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ABSTRA T

GiTa cypha (the hunrpback chub) is a unique but endangered
eyprind fish endemic to the Colorado River system in western
North Anerica. Its distribution within the system is patchy;
occurrence is restricted prinarily to narrow, canyon-bound
reaches of these rivers. Greatest abundance is achieved at the
confluence of the Colorado and Litt1e Colorado rivers (= LCR) in
northern Grand Canyon (Coconino Co., AZ). This study defines the
nature and extent of G. cyphars movements within the LCR, and
tests the hlpothesis that its duration of stay within that river
is restricted to the reproductive period.

During L99L192, adult G. cypha were captured and tagged
during 19 6--L4 day sampling periods in three separate reaches of
the LCR. From these data, population estimates were derived for
each reach on a monthly basis, by nonth for the entire LcR, and
over the entire study period. Results indicate an upriver
nigration by some individuals in early spring, followed by a
sLow, protracted post-reproductive movement downstream.
Localized stasis by adults in the LCR, particularly summer
through winter, is also strongly supported by the data.
Movements by G. cypha in the LCR thus appears to be an amalgam of
two processes: Upriver movement in spring coupled with localized
movements by overwintering adults. The latter suggests a possible
alteration in life-history strategy for the species, and is
discussed in the context of Glen Canyon Dam, built in 1963 to
impound Lake PoweII at the northern extent of Grand canyon.
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[The Co].orado is probably the nost utilized, controlled, and
fought over river in the world. It flows through lands of
incomparable beauty and includes nearly seven percent of the
nationts contigrrous land mass, including parts of seven states.
Fron the tine of early settlers to the present, the waters of the
Colorado River have been the key to development of the arid
regionrr (Crawford and Peterson I L974:vi).

I{aters of the Colorado River basin are not only econonically
important, but also contain the nost distinctive ichthyofauna in
North Anerica, with species-level endenism approaching 75*
(Minckley, 1991) (93t if undescribed forms and subspeeies are
includedr iS in Carlson and Muth, 1989). The parallel importanee
of economic potential and ichthyofaunal diversity has initiated a
classic and ongoing confrontation between development and
conservation (see Wydowski and Hani1l, 1991).

From the conservation viewpoint, at risk is a unique and
endenie ichthyofauna of ancient origin, extending as far back as
the Miocene (Miller, 1959, 1961i Minckley et il., 1986). These
fishes possess remarkable adaptations to survive in a turbulent
environment. Foremost are a suite of morphological and anatomical
nodifications which nay act in concert to mininize the riverrs
impact upon the phenotlpe of the fish while optinizing the
abilities of the fish to negotiate boulder-strewn, high velocity
rapids. lilhile alternative hlpotheses may explain the evolution of
these phenotlpes, norphological trends across numerous, unrelated
taxa speak for commonality in other than phylogeny, and the
selective arena of the river seems reasonable ('Minckley,
1991:128). The majority of these fishes are endangered (or
candidates for such listing; see Minckley and Douglas, 1991), due
to numerous recent habitat nodifications bV.1-9!ern humans.

The specialized morphologies of the mainstream Colorado
River fish fauna reach their culmination in the phenotype of
hunpback chub (eila cyphai Fig. 1), the most renarkably
speciaLized minnow in western North Aurerica and one of the nost
bizarre in the world (Miller, 1964; Minckiey, 19911 Douglas,
1993; and references therein). It is known onfy from the Colorado
River and its major, svift-flowing tributaries (Holden and
llinckley, 1980); it occurs only sporadically and is seldon
Iocally abundant, particularly when compared to other indigenous
f,ishes. GiTa cypha has been recorded from: (a) the gorge sections
of the Green and Yampa rivers in Utah and Colorado (Green River
Wilderness Area and Dinosaur National Monument, respectively);
(b) the Colorado River in Utah above Lake Powell (Canyonlands
National Park); and (c) the Colorado River above its junction
with the Green River [between conf].uences oi the Dolores (in
eastern Utah) and Gunnison rivers (in western. Colorado; Fig.
2a) I . GiTa cypha was alsg within other canyon-bound reaches of
the Colorado River, as documented fron archaeological remains



(Miller, 1955; Miller and Smith, 1984; Sigler and MiIIer, 1953).

GiIa cypha was the last fish to be described from the
mainstem Colorado River (Miller, 1946), the type specimen caught
in 1932 by angling within Grand Canyon National Park (GCNP) [at
Bright Angel Creek, now 141.3 river kilometers (RIG.|) beLow Glen
canyon Danl (Carothers and Brown, 1991:95). The largest
population of G. cypha is in the Marble Canyon section of GCNP,
at the junction of the Little Colorado (LcR) and mainstem
Colorado rivers , 99 RKtrt below Glen Canyon dan (Fig . 2br. l{hile
the life history of G. eypha is enigrnatic (discussed in Douglas,
L993), the Grand Canyon population is least known of all. For
example, G. cypha inhabiting the Colorado River at the LCR
confluence were not even recognized as a reproducing population
until L975 (R. R. Miller, unpubl. field notes, special coll. 'Ilayden Library, ASU). Even then their nunbers were not considered
sulstantial; the largest population of G. cypha at that time was
believed to inhabit the Colorado River near Grand Junction (based
upon 32 specimens captured in L974i J. E. Johnson, Bur. Land
Manag. Tech. Note 28O, L976, unpubl.).

This study was undertaken to estimate numbers of adult G.
cypha within the LCR, define the nature and extent of their
movements within that river (where reproduction occurs annually),
and test the hlpothesis that both local movements and residency
are restricted-Lo the reproductive period. Habitat use is then
discussed in context of Clen Canyon Dam, constructed in 1953
(cornpleted in 1968) to impound Lake Powell at the northern extent
of Grand Canyon.

IIETHODS AND }IATERIALS

The study river.---The LCR drains L4Lrt55 kmz of eastern and
northern AZ and western NM, and flows 4L2 kn from headwaters to
confluence with the Colorado River (GCNP, Coconino Co.,,AZ; Eigs.
2d, 2b). Unless in flood, the LCR is seasonally dry in nuch of
its upper 390 km, a result of nodern land-use practices and water
impoundrnents initiated at, the turn of the century (Miller, 1951).
Fowever, flow in the lower 21 km is perenpial, from numerous
groundwater springs which drain 72r52O krn' of the Black Mesa
north and east of Flagstaff, AZ. The largest of, these (i.e., BIue
Springs, dt LCR RKM 21i Fig. zbl has a discharge of 5.1-6.5
n-/sec (Johnson and Sanderson, 1968).

The.LCR at base flo'ru iS saLine (conductivity exceeds 5o0O
umhos/cm'') and travertine-forming. Cirbonate preci.pitates onto
surfaces and in the water column, the latter giving the river a
distinct turquoise color. Carbonate deposition (a function of CO,
degassing and photosynthetic activity of algae and cyanophyceans)
produces an intricate and confusing water chernistry (Kubly and
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CoIe, LgTg). Travertine accumulations over geologic tine define
pools, runs, and rapids, and generate scalloped waterfalls and
cascades. Interspersed amongst this structure are broad sandbars
and other depositional features more tlpical of erosive
southwestern streams. These shift seasonally (and dranatically)
according to duration and extent of flooding. Dominant riparian
vegetation is a nixture of native [Catclaw acacia (Acacia
greggiil, Honey nesquite (Prosopis qlandulosa), Coyote Willow
(Salix exigual, Arrowweed (Tessaria sericea) l, and nonnative
species [Taruarisk (Tanarix chinensisl, Canelthorn (Alhagi
cameTontml) (Carothers and Brown, 19911 Johnson, 1991). Giant
reed (Phragnites australis) and cattail (Typha spp.) occur
patchily. The lower LCR passes through a narrow gorge that
progressively widens and deepens as it drops towards Marble
Canyon. A series of precipitous travertine falls at RKI! L4-9
(Atonizer Falls, Fi9. 2b) mark upstream distribution of G. cypha.

Ease camps.---Three base camps were established in the LCR gorge:
Near its confluence (RIc't 0.55)i at Powell Canyon (RKI'I 3.1)i and
at SaIt Canyon (RIO{ 1O.8). Biologists worked from each camP. 

-

Those at th6 confluence iished the lower 1.2 km of river, while
those at Powell canrp fished upriver fron L.3--7.0 km. Salt camp
personnel fished from 8.0--14.9 kn.

Data collection.---Fishes were captured during 19 6--14 day trips
at approxirnately rnonthly intervals from JuIy 1991 to Decenber
L992. Hoop nets (0.76 or 1.2 m dia. | 2.4 or 3.0 m length, four-
or six-hoop, single- or double-throat) were depLoyed in all
available habitat tlpes of sufficient depth (i.e., ) o.4 n).
Trammel nets (7.6 to-aS.7 n length, 1.8 n depth, 1.3 to 3.8 cm
inner and 30 cm outer meshes) were set routinely in the
confluence. Fishing effort for a particular trip nas recorded as
numbdr of net-hours per camp.

AII captured fishes were identified, measured (TL to nearest
mn) and weighed (nearest g). Native species were exanined for
tags, narkings, secondary sexual characteristics, ripeness, and
general health and condition. Those greater than 150 nn TL (=radultsr) were injected with passive integrated transponder
(i.e., PIT) tags (see Prentice et al., 1990) and released near
points of capture. Nonnative fishes were scanned for presence of
PIT tags (a result of eonsuming tagged native fishes), then
sacrificed and either dissected irnmediately or preserved for
Iater study.

/utalytical protoeol.---One-way AI.IOVA (Proc Gllti SAS' 1985) was
used to compare total fishing effort and captures of adult G.
cypha by reach and year. To deternine movements during L992
(which represented a full year of sampling), adult chubs were
grouped by reach and season (winter = Decemberr Januaryt
February; spring = Md1:chr April, Mayi summer = JUD€' July,



August; and autumn : September, October, November). Nunbers of G.
cypha tagged/recaptured in a given reach during a given trip were
condensed into a capture history (i.e., CH) natrix (Burnhan et
dI., 1987; Lebreton et dl., 1991). Fifty-seven matrices were
derived (three camps over 19 trips).
CTosed pnpulation estimates.---Population estimates ltere
generated from each CH-matrix under assunption that the three
stream reaches contained closed populations. This hras appropriate
given the brief sarnpling period at each camp (see otis et al.,
1978), and because only adults were censused. Closure was tested
by exanining numbers of individuals tagged within one reach then
recaptured within a second reach during the sane trip. Nine
different closed-population estimates were derived from each CH-
matrix using an updated (30 Dec. 1991) version of the computer
program CAPTIIRE (G. C. Ilhite, D. R. Anderson, K. P. Burnham, and
D. L. Otis, L,os Alamos Natl. Lab., L982, unpubl.). Models and
assumptions are explained in Otis et al. (1978), Pollock et aL.
(1990), and Nichols (L9921. The single best-fitting population
modelr ds indicated by goodness-of-fit tests and comparisons
between competing models, was retained. In this first analysis,
population estimates were made relative to one another by
dividing each by length of reach (in kn) . AIICOVA (Proc GIII; SAS,
1985) then contrasted relative population estimates by reach,
using fishing effort as a covariate.

In a second analysis, taglrecaptures ltere evaluated for the
entire LCR (rather than-by reaeh) . Here, 19 CH-matrices hlere
generated, one for eactr month of study. Again, the single best-
fitting population model was retained. AI{OVA stas used to test the
19 estimates against those summed by reach for each month. The
hypothesis under test is that rnonthly estimates are not
significantly different from those summed by uronth over reaches.

Finally, a third analysis collapsed all tag/recaptures into
a single CH-matrix (i.e., each column of the CH-matrix
represented a single nonth). Here, five best-fitting estimates
wele retained. However, assumptions of closure may be violated in
this analysis by movements of G. cypha into/from the mainstem
Colorado River over the l9-month study interval, and by
recruitment of juvenite chubs into the adult population. Thus,
while this analysis is a logical culmination of population
estimates (a) by reach, (b) by rnonth surnmed over reach, and (c)
sole1y by rnonth, resulls are heuristic rather than practical.

