong correlations (r = 0.778-0.877) are indicated by coefficients in bold type not
followed by an asterisk.

Taxon and Relative-abundance index*
spawning-period parameter® CPUE PO
NATIVES
Gila sp.c
SPAWN-1 0.150 -0.601
SPAWN-T 0.609 0.559
Rhinichthys osculus
SPAWN-1 -0.103 -0.328
SPAWN-T 0.610 0.268
Catostomus discobolus
SPAWN-1 -0.160 -0.137
SPAWN-T 0.439 0.225
C. latipinnis
SPAWN-1 0.294 0.385
SPAWN-T 0.389 0.418
NONNATIVES
Cyprinella lutrensis
SPAWN-1 -0.889* 0.768
SPAWN-T 0.938* 0.719
Notropis stramineus
SPAWN-1 0.474 0.654
SPAWN-T 0.718 0.782
Pimephales promelas
SPAWN-1 0.677 0.268
SPAWN-T 0.601 0.428
Richardsonius balteatus .
SPAWN-1 0.584 0.674
SPAWN-T 0.172 0.063

*CPUE = catch-per-unit-effort (number of fish collected per area sampled); PO = percentage of
occurrence (percentage of all samples in which each taxon occurred). *SPAWN-1 = number of days,
beginning April 1, to estimated initiation of spawning; SPAWN-T = estimated total number of days in
spawning season. Collections were made with seines in backwaters or shoreline habitats with negligible
water velocity; spawning-period parameters were determined from collections of age-0 fish. Primarily G.
robusta robusta.
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fathead minnow, coefficients were negative for correlations between PO and SPAWN-1 and positive for
correlations between PO and SPAWN-T. Overall, the two spawning-period parameters appeared to be

inadequate indicators of relative abundance.

Comparisons of River Flow and Temperature with Fish Spawning Periods and Relative .Abumiamz

Within constraints of a descriptive analysis of survey-sampling data, results of this study suggest
species- and group-specific (natives versus nonnatives) relationships between timing of spawning and fish
abundance and flow and temperature regimes. Associations among years between annual discharge and
temperature parameters of the lower Yampa River in April-May or April-July and annual spawning-period
parameters and total CPUE of age-0 fish per taxon were clearer and generally more consistent for
nonnative than native fishes.

Associations between flows and abundance of young of various native and nonnative fishes in other,
more regulated, rivers of the upper Colorado system in Colorado and Utah, have been examined, i.e.,
Colorado River (McAda and Kaeding 1989; Osmundson and Kaeding 1989, 1991; Valdez 1990), Gunnison
River (Osmundson and Kaeding 1991), and Green River (Haines and Tyus 1990). Most of these studies
associated annual peak discharge with abundance of larval or post-larval fish collected from backwaters
(post-larvae defined as young-of-the-year juveniles for all fishes or age-1+ fish for smaller cyprinids
collected in fall; definition of age-0 fish, larvae and juveniles, was based primarily on TL). Notably, overall
trends of fish abundance related to flows observed in the other studies and in our investigation are very
similar, despite differences in sampling or analytical procedures among studies and environmental

conditions or extent of alterations to natural attributes among rivers.

Nonnatives—It seems reasonable that conditions allowing for an earlier start of spawning and a longer
spawning season would especially enhance the reproductive output of abbreviated interopares (short-lived
fractional spawners) like red shiner and fathead minnow (there is evidence to suggest that sand shiner and
possibly redside shiner are also fractional spawners). Earlier initiation of spawning and higher CPUE for
all nonnatives and longer spawning seasons for red shiner, sand shiner, and fathead minnow were generally
associated with low peak discharge, low—moderate daily mean and total discharges, and moderate-high
numbers of cumulative degree-days (Figures 7-12). Conversely, later initiation of spawning and lower
CPUE for all nonnatives and shorter spawning seasons for red shiner, sand shiner, and fathead minnow
were generally associated with high peak discharge, moderate-high daily mean and total discharges, and
low-moderate numbers of cumulative degree-days. Associations between length of spawning season for
redside shiner and discharge and cumulative degree-days were opposite of those exhibited by the other

