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Abstract. — Gonadosomatic indices (100 x gonad weight/whole-body weight) and the occurrence
of expressible gametes indicated a temporal overlap in the spawning of humpback chub Gila cypha
and roundtail chub G. robusta at Black Rocks, a turbulent, deepwater reach of the upper Colorado
River, Colorado (39°N, 109°W). Radiotclemetry showed that roundtail chub moved throughout
the upper Colorado River during the spawning season, whereas humpback chub were restricted
almost entirely to the 1.8-km Black Rocks reach; however, spatial isolation of the species during
spawning was not demonstrated. A principal component analysis of morphologic measurements
taken from live fish supported taxonomic assignments made in the field and suggested that most
of the few specimens considered hybrids or intergrades by field personnel were actually humpback
chub; however, an analysis based on fin ray counts indicated that this group included roundtail
chub, hybrids, or backcross individuals. The strong affinity of humpback chub for the unique
habitat conditions created by water flowing rapidly among large, angular boulders and shoreline
rock outcrops at Black Rocks and elsewhere suggests that the unusual morphology of this species
is an adaptation to life in such habitats. The limited availability of such habitats might be an
important factor controlling the distribution and relative abundance of the humpback chub, a

species now listed as endangered.

The humpback chub Gila cypha, roundtail chub
G. robusta. and bonytail G. elegans are native cyp-
rinids of the Colorado River basin (Miller 1946).
Though greatly reduced in numbers and range from
those that occurred historically, humpback and
roundtail chubs persist in viable populations
(Minckley 1973; Valdez and Clemmer 1982;
Kaeding and Zimmerman 1983), whereas the
bonytail is nearly extinct in its natural habitat
(Kacding et al. 1986). In the upper basin, habitat
of the widespread and abundant roundtail chub
includes the few disjunct river reaches occupied
by humpback chub (Tyus et al. 1982; Valdez and
Clemmer 1982). The physical and biological char-
acteristics of these few reaches, like those of the
entire Colorado River system, have been altered
by the operation of water-development projects
upstream, by the introduction of nonnative fishes,
and by other human activitics (Miller 1961].
Minckley 1973; Ono et al. 1983).

Interbreeding of fishes. especially cyprinids, has
resulted elsewhere when habitat has been altered
(c.g.. Hubbs 1955). Valdcz and Clemmer (1982)
uscd the occurrence of mature fish with mor-
phologies that apparently intergrade between those
of humpback and roundiail chubs to support the
hypothesis that human-induced habitat alteration
is causing the breakdown of reproductive isolating

mechanisms between these species in the upper
Colorado River. The possibility of interbreeding
of the humpback chub and roundtail chub in na-
ture has been further suggested by the successful
artificial crossings of bonytails and humpback chub,
and of bonytails and roundtail chub (Hamman
1981). However, whether the intermediate forms
that occur in nature are actually intergrades, hy-
brids, or extreme variant forms of either species
is unknown. Furthermore, the existence of F, hy-
brids does not constitute evidence that the species
boundaries are breaking down. Gene exchange be-
tween these species depends on production, sur-
vival, and reproduction of backcross individuals
with fitness similar to parental fish (e.g.. Dowling
and Moore 1985).

Additional human alteration of the aquatic eco-
system of the Colorado River will occur, perhaps
most predictably as the result of developments
planned to meet increasing demands for water.
Because the humpback chub is listed as an en-
dangered species (U.S. Office of the Federal Reg-
ister 32:48 [1967]):4001), resource management
agencies are especially concerned about the pos-
sible negative effects such developments might
have on the species. Among these concerns is that
of possible disruption of the reproductive isolating
mcchanisms of humpback and roundtail chubs,
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though the precise nature of the mechanisms im-
portant to these species is unclear. The principal
objective of our study was to determine the im-
portance of two common reproductive isolating
mechanisms, temporal and spatial isolation, to the
humpback chub and roundtail chub in the upper
Colorado River. We also describe habitat use by
humpback chub and discuss its possible impor-
tance to the recovery of this endangered species.

Methods

The study area was the Black Rocks region
(39°N, 109°W) of the upper Colorado River, Mesa
County, western Colorado. Black Rocks is a nar-
row. turbulent, deepwater reach formed by pas-
sage of the river through a relatively erosion-re-
sistant zone of metamorphic rock. River depths
in this 1.8-km reach are several times greater than
in adjacent reaches; mean depth is about S m, and
depths of |7 m have been recorded (Valdez and
Clemmer 1982).

Collections of humpback chub and roundtail
chub were made about weekly from April to July
in 1983 and 1984, and during a 2-week period in
April-May 1985. Trammel nets were the principal
capture gear, but angling was used when debris in
the water in spring and during the early-summer
runoff precluded the use of nets. Captured fish
were visually inspected in the field and initially
classified as humpback chub or roundtail chub.
Although mature fish of both species could almost
always be reliably classified by such visual in-
spection, a few individuals showed gross mor-
phologies seemingly intermediate between these
species. We therefore assigned these questionable
specimens to a third category, unclassified Gila sp.

