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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 roundlail 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. elcgans 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
(Mincklcy 1973; Valde/ and Clemmer 1982;
Kaeding and Zimmerman 1983), whereas the
bonytail is nearly extinct in its natural habitat
(Kaeding 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 activities (Miller 1961;
Minckley 1973; Ono et al. 1983).

Interbreeding of fishes, especially cyprinids, has
resulted elsewhere when habitat has been altered
(e.g., Hubbs 1955). Valdez and Clemmer (1982)
used the occurrence of mature fish with mor-
phologies that apparently intergrade between those
of humpback and roundtail 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
mechanisms 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 5 m, and
depths of 17 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-

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; Kacding
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. Sex de-
terminations were based on external urogcnital
characteristics (Suttkus and Clemmer 1977) or on
the occurrence of expressible gametes for speci-
mens later released, 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 these 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 release. 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), before 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 use 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.
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FIGURE 1. — 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 II, and A' is PC
I.

Results
Analyses 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, 1
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 I
and II) explained 85% of the variation in the data
matrix. The line Y = -0.123 X. fitted by eye,
divided the two clusters. Because the slope of this

line is near zero, the influence offish size on shape
was almost entirely accounted for in PC I, and the
shearing technique 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 (e.g., Bookstein et 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 laxonomic assignments made in the field,
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TABLE 1. — Variable loadings for the principal com-
ponent analysis of log^-transformcd morphologic mea-
surements taken from 597 specimens of Gila spp. (> 250
mm in total length) from the Colorado River at Black
Rocks, Colorado, 1983-1985.

100

Morphologic measurement

Fork length
Depth of nuchal depression
Head length
Distance between insertion of

pectoral and pelvic fins
Length of dorsal fin base
Length of anal fin base
Caudal peduncle length
Caudal peduncle depth

Principal
component

1

0.940
0.530
0.851

0.807
0.867
0.866
0.906
0.634

Principal
component

II

-0.112
0.768

-0.417

-0.398
0.279
0.367
0.209

-0.591

only 1 (0.4%) of the humpback chub and 19 (7.1%)
of the roundtail chub failed to be supported by
the principal component analysis (Figure 1). When
the field taxonomic designations in Figure 1 were
replaced by sex determinations, we saw no evi-
dence of clustering. Our analysis based on eight
morphologic measurements had a greater ability
to assign specimens to species than an analysis of
a similar number of largely different measure-
ments taken from humpback and roundtail chubs
in the Yampa River (Douglas et al. 1989).

Forty-nine (86%) of the specimens designated
as unclassified Gila sp. in the field clustered with
humpback chub (Figure 1). Although this suggests
that field personnel were conservative in their
classification of humpback chub, pairwise chi-
square analyses of the relative frequencies of the
various dorsal-anal fin ray count combinations
showed that the unclassified Gila sp. that clustered
with humpback chub were not entirely humpback
chub. Highly significant (P < 0.01) differences in
ray-count frequencies occurred among all taxa
(Table 2). The unclassified Gila sp. group appar-
ently included some roundtail chub, hybrids, or
backcross individuals with ray-count combina-
tions that differed from those of humpback chub.
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FIGURE 2.—Seasonal changes in the frequency of oc-
currence of expressible gametes in female (closed bars)
and male (open bars) humpback chub and roundtail chub
of mature size in the Colorado River at Black Rocks,
Colorado, 1983 and 1984. Numbers arc sample sizes.
Not included in the figure are 73 fish collected in April
and May, none of which showed expressible gametes.

Seasonal Changes in Reproductive Characters
We found no important differences between

years in either the occurrence of expressible ga-
metes or gonadosomatic indices, and those data
were pooled within species. Spawning of the
humpback chub and roundlail chub temporally
overlapped in 1983 and 1984. We captured female
humpback chub with expressible ova between late
June and late July, whereas female roundtail chub
with such ova were captured between mid-June
and late July (Figure 2). Although our infrequent
sampling in 1985 did not allow us to estimate
spawning time, we captured a female humpback
chub with flowing ova on 28 June. As in most
fishes, the period when male humpback and
roundtail chubs expressed milt generally lasted
longer than the period during which females ex-
pressed ova (Figure 2).

Declines in gonadosomatic indices were closely

TABLE 2.—Frequency (percent) of combinations of dorsal and anal fin rays (dorsal/anal) for humpback chub,
unclassified Gila sp., and roundtail chub longer than 250 mm total length. Fish were collected from the Colorado
River at Black Rocks, Colorado, 1983-1985.