nonnatives. This difference is probably a result of redside shiner’s preference for cooler water.
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Figure 7.—A) Annual discharge parameters during April and May for the lower Yampa River,
Colorado. Data taken from USGS records for the Yampa River near Maybell and at Deerlodge Park,
Colorado; annual values of monthly discharge parameters at the two locations were averaged for the lower
Yampa River. B) Estimated number of days, beginning April 1, to annual initiation of spawning for
selected fishes, lower Yampa River, Colorado. Determined from collections of age-0 fish. Gila sp.
primarily G. robusta robusta.
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Figure 8.—A) Annual discharge parameters during April-July for the lower Yampa River,
Colorado. Data taken from USGS records for the Yampa River near Maybell and at Deerlodge Park,
Colorado; annual values of monthly discharge parameters at the two locations were averaged for the lower
Yampa River. B) Estimated total number of days in the annual spawning period for selected fishes, lower
Yampa River, Colorado. Determined from coliections of age-0 fish. Gila sp. primarily G. robusta robusta.
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Figure 9.—A) Annual discharge parameters during April-July for the lower Yampa River,
Colorado. Data taken from USGS records for the Yampa River near Maybell and at Deerlodge Park,
Colorado; annual values of monthly discharge parameters at the two locations were averaged for the lower
Yampa River. B) Total annual catch-per-unit-effort of age-0 fish (number of fish collected per 1,000 m?
sampled) for selected fishes, lower Yampa River, Colorado. Collections were made with seines in
backwaters and shoreline habitats with negligible water velocity. Gila sp. primarily G. robusta robusta.
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Figure 10.—A) Annual cumulative degree-days for selected mainchannel water temperatures during
April and May, lower Yampa River near Maybell, Colorado. Degree-days = number of days that
maximum mainchannel water temperatures reached or exceeded 12, 14, or 16°C (data taken from USGS
records). B) Estimated number of days, beginning April 1, t0 annual initiation of spawning for selected
fishes, lower Yampa River, Colorado. Determined from collections of age-0 fish. Gila sp. primarily G.
robusta robusta.
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Figure 11.—A) Annual cumulative degree-days for selected mainchannel water temperatures during

April-July, lower Yampa River near Maybell, Colorado. Degree-days = number of days that maximum
mainchannel water temperatures reached or exceeded 12, 14, 16, 18, or 20°C (data taken from USGS
records). B) Estimated total number of days in the annual spawning period for selected fishes, lower
Yampa River, Colorado. Determined from collections of age-0 fish. Gila sp. primarily G. robusta robusta.
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Figure 12.—A) Annual cumulative degree-days for selected mainchannel water temperatures during
April-July, lower Yampa River near Maybell, Colorado. Degree-days = number of days that maximum
mainchannel water temperatures reached or exceeded 12, 14, 16, 18, or 20°C (data taken from USGS
records). B) Total annual catch-per-unit-effort of age-0 fish (number of fish collected per 1,000 m?
sampled) for selected fishes, lower Yampa River, Colorado. Collections were made with seines in
backwaters and shoreline habitats with negligible water velocity. Gila sp. primarily G. robusta robusta.
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Within each of the comparative trends for nonnative fishes, degree of association between variables
among years varied with the species and comparison (Tables 10-13). Values of SPAWN-1 for all
nonnatives were mostly weakly-moderately correlated with values of discharge parameters (correlations
were generally stronger for comparisons with peak discharge) and moderately-strongly correlated with
numbers of degree-days. Comparisons of SPAWN-T for red shiner, sand shiner, and fathead minnow with
discharge showed moderate-significant associations (mostly weak for redside shiner). Catch-per-unit-effort
for red, sand, and redside shiners was moderately-significantly correlated with discharge (correlations were
mostly moderate for fathead minnow). Degree of association between CPUE and degree-days was mostly
moderate for red shiner and fathead minnow, weak for sand shiner, and strong-significant for redside
shiner. Results from previous studies in the Colorado and Gunnison rivers also showed
moderate-significant inverse relationships between magnitude of discharge and abundance of red shiner,
sand shiner, and fathead minnow. High flows may flush nonnative cyprinids from preferred lentic-like

habitats or slow the rate of warming, resulting in local reductions in their abundance and reproductive

success (Valdez 1990).