Morphologic measurements and meristic counts
used to distinguish between these species (Minck-
ley 1973; Smith et al. 1979) and taken from each
anesthetized fish included caudal peduncle depth,
caudal peduncle length, depth of the nuchal
depression, distance between insertions of pecto-
ral and pelvic fins, head length, length of the anal
fin base, length of the dorsal fin base, and number
of anal fin and dorsal fin rays. Measurements were
taken from the left side with a vernier caliper—
depth micrometer, accurate to 0.1 mm. Principal
component analysis (Wilkinson 1988) of the log,-
transformed morphologic measurements was later
used to support objectively the taxonomic iden-
tifications made in the field. Only fish whose taxo-
nomic assignment in the field was supported by
the subsequent analysis were considered hump-
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back or roundtail chubs. In these and all of our
later analyses, we used data only from fish longer
than 250 mm in total length, a size that represents
mature fish (Vanicek and Kramer 1969; Kaeding
and Zimmerman 1983).

We recorded weight (g) and total and fork lengths
(TL and FL, mm) for each specimen captured.
Ova or milt that could be expressed when pressure
was applied to the abdomen were noted. Scx de-
terminations were based on external urogenital
characteristics (Suttkus and Clemmer 1977) or on
the occurrence of expressible gametes for speci-
mens later relcased, and on inspection of excised
gonads for fish kept for dissection.

In addition to estimates based on the occur-
rence of expressible gametes, spawning times for
both chubs in 1983 and for roundtail chub in 1984
were estimated on the basis of gonadosomatic in-
dices (100 x gonad weight/whole-body weight).
The small number (eight) of humpback chub sac-
rificed for thesc analyses were females, whereas
both female and male roundtail chub were ex-
amined. Gonads were removed and preserved in
10% formalin in the field. In the laboratory, most
connective tissue was removed, and the gonads
were weighed to the nearest 0.1 g. Humpback chub
not used for gonad studies were tagged (Carlin
dangler tag) before releasc. All sacrificed speci-
mens have been deposited at the U.S. Fish and
Wildlife Service National Fish and Wildlife Lab-
oratory in Fort Collins, Colorado.

Radiotelemetry was used to monitor the move-
ments of fish captured during April and May in
1983 (humpback chub only) and 1984 and 1985
(humpback and roundtail chubs), beforc the pre-
sumed spawning season. Transmitters coated with
beeswax and weighing 9 g were surgically implant-
ed intraperitoneally. The transmitters were pow-
ered by a mercury battery and had a theoretical
life of about 90 d. Fish were captured from
throughout Black Rocks, radio-tagged, and re-
leased at the capture sites 4-24 h after implanta-
tion. Weekly searches for radio-tagged fish in Black
Rocks and in the adjacent upstream (29-km-long)
and downstream (14-km-long) reaches were made
from boats. Infrequent searches for missing fish
were made outside these areas. Fish locations were
estimated by usc of three- or five-element Yagi
antennas, then refined by use of a bidirectional
loop antenna. River discharge and temperature
data were recorded at the U.S. Geological Survey
gauging station 6 km downstream from Black
Rocks.



SPAWNING OF HUMPBACK AND ROUNDTAIL CHUBS
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FiGURE |.—Principal component (PC) scores for 597 fish captured in the Colorado River at Black Rocks,

Colorado, 1983-1985, and classified in the field as either humpback chub, roundtail chub, bonytail, or unclassified
Gila sp. Within the limits of the polygon there were 146 (54%) humpback chub scores that are not individually
plotted for purposes of graphical clarity. The line Y = —0.123 X, fitted by eye, is shown; Y is PC I, and X is PC

I

Results
Analvses of Morphologic and Meristic Characters

During the 3-year study, we identified 597 ma-
ture Gila spp. in the field. Of these, we considered
270 as humpback chub, 269 as roundtail chub, |
as a bonytail (Kaeding et al. 1986), and 57 as un-
classified Gila sp. The principal component anal-
ysis of the morphologic measurements revealed
two clusters, humpback and roundtail chubs (Fig-
ure 1). The first two principal components (PC 1
and II) explained 85% of the variation in the data
matrix. The line Y = —0.123 X, fitted by eye,
divided the two clusters. Becausc the slope of this

line is near zero, the influence of fish size on shape
was almost entirely accounted for in PC I, and the
shearing tcchnique of Humphries et al. (1981) was
not needed (G. R. Smith, University of Michigan—
Ann Arbor, personal communication). In analyses
of Colorado River Gila spp. that included shorter
specimens, such lines had positive slopes near un-
ity (c.g., Bookstein ct al. 1985). The gradual slope
of our line may result from the relatively narrow
length-class of adult fish examined.

The most important morphologic characters for
distinguishing species were depth of the nuchal
depression and caudal peduncle depth (Table 1).
Of the taxonomic assignments made in the field,
























