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Spawning Season in the Upper Colorado River
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Abstract.— Colorado squawfish Ptychocheilus lucius spawned in widely separated areas through-
out the 350-km section of the upper Colorado River upstream from Lake Powell, Utah, as evi-
denced by the movement of radio-tagged adults during the spawning season and the later capture
of larvae. With one exception, tagged fish remained separated from each other during the spawning
season. Distances moved by tagged fish were not related to fish size or location of initial capture
along the river. Movements were generally shorter (mean, 23.2 km) than those reported for this
species in the Green River basin, in part because of important habitat differences between the two
rivers. Most tagged Colorado River fish were found near their initial point of capture after the
spawning season.

The Colorado squawfish Ptychocheilus lucius, a
large piscivorous cyprinid endemic to the Colo-
rado River basin, has been presumed to make sea-
sonal, often long-distance migrations to discrete,
widely separated river reaches to spawn; its larvae
are believed to drift to nursery areas far down-
stream (Tyus 1986). Such life-history character-
istics have implications for management to pro-
tect and enhance the habitats and populations of
this endangered species. Blockages of fish move-
ment, for example, can decimate populations of
obligate migratory fishes, as demonstrated by Co-
lumbia River dams and Pacific salmons Onco-
rhynchus spp. (Netboy 1974). For this reason, it
was important to determine whether the life his-
tory proposed by Tyus (1986) for Colorado
squawfish in the Green River basin is generally
applicable to this species. The objective of our
study was to describe the movements of adult Col-
orado squawfish during the spawning season in the
upper Colorado River.

Study Area
The study was conducted in the 350-km reach

of the Colorado River between Lake Powell, Utah,
and Palisade, Colorado (Figure 1). Locations along
the river were demarcated as river kilometers (RK)
upstream or downstream from the confluence with
the Green River (RK 0). The study area was di-
vided into eight reaches (Figure 1) defined largely
by the occurrence of major tributaries, barriers to
upstream movement, or prominent changes in

1 Present address: U.S. Fish and Wildlife Service, Yel-
lowstone Fishery Assistance, Post Office Box 184, Yel-
lowstone National Park, Wyoming 82190, USA.

river morphometry. Cataract and Westwater can-
yons were not sampled because of logistic diffi-
culties. Reach 8 is a short (4-km) segment of the
Gunnison River downstream from the Redlands
Diversion, a barrier to the upstream movement
offish.

Methods
Larval fish.—Larval Colorado squawfish were

used to estimate the spawning period. We sampled
larval Colorado squawfish (6-24 mm total length,
TL; Snyder 1981) in reaches 2 through 7 during
July and August 1982 and from July to September
1983, 1984, and 1985. Colorado squawfish spawn
during these months in the upper Colorado River
(Haynes et al. 1984). Each of reaches 2-7 was sam-
pled at about 2-week intervals; reaches 1 and 8
were sampled less frequently. We used 0.5-mm-
mesh seines (0.9 x 0.9 m) to collect larval fish
from low-velocity shoreline areas (e.g., backwa-
ters, eddies, pools) at about 8-km intervals along
the river. Collection of each sample required 5-
15 min. All larval fish collected were fixed and
preserved in 5% formalin and later identified and
counted at the Larval Fish Laboratory, Colorado
State University, Fort Collins. Colorado squaw-
fish larvae were measured to the nearest milli-
meter (TL).

We estimated hatching dates for individual Col-
orado squawfish larvae by back-calculation with
an equation developed by Haynes et al. (1985) for
the growth of age-0 Colorado squawfish in a
hatchery at about 20°C (Hamman 1981):

AGE = -76.7105 + 17.4949 TL
-1.0555 TL2 + 0.0221 TL3;
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FIGURE 1 .—Colorado River study area. Bold numbers designate reaches; decimal numbers are distances in river
kilometers from the confluence of the Green and Colorado rivers or Gunnison and Colorado rivers.