Natives—Compared to nonnatives, spawning periods of native fish species were fairly consistent
among years. For all native fishes, associations between SPAWN-1 and discharge were positive but mostly
weak, whereas, associations between SPAWN-1 and degree-days were negative and moderate-significant
(strong-significant for flannelmouth Sucker). Correlations between SPAWN-T and discharge were mostly
weak, but the nature of associations (positive or negative) varied considerably among months and discharge
parameters; overall, correlations were generally negative for Gila sp. and flannelmouth sucker and positive
for speckled dace and bluehead sucker.

Associations between flow and temperature and relative abundance of all natives except Gila sp. were
opposite of those for nonnatives. Greater values of CPUE for speckied dace, bluehead sucker, and
flannelmouth sucker were associated with high discharge and Jow-moderate numbers of cumulative
degree-days, whereas, higher CPUE for Gila sp. was generally associated with low-moderate discharge and
moderate-high numbers of cumulative degree-days. Conversely, smaller values of CPUE for speckled dace,
bluehead sucker, and flannelmouth sucker were associated with low—moderate discharge and
moderate-high numbers of cumulative degree-days, whereas, lower CPUE for Gila sp. was generally
associated with high discharge and low-moderate numbers of cumulative degree-days. Degree of
association for comparisons of CPUE with discharge was mostly moderate-significant for all taxa.
Associations between CPUE and degree-days were weak-moderate for Gila sp., mostly weak for speckled
dace and bluehead sucker, and mostly strong-significant for flannelmouth sucker. Osmundson and Kaeding
(1989) reported that as annual magnitudes of spring and summer flows progressively decreased during
1986-1988, abundance of young speckled dace and bluehead sucker similarly decreased; abundance of

young Gila was highest in 1987. During 1986-1989, correlations between flow and abundance of young fish
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were consistently positive and moderate-significant for speckled dace and bluehead sucker but inconsistent
(strength and nature, positive or negative, of association varied among reaches) for flannelmouth sucker
and Gila sp. (Osmundson and Kaeding 1991). Valdez (1990) noted that associations between year-class
strength of Gila sp. and flows were similar to those exhibited by red shiner, sand shiner, and fathead

minnow.

Management Implications

Minckley (1991) hypothesized that introduced nonnative fishes, enhanced by river alterations, are
primarily responsible for the demise of native fish species in the Colorado River Basin. He emphasized the
need to preserve or restore natural elements of the Colorado River System and argued that, although
complete removal of nonnatives is not feasible, maintenance of native species is possible if nonnatives are
suppressed through management efforts. Tyus and Karp (1989) concluded that natural flows provided by
the Yampa River are critical for maintenance and recovery of rare native fishes in the Green River
sub-system. Life histories of native fishes are closely associated with natural flow events, and spring-runoff
flows may inhibit nonnative fish species. Osmundson and Kaeding (1991) suggested that flow
manipulations might be used to enhance native fishes and facilitate control of nonnative species; high
spring flows could be important in suppressing numbers of nonnative fishes, especially those
predominanting in low-velocity nursery habitats. McAda and Kaeding (1989) and Valdez (1990) concluded
that regulation of peak flows may not be an effective long-term means of negatively affecting the
reproductive success of those nonnatives having high reproductive pdtemial or adapted to riverine
environments. However, even temporary removal or suppression of nonnative predators or competitors
may enhance native fishes (Minckley and Meffe 1987). We suggest that management of flow regimes in
regulated rivers to approximate natural hydrographs and periodically provide above-average magnitudes in
spring-summer discharges would benefit native fishes and suppress the abundance of certain prolific
nonnative fishes.

Inferences drawn from results of this investigation and the other similar studies should be viewed
with caution. Ecological intrepretations have been applied to explain interdependent trends between
variables illustrated by simple correlation analyses. However, the close interplay among external and
internal factors that regulate reproduction and recruitment in fishes is a difficult issue to fully assess outside
an experimental framework. Results of this study demonstrate the variability in patterns of a few physical
and biological variables in a relatively unaltered river and underline the limitations of short-term trend data
in evaluating complex functional (casual) relationships among variables. Water flow and temperature are
primary external factors influencing reproduction in riverine fishes but represent only a fraction of the
many environmental variables that affect reproductive success and survival of young. Similarly, estimates of
annual spawning periods or abundance of age-0 fish provide only superficial insight into recruitment

potentials and population dynamics of fishes.
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NOTES ON GENERAL DISTRIBUTION AND SELECTED LIFE-HISTORY CHARACTERISTICS
OF EIGHT FISHES COMMONLY FOUND IN THE LOWER YAMPA RIVER, COLORADO

RED SHINER Cyprinella lutrensis

DISTRIBUTION: Indigenous to the Mississippi and Gulf drainages from South Dakota eastward through
Illinois and from Louisiana westward into northern Mexico {26]. Introduced into the Colorado
River Basin; widespread, common-abundant [34, 48, 53); first collected in the lower Colorado River

system in 1953 [20].

