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I]\rTRODUCTION

Study Purpose

Much of the available information on the endangered humpback chub (Gila cypha)

population in the Grand Canyon region of Arizona lies in the confines of fisheries

biologists field notes or government agency and contract reports. This body of "grey

literature" is difficult to access for even the most persistent investigator, and it has seldom

been subjected to critical evaluation as part of the "peer review process" involved in

publishing in scientific journals. During the course of the ongoing Section 7 Consultation

on the Operation of Glen C^anyon Dam (2-ZL-57-F-23), a decision was made to gather

together the available data and literature on fuumpback chub in Grand C-anyon, including

data gathered by the Arizona Game and Fish Department (Department) during 1987-

i989. The objectives of this effort were threefold:

(1) to review the literature, both published and unpublisbe4 on the ecology of the

species in the study area;

(2) to compile in a computcrized relational database the existing data and where

necessary, analpe (or reanalpe) and interpret these data and;

(3) to determine what areas of our knowledge are lacking and needful of further

research to help enslue the sustained presence of GiIa cypha in the Colorado River and

its tributaries below GIen C-anyon Dam.
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Draft AGm Humpback Chub rcport -2- February 27, 1990

Althouglt this report is limited in scope to consideration of the endangered

humpback chub, this limitation does not indicate a lack of concern by the Department for

other threatened and endangered species of wildlife in the Colorado River and its

tributaries below Glen Canyon Dam. Department concerns for these species in Grand

Canyon are being addressed through provisions of the Fish and Wildlife Coordination Act

and the National Environmental Policy Act as they pertain to compliance with the October

27, 7gilg, directive by the Secretary of Interior to evaluate the effects of the operation of

Glen Canyon Dam.

GIen C-anyon Dam end Gils cyplra

Construction of Glen Canyon Dam was officially completed in April of 1963,

although hydroelectric production did not begin until the following year. Evaluation of the

project's impacts on fisheries resources by the Fish and Wildlife Service (Service) was

limited to the potential for sport fisheries development in the reservoir and tailwater.

Native suckers and the Colorado squaurfish were mentioned only in passing (Service 1958).

The humpback chub was ofEcially designated as an endangered species on March tl,1967

(Federal Register \,rslrrmg 34, page 4001). Endangered status was assigned because of a

restricted, fragmented distnbution, small population size, and threats to the species'habitat

accrued from blpolinnial release dams, with their associated reservoirs and cold taihraters,

and other ty?es of water development (Service 1988). In \n7, the Bureau of Reclamation

(Reclamation) formal$ requested Section ? C-onsultation from the Service concerning the
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effects of Glen Canyon Dam on endangered species. The following year the Service

rendered a jeopardy opinion for humpback chub and also indicated to Reclamation that

dam operations were limiting the potential for recovery of Colorado squaudsh (I.{elson

1e78).

ln 1979 Reclamation held public meetings on proposed peaking power modifications

to operations at Glen Canyon Dam. This proposal met with considerable public

opposition and was dropped, but an accompanying proposal for uprating and rewind of

the dam's generators was continued. Reclamation de[vered a Finding of No Significant

Lnpact (FONSI) for the uprating and rewind in 1982. The Commissioner of Reclamation

concurred with the FONSL but directed that public concern over the impacts of current

operations was sufEcient to warrant study of these impacts. Thus, in December of 1982

the Commissioner directed that the Glen C,anyon Environmental Studies (GCES) should

begn.

During the course of tbe GCES, Reclamation again requested formal consultation

with the Service on the olrcration of Glen Canyon Dam. That consultation, which is

presently continuing, has led to an agreenent between Rec}amation and the Service to

develop Conservation Measurcs for the endangered humpback chub in lieu of Reasonable

and Prudent Alternatives under the existing jeopardy opinion.
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METEO.STOLOGY

February 27, 1990

Informatian Gathering

In orcler to gather infornation used in this report, requests were mailed to

goverrunent agency offices, to known collectors of fishes in the Grand Canyon region, and

to author€ of reports and journal articles dealing with these fishes. Early contact was

made with Dr. Wayne Starnes of the U.S. National Museun, who is charged with

developing the protocol for tanonomic studies on Colorado River endangered fishes

(Starnes 1989). Known collectors were requested to provide records on location, date and

time of capture, gear used, effort expended, lengf[ weigbl and serq and other species of

fish collected with humpback chub. The solcitations aclnowledged that collection records

might exist in various forms, from field notes to computerized data, and that all

information would be cenffali"ed into one or more computerized databases available for

future access upon request to the Department.