TL is total length (mm) at time of collection and
AGE is accumulated days since hatching. We used
only larvae smaller than 22 mm TL in these anal-
yses. Marsh (1985) reported that the median in-
cubation period for Colorado squawfish embryos
held at 20°C was about 102 h; therefore, we esti-
mated the spawning date by subtracting 4 d from
each hatching date. Nesler et al. (1988) have con-
firmed the validity of this technique. Because
sample sizes were small, we pooled Colorado
squawfish larvae from paired, consecutive reaches
when estimating spawning dates. Water temper-
ature and discharge data were taken from a U.S.
Geological Survey stream gauge at the Utah-Col-
orado border.

Radiote/emetry.—Movemenis of adult Colora-
do squawfish were followed by radiotelemetry. Fish
were collected from each of the study reaches by
electrofishing and with gill and trammel nets. No
sampling was conducted in reach 2. Most collec-
tions were in April or May before the onset of
spawning. Because sex of nonbreeding adult Col-
orado squawfish is difficult to determine by ex-
ternal characters, we were unable to sex most fish.
After total length and weight were measured, we
anesthetized Colorado squawfish longer than 440

mm and surgically implanted radio transmitters
(9-20 g; battery lives, 6, 10, or 18 months), fol-
lowing procedures outlined by Tyus and McAda
(1984). Radio-tagged fish were released near their
capture sites within 2 h of implantation. Hatch-
ery-reared Colorado squawfish stocked into the
Colorado River in 1980 (Valdez et al. 1982) were
identifiable by their Carlin dangler tags; none of
the four hatchery fish we encountered were given
a radio transmitter.

Searches for radio-tagged fish were made by boat
about every 2 weeks from April to October and
weekly during the presumed spawning season.
Tracking was not conducted from November to
March. Fish locations were determined to the
nearest 0.1 km along the river. Maximum fish dis-
placement from the release point during the esti-
mated spawning period (spawning displacement),
maximum displacement from the release point
during the entire monitoring period (maximum
displacement), and displacement from the release
point at last contact (final displacement) were
compared among river reaches and among fish in
100-mm size-classes by analysis of variance
(ANOVA). When a fish occupied more than one
reach during the estimated spawning period, the
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reach occupied for the longest time was consid-
ered the spawning reach. Because we were pri-
marily interested in the spawning movements of
Colorado squawfish, fish not contacted during both
the estimated spawning period and the subsequent
postspawning period were excluded from analy-
ses.

Results
Larval Fish

Altogether, 131 larval Colorado squawfish were
collected in 1982, 37 in 1983,46 in 1984, and 108
in 1985. They represented 0.9, 0.5, 0.4, and 0.9%
of all fish larvae collected in these years. Colorado
squawfish larvae occurred in 18% of the collec-
tions in 1982, 6% in 1983, 8% in 1984, and 14%
in 1985. They were first collected in mid-July 1982
and 1984, in late July 1985, and in early August
1983. Larvae were distributed among reaches 1-
6 in all years except 1983, when they were found
in only four reaches (Table I). Colorado squawfish
larvae of two size-classes (6-10 and 11-21 mm
TL) were found in each of the study reaches except
7 and 8. No Colorado squawfish larvae were col-
lected from reach 8, and larvae were found in reach
7 only in 1982. Within study reaches and years,
capture of 11-21-mm Colorado squawfish larvae
was most often accompanied by the capture of 6-
10-mm larvae (15 of 22 cases). The seven cases
in which this association did not occur were even-
ly divided among the seven study reaches and thus
showed no consistent pattern among years (Table
1).

Spawning Dates
Estimated onset of spawning in the lower river

reaches (1,2, and 3) was late June 1985, early July
1982 and 1984, and late July 1983 (Table 2).
Spawning continued into early August in 1982 and
1985 and into early September in 1983 and 1984.
Spawning in reaches 6 and 7 began in late June
1985, mid-July 1982 and 1984, and mid-August
in 1983. Spawning in reaches 6 and 7 began when
seasonal river temperature at the state-line gauge
reached 18-22°C, water level was decreasing, and
streamflows were 15-30% of the maximum dis-
charge for that year.