HABITAT: Primarily a riverine species but occurs in impoundments. Found in streams of all sizes
but most abundant in moderate- to large-sized creeks and rivers with low gradient and
low-moderate water velocities. Inhabit a variety of perennial and ephemeral riverine habitats
(including quiet pools, backwaters, and riffies) with a variety of substrate types. Adaptable and
tolerant of turbidity, siltation, and fluctuations in flow, temperature, dissolved oxygen, pH, and
salinity. Avoid areas that are continuously clear or cool; uncommon or absent in clear,
high-gradient streams [2, 3, 11, 15, 18, 28, 34, 36, 38, 44, 48, 53]. Abundance of red shiner was positively
correlated with turbidity, pH, conductivity, total alkalinity, total hardness, total dissolved solids,
percentage of runs, and human impact and negatively correlated with maximum stream depth and
width [23]. Water temperature, velocity, and depth were the most important variables in habitat
selection; low-velocity water deeper than 20 cm was consistently selected [28). Selected median
water temperatures ranged from 21.2 to 30.9°C [7). For fish from the Virgin River,
Utah-Nevada-Arizona, preferred water temperature was 27°C. Calculated critical thermal

maximum ranged from 30.1 to 38.8°C depending on acclimation temperatures [12].

GENERAL BEHAVIOR: Live in schools in midwater or near the surface. Reported nocturnal movement
from deep water into shallow water and to the surface; during daylight, fish found on the bottom
or in midwater [32). Omnivorous, consume primarily aquatic or terrestrial insects, crustaceans,

algae, and possibly small fish [2 4, 8 11,17, 19, 24, 29, 34, 36, 44, 48, 58). Feed primarily by sight [36].
REPRODUCTION

Maturation: Typically mature as yearlings (age I); 240 mm total length. Attain a maximum total

length of 76-102 mm {2, 4, 8, 14, 19, 24, 36, 37, 44). Few individuals live beyond age II [3¢].

Spawning Requirements: Very adaptable in spawning requirements; spawn in both streams and
lakes. Spawn over gravel or sand in riffles, over submerged logs, roots, or vegetation,
along rocky shorelines in crevices, or in nests of other fishes [10, 15, 34, 36, 39, 44, 50, 58].
Reported spawning season and water-temperature ranges were March through September,
15.5-31.7°C. In Missouri, spawn from late May through early September with peak
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spawning occurring in June and July [36). In Iowa, spawn from May through August with
peak spawning occurring in May or early June [19]. In Oklahoma and Kansas, spawn from
June through August (maybe from May through September) with peak spawning occurring
in June and July [8, 11, 14, 50]. In Arizona, spawn from March through June (34). In
Wyoming and eastern Colorado, spawn in June and July [2 4]. Water temperatures greater

than 30°C may inhibit spawning or may be lethal to incubating eggs [14, 15].

Spawning Behavior/Biology: Spawn primarily during morning daylight hours; male establishes
spawning territory (see [16, 34] for description of courtship and spawning behavior).
Observations made under controlled conditions showed that the red shiner is a fractional
(over one clutch per season), crevice spawner. Each female may produce several clutches
(5-19) of eggs per season with an average of 585 eggs per clutch; range = 131-1,661 per
clutch [15]. Reported number of eggs per gravid female ranged from 1,177 to 5,411 {22).

Eggs and Young: Eggs are demersal, adhesive, and have a maximum diameter of 1.0-1.3 mm.
Incubation time is 3-5 d at water temperatures of 21-28°C [15, 50). Total length at hatching
= 4 mm [45]; estimated daily growth of larvae and early juveniles = 0.2-0.3 mm {9)

estimated total length at end of first year = <40 mm {8).

OTHER OBSERVATIONS: Considered to be a pioneer species, moving into new, disturbed, or marginal

habitats where other fishes are rare [19).