REsul,Ts

Fishing eftort and unadjusted population estimates.---Fishing
effort differed significantly among reaches (F=6.40i P < 0.0035;
Proc GLM; SAS, 1985), with effort at Salt Canyon greater than
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that at Confluence (Sidakrs nultiple range testi SAS, 1985).
Efforts at Salt and Powe1l Canyon reaches were statistically
similar, however. Population estimates (normalized by river km)
also differed significantly among reaches, with greatest overall
values at Confluence (F = 4.L9i P < 0.01; SAS, 1985).

Population estimates adjusted tor tishing ettort.---Differences
in normalized population estimates could result from increased
effort. To test our estimates with fishing effort fixed, we first
evaLuated two specifications: (a) that slopes of the between-camp
regressions of population estimate vs effort were homogeneous
(i.e., regression lines paralleli see somers and Jackson, 1993),
and (b) that interaction between fishing effort and population
estimates was nonsignificant. Based upon a priori statistical
contrasts, estimated populations in Confluence and Salt Canyon
reaches were sinilar, but each was significantly larger than at
Powell Canyon reach, irrespective of fishing effort (Table 1).

Population estimates for each reach and for the entire rivet. ---
Three-dimensional plots of adjusted population estimates by reach
are presented in Figure 3. PoweII Canyon exhibited lower
estinates than either Confluence or SaIt Canyon, particularly in
1991 (Fig. 3a). In 1992 (Fig. 3b), increased activity at
confluence during early March was reflected in elevated estimates
at Powell in late ltarch-April, followed by elevated estimates at
Salt Canyon April-through-June. Estimates at confluence again
increased in April-June. Raw population estimates by reach per
sarnpling period, and estimates normalized by river km, are in
Appendix 1. Raw population estimates per sampling period for the
entire LCR are presented in Appendix 2. This appendix also
contains a second population estimate for the entire river,
derived by sunning estinates calculated over reaches for each
sarnpling period (as recorded in Appendix f). An ANOVA comparing
these two estimates for the entire LCR (i.e., monthly vs summed
by nonth over reaches) was nonsignificant (F : 1.15; df = Lr36i P

4. In 1991, highest estimates were recorded for early August
(3157 vs 5390), while lowest were for Decenber (745 vs 1285)
(Fig. 4). fn L992, highest estiurates were for April (5555 vs
5683), while lowest were for August (535 vs 408). A December
sanpling trip in 1992 hras cancelled due to inclenent weather.
Both techniques indicated elevated population estimates from
early March through June of L992 (Fig. 4). AIso, both techniques
demonstrated an upswing in estimated population size in autumn of
both years. The averagte estimate sunrned over reaches was larger
(but not significantly so) than that calculated by month (2993 vs
2434; N = 19; Sidakrs multiple range testi SAS, 1985).

Five best-fitting population estimates hrere retained frorn
analysis of a CH-rnatrix for the entire 19 month study (Table 2).
The highest criterion (0.61) was Pollock and Ottors estimator



(Mu,), which assumes that capture probabilities vary by
individual animal and by behavioral response to capture (i-e.,
behavior and heterogeneity effects; Otis et al., L978:40--50).
The nodel with the second-highest criterion (i.e., the NulI
nodeli Mo) is also the simplest. in that it presumes all members
of the population are equally at risk of capture on every
trapping occasion. Burhnanrs estimator (!Ib) assumes capture
probabilities vary with time and with behavioral effects (such as
trap-happiness, trap-shyness). The last two models (Jackknife
estimatoi Ot' and ChaotJ Ur) accept that capture probabilities
vary by individual animal.

Iilovement by season within- and among reaches. ---To determine
extent of novenent by G. cypha within the LCR, capture and
subsequent recapture(s) for L992 were conpiled by reach and
season (Table 3). Because these data reflect numbers of
individuals tagged within each reach for a given season then
subsequently recaptured, percentages for each reach and season
total 1OO*. For G. cypha tagged at confluence during winter and
subsequently recaptured, 49* (n = 47) ltere taken upstrean in
Powell or Salt reaches during winter/spring. Similar1y, of those
tagged at confluence during spring and subsequently recaptured'
51t (n = 96) were taken upstrean during spring/summer. For Powell
reach, 18t (n : 7) of rec-ptures initially tagged there during
winter hrere taken in SaIt reach during winter/spring, while 31?
(n = 59) of recaptures tagged there in spring were taken at SaIt
during spring/summer. OveraII, 21t of total movements in 1992
(ascertained by nark/recapture) was upstream.

Elevated population estimates at confluence in
January/February of L992 (Fig. 3b), followed by upstream
movement, argue strongly for staging. Estimates at the confluence
peaked in early March, then gradually decreased through June- A
similar peak occurred within PoweII Canyon reach in late March,
extended- into April, then decreased into June. PopulatiOn sizg
did not peak in- Salt Canyon reach until April; estimates' remained
elevated through June. The last six months of L992 were sirnilar
to that of 199i (fig. 3i, 3b), with estimated population sizes
dwindling through lite summer. Hohrever, estimates rose.again in
Autumn, iggf but rernained low during a similar period in 1992.

Evidence for downstrearn rnovement is less convincing (Table
3). Of c. cypha tagged in Powell reach during winter and
subsequently recaptured, 2LZ (n = 8) were taken at confluence in
the remainder of the year. Sirnilarly, 158 (n = 30) , and 15* (n :
15) of recaptures tagged at PoweII in spring and summer,
respectiv6fli; hrere taken at confluence in the remainder of the
year. At Salt, 16t (n = 33) and 7t (n = Lzl of recaptures tagged
in spring and summer, respectively, were taken in the two lower
reaches over the remaining seasons. Overall, 9* of recaptures in
L992 indicated downstream movement.
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TabLe 3 primarily reflects population stasis by reach,
particularl,y summer through winter. At confluence, L7* (n = 33)
of individuals tagged in spring were subsequently retaken there
summer through winter, while ?6t (n = 54) of chub tagged in
summer hrere recaptured in that same reach summer through winter.
Similar1y, 77* (n = 10) of chub tagged at confluence in autumn
were retaken there autunn/winter. At Powell, 23* (n = 45) of
individuals tagged in spring hrere again recaptured there summer
through winter, 78t (n = 80) of those tagged during summer ltere
recaptured summer through winter. In addition, 91* (n = 20) of
those tagged in autumn lrere recaptured in that same reach
autumn/winter. A sinrilar situation occurred at SaIt, where 53t (n
= 1o9) of individuals tagged during spring were recaptured there
sunmer through winter, while 93* (n = 159) tagged during summer
were recaptured summer through winter. In autumn, 898 (n = 241
tagged at Salt were recaptured there autunn/winter. OveraII, 70+
of recorded movements in 1992 was static (i.e., within-reach).

Evidence is mininral for movement of G. cypha between reaches
during collecting periods (Table 4). fn 1991, 13 out of 3272 fish
were recaptured during the same trip in a reach upstream front
their initial capture, while 23 of 3272 were recaptured
downstrean from their initial capture reach (i.e., N = 36; o.01*
of total; Table 4). In 1992, only 1 of 4O3O fishes hras recaptured
during the sane trip in a reach upstream froru their initial
capture, while none was recaptured in downstream reaches (i.e., N
= 1i 0.OOO3* of total; Table 4).

DIscussIoN

The CoTorado River as habitat.---During historic times,
temperature and flow regimes of the Colorado River fluctuated
greattyl seasonal flooding transported heavy sediment loads while
low waters carried vast amounts of dissolved salts to the Sea of
Cortez (Carlson and Muth, 1989). In flood, the Colorado ltas a
wild, swiftn turbrrlent river, the result of extrene flow' a
channel constrained for nost of its Length by steep cliffs, and a
3700 m drop in altitude from headwaters to sea (Fradkin, 1984).

Dams and Imgnundments.---Dan construction and chronic dewatering
for agriculture and urban developnent precipitated urajor changes
in the Colorado River ecosysten. Temperature and flow regirnes as.
weLl as salt and sediment loads of the river are now greatly
ameliorated. The 2400 km of riverine habitat suitable for
large-river fishes has been reduced to 955 km (Miller' 1992).

Those sections of the Colorado River that hrere converted
into lakes Mead and Mohave (following closure of Hoover and Davis
dams in 1935 and 1954, respectively), clearly possessed the
riverts unique fish fauna, including G. cypha (Miller, 1955).



These fishes [except for relictual bonytait chub (GiLa elegansl
and razorback sucker (Xyrauchen texanus) I are now extirpated (see
also Minckley, 1983). They were also elininated from the Green
River above the mouth of the Yampa River when Flaming Gorge Dan
became operational in 1952 (Vanicek et aI., L97Ot Fig. 2al .

GIen Canyon Dam.---The operation of Glen Canyon Dam precipitated
nrajor changes in the Marble/Grand Canyon ecosysten of the
Colorado River (Marzolf, 1991:33). Some occurred itnnediately upon
closure of the dani in 1963 (e.g., decreased water tenperaturesl
reduced sedinent loads; dininished salinity; al-teration of flow
regimes). Others developed over a nuch longer time frame (e.9.,
geomorphic adjustnent of channell secondary succession of
terrestrial vegetation; nodification of aquatic species-
courposition) (Committee, 1991). AII have severely inpacted the
natural ecosystenl some are irreversible.

Indigenous fishes inhabiting GIen, Marble and Grand'' canyons
were impacted following closure of GIen Canyon Dam (Holden and
Stalnaker, L975; Suttkus and Clemmer, L977; Minck1eyr.1991). Many
(including G. cypha: Holden and Stalnaker, L975; Anonlmous' 1980)
persisted in Lake Powell, but were unable to reproduce (Holden,
]'gzlzar. Downstrean from the dam, the fish comnunity shifted from
predominantly warm-water native and introducea fishes to one
dominated by either cold-water fishes [i.e., rainbow trout
(Oncorhynchus nykissl and brown trout (Salno tntttal l.or those
with broad tenperature tolerances. Within GCNP, five of eight
indigenous fishes still persist in low to moderate numbers. These
are usualty restricted to warmer habitats such as tributaries and
backwaters. While terrestrial species in GCNP adapted to the
post-dam Colorado River ecosystlm (Carothers and Brortn 19912L47;
lohnson, 1991), indigenous fishes generally did not (Kaeding and
Zimmernan, 1983 2592).

The Little CoTorado River as habitat.---Temperataure and flow
conditions in the LCR are similar to those of the pfe:da^u
Colorado mainstem, and thus suit habitat requirements of
indigenous fishes shaped over evolutionary time. Kaeding and
Zimnernan (1983) argued that G. cypha persisted within the
Canyon, whereas other endemics were eliminated, because.a portion
oe lts population spahrned within the LCR. They aISo argued that'
given posL-aan templrature disparities between LcR and mainstem,
lignificant reproductive succels for G. cypha must occur within
the LCR. Thus, selection should be strong for development of a
spawning migration (Kaeding and Zimurerman, 1983). crittcal though
these observations are to the ecology and conservation of G.
cypha, they trave yet to be substantiated. While data presented
herein do not address movements of G. cypha from the mainstern
into the LCR, they do suggest that staging occurs at the
confluence. our dlta do dernonstrate thit adult G. cypha actively
move up the LCR in spring (primarily to reproduce), and often
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remain within the LCR for long periods, possibly the entire year.
These observations are based both on monthly population estimates
by reach, and on seasonal recaptures of tagged G. cypha. Before
each of these results are discussed, however, it is important to
review population models and their assumptions.