Movement of Radio-Tagged Fish
We implanted radio transmitters in 74 adult

Colorado squawfish during the study: 22 in 1982,
21 in 1983, 13 in 1984, and 18 in 1985. Eleven
fish were tagged with 18-month transmitters in

early fall 1982 and the rest with 6- or 10-month
transmitters in early spring 1982-1985. Our cri-
terion for radio contact during and after the esti-
mated spawning period was met by 50 fish: 7 tagged
in reach 1, 13 in reach 3, 1 in reach 4, 2 in reach
5, 20 in reach 6, 4 in reach 7, and 3 in reach 8
(Table 3). Total number of contacts per fish ranged
from 2 to 28 (mean, 10.2). Among those fish ex-
cluded from analyses were three individuals that
either died or expelled their transmitters.

There was no significant difference (P > 0.05)
in spawning displacement, maximum displace-
ment, or final displacement of radio-tagged Col-
orado squawfish among either the river reaches
(Table 3) or 100-mm length-classes offish. There
was no significant difference (P > 0.05) among
displacement types either riverwide or within
reaches. The two fish (500-600 mm TL) that
moved the longest distances (313.0 and 193.4 km)
were tagged in the lower river (reaches 1 and 3).
Maximum fish displacement ranged from 1 to 313
km (mean, 38.1 km); displacements were distrib-
uted as follows: 1-10 km, 12 fish; 10.1-20 km, 10
fish; 20.1-30 km, 4 fish; 30.1-40 km, 7 fish; 40.1-
50 km, 11 fish; 50.1-100 km, 4 fish; greater than
100 km, 2 fish. Although not included in our study
area, the lower Dolores and Green rivers (Figure
1) were searched by aircraft on several occasions;
no radio-tagged Colorado squawfish were found
there.

Of the 50 fish successfully radio-tracked during
the estimated spawning season, 30 were in the
reach of release and 20 had moved to adjacent
reaches, where they remained for most of the
spawning season. Ten fish occupied more than one
reach during the estimated spawning season. Of
the 20 fish that occupied an adjacent reach during
most of the spawning season, 10 later returned to
their original reach and 10 remained in the adja-
cent reach at the time of last radio contact. Four
fish left the reach of release after the estimated
spawning period. Spawning displacements ranged
from 0 to 92.7 km (mean, 23.2 km): 0-10 km, 21
fish; 10.1-20 km, 8 fish; 20.1-30 km, 6 fish; 30.1-
40 km, 3 fish; 40.1-50 km, 7 fish; 50.1-60 km, 2
fish; 80.1-90 km, 1 fish; 90.1-100 km, 2 fish. Of
the 50 fish with which radio contact was main-
tained into the postspawning period, 72% were in
their reach of release at the time of last contact
and 52% were within 8 km of the release point.

Seven Colorado squawfish radio-tagged in
reaches 6 and 7 were located in a 5-km segment
of reach 7 (RK 281-286) during the estimated
spawning period in 1982. Three of these fish oc-
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TABLE 1.—Total number of seine hauls, number of hauls with larval Colorado squawfish (in parentheses), and
total number of larval Colorado squawfish collected in the upper Colorado River. Reaches are denned in Figure 1.
No Colorado squawfish larvae were collected from reach 8. S = small larvae (6-10 mm total length); L = large
larvae (11-21 mm).

Reach 1 Reach 2 Reach 3 Reach 4 Reach 5

Year and
month
1982

Jul
Aug

1983
Jul
Aug
Sep

1984
Jul
Aug
Sep

1985
Jul
Aug
Sep

Seine
hauls

6(2)
2(0)

1(0)
4(0)
0

6(2)
5(1)
1(0)

0
0
0

Larvae
S

0

0
0

4
0
0

L

3

0
0

1
1
0

Seine
hauls

0
KD

9(0)
7(1)
3(0)

8(0)
14(3)
13(0)

10(4)
9(2)

12(1)

Larvae
S

0

0
1
0

0
16
0

3
1
0

L

1

0
0
0

0
8
0

16
9
1

Seine
hauls

0
11(6)

5(0)
17(1)
5(2)

5(0)
7(3)
5(0)