Number of dorsal fin rays/number of anal fin rays
Taxon

Humpback chub
Unclassified Gila sp.a
Roundtail chub

N
269
49

250

8/9

0.0
2.0
6.8

8/10

3.3
4.1
0.4

9/8

0.4
2.0
2.0

9/9

11.2
34.7
72.0

9/10

65.4
40.8
18.4

9/11

0.7
0.0
0.0

10/9

0.7
0.0
0.0

10/10

17.8
10.2
0.4

10/11

0.4
4.1
0.0

10/12

0.0
2.0
0.0

a Limited to specimens that clustered with humpback chub in the principal component analysis (sec Figure 1).
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FIGURE 3.—Seasonal changes in the gonadosomatic index (100 x gonad weight/whole-body weight) for male and
female roundtail chub of mature size in the Colorado River at Black Rocks, Colorado, 1983 and 1984, and for
female humpback chub in 1983. Means (crosses), standard error of means (vertical boxes), ranges (vertical lines),
and sample sizes (numbers) are given.

correlated with the occurrence of expressible ova
in both species (Figures 2, 3). The index of female
roundtail chub increased during early June and
decreased as spawning progressed in July (Figure
3). The pattern of seasonal change in the gonad-
osomatic index of the male roundtail chub was
generally like that of females. Female humpback
chub were examined internally beginning in early
July 1983, when their external characteristics sug-
gested that spawning might be occurring. Their
indices declined as spawning occurred during the
subsequent 3 weeks (Figure 3).

The fish spawned when river discharge was near
its seasonal high or was receding, and when river
temperatures were 14-24°C (Figure 4). Relatively
high seasonal runoff flows (two of the highest on

record) in 1983 and 1984 delayed the seasonal
warming of the Colorado River (compare to Val-
dez and Clemmer 1982).

Fish Movement
We implanted 33 humpback chub and 17

roundtail chub with radio transmitters; for each
of these fish, the principal component analysis
supported the taxonomic classification made in
the field. We found no differences in movement
either between sexes or among years within species.
Humpback chub moved relatively little from Black
Rocks and had a mean maximum displacement
of 1.4 km from the release site; in contrast, round-
tail chub moved extensively and had a mean max-
imum displacement of 33.9 km (Table 3). During
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FIGURE 4. —Discharges and mean daily temperatures of the Colorado River at Black Rocks, Colorado, 1983 and

1984. Estimated spawning time for humpback chub and roundtail chub occurred between the paired vertical lines.

the estimated spawning times in 1983 and 1984,
our contacts with radio-tagged humpback chub
were predominantly within Black Rocks, whereas
most contacts with roundtail chub were outside
Black Rocks. During the period between 20 June
and 30 July in 1983 and 1984, 88% of 72 radio
contacts with humpback chub were made within
Black Rocks, whereas during that period in 1984,
only 22% of 9 radio contacts with roundtail chub
were made there. We did not estimate spawning

time in 1985; however, during 20 June-30 July
1985, our radiotelemetry data showed contacts
with 90% of 87 humpback chub and 11% of 27
roundtail chub within Black Rocks.

We recaptured 63 Carlin-tagged humpback
chub; most (55) were tagged during our study, and
the rest were tagged during earlier investigations.
Two recaptured fish had been tagged in 1979, three
in 1980, and three in 1981. Two of the eight
humpback chub implanted with radio transmit-
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TABLE 3. — Movement data for humpback chub and roundtail chub implanted with radio transmitters, Colorado
River at Black Rocks, Colorado, 1983-1985. Weekly attempts were made to locate (contact) fish. Values in paren-
theses are SE. Displacement is distance from the release site.

Species

Humpback chub
Koundtail chub

A'

30>
15"

Mean total
length (mm)
363.0(2.8)
349.2 (5.4)

Mean number
of contacts

6.5 (0.6)
5.2(1.1)

Mean duration
of contact (d)

67.1 (6.4)
87.2(7.2)

Mean maximum
displacement

(km)

1.4(0.5)
33.9 (9.3)

Mean displace-
ment, last

contact (km)
0.8 (0.4)

27.4(8.1)
J Ten male fish. 17 female, and 3 of undetermined sex; 3 others were not relocated after their release.
h Ten male fish. 4 female, and I of undetermined sex: 2 others were not relocated after their release.

tors by other researchers 3 years earlier (see Valde/
and Clemmcr [1982] and references therein) were
recaptured by us. The fish were in good condition
when recaptured; surgical incisions were com-
pletely healed and barely noticeable. Nine hump-
back chub were recaptured twice, and three were
recaptured three times (all tagged during our study).
Fish at large between 1 d and 56 months were
recovered 0-21.7 km (average, 1.1 km) from re-
lease locations; 32% of the fish were recaptured at
their Black Rocks release location, and 80% were
recaptured within 0.5 km of it. The tagged hump-
back chub thus appeared to move relatively little,
an observation similar to that made on radio-
tagged fish. However, two humpback chub—one
recaptured in 1983 and the other in 1984 —had
been tagged in 1980 in Westwater Canyon, another
habitat for humpback chub about 22 km down-
stream from Black Rocks (Valde/ and Clemmcr
1982). These movements were the longest ob-
served for the species.