OFn vs cTosed trnpulation models. ---Modelling of capture history
is defined by the idea of population closure. An open population
is one in which study organisms enter and leave (via birth,
death, immigration, ernigiation, or ontogeny). A closed population
does not change composition during the course of the study
(Nichols, Lggrr. wfrife open poputitions are the norm in wildlife
investigations, closed models -pproxinate the short-duration
realities of nature (Skalski and Robson, L9921. In fact, Pollock
(L982) recourmended as an ideal survey design a sequence of
intense trapping sessions each followed by a longer period of
cessation of trapping. Data from each session would be analyzed
separately using closed models (as done herein). Survival rates
derived from the tine-duration between trapping sessions could
then serve as input for open-population models (Itt. E. Douglas and
P. C. Marsh, in prep. ) .

Three assunptions are crucial to closed-population studies:
Closure is substantiated; organisms do not lose marks during the
course of the experiment; and all marks are correctly recorded at
each trapping occasion. The most critical is the first. Closure
for the duration of a trapping session allows the. resulting
estimate to represent a usnapthot" of the population at a given
point in space and time. In the present study, sampling eagh
month was brief, and movements between reaches hrere negligible
during sanrpling. Thus, closure both by reach/ nonth and by month
for the entire LCR is indeed supported, and the resulting
population estimates are robust.

Past and present pwpulation estimates in the LCR.---Population
estimates for G. cypha in the LCR are presented in Table 5. Our
May, L992 estinate at the confluence !ilas Lr32O aduLt G. cypha.
This is a reduction of 278 and 54*, respectively, from estirnates
of 1r8O0 and 2r9O0 individuals in May of L987 and 1988. An
estimate for the entire L4.9 kn length of the LCR during May of
L992 was 4 ,346 (sunned estimate for the three reaches : 4 t 602) .
This contrasts with the estimate of 251000 chub in tg8g.

The best-fitting population estimate for our entire l9-month
study (4r508 individuals) was obtained using PoIIock and Ottors
estimator (ldu,). This model is one of the most realistic and
useful for a"mark-recapture experiment, in that it allows for
individual variance in behavioral response to capture (otis et
dI., 1978). Its estimate is larger than two average estimates for
the 19-month study [i.e., 2,992 (rnonthly summed over reaches) and
2,434 (rnonthly foi fcnl 1. Although results from a model utilizing



l9-months of data should be superior to an average of those data'
any such long-term estimate must be viewed skeptically, given the
violations oi denographic and temporal closure nentioned earlier.

Itlovements by G. cypha within the IER.---Our results contrast with
those of Kaeding and Zirnmerman (1983), who found no consistent
relationship between catch rate and river reach within the LCR

[where rriver reachesr were 5 kn increnents, beginning at RKI{ 2
and ending at BIue Springs (RKI,I 21t Fig. 2b) I - In our analyses'
river reaches were more extensive, and only encompassed those RKI'[
within which G. cypha was active (i.e., 0--14.9).

The confluence has often been considered a staging area for
G. cypha (R. R. MiIIer, ccNP report, L975, unpubl. l R. D.
Suttkus, G. H. Clemmer, C. Jones, and C. R. Shoop, GCNP report,
L976, unpubl. l C. O. Minckley, unpubl. field notes ' L9771.
Extent oi c. cyphars movement within the LcR hras not clarified
untit September L977, when three large individuals (278--295 nm
TL) Irere captured L2.8 RKII above the confluence (C. O. Minckley,
unpubl. field notes, L9771. Fron these data, and from AZGF
monitoring efforts in spring L987--1990 (c. o. Minckley,
unpubl.), it was believed that G. cypha actively moved into the
LCR in spring (i.e., April/l'tay) to reproduce, then guickly
returned to the mainstem. Greater numbers of G. cypha at the
confluence during spring of Lggz support an hlpothesis of staging
prior to upstrearn movement. Downstream (i.e, postreproductive)
movement also clearly occurred, but spanned a long period and was
diffuse. Movements between LCR reaches during a given sampling
period were negligible, suggesting tenrporal closure during
periods of sampling. There was no evidence of explosive or
extensive reproductive movements.

our results indicate population stasis within reaches,
particularly summer through winter, suggesting that G. cypha is
more of a resident component of the LCR than previously irnagined.
These observations support sinrilar data collected by Karp and
Tyus (1990) in the Yampa River. There, G. cypha remained in or
near specific eddies for extended periodsi and even returned to
the same eddy during the spawning season in differeht years. It
could not be ascertained whether individual chub deposited eggs
in the eddies or sinply used them for staging, resting, or
feeding

Habitat use.---Data on habitat use by G. cypha are primarily
anecdotal and observational. Adults characterize whitewater
reaches, where they occupy deep, swirling eddie5 along canyon
walls or concentrate in zones of turbulence near boulders and
submerged rocks (Minckley 1991:150). SirnilarlY, Kaeding et al.
(1990) noted that commonaLity among G. cypha habitats is not
great depth, but dynamic flow vectors that result from water
moving rapidly among large, angular boulders and shoreline rock
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outcrops. Within other areas of the Colorado River, G. cypha
often associates with large-scale riprap material from riverside
railroad and highway construction (Kaeding et aI', 1990).

Karp and Tyus (1990) argrued that eddy habitat hras crucial to
breeding requirements of G. cypha in the Yampa River. Interfaces
between eddies and runs were sinilarly judged inportant in the
Black Rocks area (below Grand Junction, CO) (R. A. Valdez and B.
A. Nilson, Proc. Am. Fish. Soc., Bonneville Chapter, L982,
unpubl.). Adult c. cypha are primarily nocturnal (Fig. 5 of
Valdez and Clemner, L982r. During daylight hours in the LcR' they
reside in deeper waters along cut banks with overhanging
vegetation (primarily reeds), along Sheer rock outcrops, or in
deeper pools away fron shorel they are active during crepuscular
hours and in late evening (C. o. Minckleyr pers. comm. l M. E.
Douglas and P. C. Marsh, pers. obs.).

The greater numbers of G. cypha found in the Salt Canyon
reach, when compared to PoweII Canyon reach, sustain at least two
alternative hlpotheses. Increased habitat complexity in the SaIt
canyon reach, with greater numbers of large travertine dams,
eddy/run interfaces, and deep poolsr hdY increase residency of G.
cypha within this area. Alternatively, those G. eypha that move
up the LCR may literally rstackt within the upper reach, due
either to a physical barrier at RI(M L4.9t at a chemical one
produced by high Co2, or other chemical content.

GIen Canyon Dam and GiTa cypha.---There is long-term residency by
e. cypha within the LCR, particularly summer through winter. In
fact, many adults apparently overwinter within the LCR,
effectively using it as a hrarm-water refugium. Two hypotheses are
presented Lo acconmodate these data. One suggests residency is a
pre-dam component of G. eyphats life history. The other proposes
that it is a post-dan alteration. It is unclear which can be
rejected; both are untestable in thelr pregefit form.

Long-term residency by adults may have always been an aspect
of G. cyphats life-history. We know, for example, that it spawned
within the pre-dam LCR during spring (Kolb and Kolb, L9L4zL27;
Carothers and Brown, 1991:93). Hohrever, its duration of stay was
unknown. If residency has always been a component of G. cyphats
natural history, then our mark/recapture data sinply define
inherent behavior over evolutionary time.

An alternative hlrpothesis is that the altered thernal regirne
of the mainstem has forced G. cypha to adjust lts life history.
It now accommodates lower mainstream tenperdtures prirnarily
through avoidance (i.e., by increasing residency within the LCR).
This hypothesis is anecdotatty supported by three facts: First,
movements into/from the LCR are primarily accomplished by larger
(and presumably older) G. cypha (R. A. Valdez' pers. comm.). GiTa

11



cypha attains great age (2O+ yearsi Minck1ey, L99L:150); Iarger
adults may thus represent nainstem-adapted individuals from pre-
1968 cohoits (when Lake Powell filled). Secondly, larvae and
juveniJ.e G. cypha are often transported via flood into the
mainstem, but adults less than 200 nn TL are seldon taken there
(R. A. Valdez, pers. conn.). Kaeding and Zinmerman (1983:585)
sinrilarly noted that individuals larger than 145 nn TL were never
taken in-the mainstrean above the confluence, even though nature
fish were present there. Third, hydrologic and thermal profiles
of the LCR are consistent with the pre-dam Colorado River, but
differ markedly fron the post-dam river.

If G. cypha has altered its life history to accommodate dam-
induced changes in the nainsten Colorado River, then its lottg-
term persistence within the Grand Canyon is tied more intinately
to thE LCR than previously believed. The evolutionary effects of
such a life-history alteration can only be speculated upon.

One potential saving factor (Committee, 199134) is that
ecosystem components are linked to one another and to flow
regimes inposea by the dan. Flows can therefore be nanipulated to
naiage the river lnd protect the environment in GCNP. This offers
the possibility that Lemperature, sediment load, and volume of
disclarge from the dam mly eventually rnirnic a natural hydrograph,
at least during parts of Lhe year. This could, in turn, enhance
Iong-terrn survlvll of G. cyphA (but may conversely allow upriver
movement of introduced fishes from Lake Mead; Minckley,
1991:146). In spite of such optimism, political and economic
forces aiive thL systen, even at the expense of cost efficiency
(Leopold, 1991). tlese iorces likewise irnpact indigenous fishes,
and Lransform tneir conservation from the realm of science to
that of politics.
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AcxNowtsoGl{ENTs

Numerous individuals were involved in data collection: G.
Aldridge, B. Bagley, N. Brian, J. Cook, G- Doster, J. Dunhan, B'
Dunnigin, A. Fegley, E. Gustafson, l[. Horn, R. Larson' E.
Montolar'C. tlincftey, n. ltose, D. Oakey, D. Palmer, R. Reed, P'
Ryan, R. Shepherd, R. Timmons, D. Valenciano, and R. Van
Hlverbeke. I.tl. C. !{eber entered and edited data. The dilligence
and perseverence of aII these individuals are to be conrnended.
Cran-cl Canyon National Park (GCNP) allowed research within the
parkts boundaries. GCNP and Arizona Gane and Fish Department
iaZcf) provided pernits to collect fish at the confluence, while
llivai6 'ri"n ana ftifalife Department supptied a collecting _pernit
for f,he upstream Little Colorado River. The U. S. Fish and
Wildlife -Service (USFWS) allowed us to engage in endangered fish
research as a sub-pernitee under Federal Pernit 575811. The
cooperation and asiistance of all these organizat_ions, agencies,
ana inaividuals are appreciated. The biology of G. cypha was
discussed earnestly and often with I{. Minckley and T. Dowling
(ASU), C. Minckley (Northern Arizona University and USFI{S), P.
nyan'ifavaho tlatuiai Heritage Programl NNHP), D. Hendrickson
(Univdrsity of Texas), R. Clarkson and D. Kully (AZGF)' an9_8.- 

_

liasslich aird R. Vafdli (Bio/West, Inc. ) . Reviews were provided by
T. Dowling, C. Minck]ey, W.'Uinci<1ey, and M. R. Douglas, while K.
Burnhan and C. I{hite assisted with program CAPTURE. Ms: N. Bryan
provided a copy of the Kolb and KoIb reference. A bibliography of
G. cypha (cornpiled by c. Minckley under BoR 1-Fc-9O-L2345i
Specill Collections, Hayden Library, ASU) was an important source
oi unpublished informat-ion. This pioject was funded by Bureau of
Reclamation under Contract BOR-1-FC-90-}0490 to ASU/NNHP
(Projecdt Manager, David Wegner).
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Appendix 1. Population estinates (= ESTIMATE) for GiIa eypha in
the Little Colorado River by reach and month, with standard
deviation of the estimate (= S.D.), and 95* Iower and upper
confidence intervals (= L.CI' U.cf), and estimates relative to
river kn (= EST./RIO,!)o TRlP=month/year; C=Confluencei P=Powelli
S=SaIt.

REACH TRIP ESTIMATE S. D. L. CI u. cr EsT. /RKM
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Appendix 2. Population estimates for GiIa cypha in the Litt1e
colorado River by rnonth (= TRIP), with standard deviation of the
estimate (= S.D.j, and 95t lower and upper confidence intervals
(= L.CI' U.Cf1. -E(Estinate) 

= monthly population estimates
iuurned over tire three reaches (data recorded in Appendix 1) .