12(3)
13(5)
6(0)

Larvae
S

13

0
0
0

0
1
0

3
1
0

L

40

0
1
3

0
3
0

1
14
0

Seine
hauls

0
14(6)

2(0)
8(2)
5(2)

8(0)
11(1)
4(0)

12(2)
12(5)
4(0)

Larvae
S

9

0
1
0

0
0
0

0
3
0

L

6

0
2
3

0
1
0

3
21
0

Seine ,
hauls

0
10(2)

2(0)
8(0)
3(0)

5(0)
10(1)
2(0)

9(0)
8(1)
4(0)

Larvae
S

12

0
0
0

0
1
0

0
0
0

L

6

0
0
0

0
1
0

0
8
0

cupied a small pool on 13 July. Sampling of the
pool with trammel nets resulted in the capture of
one radio-tagged fish and eight untagged adults,
including five ripe males.

Nine of the fish tagged in upper reach 6 and
reach 7 moved downstream to a 16-km stretch of
lower reach 6 during or shortly after the spawning
period; four fish tagged in this vicinity moved up
to reach 7. The movement between lower reach 6
and river reaches upstream appeared to follow a
regular, seasonal pattern for some fish in the upper
river. Unlike fish in reaches 6 and 7, those tagged
in the other reaches showed no discernible move-
ment pattern.

Discussion
Although radiotelemetry allowed us to locate

the adult Colorado squawfish, it told us little about
the behavior of the fish and nothing about their
physiology. As a result, biological interpretation
of our radiotelemetry data alone can be ambigu-
ous. For example, the apparently seasonal nature
of the movements of some radio-tagged Colorado
squawfish between lower reach 6 and upper reach
6 and reach 7 seemed related to spawning. Our
capture of one radio-tagged fish along with eight
other adult Colorado squawfish (including ripe
males) in reach 7 during July 1982 supported this
interpretation. However, the rapid downstream
displacement of some of these radio-tagged fish,
which we observed soon after our sampling, might
also have represented movement toward spawn-

ing areas. Because our observations of recaptured
Colorado squawfish during the spawning season
indicate that milt can be expressed from individ-
ual males over periods of at least 2 months, cap-
ture of such fish cannot be taken as definitive ev-
idence of nearby spawning grounds. Ova can be
expressed from female fish only after ovulation,
so the capture of fish with ova would be a better
indication of nearby spawning activity; but we col-
lected no individuals with expressible ova. Several
attempts to recapture radio-tagged fish to check
for both the occurrence of expressible gametes and
the presence of untagged individuals failed be-
cause the habitats could not be sampled effective-
ly.

The presence of larval Colorado squawfish may
indicate that a spawning area is nearby, thus their
capture could help to substantiate proposed
spawning locations based on radiotelemetry data.
Newly hatched Colorado squawfish are 5.5-7.0
mm long (Hamman 1981; Marsh 1985). Haynes
et al. (1984) collected many Colorado squawfish
larvae 8.8-17.8 mm long (11-25 d posthatching)
in shoreline seine hauls like ours within 16 km of
the important spawning site near RK 26.5 on the
lower Yampa River described by Tyus (1985). We
found Colorado squawfish larvae less than 11 mm
long in every Colorado River reach except reach
7; larvae less than 22 mm were found in every
reach. On the basis of the distribution of larvae
and the locations of radio-tagged fish during the
spawning season, we believe that Colorado
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TABLE 1.—Extended.

Reach 6

Year and
month

1982
Jul
Aug

1983
Jul
Aug
Sep

1984
Jul
Aug
Sep

1985
Jul
Aug
Sep

Seine .
hauls

22(2)
53(8)

18(0)
39(0)
20(3)

9(0)
31(4)
19(0)

30(1)
25(3)
18(1)

Larvae

S

4
12

0
0
0

0
1
0

0
1
0

L

0
23

0
0

26

0
8
0

1
6

16

Reach?