Possible reasons for the success of red shiner: (1) small in size (only limited space and resources
are necessary to sustain populations); (2) occur in schools; (3) active, move rapidly into accessible
waters; (4) short lived, mature rapidly, and produce large numbers of young; and (5) extremely

tolerant of adverse conditions [11].

During dry years, red shiner may predominate in streams having high gradients, whereas other
fishes decline. In the first year or two of a wet cycle, red shiner may continue to be abundant and
occupy nearly all available habitats. If the wet cycle continues, red shiner may decline in

abundance until only residual numbers remain [10}.

Under laboratory conditions, red shiners were strongly attracted to water previously occupied by

conspecifics; olfaction hypothesized as a cue in habitat selection [1).

COLORADO ROUNDTAIL CHUB Gila robusta robusta

DISTRIBUTION AND HABITAT: Endemic to the Colorado River Basin. Widespread (especially in upper
basin rivers), rare-abundant; in the lower basin, occurs in the Bill Williams, Verde, and Sait River

drainages. Found in warm streams and large rivers. Adults have been collected in various
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habitats, from riffles to pools to backwaters. Typically occupy pools, eddies, or shallow runs with
silt—cobble substrate and adjacent 10 moderate- to high-velocity areas; often found associated with

boulders, overhanging cliffs, or vegetation in smaller streams (information summarized by [35)).

REPRODUCTION: Mature at 4-5 years of age. Eggs are broadcast over gravel'or cobble substrates in
shallow pools or eddies; parents do not guard eggs. Spawn during late May to late July at water
temperatures of 16-20°C (typically 18°C or higher). Reported fecundity of manually stripped
females ranged from about 39,500 to 41,350 eggs/kg body weight. Water-hardened eggs are 2.7-3.1
mm in diameter, demersal, and adhesive. Young hatch in about 5-6 d at 19-20°C. Total length at
hatching = 8-9 mm. Young mostly found in shoreline low-velocity habitats (information
summarized by [35]). Estimated daily growth of larvae and early juveniles = 0.2-0.5 mm (35); total
length at end of first year = <60 mm [s5]; adults typically attain standard lengths of 250-350 mm

{23).

SAND SHINER Notropis stramineus

DISTRIBUTION: Indigenous to Gulf Slope drainages in Texas northwest of the Mississippi River
(excluding Louisiana and Arkansas) into the upper Mississippi Valley (including the Missouri River
Basin), lower Red River of North drainage (in Canada), lower Great Lakes east into the upper
Ohio River Basin, and south into-the Tennessee River drainage [26). Introduced into the Colorado
River Basin. In the Upper Colorado River Basin, common in middle-lower portions of the Yampa

and Colorado rivers and rare-incidental in the Green and Dolores rivers [53).

HABITAT: Primarily a riverine species but occurs in impoundments. Prefer medium- to large-sized
streams and rivers having permanent flow, seasonally warm temperatures, moderate-high gradient,
moderate-high water velocities, and clear-moderately clear water. Typically found in slow-flowing
shallow pools with clean sand—gravel substrate or along sand bars. May be uncommon or absent in

sluggish, silty, turbid streams [3, 4, 11, 13, 19, 38, 40, 44, 48, 49, 52, 58].

GENERAL BEHAVIOR: Live in schools in midwater or near the bottom. Generalized food habits
(omnivorous); feed on or near the bottom. Diet consists primarily of aquatic or terrestrial insects,

crustaceans, algae, plant material, and detritus (8, 13, 19, 21, 36, 38, 40, 44).
REPRODUCTION

Maturation: Typically mature as yearlings (age I); 240 mm total length. Attain a maximum total
length of 80-102 mm [2, & 19, 36, 37, 44]. In Kansas, reported maximum life span was 3 years
(s1). Generally, there is a sharp decline in abundance of age-1I fish after their second

spawning [47, 49).
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Spawning Requirements: Little is known. Spawn in shallow areas of rivers and impoundments;
eggs are probably scattered over clean sand or gravel [2, 8, 33, 38, 40). In Wisconsin, spawn
from late May through mid August [3). In Jowa, spawn from June through early
September [8, 40]. In Kansas, spawn from April through August with peak spawning
occurring in late July and August; water temperatures ranged from 21 to 37°C [11, 49). In
Oklahoma, spawn from late spring through summer (33, 38]. In the Yampa River,
Colorado, 1976-1977, spawned from June through mid September with peak spawning
occurring from mid June through August [9].