Trip Estimate s. D. L. CI u. cr E(nstimate)
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07 | e2:^
og I 92-
os'/ s2:"
10 / e2:
11 | e2:
L2 192-

2329
3 157
2562
L77L
203 I
1989

745
2227
18 31

4380
2555
5555
4363
4384
L265

635
1950
109 9
L4L7

o

29L
381
224
300
518
489
2LO

L25L
381

13 59
674
67L

L2L6
458
237
184

13 81
50

408
o

L842
25L6
2L72
L296
L27 6
L264

453
839

L246
2459
15 68
4415
2594
357 3
895
381
598
990
839

0

2994
402L
3 055
2492
3358
3235
13 09

63 10
277 L

8004
4294
7 067
7 523
5381
1888
L222
59 08
L224
2500

o

4650
5390
2985
L522
4977
2002
L285
2484
298L

337 2
5228
558 3
4602
4854

1395
408
L24

L7 43
119 1

o

I
I
I
I
I
I
I

a

b

c

d

e

Early month sampling
Late month sampling
In flood
Summation for two of
Summation for one of

three reaches onIY
three reaches onIY

I
I
I
I
I
I
I
I
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Table 1. Population estinates (nunber/ river knr) of adult GiTa
cypha (> 150 nun TL) in three reaches of the Little Colorado River
(Confluence, PoweII, Salt) fron JuIy, 1991 through December,
L992. Estimates were adjusted before analysis for length of reach
(in kn). Logrn fishing effort was used as N{COVA covariate.
Diagonal eletents repiesent average least squares population
estimates (adjusted for log,n fishing effort), and have been
converted fron logto values.. -Itpper triangular celLs represent
F-values for pairwise a priori contrasts.

CONFLUENCE

263

POWELL

6.2?
110'

SALT

o .23,
4 .3*
222

CONFLUENCE
POWELL

SALT

p4.34i
o. 015
o .657
o. 044

: F:

i 3;
p

I
I
I
I
i
I
I
I
I
I
I
I
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rble 2. Population estimates generated under five different models (= MODEL)
rr adult GiIa cypha within the Little Colorado River, frorn JuIy 1991 through
acenber L992. Also provided are goodness-of-fit (= CRITERION), with standard
gviation of the estimate (: S.D.t, and 95t lower and upper confidence
rtervals (= LOWER CIi ITPPER CI). Models are defined in text

MODEL CRITERION ESTIMATE S. D. LOWER CI UPPER CI

I
I
I
I

Pollock & Otto (MH,)
NuIl Model (Uo)
BurnhaTt s (Mtu)
Jackknif e (l{h)

Ghao I s (q,)

0.61
0.49
o,48
o .42
o .42

4508
67 93

87 24
104 44

8039

L20
110
920
329
2LO

4330
558 5

7 242
9833
7 648

4 811
7 0L7

10901
11LzL

847 2

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
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laUle 3. Adu1t
little Colorado
during the same

GiTa cypha tagged in 1992 within one reach (= TAG REACH) of the
niver during i given season (= TAG sEAsoN) r.then recaptured
or a subsequent season (= Rcp. sEiasoN) within the same or a

ubsequent reach (: CoNFLUENCE, POWELL, SALT)

I rEC REACH TAG SEJASON RCP. SEASON CONFLUENCE POWELL
I

SALT TOTAL

I Confluence Winter
I

Winter
Spring
Summer
Autumn

(23. 6t )
(11.st)
(o7.3t)
(oo.ot)

(o7.3t)
(18.88)
(04 .2*l
(oo,ot)

(oo.o8)
(22. 9* )
(o2. lt )
(o2. lt )

(30.9t)
(53 .2*l
(13.5t)
(a2. lt )

23
11

7
o

o
22

2
2

7
18

4
o

30
51
13

2

I 
Confluence Spring Spring

Summer
Autumn
Winter

55 (29. 6t ) 4L
28 (14.8t) L4
4 (O2. lt) 3
1 (oo.5t) o

(2L.7t'l,
(07.4t)
(01.58)
(oo.ot)

(10.58)
(11.1*)
(oo.ot)
(oo.st)

LL7 (61.9t)
53 (33.3t)
7 (03 .7*l
2 (O1. ot)

20
2L

o
1

60
9'
2

5
1
o

5
4
2

50
4
0I

Confluence Summer Summer
Autumn
Winter

(7O.4t)
(05.6t)
(oo.o*)

(o7.1t)
(05.6t)
(o2.8t)

(o7.1t)
(01 .4+')
(oo.ot)

(84.6*)
(L2. 5t )
(o2.8t)

I Confluence Autumn
I

Autumn
Winter

(53.5t)
(23. lt )

(07.7zl
(o7 .7 zl

(oo.ot)
( 07 .7*l

(61.2*,
(38.5t)

7
5

0
1

1
1

7
3

I Powerl

I
Winter Winter'spring

Summer
Autumn

(05.38)
(0s.38)
(10.5*)
(oo.o8)

(2L. 13 )
(31.6t)
(05.3t)
(o2. 5? )

(o2. 6t )
(15.8t)
(oo.ot)
(oo.o8)

(29. of )
(52 .7 zl
(15.8t)
(o2. 6t )

11
20

5
1

1
6
o
o

I
L2

2
1

2
2
4
0

I
I
I
I
I
I
I
I
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PowelI Spring Spring
Sumner
Autumn
Winter

4 (O2. 18 ) 54
23 (11.9t) 37
2 (O1. ot) 6
1 (oo.5t) 2

37 ( 19 .22,
22 ( 11 .42'l
4 (O2. 18 )
1 (oo.5t)

95 (49.3t)
82 (42. 5? )
L2 (o5.2zl

4 (O2. of )

(28. o8 )
(19.221
(03.1t)
(01.0?)

I
I

Powell Summer Summer
Autumn
Winter

(o7.8t) 59
(04.9t) L7
(01.9t) 4

(0s.88)
(01.08)
(01.08)

73 (7O.9?)
23 (22.4t)

7 (06.8*) I6
1
1

8
5
2

(57 .
(15.
(03.

3t)
58)
e8)

Powetl Autumn IAutumn
Winter

1
o

1
o

(04.st) 16 (72.721
(oo. ot) 4 (18 .2*)

L7 (77 .2*l
4 ( 18 .2zl

(04.58)
(oo.ot)

I
Salt Winter Winter

Spring
Summer
Autumn

(01 .7+l
(oo.o*)
(oo.o8)
(01 .7*l

(16.721
(35.7*l
(35.0t)
(11 .7*l

o (oo. ot)
1 (01 .7*)
o (oo.o8)
o (oo. ot)

9 ( 15. o8) 10
2L (35.0t) 22
2L (35.0t) 2L

6 (10.08) 7
I

1
0
o
1

SaIt Spring Spring
Summer
Autumn
Winter

2 (O1. Ot)
11 (Os.38)
3 (01. st)
4 (01.9t)

(oo.5t)
(03.4t)
(oo.ot)
(o2 .4zl

I
I

1
7
0
5

64 (31.1*)
81 (39.3t)
19 (09.2zl
9 ( 04 .4zl

67 (32. 6t )
99 (48.08)
22 ( 10 .7*l
18 (08.7*l

Salt Summer Summer
Autumn
Winter

(01.88)
(oo.o8)
(oo.5t)

(04.1?)
(oo.ot)
(00.68)

92 (s3,8t)
54 (31.68)
13 (O7.58)

LOz ( 59 .7 zl
54 (31.6t)
15 (08.5*)

I
I

7
0
1

3
0
1

SaIt Autumn Autumn
Winter

(03.72)
(03.7*'

(oo.o*)
(o3 .72],

16 (59.38)
8 (29. 6t )

L7 (53.08)
10 (37.0t)

o
1

1
1 I

I
I
I
I
I
I
I
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Table 4. Movement (as determined by taglrecapture) of individual GjIa cypha
between three reaches of the Little Colorado River during each of 18
different sarnpling trips of L99L192. (Trip : month/yeari N = Total Nunber;
C = Confluencei P = PoweIIi S = SaIt; Tot. ttP = Total recaptured upstreami
Tot. DN = Total recaptured downstream).

I Trip C-to-P C-to-S P-to-S S-to-P S-to-C P-to-C Tot.UP Tot.DN

0
L2

5
4
1
o
1

o
2
5
4
1
1
o

o
0
3
3
1
o
o

0
3
1
1
o
0
1

I
I
I

07 | 91

3":!il;
oe I el
10 leL
11 leL
L2 lel

500
955
794
376
255
254
138

0
2
5
2
1
0
0

0
0
0
0
o
o
o

o
0
o
2
o
1
0

0
9
1
0
0
o
0

TOTAL 3272 10 10 13 23

o
0

o
o
o
0
0
o
0
o
o
0

0
1

0
0
0
0
0
0
0
0
0
0

o
o

0
0
o
o
o
o
0
o
o
0

I
I
I
I
I

01 le2
02le2

31',',3i
04le2
05 le2
06le2
07 le2
08/e2
aele2
10 le2
11 le2

L25
299

292
275
933
34L
841
258
115

90
278
183

o
1

0
0
0
o
o
o
o
0
0
o

0
0

0
0
0
o
o
o
0
0
0
0

0
0

0
0
0
o
o
o
0
0
o
0

0
0

0
0
0
0
o
0
0
0
0
0

0
0

0
0
0
0
0
0
o
0
o
o

TOTAL 403O 0

a

b

I
I
I
I
I
I
I
I

Ear1y month sampling
Late Tonth sampling
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eble 5. Population
River, based upon
= entire tCR) o

estimates for adult
previous and current

Gila cypha in the
research (Conf 1. E

Little Colorado
confluence area; AII I

I
EAR MONTH AREA METHOD ESTIMATE RESEARCHER(S)

.'l
L982
L987
L987
L988
1988
L989
L992
L992
L992

May
May
May
May
May
May
May
May
May

AIl
Confl.
Confl.
Confl.
Confl.
AlI

Confl.
All
All

Multiel"
MuItiel"
Multiple
Multiple
Multiple
Multiple
MuItipIe

Census

Census

Census
Census
Census
Census
Census

7-g, o0o
5,783
1r80O
7,060
2 ,900

25,0OO
1r320
4 1346
4 ,602

Kaeding ?nd Zitserman
C. O.. Minckley-
KubIy-
c. ol . Minckleyz
Kubfy;
KubIy-
Douglas and ltarshf
Douglas and Marshl
Douglas and Marsh-

I
I
I

J. R;'Kaeding and M. A. Zimrnerman, USFWS final Report, L982, unpubl. (Special
Collections, Hayden Library, Arizona State University, Tenpe).

l. o. Minckley, Az/Nl,t Chaptei, Amer. Fish. Soc. Proc., 1989, unpubl. (Special
Collections, Hayden Library, Arizona State University, Tenpe).

). l[. Kubly, Bureau of Reclamation Draft Report, 1990, unpubl. (Special
Collections, Hayden Library, Arizona State University, Tenpe).

tppendix I.
rppendix II.

I
I
I
I
I
I
I
I
I
I
I
I
I28



I FTGURE LEGENDS

Figure Ia: Adult female hunpback chub (cila cyphal captured by tranmel net at
onfluence of Little Colorado and mainstream Colorado rivers (Grand Canyon
ational Park, Coconino Co., AZ) .

igure lb : Adult male hunpback chub (eila cyphal captured by hoop net in
ittLe Colorado River near SaIt Trail Canp, L2.8 km above confluence (Navajo
ndian Reservation, Coconino Co., AZ) .

igure 2a : Map of the Colorado River basin, depicting dams, reservoirs, and
omponent rivers.

afigure 2b: Map of the lower Little Colorado River, from Blue Springs (21 kn
]Uove confluencep Navajo Indian Reservation, Coconino Co., Az, to its
-confluence with the Colorado River in Marble Canyon (Grand Canyon National
Jark, Coconino Co., AZI . Confluence is 99 kn below GIen Canyon dan.
IrFigure 3a: Three-dimensional plot of population estimates by reach (where c =
-Confluencei 

P = Powetl; and S = SaIt) during July--Decenber of 1991.