Seine .
hauls

15(0)
24(2)

1(0)
13(0)
5(0)

1(0)
9(0)
5(0)

9(0)
7(0)
4(0)

Larvae
S

0
0

0
0
0

0
0
0

0
0
0

L

0
2

0
0
0

0
0
0

0
0
0

squawfish spawned in widely scattered locations
and in every reach of the Colorado River study.
Each reach contained areas of cobble substrate like
those used for spawning by Colorado squawfish in
the Yampa River (Tyus and McAda 1984).

Although the distances moved by larval Colo-
rado squawfish are unknown, movement of larvae
could confound use of their occurrence in samples
to indicate nearby spawning and to estimate
spawning time. Tyus (1986) hypothesized that
Colorado squawfish larvae in the Green River ba-
sin drift downstream as far as 100-160 km. Sup-
port for this hypothesis was based on the obser-
vation that the most extensively used spawning
and rearing habitats were separated by such dis-
tances. The downstream movement of larval Col-
orado squawfish has been further evidenced by
their collection in drift nets (Haynes et al. 1985;
Nesler et al. 1988). However, spatial separation
of the most extensively used spawning and rearing
areas does not necessarily mean that larvae hatched
from eggs in the former are reared in the latter,
and simply collecting larvae in drift nets does not
demonstrate that the larvae moved long distances
downstream. In addition, more spawning areas
than are presently recognized for Colorado squaw-
fish may occur in the Green River basin. Of the
68 adult Colorado squawfish radio-tagged in the
Green River basin from 1980 to 1983 (Tyus et al.
1987), 23 (34%) moved to one or the other of two
major spawning sites during the spawning season
(Tyus 1985). If other spawning sites exist in the

Green River basin, production of Colorado
squawfish larvae at those sites would confound
interpretation of data such as that used to support
the current hypothesis on long-distance drift of
larvae. In the Colorado River, the regular occur-
rence of two larval size-classes (6-10 and 11-22
mm TL) in reaches 2-6 suggests that extensive
downstream movement does not occur among all
larvae.

With the exception of the short-lived aggrega-
tion of adult Colorado squawfish in reach 7 in July
1982, we observed no aggregations of radio-tagged
Colorado squawfish in the Colorado River during
the estimated spawning period. This differed
markedly from the behavior of adult Colorado
squawfish in the Green River system, where many
radio-tagged squawfish moved 65 to 160 km to
aggregate at two spawning sites (Tyus and McAda
1984; Tyus 1985). Because our sample of radio-
tagged fish was small, however, aggregations of
these and untagged fish may not have been de-
tectable by our techniques.

Variation in the degree of movement among
populations of a fish species or among individuals
of one population is common and is often related
to differences in the distribution and availability
of suitable habitats (Mahon 1984). In the Colo-
rado River the rarity of spawning aggregations of
radio-tagged Colorado squawfish might be ex-
plained by widespread spawning habitat. The pre-

TABLE 2.—Range of spawning dates for Colorado
squawfish in major reaches of the Colorado River, 1982-
1985, estimated from the size of collected larvae.

River reach

1
2,3
4,5
6,7

1
2,3
4,5
6,7

1
2,3
4,5
6,7

1
2,3
4,5
6,7

Total larvae
1982

3
54
33
41

1983
0
5
6

26
1984

6
28
3
9

1985
0

49
35
24

Spawning dates

Jul 3-7
Jul 9-Aug 2
Jul 9-Aug 2

Jul 10-Aug4

Jul24-Sep 15
Jul21-Aug25

Aug 19-28

Jul 5-Aug 2
Jul 14-Sep 8
Jul 17-30
Jul 16-Aug4

Jun 27-Aug 7
Jul 3-Aug 13

Jun28-Augll
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TABLE 3.—Spawning displacement, maximum displacement, and final displacement of radio-tagged adult Col-
orado squawfish, by reach of release.