Spawning Behavior/Biology: Little is known. Reported fecundity (number of eggs per female) at
selected ages was: age I - 250, age II - 1,110, and age III - 1,800 [8 40]. Average number of
mature eggs per female = 650-747 (38].

Eggs and Young: Eggs have a maximum diameter of 0.65-0.9 mm [49]. Total length at hatching
= 34 mm [45]; estimated daily growth of larvae and early juveniles = 0.2-0.3 mm [9};

estimated total length at end of first year = <40 mm [8].

OTHER OBSERVATIONS: Spawning in summer at high water temperatures might be an adaptation to
enhance survival of young in Great Plains rivers, where spring flows are characterized by drastic

fluctuations [49).

In the Des Moines River, Jowa, poor recruitment might have been related to high population

densities and lower amounts of available space (implies self-regulation of population size) [47).

FATHEAD MINNOW Pimephales promelas

DISTRIBUTION: Occurs throughout much of North America, from Chihuahua, Mexico, north to the
Great Slave Lake drainage, east to New Brunswick, and west to Alberta. Widely introduced
throughout the country [26]). Introduced into the Colorado River Basin. Common in most rivers of
the Upper Colorado River Basin [53]. Widespread and established in the Lower Colorado River
Basin [34, 48).

HABITAT: Found in a wide range of habitats in ponds, lakes, streams, and rivers. Prefer areas with
vegetation. Extremely tolerant of waters with high temperature, turbidity, and salinity and low
dissolved oxygen; tolerant of a wide pH range. Often one of the last species remaining in small

pools of intermittent streams during dry conditions [8, 26, 34, 36, 40, 48, 58].

GENERAL BEHAVIOR: Live in schools in midwater or near the bottom. Diet consists mostly of organic
detritus, algae, and other plant material but also consume aquatic insects and zooplankton.

Appear to be intolerant of competition with other fishes [29, 34, 36, 40, 48, 58].
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REPRODUCTION

Maturation: Growth is rapid. Some individuals may mature and spawn during their first summer
or fall of life, but most do not spawn until their second summer (age I); 240 mm total
length. Short lived; life span is typically 2 years. Attain a maximum total length of about
75-89 mm; commonly 50-75 mm |8, 34, 36, 40, 41].

Spawning Requirements: Prolonged spawning season. Spawn from May well into summer or early
fall. Apparently, spawning begins when water temperatures reach about 16-18°C; reported
range up to 19°C [13, 36, 40, 41, 44, 48, 58]. In the Yampa River, 1976-1977, spawned from
early May through early September with peak spawning occurring from late May through
mid August [9). Some uncertainty as to whether temperature, photoperiod, or both

initiates spawning [3).

Spawning Behavior/Biology: General spawning habits are well known. Eggs are spawned on the
undersurface of submerged or floating objects (may create suitable spawning sites under
rocks in the absence of such objects). Male guards and tends the "nest” and may spawn
with several females, producing a large nest possibly containing several thousand eggs;
maybe up to 12,000 eggs in a single nest [8, 16, 27, 34, 36, 40, 48, 58]. Fecundity and spawning
frequency was studied under controlled conditions, and it was determined that the species
is a fractional spawner [16]. In that study, 16-26 clutches of eggs were produced by each
spawning pair. Number of eggs spawned per female ranged from 6,803 to 10,164 (mean
8,604). Nine 10 1,136 eggs were spawned per clutch (mean ranged from 391 to 480).
Intervals between spawning of each clutch ranged from 2 to 16 d. Spawning typically
began before dawn and ended by mid morning. No postspawning mortality was noted;

however, in another study [27], about 85% of the adults died after spawning.

Eggs and Young: Eggs are demersal, adhesive, and have a maximum diameter of 1.15-1.3 mm
(maybe up to 1.6 mm). Incubation time is 46 d at water temperatures of 23-30°C; 5 d at
25°C [8, 27, 40, 48). Total length at hatching = 4 mm [45]; estimated daily growth of larvae
and early juveniles = 0.2-0.3 mm [9; total length at end of first year = <50 mm (g].