]igure fb: Three-dimensional plot of population estimates by reach (where C =
Confluencel P = Powell; and S = Salt) during January--November of L992.

]ig..r" n, Bivariate plot of population estimates for Lggir--gz by rnonth (sotid
a.ine) and by month summed over reach (dashed line) .
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ENDANGERED HUMPBACK CHUB, GIIA CYPHA, AS PREY OF

INDRODUCED FISHES IN THE LITTLE COLORADO RIVER, ARIZONA.

I w,,H NorEs oN FrsH srocKrNc rN THE GRAND cANyoN REGT'N
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ABSTRACT

Endangered hunpback chub and other native fishes were ninor
dietary components (3.2t of 190 stomachs) of five predatory non-
native fishes from the Little Colorado River, Arizona. Stomach
contents varied among species, were low in diversity, and pre-
dominated by detritus, algae (prinarily Cladophora), and aquatic
insects. Twentyone introduced species occur in Grand canyon, and
more than 25.8 nittion fish have been stocked there and in
reservoirs imrnediately up- and downstream. Interaction between
non-native and native fishes (predation, resource conpetition,
displacenent) may consitute a significant impact on the latter.
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INTRoDUCTTON

Interactions between native and introduced species have been
inplicated in extirpations of indigenous fishes around the gJ.obe
(reviewed in Courtenay and Stauffer 1984, Welconme 1988, PoIIard
1989, and Rosenfield and Mann L9921. Some mechanisms of direct
interaction (e.g., displacement through resource conpetition) are
elusive and difficult to denonstrate convincingly (Douglas et
al., L994,, while others such as hybridization or predation may
be more easily quantified. Anong examples of the last are
catastrophic destruction of perhips hundreds of endenic species
in lakes Victoria and Kyoga, Africa, by tlile perch, Lates
niloticus (Ogrutu-Ohwayo 1985, Barel et al. 1985, Ribbink L987li
elinination of seven local species fron Gatun Lake, Panama, by
tucanare, Cichla ocellaris (Zaret and Paine 1973); reduction of
native sal,monids in Lake ohrid, Yugoslavia, by rainbow trout,
Oncorhynchus mvkiss (Nijssen and de Groot L974, i and elimination
of Galaxias diveroens and G. arcrenteus fron New Zealand streams
into which brown trout, Sahno trutta, had been introduced
(McDowall 1984).

Native fishes of the Colorado River basin of western North
America have been inpacted similarly. Here an historically
depauperate ichthyofauna of 35 species (nany polytlpic) has been
subjected to interactions imposed by a suite of approxinately 70
non-native fishes brought intentionally or inadvertently to the
region. Coincident with introductions and habitat alteration
resulting fron development of water resources, the native fauna
declined precipitously. Three native kinds are extinct, 22
others are listed as -ndangered or threatened, and the remainder
(with few exceptions) is iiarguabJ.y imperiled by continuing
threats. Predation and competition by introduced fishes has been
cited among prirnary factors resulting in the present faunal
status (Diff L944, Miller L946, L96L; Moyle et al. 1985, Minckley
and Deacon 1968, 1991), but only recently have become a focus of
conservation planning in behalf of the native resources.- Despite
this awareness, management entities have been unwilling with few
local exceptions to implement measures to reduce or elininate
predatory and conrpetitive introduced fishes to benefit natives.

In this paper we focus on predation as a mechanism of
interaction between endangered native humpback chub, GiIa cvpha
(Cyprinidae), and introduced channel catfish, fctalurus punctatus
(Ictaluridae), in the Little Colorado River, Arizona. Hurnpback
chub is concentrated in that strean (Douglas and Marsh, 1995),
and channel catfish is the nost abundant co-occurring non-native
predator in the system.

I The humpback chub is a noderate-sized minnow endemic"to
I larger streams of the Colorado River basin. The species

historically was found in canyon-bound reaches of mainstreanE and

I
I
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najor tributaries from near Black Canyon, Arizona-Nevada,
upstrearn into Colorado, Utah, and syroning. It was generally
uncommon, but locally concentrated (Holden and Minckley 1980). A
conbination of factors including habitat loss and modification,
hybridization with congeners, and potential interactions with
non-native fishes has resulted in constricted range and local
depletion of hunpback chub, which persists only in seven reaches
among four rivers (USFWS 1990). The largest remaining population
is in the Little Colorado River, the najor tributary to the
Colorado River in Grand Canyonl it also occurs in fewer numbers
in ttre mainsten. Hunpback chub has been federally listed as
endangered since L967.

Channel catfish has been introduced worldwide fron its
native range in central drainages of United States and southern
Canada (Glodek 1980, Welconme 1988). It was first stocked in the
Iower Colorado River in 1892-93 (Uiller and Alcorn 1945), and
since planted elsewhere or dispersed to becone ubiguitous.
Historically valuable as a food fish, it now supports cornmercial
and rec eational fisheries of variable importance throughout its
range. This opportunistic omnivore also represents, however, a
potential threat to indigenous organisnrs occupying habitats in
which the catfish is exotic, and may represent a deterrent to
recovery for some inperiled species (Marsh and Brooks 1988).
Channel catfish have been present in Grand Canyon for nost of
this century (USFWS 1980), and was a predominant species prior to
closure of GIen Canyon Dam in 1963 (Snith 1959). Recent records
indicate rarity to local abundance in the rnainstem (Holden and
Stalnaker L975, Arizona Game and Fish Department, and Bio/West,
Inc., unpublished) t it is comnon in the Little Colorado'River (P.
C. Marsh and M. E. Douglas, unpubl.).

Predation by channel catfish on humpback chub is sug_gested
by crescent-shapLd wounds interpreted as bite marks (Kaeding and
Zimmerman 1983, Karp and Tyus 1990), and documented from stonachs
of channel catfish captured in hoop nets (C.O. Minckley, USFWS,
pers. comm.)1 such predation has not been quantified.

A suite of other non-native fishes (APPENDIX A) has been
introduced into the Colorado River for food, sport, forage, or by
accident. Many have established self-sustaining populations and
naturally expanded their ranges, while others are repeatedly
stocked to sustain angler haivest (APPENDIX B). These stockings
are conducted by the same agencies charged with protection-and
recovery of imperiled native fishes. Potential predators in
addition to channel catfish encountered in or near the Little
Colorado River include brown trout, Sa1mo trutta; bLack bullhead,
Ameiurus nelas, yellow bu1lhead, A. natalis, striped bass, trtofone
saxatilis (aII unconrmon) ; and rainbow trout, oncorhvnchus rnykiFs
(cornmon). There are no published reports of humpback chub among
prey of these species.
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We report results of stomach analyses frorn predatory non-
native fishes captured in the Little Colorado River during 1991-
L992, and provide an assessment of the potential impact of this
predation on endangered hunpback chub. We also exanine other
potential mechanisms of interaction between native and introduced
fishes, and record the history of fish non-native stocking in the
Grand Canyon region.

STUDY SrrS ANO }ETHODS

The Little Colorado River headwaters are in mountainous
highlands of east-central Arizona and western New Mexico, fron
where flow infiltrates underground during most months and does
not reach Grand,Capyon except during ftood conditions. Perennial
flow (ca. 6.2 m's-'1in the Grand Canyon reach originates in a
series of springs beginning at Blue Spring, about 21 km upstream
from the Little Colorado-Colorado confluence, augrmented
downstrean by smaller sources. The Littte Colorado River at base
flow is a saline (conductivity exceeding 5 r 00o uuthos/cn) 'travertine-forming stream whose water chemistry changes
downstream as a result of. Co, degassing and carbonate degassing
(Cote and Kubly 19761; its c-ornplex linrnology is not weII
understood. Water clarity scarcely approaches a meter due to
suspended carbonates, and is nil during even minor spates as a
result of suspended sediments. During our s$ud*"t, discharge
ranged fron base flow to approximately 425 rn- s '' and water
temperature was 8 to 25 C.

Native fishes of the Little Colorado River in Grand Canyon
include huurpback chub, bonytail (cila elecrans, extirpated) ,
roundtail chub (9. robusta, extirpated), Colorado squawfish
(Ptychocheilus lucius, extirpated), speckled dace. (Rtrinichthvs
osculus), and flannelnouth (Catostonus latipinnis) ' bluehead
(Pantosteus discobolus) and razorback (Xyrauchen texanus)
suckers. All species that persist are common, with exception of
razorback sucker, which is rare.

Non-native fishes include brown and rainbow trouts, carp
(Cvprinus carpio), fathead minnow (Pirneehates promelas), channel
catfish and black and yellow bullheads, plains killifish
(Fundulus zebrinus), green sunfish (Leponis cvanellus) and
striped bass. Other species have been introduced or otherwise
recorded in tributaries and/or up- and downstream in Grand Canyon
(APPENDIX A; Minckley 1991), but none has yet been found in the
Little Colorado River.

We established camps at SaIt Canyon (river kn 10.6 [K,
measured upstream from the Colorado confluence), Powell Canyon
(RK 3.O) and near the Colorado confluence (RK 0.6), which allowed
access to the 21-krn of perennial flow in the Little Colorado
River. A series of precipitous (to 3 n) travertine falls at RK
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15 urarks the upstream linrit of distribution of hurnpback chub in
the Little Colorado River; only carp, speckled dace, fathead
ninnow, and rainbow trout were found above this point. Sanpling
above this reach thus was liurited to short-term survey-type
collections in summer.

Fishes were captured during 19 trips at app'roxinately
nonthly intervals fion July 1991 to December L992. Hoo? nets
(0.76 61 1.2 m dia, 2.4 or 3.0 m-Ien9th, 4 or 6 hgopr single or
double throat) Ifere deployed in all available habitat tlpes of
sufficient depth (> about 0.4 m). Tranmel nets (7.6 to 45.7 nt

Iength, 1.8 n depth, 1.3 to 3.8 mm inner and 30 rnm outer meshes)
were set routinely in the Little Colorado-Colorado confluence
area and occasionitty near PoweII and SaIt canyons (below) in
water deeper than about 0.5 m. Angling with baited hooks and
artificial lures was performed sporadically throughout the
stream.

AIl fishes were removed from capture devices, identified'
counted, measured (TL to nearest nrn) , and weighed (nearest g).
Native species were released near the point of capture after
processing. Non-native fishes typically were-scanned for
iresence 5f pff tags (which could-be present if tagged native
listres !f,ere consurnea), then sacrificed and either dissected
imrnediately and exanined for stomach contentsr.ot preserved in
95t ethanol for later study (the latter primarily of specimens <

100 mm TL), The entire digedtive tract was examined and foods
determined categorically. Fish prey were exanined to determine
identity and TL. Material returned to the laboratory was
exanined nicroscopically for larval fishes.

RESULTS AND DISCUSSION

Predation by Introduced Fishes.--Identifiable hunpback chub
remains were in six (3.221 of 190 total digestive tracts among
three of five predator species exanined (Table 2.Lr. Other
fishes (speckled dace, bluehead and flannelmouth suckers and
undetermined remains) htere found in stomachs of a dozen
predators, and co-occurred with hunrpback chub in two of those.
Measurable hunrpback chubs in stomachs overall averaged 132 mm TL
(n = 11), whicir did not differ statistically (two.sample_t1!e9t,
dnedecor and Qochran Lg67) fron mean TL of other ingested fishes
(134 mur, n : 8). No larval or small post-Iarval fishes were
found in any predator stornachs. Sanple sizes for brown trout and
the two Uuffnlaa catfishes were too lmatl (3 to 5) to provide
definitive results.

one of 44 rainbow trout contained an individual humpback
chub (prey length not deterrnined), and one of five black
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bullheads also contained an individual chub (49 nn TL). lwo
other rainbow trout had eaten undeternined fish(es). Speckled
dace and undetermined fish(es) were consumed by two of five brown
trout, and no fish remains hlere detected in three yellow
bullheads.