Discussion
Reproductive isolating mechanisms are of two

major groups, premating and poslmating. Pre-
mating mechanisms prevent interspecific mating
and include temporal, spatial, and behavioral iso-
lating mechanisms. Postmating mechanisms,
which maintain the integrity of the species by
causing interspecific crosses to fail, include /ygote
mortality, hybrid inviability, and hybrid sterility
(Mayr 1963). Our data show that temporal iso-
lation is unimportant to the reproductive isolation
of humpback chub and roundtail chub because
spawning of the two species was concurrent. The
importance of spatial isolation is unclear, how-
ever. Although most radio-tagged humpback chub
were in Black Rocks and most radio-tagged
roundtail chub were outside this reach during the
spawning period, other male and female roundtail
chub with expressible gametes occurred there then
(Figure 2). Ova can be expressed only after ovu-

lation; therefore, presence of expressible ova is
good evidence that spawning is occurring or has
recently occurred.

Whether the roundtail chub with expressible ova
were spawning in Black Rocks or were moving
through the area after spawning somewhere near-
by cannot be determined from our data. The wide-
spread distribution of the radio-tagged roundtail
chub during the spawning season suggests that
suitable habitats for roundtail chub spawning may
be found in equally widespread river reaches. This
speculation is supported by the ubiquitousncss of
the species in the upper Colorado River basin
(Holden and Stalnakcr 1975; Tyusct al. 1982). In
contrast, the limited movements of the humpback
chub suggest that its spawning requirements are
met within Black Rocks. Black Rocks contains
cobble and gravel bars not unlike those found else-
where in the river. Humpback chub might use
these cobble bars for spawning or they might use
other nearby spawning habitat, perhaps an uncon-
ventional one associated in some way with the
large, angular boulders and shoreline rock out-
crops that seem characteristic of Black Rocks and
other river reaches occupied by humpback chub.
We found that humpback chub spawned in late
June and July 1983 and 1984, years of above-
average discharge in the Colorado River (Figure
4). Humpback chub at Black Rocks spawned in
May during years of below-average discharge and
in June in years of near-average discharge (Valde/
and Clemmcr 1982).

If the roundtail chub also spawns in Black Rocks,
microhabitat selection at spawning sites could
provide spatial segregation between roundtail and
humpback chubs. Such differences in habitat use
could be small and undetcctable by our radiote-
lemctry or capture techniques. On the basis of
capture locations, Vanicek and Kramer (1969)
concluded that the spawning of roundtail chub
and bony tail was concurrent but spatially sepa-
rated in the Yampa and Green rivers. In contrast.
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however, we sometimes captured humpback chub
and roundtail chub with expressible gametes in
the same net.

The efficacy of radiotelemetry is severely lim-
ited in deepwater areas such as those at Black
Rocks. Controlled experiments showed that radio
contact cannot be made with transmitters that are
deeper than 5 m. Thus, radio-tagged fish that reg-
ularly occupied deepwater habitats might not be
detected; this might explain why three of the
humpback chub and two of the roundtail chub
were not located after their release (Table 3).

Unlike roundtail chub, humpback chub rarely
moved from the turbulent, deepwater habitat of
Black Rocks, which suggests the habitat needs of
adult humpback chub during the spawning season
are entirely met there. However, the relatively large
displacement of two humpback chub from West-
water Canyon to Black Rocks, similar to that re-
ported by Valdez and Clemmer (1982), was also
seen, and a humpback chub tagged by us at Black
Rocks was recaptured in West water Canyon (M.
O. Morctti, Utah Division of Wildlife Resources,
personal communication). In the Colorado and
Little Colorado rivers of the Grand Canyon, Car-
lin-tagged humpback chub showed relatively large
displacements from their original release sites,
perhaps because such movements were necessary
to reach suitable spawning habitat (Kaeding and
Zimmerman 1983). In addition, humpback chub
show a strong homing ability. Radio-tagged
humpback chub released 0.3 km from their orig-
inal capture sites at Black Rocks were found at
the capture sites within several weeks (Valdez and
Clemmer 1982). When we similarly displaced a
Carlin-tagged humpback chub, it returned to its
original capture location within 1 d.