SPECKLED DACE Rhinichthys osculus

DISTRIBUTION: Native to all major western river drainages from the Columbia River to the Colorado
River and south to Sonora, Mexico. Also in coastal drainages and in interior waters [26). The
Colorado speckled dace R o. yarrowi is common in most rivers of the Upper Colorado River

Basin, except for the mainstem Colorado River; similar situation for the lower basin [34, 53).
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HABITAT: Occupy a variety of habitats, from permanent or intermittent streams and rivers to large and
small lakes to outflows of springs. In streams and rivers, most often found in shallow runs and
riffles with rocky substrate; in lakes, frequent shallow water, swimming near the bottom or in
crevices between rocks. Rarely collected from water over 50-75 cm deep [2, 24, 25, 26, 34, 40, 41, 42, 43,
48, 53, s8]. For fish from the Virgin River, preferred temperature was 15.8°C (extremes ranging
from 9.5 to 16°C). Calculated critical thermal maximum was about 30.5-36.8°C depending on

acclimation temperature [12].

GENERAL BEHAVIOR: Omnivorous, consume aquatic and terrestrial insects, crustaceans, algae, and

detritus. Feed either on the bottom or in midwater [2, 17, 21, 24, 26, 34, 41, 42, 43, 58).
REPRODUCTION

Maturation: Most females mature at age II; 250 mm total length. Short life span; few individuals
live beyond 3 years of age. Attain a maximum total length of up to 127 mm; commonly

51-102 mm [2, 8, 24, 41, 42).

Spawning Requirements: Spawn in spring and early-mid summer (8, 41, 42, 48]. In the Yampa
River, 1976-1977, spawned from mid May through mid August with peak spawning
occurring from late May through late July [9].

Spawning Behavior/Biology: Reproductive habits are poorly described (many accounts are based
on observations of other Rhinichthys sp.). Have been observed spawning in riffie areas.
Some type of "nest” may be "constructed” (spawning site cleaned free of silt) by males;
males may be territorial. Spawning may involve single pairs. Fecundity may range from

174 10 514 eggs per female (2, 8, 29, 34).

Eggs and Young: Eggs are demersal, adhesive, and have a maximum diameter of about 1.0 mm.
Incubation time is 6 d at water temperatures of 18-19°C (2, 42, 48). Total length at hatching
= 5-6 mm [45); estimated daily growth of larvae and early juveniles = 0.2-0.4 mm [9};

estimated total length at end of first year = <50 mm |8g].

REDSIDE SHINER Richardsonius balteatus

DISTRIBUTION: Occurs naturally mostly west of the Rocky Mountains from the Nass River, British
Columbia, south through Washington, Oregon, and the Columbia River drainage. Also in the
Harney Basin, Oregon, and Bonneville Basin, Idaho, Wyoming, Utah, and Nevada. Native east of
the continental divide only in British Columbia and Alberta in the Peace River system [26).

Introduced into the Colorado River Basin. In the Upper Colorado River Basin, rare-incidental to
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common-abundantin the Yampa River and upper portion of the Green, Duchesne, and Dirty

Devil rivers [s3). Established in upper portions of the Lower Colorado River Basin [34].

HABITAT: Occupy a variety of habitats under various environmental conditions. Found in creeks, rivers
with low-moderate water velocities, ponds, lakes, canals, sloughs, and warm springs. In streams,
may occur in slow—swift, clear-turbid water and over rubble, gravel, sand, clay, or mud substrates.
Frequently found associated with vegetation. Prefer cool water, typically with summer water
temperatures ranging from 16 to 19°C (maximum range from 13 to 21°C). Calculated upper lethal
water temperature was 25°C when fish were acclimated at 8.9-11.1°C [6, 40, 41, 42, 43, 53, 58, 59].

GENERAL BEHAVIOR: Live in schools, tend to stay near vegetated areas. In lakes, exhibit daily and
seasonal movement patterns. In streams, move inshore in spring and remain there until mid-late
summer; subsequently, move to deeper, cooler water. Omnivorous, consume primarily aquatic or
terrestrial insects, snails, crustaceans, and fish eggs and larvae. Cannibalistic on own eggs and
larvae; may be one of the most important factors limiting survival of their eggs and larvae [2 6, 8, 25,

34, 40, 41, 42, 43, S8, 59).
REPRODUCTION

Maturation: Mature at age II or III; 260 mm total length. Attain a maximum total length of 178
mm (typically less than 125 mm). Relatively short lived; maximum life span is 5 years [6, 8,

40, 41, 43, 59).