Four of 133 channel catfish each contained one to five
chubs, which measured 120 to 158 nn TLi remains of other species
were in eight stonachs. Channel catfish that consuned humpback
chub and other fishes were among the largest individuals
captured, and averaged more than twice the length of the overall
sample for the species (nean XL 473 vs 233 nm, respectively).

Algae (prinarily Cladophora) predoninated in rainbow trout
(32*r, ind fish were the nost abundant prey iten in brown trout
(20*) (Table 2.2r. Channel catfish consumed a variety of items,
predoninated by undeternined insects (13t) and algae (10*).
YeIIow bullheads contained only fish and detritus (20t each), and
black bullheads contained only the latter (Table 2.2r.
Proportion of enpty stomachs was sinilar (52 to 69*) for all
species.

Food habits of potential piscivores were unremarkable. The
relatively low diversity of food items (10, if fishes are
considered collectively| Iikely reflected a paucity of resources
in the Little Colorado-iiver. -Foods utilized by individual
species were qualitatively consistent with other repbrts from the
Colorado River basin (AZGFD L987, Marsh 1981, Minckley L973,
L982, Tyus and Nikirk 1990) and elsewhere (reviewed in part by
Calhoun 1966). ALl studies concluded that channel catfish were
opportunistic omnivores, with fishes cornprising a small
proportion of their diet.

Although representing a constant threat, our data suggest
that predatory fishes pre-ently do not exert a najor impact to at
Ieast juvenile and adult huerpback chub in the Little Colorado
River.- This J,ike1y is due to a combination of visual impairment
of sight feeders in the frequently turbid waters (trouts), low
predator abundance (brown trout and bullhead catfishes),
potential occupation of distinct habitats by predator and prey
(channel catfish and humpback chub, respectively; but see Karp
and Tyus 1990), and availability of alternate foods (especially
speckled dace, the most abundant fish in the systen). Although
channel catfish were common, their piscivory was low and only
individuals larger than about 3Oo mm consumed fishes. Our
sampling methods by design $rere biased for collection of larger
(> 150 mm TL) fishes of all species, yet channel catfish of a
piscivorous size composed less than a third of the sample.
Population densities of non-native fishes in the Little Colorado
River may be rnediated in part by the natural flooding regime that
characterizes the stream, and which has been shown in other
places to favor native over non-native species (Minckley and

40



Meffe 1987).

Tempnrature Effects and Fate in the Colorado Rivet. --Fates of
fishes moving from the relatively warm Little Colorado River into
the cold nainstream is unknown. However, coldwater predators
(non-native salmonids) concentrated near the tributary nouth
rnight prey opportunistically on young moving into the Colorado
River. Thermal shock (up to 15 C during ltarner summer months)
should impair swinning and predator avoidance capabilities of
entrained individuals (Coutant L973, Coutant et aI. L974) ' and
could be lethat (Brett 1965, hery 1970). Such impacts would be
particularly severe on larvae (Grahan L949r, which drift from the
Little Colorado into the mainstream (Arizona Game and Fish Dept.,
unpubl.). Further, perennially depressed temperature in the
mainstrean would retard growth of warmwater native fishes (Fry
L947,, which thus would ienain at predator-vulnerable size for an
extended tiure.

Non-native Fishes and Stocking in the Grand Canyon. --Twenty
introduced non-native species are known from the Colorado River
in Grand Canyon (APPENDfX A). Rainbow, cutthroat, brook, and
brown trouts, carp, and channel catfish were present prior to
downstream ciosurL of Boulder (Hoover) Dam in 1935 and fifling of
Lake Mead. Salmonids were stocked directly into Grand Canyon
beginning in the 1920s (APPENDIX B). A suite of warm- and
coldwater sport (salnonids and centrarchids, plus striped bass)
and forage species was stocked to establish recreational
fisheries in Lake Mead, and these had access to lower Grand
Canyon. Fathead minnow and plains killifish were first found in
Grand Canyon between 1935 and 1963. Glen Canyon Dam was
conpleted upstream in 1963, and sport-forage fish introductions
to Lake Powell and the tailwaters in Glen Canyon (Lees Ferry
reach) began inrmediately (APPENDIX B). Snallmouth bass was first
stocked into Lake Powell in 1982, and a proposal to introduce
rainbow snelt (Osmeriae: Osmerus mordax) has recently been
entertained. dther, new species undoubtedly wiII be considered
in the future.

Numbers of individuals introduced (nearly 25 nillion) are
staggering, even when spread over a period of years. More than
gOO,OOO salmonids were stocked in Grand Canyon between 1920 and
L978, and 2.6 nillion have been planted in Glen Canyon since
L964. Nearly 2.5 nillion fish were stocked in Lake Mead
(beginning in 1935) and 19.8 million have been stocked into Lake
Powell since 1963. Introduclions to all but Grand Canyon
continue apace.

CONCLUSION

Native Colorado River fishes that persist in Grand Canyon
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are common only in tributaries, and populations in the mainstream
are small and/or concentrated near tributary or spring mouths.
Their virtual exclusion from the main channel is due to a
courbination of factors that include interaction with abundant
non-natives, and cold tenperatures that may exacerbate predation
inpacts and preclude successful life cycle completion.
Established or continually replenished stocks of predatory fishes
in the main stream nust certainly inpose severe constraints on
native fishes by predation on young. Conditions in some
tributaties like the Litt1e Colorado River remain relatively
unaltered by human development, and, although occupied by non-
native fishes, these streams apparently retain enough natural
characteristics (particularly hydrologic features) to favor
natives relative to non-natives. In these places, predation at
Ieast on juveniles and adul-ts does not appear excessive, although
impacts on earlier life stages are unknown and may certainly
affect recruitment.
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TABLE 2.Li Prey fishes in stonachs of piscivorus non-native
fishes captured in the Little Colorado River, Arizona, JuIy 1991-
December L992. Some prey were in states of digestion that
rendered species identification and/or neasurement impractical
(indicated by nd).

Piscivore Prey Fishes in Stomach

I
I
I
I
I

Species TL (nn) Species N TL (nn)

I
Rainbow trout 342 undet parts

395 undet 3
1O0, 1OO, 100

398 humpback chub 1 undet

Brown trout 34L speckled dace 1 77
566 undet 1 undet

Channel catfish 28L undet 1 scales
only

325 undet 1 75
366 speckled dace 1 75

undet 1 58
4L2 undet 1 74
49o humpback chub 1 130
504 humpback chub 1 158
555 undet 1 1O0
594 . 

humpback chub 3
L2O rLAO r2OO

speckled dace 3 undet
flannelmouth sucker 1 2OO

595 humpback chub 5
L25 , L25 , L25 ,
14O,14O

undet 1 150
5O5 bluehead sucker 1 25O

Black bullhead .- L34 humpback chub 1 49
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TABLE 2.22 Frequency of occurrence of food items as percentage
of total stonachs exanined for each of five species of predatory
non-native fishes collected in the Little Colorado River,
Arizona, iluly 199l-December !992.

Food item
Rainbow
trout

Brown
trout

Channel
catfish

B1ack Yellow
bullhead bullhead

2
o
o

5
o

44

I
I
I
I
I
I
I
I

Detritus
Veqetation
aliae"

Gammarus
Corydalidae
Simuf iidae
Chironomidae
Undet aguatic

insects
Terrestrial

insects

Humpback chub
Speckled dace
Bluehead

sucker
Flannelmouth

sucker
Undet fishes
Fish eggs

Number of
stomachs

Percentage
empty

TL mean
range

2
2
1
9
0

2

52

369
27 3-447

o
0
0
o
o

4

0
20

0

o

20
20

5

60

450
34L-5 66

133

69

233
37 -666

60

L47
93-228

67

165
L20-206

33
0
o

0
0
0
0
0

20
0
0

0
o
0
0
o

5
5

10

3
3
o
o

13

0
0
0

0
7

32

0
o
o

o
0

20
o
o

0

0
o

5

3
2
1

5
o

I
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"Primarily Cladophora
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INTRoDUCTION

THE Colorado River Basin conprises nearly S5orOOo kn2 of the
nost arid terrain in western North Anerica (Fig. 1.1a). As
with nost major basins dominated by a large river' it is
conposed of several distinct segrments (Minckley et al.,
1986): In the upper basin, the Colorado and Green rivers
(and tributaries) form a distinct zoogeographic entity for
they terminated into closed basins prior to Pliocene. As
such, they forn a unit. Moving southward, a rrcontemporary
niddle segmentrr (Minckley et al., 1986) is conposed of the
White, Virgin, and Little Colorado rivers (and parts of the
Bill Willianrs drainage, i these flov southwestward to drain
this section of the Colorado Plateau. The lowermost section
consists of the Colorado and GiIa rivers. However, major
changes have occurred in these various sections as a result
of dam construction and chronic dewatering for agriculture
and urban development. For exarnple, the 2400 km of riverine
habitat suitable for large-river fishes has been reduced to
965 kn (Miller, 1982).

Because of their uniqueness, fishes of the Colorado basin
attracted early scientific interest (reviewed in Minckley et
al;, 1986). Numerous ichthyologists made (or enhanced)
reputations based upon descriptions of new species fron
collections made during numerous rnilitary campaigns,
government boundary surveys, and expeditions seeking
westward transportation routes (Minckley and Douglas' 1991).
Minckley et al. (1986:58o) divided these fishes into three
major categories: Big river endemics (which range throughout
the system in larger streams); snall-stream, low elevation
endemics (which occupy smaller tributaries at low-to-
internediate elevations) i and finally, small-stream, high
elevation endenics (found at high-to-intennediate elevations
and which either straddle drainages or have near relatives
in adjacent ones). Both species of concern in this
manus-ript {i.e, flannelmouth sucker lCatostonus Tatipinnisl
and bluehead sucker lCatostomus (Pantosteus) discobolusll
are components of Minckley et aI. I s trbig-river faunarf ; each
was described from rnateriils collected during the period of
western exploration (Fig. 3.1i see below).

The big-river fish fauna of the Colorado is comprised of
seven endemics (four cyprinids and three catostomids). Four
of these are now listed as endangered, one is a candidatii
for such listing, one is under rEview, and one is believed
safe (Table 3.1) (USFWS, L9941. The species which comprise
the latter two categories tC. Iatipinnis and C. discobolus,
respectively; Table 3.11 are ecologically enigrmatic (see
below). The paucity of information on these (and other)
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species stems from several factors. one is sinply the
ruggedness of the terrain drained by the Colorado and its
tributaries. Access to these streans is often difficult to
achieve; sampling strategies are thus impossible to
implement on a consistent basis. In addition, the vast
distances that comprise the intermontane west (particularly
between towns ana Lities), strongly influence the logistics
of research and have a generally negative impact on
sarnpling. Both aspects (i."., inaccessability and distance)
conpound field woitc and make its design and iurplementation
both difficult and expensive (see also Douglas' 1993).

Native fish work in western North Anerica has focused
primarily upon threatened or endangered (i.e., ElEl species.
Howeverr-tha derivation of baseline data for those species
not as yet pushed to the brink of extinction is also (or-at
least snould Ue1 a major inrperative. For the big-river fish
fauna, this would include the two species herein. The
present study was thus undertaken with two goals: To
estimate within the f,ittle Colorado River (LCR) area of
Grand Canyon National Park (GCNP), population sizes for each
species by season, by year, and over the entire four-year
study period, and to evaluate (and contrast) seasonal and
yearly movement patterns for each species.