Spawning

Release
reach

1
3
4
5
6
7
8

displacement8 (km)
N
1

13
1
2

20
4
3

Mean
4.2

32.1
46.7
47.4
23.7
8.0

21.3

SE

1.1
8.7

45.3
3.5
2.9

19.0

Range
0.8-10.0
0.0-92.7

2.1-92.6
1.8-58.3
1.1-13.0
0.8-59.2

Maximum
displacement6 (km)

Mean

56.1
44.2
46.7
53.2
33.1
12.0
24.6

SE

43.0
14.2

39.4
3.7
2.0

16.9

Range
4.0-313.0
1.0-193.4

13.8-92.6
7.4-77.1
6.4-16.1
4.0-58.0

Final
displacement0 (km)

Mean

48.3
31.1
46.7
53.2
22.4
4.4

20.6

SE

44.1
9.0

39.4
5.0
2.7

18.4

Range
1.3-313.0
0.0-112.5

13.8-92.6
0.3-77.1
1.6-12.4
0.8-57.3

a Maximum displacement from the release point during the estimated spawning period.
b Maximum displacement from the release point during the entire monitoring period.
c Displacement from the release point at last contact.

dominance of movements less than 50 km long
by tagged adults in the Colorado River and the
widespread distribution of small larvae (6-10 mm
TL) support this explanation. Differences in the
seasonal movements of adult Colorado squawfish
between the Colorado and Green rivers may also
be explained by important differences in habitat.
Although discharge regimes of both rivers have
been altered considerably by upstream dams and
water diversions, only the Green River has a large
main-stem dam, Flaming Gorge, within the for-
mer range of Colorado squawfish. Operation of
Teaming Oorgie T>am Yias Te<2k.\xce& summer v*a\e*
temperatures of the Green River downstream
(Vanicek and Kramer 1969) to the extent that the
river now provides suitable habitat for salmonids.
At the confluence of the Green and Yampa rivers
below Flaming Gorge Dam, summer water tem-
peratures of the relatively unmodified Yampa can
exceed those of the Green by as much as 10^
(Tyusetai. 1987).

The dams and reservoirs of the Colorado River,
in contrast, are located in headwater areas far up-
stream from historical or current Colorado squaw-
fish habitat, and the dams farthest downstream
are not operated for peaking power production.
However, a comparison of U.S. Geological Survey
records for the years 1908-1923 and 1966-1989
showed that these dams have caused a 48% re-
duction in average peak instantaneous discharge
at the Utah-Colorado border. In addition, the
Colorado River has low-head diversion dams that
prevent upstream movement of adult Colorado
squawfish into their original habitat. These diver-
sion dams may have blocked and thereby led to
the demise of upstream populations of adult Col-
orado squawfish that formerly moved down-
stream to spawn, much as Colorado squawfish now

do in the Yampa River (Tyus 1985). Such repro-
duction might have been important to the main-
tenance of viable populations of Colorado squaw-
fish in the upper Colorado River. The aggregation
of adult Colorado squawfish observed in reach 7
in July 1 982 might have been a remnant of a much
larger aggregation that occurred historically in the
Colorado River.

Tyus and McAda (1984) reported that the long-
distance movement of radio-tagged Colorado
squawfish in the Green River basin was related to
fish size and thus to maturity. Small fish (400-500

moved extensively. In contrast, we detected no
difference in distance moved among the size-class-
es of adults. The return of many radio-tagged fish
to their release reach (often to within 8 km of their
original point of capture) suggests that some Col-
orado squawfish home to previously occupied
feeding or wintering areas. Wick et al. (1983) and
Tyus (1985) similarly observed that many radio-
tagged Colorado squawfish returned to points near
their original capture locations after the spawning
season.

Results of this study suggest that the spawning
areas for Colorado squawfish are widely distrib-
uted along the upper Colorado River and that the
seasonal movements of adult fish to these areas
are relatively short. However, whether the adult
fish have fidelity to particular spawning areas is
unknown, as is the consequence of denying them
access to such spawning areas. Consequently, we
recommend that no additional barriers to the free
movement of Colorado squawfish be permitted
within the current range of the species. Also, al-
though the apparent widespread spawning of Col-
orado squawfish in the upper Colorado River sug-
gests that spawning habitat is not limiting the
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population there, we recommend research to de-
termine the benefits to Colorado squawfish recov-
ery of providing passage around existing barriers
within its historical range.
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