Spawning Requirements: In streams, spawn in areas less thaﬁ 15 cm deep (maybe riffles or
upwellings) with gravel or rocky substrates; in lakes, spawn along shoreline. Spawning area
often associated with submerged vegetation. Spawning begins when water temperatures
reach 10-14°C. Reported spawning season range was from May through August; typically
June and July (2, 6, 8, 25, 34, 40, 41, 42, 43, 58, 59). In the Yampa River, 1976-1977, spawned
from late May t}irough August with peak spawning occurring from early June through mid

August [9).

Spawning Behavior/Biology: During spawning, fish gather in groups of about 30-50 individuals;
actual spawning takes place is smaller groups of about six individuals [5, 25, 40, 5¢). No
territoriality or courting behavior has been noted. Spawn during daylight and darkness.
Eggs are broadcasted over the substrate or over vegetation in lots of 10-20 each per
female (eggs are expelled at irregular intervals). Spawning may continue for 3-7 d;
individuals may spawn several times in a season. Reported fecundity ranged from 829 to
3,602 eggs per female. Apparently, high mortality in adult fish occurs after spawning [6, 8,

34, 40, 42, 43, 59).
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Eggs and Young: Eggs are demersal, adhesive, and have a maximum diameter of 1.9-2.2 mm.
Incubation time is 3-7 d at water temperatures of 20-21°C [2, 6, 8, 25, 34, 40, 41, 42, 43, 56].
Total length at hatching = about 6 mm [45]; estimated daily growth of larvae and early
juveniles = 0.2-0.3 mm [9}; total length at end of first year = <50 mm (8].

BLUEHEAD SUCKER Catostomus discobolus

DISTRIBUTION AND HABITAT: Native to the Colorado River Basin; replaced by C. clarki below the
Grand Canyon, Arizona. Also occurs in the Bear and Weber River drainages in Idaho, Wyoming,
and Utah [26). The Colorado bluehead sucker C. d. discobolus is common in most rivers of the
Upper Colorado River Basin [s3). Found in a wide variety of habitats, ranging from cold, clear

streams to warm, turbid streams. Prefer deep riffles or shallow runs over rocky substrates [26, 53).

REPRODUCTION: Eggs are broadcast over rocky substrates; parents do not guard young. Spawn from
May to September, usually in June and July, at water temperatures of 15-18°C. Reported
estimated fecundity ranged from about 4,000 to 16,000 eggs per female (30]. Water-hardened eggs
are 3.3-3.5 mm in diameter, demersal, and initially adhesive. Estimated daily growth of larvae and
early juveniles = 0.2-0.4 mm [30); total length at hatching = 8-11 mm. Larvae drift. Young
occupy shoreline low-velocity habitats [46). Total length at end of first year = <60 mm [s4]; adults
attain a total length of up to 400 mm (commonly 250-350 mm) [23).

FLANNELMOUTH SUCKER Catostomus latipinnis

DISTRIBUTION AND HABITAT: Endemic to the Colorado River Basin [26). Common to abundantin
most rivers of the upper basin [53). In the lower basin, occurs in the mainstem Colorado River
above the lower end of Lake Mohave and in the Little Colorado River drainage; extirpated from
the Gila River drainage (46, 57). Found in moderate- to large-sized rivers, typically in pools, deeper

runs, and eddies and along shorelines [26, 53}.

REPRODUCTION: Mature at 4-6 years of age [31). Eggs are broadcast over gravel-rubble bars or
riffies, or coarse gravel under <1.2 m of water; parents do not guard eggs. Spawn from April to
August, mostly May to early July, at water temperatures of 6 to at least 13°C. Reported fecundity
ranged from 4,000 to 40,000 eggs per fish in females 450-500 mm long. Water-hardened eggs are
3.8-3.9 mm in diameter, demersal, and initially adhesive. Total length at hatching = 8-11 mm.
Larvae drift. Young occupy shoreline low-velocity habitats [31, 46). Estimated daily growth of
larvae and early juveniles = 0.2-0.4 mm [9); total length at end of first year = <60 mm [31); adults

attain a total length of up 10 600 mm (commonly 300400 mm) [23].
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