METHODS AND I{ATERIALS

Suckers, family Catostornidae, are primarily benthic. The
basal stock of ttris clade is believed to be a deep-bodied
fishes of large, Iow-gradient rivers; the urajor adaptive
events in radiation are associated with teh gradual
diversification of the rnountain suckers inhabiting medium-
to-small tributaries of intermediate gradient. Both forms
(larger, more prinitive suckers vs slender tributary forms)
are found today in North America (Srnith and Koehn' L97Li
Snith, Lggz) , ihe two species of this report fall within
each of these clades [i.e., deeper-bodied forms of low-
gradient rivers (C. titipinnis)-vs more slender and highly
evolved mountain suckers (C. discobolus) l. Life history
aspects of each species is documented below.

Flannelmouth sucker (Catostomus latipinnis). --Described
originally fron the San Pedro River (Arizona) by Baird and
eirird (1854). It appears most closely related to species
further north and west (Snith and Koehn, 1971).
Historically, it was distributed in al} moderate-to-large
rivers throughout the Colorado River basin (Minckley and
Ho1den, 1980i. It is now extirpated below Lake Mead (fig-
1.1b). Fossii remains of C. tatipinnjs have been found in
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Pleistocene beds of the Little Colorado River Basin (Uyeno
and Miller, 1963, 1965). Adult size is 3oo--400 rnm TL, with
5OO+ nn TL maximum (!{iirckley and Holden, 1980) . Maximum size
recorded in this study for C. Tatipinnjs was 661 nn TL. The
life history attributes of this species are sketchyi it
typical,Iy inhabits pools and deeper runs of rivers and often
enters mouths of small tributaries (Minckley and Holden,
1980). Minckley (1991) provides an excellent review of
current information on this species, and this, in turn,
affords the basis for our synopsis.

fn the Yampa River, ripe adults congregate at the upstregm
pnd of cobble bars to spawn (depth = 1 Di vefocity = 1 m s
'i McAda and Wydowski, 1985) . Postreproductive adults
apparently renain in flatwater or eddies near margins of
strong currents, generally in waters at least 1 m deep.
Young often congregate downstream (or on) riffles and al"ong.
shoreline of flatwater reaches. They frequent tributaries as
well.

In Marble and Grand canyons, ripe C. Tatipinnis were
caught frorn March-May at the mouth of the Paria River and
other low-gradient streams (Carothers and Minckley, g. S.
Bureau of Reclan., Final Rept., 1981). Postreproductive fish
renained in these habitats through summer, but returned to
the mainstem in winter when temperature differential between
tributary and mainstem equilibrated (Suttkus and Clemmer,
1e7e) .
Adult C. Iatipinnis feed upon aquatic invertebrates
(primarily dipterans), organic debris, and sand (an apparent
by-product of benthic feeding). Those individuals in the
mainstrean also ingest filamentous alga (Cladophota
gTomeratal which is abundant in Marble and upper Grand
canyons (Carothers and Minckley, U. S. Bureau of Reclam.,
Final Rept., 1981).

There is some controversy with regard to maximum estinated
age of C. latipinnis. The difficulty centers prirnarily on
the suitability of the biological materials examined. For
exanple, McAda (L977) and McAda and Wydoski (1985) used
scales to determine an age of eight or nine years for upper
basin C. Tatipinnis. Usher et aI. (1980), Minckley (1983),
and McCarthy and Minckley (L987) argued that scales were
inappropriate media from which to determine maximum d9€r for
these were often regenerated and thus gave false readings.
In addition, scale annuli were often unreadable after the
first few years of life, adding to inherent unreliability of
(and elevated variance in) this mediun. Usher et aI. (1980)
and Carothers and Minckley (U. s. Bureau of Reclam., Final
Rept., 1981). used opercular bones to estimate a maximum age
of 10 years for C. Tatipinnis in Marble/Grand canyons.
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Minckley (1991) suggested that these ages are underestimated
and based conciusions on data fron Scoppettone (1988) and
Minckley (unpubl., cited 1991). In both studies, Green River
C. Tatipinni-s (n = 30 and five, respectively) were aged
using otoliths. In the forner, the oldest individual (TL =
53O nm) was 3O years, whereas all fiv,9 individuals (fL =
53o--59o mn) in the latter study were aged > 17 years.

Bluehead sucker [Catostomus (Pantosteus) discobol-us] ---
originally described as Pantosteus delphinus (Cope ' L872')
from the Green River of Wyoming. In a revision, Smith (1956)
deternined the specific name discobolus had precedence over
delphinus, and furthetmore, that the bluehead was most
properly classified under the genus Catostomns, with the
original generic name relegated to a subgenus. However,
l,tinckley l]-szl) and other western ichthyologists (i.e.,
Miller,-fdZel lejeeted the synonymization of PanXosteus with
Catostomus. Although the natter is still under debate, the
synonlmization remains valid until results of additional
studies become available.

This species is distributed throughout the uppgr Colorado
River basin; it is replaced by its closest relative,
Catostomus (Pantosteus) clarki (Snith and Koehn, L97Lr,
which occupies a sinilar niche in the lower basin (Holden
and Minckley, 1980). ft is one of a clade of very
specialized-, nostly herbivorous fishes distributed in
rllativefy irign-grlaient streams of western North America.
Feeding aaaptitions that make this clade distinct include
broad, -disc-shaped lips and strong jaws sheathed in
cartiiage; these allow the fish to lafrere firmly to rocks in
torrential streams, and while so attached, to scrape algae'
diatons and a variety of sessile invertebrates from rock
surfaces. Adult size-is 25O--3OO nm TL, with 4OO+ mm maximum
(Holden and Minckley, 1980). Maximum sLze recorded in this
study for C. discobolus was 494 nn TL.

Again, tife history of this species is enigrmatic;
available evidence his been sunmarized by Minckley (1991)
and is synopsized below. Adults remain in deep pools and
eddies during diurnal hours, and move nocturnally to shallow
riffles or other hard-bottomed habitats to feed. In Marb1e
and Grand canyons, adults spawn in swift water of
tributaries, over gravel-sand or gravel-cobble bottoms
during April-May.

Estimates of maximum age for C. discobolus are as variable
as those provided above for C. Tatipinnisi again,
variability often stens fron the rnedium from which age
estirnations are made. Usher et aI. (1980) used operculae to
derive an age of eight years maximum for C. discobolus from
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Marble/Grand canyons. However, Scoppetonne (1988) and
MinckJ,ey (unpubl., cited 1991) used opercular bone and
otolith, respectively, to age C. discobolus from Green and
Yampa rivers, respectively. In the former study, a 400 nn
specinen was aged at 20 years, while in the latter, a 470 mm

individual was aged at 20+ years.

Many researchers believe two distinct forms of C. discobolus
occur in the upper Colorado River basin. MiIIer (L964) noted
that C. discobolus had evolved a uniquely streanlined body
form with small scales and expansive finsi yet, dD extrene
type was also found in the upper basin which exhibited a
very narrow caudal peduncle, much like that found in Gjla
elegans. Sinilarly, Vanicek (L967) and Holden and Stalnaker
(L973) also noted the existence of two norphs: one with a
relatively deep, laterally conpressed peduncle vs a second
with a very narrow peduncle that is rounded in cross-
section. The narrow-peduncle form is apparently restricted
to the srrifter parts of big rivers. However, variation
within this species hay, in fact, reflect loca1 ecological
conditi"org rather than phylogenetic diversification (Snith,
1966) .

Study area and data coTTection.--The study Itas confined to
the Little Colorado River (LCR) and its confluence with the
mainsten Colorado River (Fig. 1.1b), 99 river km (Rre,I) below
Glen Canyon Dam. The study area resides in both Grand Canyon
National Park (GCNP) and territories of the Navajo Nation
(Coconino'eounty, AZl. The study area, to include water
chemistry, vegetation, and channel topography, are described
in Douglas and Marsh (1995).

Briefly, base camps were established in the LCR gorge at
O.55, 3.1 and 10.8 RKM upstream from the confluence.
Biologists worked at each camp during 5o six- to 14--day
trips at approxinately rnonthly intervals fron JuIy 1991 to
June 1995 (Appendix 1). To capture fishes, hoop and trammel
nets hrere set routinely (the latter prirnarily at confluence)
(net dimensions provided in Douglas and Marsh, 1995).
Fishing effort was recorded at each camp as number of net-
hours fished. All captured fishes were identified, measured
(TL to nearest mm), weighed (nearest g), and sexed. Native
species greater than 150 nun TL (: adults) were injected with
passively induced transponder (i.e., PIT) tags (Prentice et
al., 1990) and released near points of capture.

Capture matrices.--Adult C. latipinnis and C. discobolus
were analyzed separately. Adults of each species were
initially grouped into three categories: Tagged fish,
recaptured fish, and those with old tags. The first
representt fish PlT-tagged by ASU personnel at tinre of
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capture (i.e., individuals previously not captured). The
second represents fish captured by AsU personnel but already
PlT-tagged (i.e., recapturedl source of original tag
unknown). The third includes those fish tagged previously
with either a Car1in or floy-tag and subsequently PlT-tagged
by ASU personnell the otd tag was removed and retained. This
category also included those few fish that $tere PlT-tagged
twice.

For the purposes of this report, aII three groups start
their capture history when first handled by ASU personnel.
In this sense, those fish PlT-tagged by other research
groups or agencies were considered rrtaggedrt by ASU personnel
at tine of first recapture (i.e., their capture history
began fron this point). obviously, fish previously tagged
and recaptured by ASU personnel have a prior capture
history.

For a given species, all three categories were merged then
sorted by PIT-tag nunber; discrepancies (such as individuals
listed as rrcapturedrr when in actually they were[recaptured[) were then corrected. Individual PIT-tags often
oecurred nultiple tines in these data (for C. Tatipinnis,
one adult was captured 12 tirnes; for C. discobolus the
maximum was 12 recaptures for a single individual).
Individuals were then condensed into a capture-history (cH)
natrix (Burnhan et al., L9871, where each individual (i.e.,
each unique PIT-tag) conprised a single row and each of the
50 sampling periods a colunn. If an individual was captured
(or recaptured) during a given sarnpling period, that
respective colurnn hras scored as rlrr otherwise r0r. Thus,
initial capture and all subsequent recaptures of a given
individual are represented in the CH-uratrix as a row vector.

The CH-rnatrix was sorted two different ways for analysis:
First, individuals were segregated by season (where winter =
December, January, February; spring = March, April, Mayi
summer : June, JuIy, August; and autumn = September,
October, and November). fn aII, L6 seasons were represented
(four each over four years). Individuals were also
partitioned into 50 nm (TL) size-classes, starting at 15O mn
TL.

Population estimates. --Open population estimates were
generated for each species by season (n=16), by year (n=4),
and over all four years of the study. In each case,
estimates hrere generated for the entire LCR rather than by
river reach (as defined in Douglas and Marsh, 1995). The
program RECAPCO (Snith, 1981) hras used to generate
estimates, their standard deviations, and g5S.confidence
linits. Open estimates were used exclusively because
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geographi$ and demographic closure could not be
substanti4tea for these populations, particularly given the
temporal $pan over which analyses were conducted.

Fishing effort and population estimates were transformed to
common lo$s. Al{CovA hras used to test poputation estimates
for differences among and between seasonsr and between
years, wi$h fishing effort as the covariate. The rationale
and prere{uisites for Al{covA are discussed in Douglas and
Dtarsh (1995) .