Not all humpback chub habitat includes deep
water like that at Black Rocks. Maximum depths
of the Little Colorado River are only about 3 m
(Kaeding and Zimmerman 1983), and the deepest
waters used by humpback chub in the Yampa
River are of a similar depth (C. Karp, U.S. Fish
and Wildlife Service, unpublished data). We spec-
ulate that the commonality among humpback chub
habitats is not great depth but the dynamic flow
vectors that result from water moving rapidly
among large, angular boulders and shoreline rock
outcrops. Humpback chub are often found near
submerged rock formations that cause rapid
changes in current velocity and direction as eddy
currents move back and forth across them.
Humpback chub may have diverged from other
species of Gila as an adaption to unique habitats

like Black Rocks, where their unusual morphology
might afford some advantage. The narrow caudal
peduncle, but not the concavity on the leading
edge of the hump, provides advantages to fish in
habitats where current direction and velocity
change rapidly (P. W. Webb, University of Mich-
igan-Ann Arbor, personal communication).

Our belief that large physical structure is an im-
portant component of humpback chub habitat is
supported by the observation that this species has
been found associated with an artificial habitat,
the large riprap material sometimes used in riv-
erside railroad and highway construction (Valdez
and Clemmer 1982). The scarcity of this partic-
ular habitat might limit the size of humpback chub
populations in the upper Colorado River basin.
This possible limitation of habitat quantity con-
trasts with that apparently affecting bonytail and
Colorado squawfish Ptychocheilus lucius, whose
population declines and current low numbers are
primarily attributable to loss of habitat quality,
especially as brought about by colonization of the
upper Colorado River basin by introduced fishes
(Kaeding et al. 1986; Kaeding and Osmundson
1988). Relatively few introduced fishes have col-
onized Black Rocks and other unique humpback
chub habitats in the upper Colorado River (Val-
dez and Clemmcr 1982). The unique habitat af-
finity of humpback chub might provide an op-
portunity to test whether habitat for this species
can be created, perhaps as part of the recovery
effort.

Although tests of humpback chub x roundtail
chub hybrid viability have not been made, avail-
able data strongly suggest that postmating repro-
ductive isolating mechanisms between these
species are incomplete and that a humpback chub
x roundtail chub cross would prove viable. The
bonytail x humpback chub and bonytail x
roundtail chub hybrids produced by Hamman
(1981) matured in the hatchery at 2 years of age
and were self-crossed as well as introgressively
crossed with parent stocks. That effort produced
fry in each of the two self-crosses and four intro-
gressive crosses attempted. The humpback chub
x roundtail chub cross could not be tried because
viable humpback chub eggs were not available at
that time (B. L. Jensen, Dexter National Fish
Hatchery, personal communication). The viabil-
ity of the humpback chub x roundtail chub hy-
brid should be determined. Perhaps of greater im-
portance, however, is the need to understand the
genotype of the unclassified fishes in the Gila spp.
community of Black Rocks and elsewhere. Our
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analyses suggest that the unclassified Gila sp. at
Black Rocks include roundlail chub, hybrids, or
backcross individuals. Principal component anal-
yses conducted by NefTand Smith (1979) showed
that known F, hybrids of other fish species some-
times cluster within parental groups that them-
selves are clearly distinguishable. Alternatively, our
unclassified Gila sp. may not be intergradcs or
hybrids at all, but extreme variant forms of one
or both species. Understanding the genetic nature
of these fishes is central to determining whether
these species have undergone human-induced ge-
netic changes. Preliminary elcctrophoretic studies
of these and other species of Gila showed differ-
ences in allclic frequencies among species that
might be useful for such further investigations
(Rosenfeld and Wilkinson 1989).

Because there is little understanding of the ef-
fects that additional alterations of habitats like
those at Black Rocks might have on the humpback
chub, there is a need fora comprehensive program
to monitor the humpback chub population and its
genome at Black Rocks and elsewhere where this
species occurs. Investigations that lead to an un-
derstanding of the factors that affect the dynamics
of the humpback chub and roundtail chub pop-
ulations would be especially valuable. In addition,
monitoring the fitness gradients among genomes
of the species of Gila—perhaps with electropho-
rcsis or related techniques—might be a useful way
of assessing possible gene flow among species (e.g.,
Dowlingand Moore 1985).
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