Rnswrs

Numbers of C. Tatipiwtis and C. discobolus captured,
recaptured with PIT-tags, and recaptured with old tags are
presented in Table 3.2. The outcome from merging, sorting,
and conde$sing these data into CH-natrices are also
tabulated.l Results fron partitioning each CH-matrix by
season (n*re) is presented for each species in Tab1e 3.3.
Effects of' partitioning these matrices by size class (i.e.,
50 nm inctements beginning at 15o rnm TL) are reported in
Table 3.4)

Preliniriary tests indicated that fishing effort had a
significarit effect on population estimates for C.
Tatipinni$. season also had a significant effect on these
estimates at all levels of fishing effort. However, the
populatiori estinate/ fising effort relationship was
nonsignif{cant over seasons (i.e., interactions between
these ten{s were nonsignificant). A standard AIICOVA was then
performed; results indicated that population estimates for
c. Tatipiflnis varied significantly over the 16 seasons
[F:3.7Oi Qf=15i P<O.OO11 Proc cLIt{, Statistical Analysis
Systen (S4S, ver. 6.09), Cary, NC, 1989, unpubl.l. Pairwise
linear coritrasts of population estimates consolidated by
four seascins revealed that two (of six) comparisons were
significa$t: Summer vs autumn (F=7.69i P<0.O09) and autumn
vs spring (F=4.521 P<0.04): Because of the manner in which
seasons wdre partitioned (i. e., winter=Decernber, January'
February) j and also because of the staggered initiation and
conpletiog of the project (i.e., July, 1991--June, 1995),
only year* L992, L993, and L994 could be tested in pairwise
compariso4s. There were no significant differences between
these yeat's in overall population estinates.

Preliniriary tests for C. diseobolus revealed that neither
fishing ef'fort nor season had a significant effect on
populatiori estimates. The population estimate/ fishing
effort relationship was also nonsignificant over seasons.
Pairwise ]inear contrasts of estimates nerged into four
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seasons were nonsignificant as weLl. When pairwise contrasts
were done over yearsr dS above, significant differences hrere
found between 1993 vs L994 (F=5.O4i P<O.O33).

A three-dimensional plot of population estinates by season
and year is presented for C. Tatipinnis in Figure la. A
similar plot for C. discobolus is in Fig. lb. Again, the
partitioning of nonths into seasons and the staggered
initiation/completion of the project (noted above)

DrscussroN

Snith and Koehn (1971) argued that the most advanced forms
of North Anericari catostourids inhabit the Colorado River on
the Colorado Plateau; these forms exhibit parallel
evolution. For exampie, parallel divergence of C. Iatipinnis
and C. discobolus from C. insignis and C. cLarki in the
upper and lower parts of the Colorado River basin involved
similar changes in the same characters.

While most introductions were to create sport fisheries in
the numerous reservoirs and tailwaters that now compose much
of the Colorado River mainstem, smaller nonnative rrforagerl
fishes ltere also introduced, often accidentally (Douglas et
dI., 1994). These have likewise been detrimental. For
example, adult red shiner (CyprineTTa Tuttensis), sand
shiner (Notropis stramineus), and redside shiner
(Richardsonjus balteatus) have trophic requirements sirnilar
to those of indigenous juvenile cyprinids; their larvae and
juveniles also compete spatially and trophically with those
of indigenous fishes (T. w. Joseph, J. A. Sinning' R. J.
Behnke, and P. B. Holden, Environ. Protection Agency rept.,
L977, unpubl.).

The fathead minnow (Pinephales prolemas), another small
nonnative forage fish, was first recorded within Colorado
River drainages of the White Mountains (Arizona) circa L952
(R. R. Miller, in Snith, 1959:196i see also R. R. Miller and
G. R. Snith, L972, unpubl. field notes, Special ColI.,
Hayden Library, Asu). This species is now ubiquitous within
Grand Canyon. Similarly, the Plains Killifish (Fundulus
zebrinusl, first taken in the upper drainages of the LCR in
1938, has gradua.I.Iy worked its way to the confluence and is
now widely dispersed within the canyon (R. R. Mil1er, GCNP
report, L975, unpubl. field notes, Spec. Coll. ' Hayden
Library, ASU).
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01
o2
03
04
o5
o6
o7
08
o9
10
11
L2
13
L4
15
15
L7
18
19
20
2L
22
23
24
25
26
27
28
29
30
31
32
33
34
35
35
37
38
39
40
4L
42
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Appendix Jl . Number of
tittle Colorado River
dates, 19P1-1995.

research trips into the
gorge and their inclusive

TRTP DATES: FROM--TO

01 JuIy--LA JuIy 1991
2L July--O3 August 1991
11 August--23 August 1991
13 Septembet--zs September 1991
15 October--z4 October 1991
07 November--16 Novenber 1991
09 December--l8 December 1991
08 January--ls January L992
11 February--l9 February L992
05 March--13 March L992
26 March--O3 April L992
20 April--29 April L992
18 May--27 May L992
15 June--z[ June L992
L4 July--z3 July L992
10 August--19 August L992
14 September--z3 September L992
L2 October--zz October L992
09 November--l8 November L992
10 February--L7 February L993
OZ March--lO March 1993
22 March--3l March L993
L2 April--zL April L993
10 May--19 May 1993
08 June--16 June 1993
L2 JuIy--zL JuIy 1993
10 August--l8 August 1993
13 Septembet--zz September 1993
LZ October--zL October 1993
08 November--L7 November 1993
06 December--l5 December 1993
11 January--z0 January L994
10 February--l9 February L994
15 March--z4 March L994
Lz ApriI--zL April L994
10 May--19 May L994
L4 June--Z3 June L994
L2 JuIy--zL July L994
09 August--l8 August L994
13 Septembet--zz September L994
11 October--z0 October L994
01 November--lO November L994
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43
44
45
46
47
48
49
50

06 December--ls December L994
10 January--19 January 1995
07 February--16 February L995
28 February--O9 March 1995
2L March--3O March 1995
11 April--zD April 1995
26 May--25 May 1995
13 June--27 June 1995
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Table 3 . 1:
Minckley et

Conservation status
dl., 1.986) of the

of big-river fishes (sensu
Colorado River basin.
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FA},IILY GENUS/SPECTES COMMON NAIUE STATUS

Cyprinidae Ptyehocheilus Tucius Colorado Squawfish Endangered
Cyprinidae Eita elegans Bonytail Chub Endangered
Cyprindiae FiTa cypha Humpback Chub Endangered
Catostomidae Xlrauchen texanus Razorback Sucker Endangered
cyprinidae Eila robusta Roundtail chub candidate
Catostomidae Catostomus latipinnis Flannehnouth Sucker Scrutiny
catostomidae catostomus discoborus Bruehead sucker secure
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Table 3.22 Individual Catostomus Tatipinnis and C. discobolus
grouped into three categories: CAPTURED, RECAPTURED, and OLD
TAGS. The first represents fish PfT-tagged by ASU personnel at
time of capture. The second represents fish already plT-tagged
when captured (i.e., recaptured; source of originar tag unknown).
The third includes fish previously tagged with either Carlin or
floy-tags and subsequently PlT-tagged by ASU personnel (see
text). TOTAT is the three categories summed. CH-MATRIX represents
TOTAL collapsed into a capture-history matrix where each unique
PIT-tag number is represented but once.

I
I
I
I
I

SPECIES CAPTURED RECAPTURED OLD TAG TOTAL CH-MATRIX I
I
I

C.

e.

Tatipinnis

discobolus

2,L79

3,613

1r550

484

3 t739

4 tO97

2 t57g

3 t697

10
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Tab1e 3.3: Individual Catostomus Tatipinnis and C. discobolus
grouped by season (= SEASON) from respective capture-history
matrices (where winter = December, January, February; spring =
March, April, May; summer : June, JuIy, August;.and autumn =
Sept,enber, October, and November, and
December). YEAR refers to year-of-capture

t Ntn{BER SEASON/ YEAR e. Tatipinnjs e. diseobolus

I
I
I
I
I
I
I
I
I
I
I

01_

o2
o3

04
05
o6
a7

o8
09
10
11-

L2
13
L4
1_5

16
L7

Summer L9 91-
Autumn 1991
Winter L991

TOTAL

Spring
Summer
Autumn
Winter

TOTAL

Spring
Summer
Autumn
Winter

TOTAL

Spring
Sumrner
Autumn
Winter

L9 91_

L992
L992
L992
L992

L992

L993
1993
1_993
1_993

L9g3

L994
L99 4
L99 4
L99 4

TOTAL L994

Spring 1995
Summer 1-995

TOTAL 1995

GRAND TOTAL

236
L66

65

467

75
L25
L7L

L

372

13L
250

73
L39

593

256
323
2L8
t-02

899

247
1

248

2,579

85
1.51

78

3L4

629
26L
2LO

o7

1L07

628
88

L23
2L9

L058

620
40
70
65

795

408
1,5

423

3 t697

I
I
I
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Table 3.4: Individual Catostomus Tatipinnis and C. discobolus
grouped from respective capture-history matrices by size class (=
SfZg- CLASS) in 5O mm increments beginning from 150 mm TL.

I
I
I

SIZE, CLASS e. Iatipinnis e. discobolus I
150--2 00
20 f---250
25f---3 00
301--350
351--400
40 1--4 5 0
451--500
501--550
5 51---6 0 0+

TOTAL

258
27L
25L
1'.8 4
345
4L7
404
3L4
135

2,579

Lt249
L,589

599
L34

--

3 ,697
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FIGURE LEGENDS

Figure l.a: Three-dimensional plot of population estimates by
season and year flr Catostomus Tatipinnis in the Little
Colorado River, Coconino County, AZ.

Figure 1b: Three-dimensional plot of population estimates by
season and year for Catostomui (Pantosteus/ discobolus in
the Little Colorado River, Coconino County, AZ.
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Box 871501
Tempe, AZ 85287-150L
6021965-3571 F AX: 6021965-2519

David M. Wegner
Glen Canyon Env. Studies
P.O. Box 22459
Flagstaff, AZ 85 OO2-2459

GLHhI CANY'CN ENVIHONM HNTAL
sruDtf;s fiFFl#E

DEC07 ffi
FTECEIVH[}

FIAG$TATH AZ

Dear David:

find enclosed a draft FINAL REPORT for EcoTogy and Conservation
Biology of Humpback Chub (ciLa cypha) in the LittLe CoTorado
River. fhis draft is submitted as per obligations for Contract
Number 1-FC-40-10490.

Please note that the report is not, complete, either in its
entirety or within each manuscript. Civgn this, w€ would ask that
i#he report be for YOTIR examination only'i'and serve as evidence
that, indeed, the report is developing on schedule. In this
sense, the report consists of four separate manuscripts: The' ir*G (Population estimates/ trnpulation movements of GiIa cypha,
an endangered cyprinid fish in the Grand Canyon region of
Arizonal {* Flrrently rrin presstr [Copeia 1995(11r, while the
*csond:,(Endangered humpbaek chub, eiTa cypha, as prey of
introduced fishes in the Little CoTorado River, Arizona, with
notes on f ish stocking in the Grand Canyon region) !ffirn f
s$lttteds rne third manuscript (Populalion densities of
Catostomus Tatipinnis (the flannelmouth sucker) and Catostomus
(Pantosteus) discobolus (the bluehead mountain sucker) in the
Grand canyon region ot Arizona: tife histories of migtatory vs
non-migra-tory s;recies) i,r: rrG'*ll bg{ng develefitc{ aird ifff fl#
l&'ltled af tnl rirst of the neu yca.r4, The 

.ffih manuscriptttd at the first of the new
(How many endangered hunpbadK-*mfr. Tta cypha, eyprinidae) exist
within the Grand Canyon region of Arizona? Results of a five-year
mark-recapture stu dy) s|*i, atlll beipg[.*.,$
@& clpafisd that tt wiltr be subm{tdaH"

I thank you in advance for not circulating the: report and hope
that our progress on it meets with your approval.

c$Nrg@fiN's[AI.
.r,,{ i /". iY* t
r.fii { {.}'f viJe'.' I

'l:*''E
to''i iri''{ Jr

\.. '\r.J I

t.iil{,'i {i{; 1,*i4f-

* gfvffi t *4-*'a'v&'cf,

a?,1 !f{-{s" 
t.'y.d$#

il*r u,,p f, &*o p #'{-.?' fi'*#

i f\.4 {"1 '.J '.* r I I i i*
Co-Principal Investigator

,9*r**-?*-* iF. l+

Sincerely,

Enclosures: as stated