Further attempts to gather the existing literature were accomplished through the

DLALOG network of computerized databases, including BIOSIS, NTIS, and dSFA

Keyrrords included various combinations of endangered fisheq humpback ehub, Colorado

{*

River, hydroelectric dams, ilrd impacts.
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''3- FebnrarT 27, 1990

All data received on fishes coilected &om the Grand Canyon region, other than

those gathered by Department personnel, were in hard copy form. These data were

entered i*o flat (ASCIX text) files through the Department's Honeyrell Data Entry

Facility with subsequent verification to ensure quality control. The data were then

transmitted to a COMPAQ 356125 microcomputer using the KERMII file transfer facility

and XIvIODEM error checking protocol. tnitial data editing was accomplished using

WordPerfect Version 5.0 as a text editor. Once the data were considered "clean", they

were entered into dBASE III PLUS databases. This database manager was chosen

because d its relational capabilities and because it is widely used by otler government

agencies, universities, and consulting firms involved in research on threatened and

endangered fishes of the Colorado River Basin. As warranted by improvements in

software, the Department may upgrade the database manager rsed to store information

on humpback chub and other fishes in Grand Canyon. The Department will, however,

consider compatibility issues and ease of transfer to other researchers in any decision to

change rhe database manager.

Orty four relative$ Iarge databases containing information on humpback chub and

other fishes collected from the Grand C-anyon region are presently held by the Depart-

ment. These data were collected during the studies of Carothers et aL (1981), Kaeding

and Zimmerman (1982, 1983), and Maddux et aL (1987), and during the Department's
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humpback chub monitoring program in 1987-1.989 (unpublished). I imited data are also

available from Department monitoring efforts conducted prior to the iniriation of the

GCES progran (J. Brooks, written cornmunication). No attempt has been made to index

or standatdize file formats and variable designations in these databases pending the

decision to incorporate all data into a Geographic lnformation Systen database as part

of the GCES program. Formas for the respective files in these databases as presently

held are provided in Appendix I. Additional information gathered during this study largely

is limited to museum accession records and Grand Canyon National Park permit reports

(see Table 4).

Statistical analyses were conducted on the microcomputer using SPSSIPC+ Version

3.0. Tho rigor with which statistical tests could be applied to the various data sets was

limited $l incomparability of different gear t'?es within and among data sets given

acknowledged biases of these gear, missing information on gear types and effort expended

temporal incompatibilities, i.e. lack of collections from the same seasons amorg years,

spatial furcompaubilities, i.e. lack of collections from the same areas over time, and

insufficiest numirc;s of samples taken at a given time and location to ensure that sample

estimates were representative of existing numbers, sizes, habitats utilize4 species

compositbn, etc. With respect to humpback chub, certain analyticat problems arise simply

as a function of the rarity of the species, i.e. regardless of the nunrber of samples, most

samples do not contain individuals and tbe resulting distributions do not lend themselves

well to common$ applied statistical techniques.
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I-ack of humpback chub in many samples provides particular problems for the

analysis of differences in catch rates and the use of thjs parameter as an index of changes

in abundance. The preponderance of zero catches and resulting skewness, i"e. non-normal

distribution, is problematic for both paramerric and nonparnmetric statistical tests.

Parametric tests are limited by a distribution that cannot be normalized by transformations,

and analogous nonparametric tests are limited by measures of central tendency being at

zero and by an inordinate number of ties (zerom). Unfornrnately, this type of distribution

occurs with regularity in fisheries data, and it wilt by definition, be observed often

wherever rare species are involved. ln this report we limit the use of statistical tests of

catch rates to those datases having more intensive and structured collecting regimes.

Frequency distnbutions of, catch rate data are presented and both pararnetric and

nonparametric tests 31s u$liz6d.

Standardization of Results

All mainstream locations in this report are given as river miles (RM) above and

below [-ee's Ferr]'(Compact i oint). Equivalent metric distances in kilometers (RKM) are

also provided. The latter is used as the primary meaiure for all distances between

mainstream locations, but tbe convention of using river mile as a primary measure of

location is observed because of its use in the GCES progFam and in currently used river

guides. Distances upstream in tributaries, where applicable, are in kiloneters above the

mouth.
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Reach categories were designated for the mainstream between I-ee's Ferry and

Separation Rapids by Carothers et al. (1981) and between Glen Canyon Dam and

Diamond Creek by Maddr:"t et al. (1987). Kaeding and Zimmennan divided the 32 km

reach of ttre Colorado River above and belsrr the Uttle Colorado River (LCR) into six

strata and the tributary was stratified into four reaches. One additional stratum contained

the confisence zone. Other mainstrean divisions were used by Anderson et aI. (1986) and

Schmidt and Graf (1988). [n this repo4 mainstrean segregation into reaches, where

employed, follows that of Maddux et al. where the Colorado River was divided as follows:

Reach 1O (Glen Canyon Dam to l-ee's Ferrl,); Reach 20 (ke's Ferr,'to LCR); Reach 30

(LCR to Bright Angel Creek); Reach 40 (Brig}rt Angel Creek to National C-anyon), and;

Reach 5O (l.{ational Canyon to Diamond Creek). This categorization is used herein largely

for convenience as the ecological relevance of these reaches is yet to be determined.

Mbny of the data in this report werE aggregated on a seasonal basis for analysis

with mosths assigned to seasons as follows: Spring (March-May); Sutt'mer (Jture-August);

Autumn {September-November}, and; Winter (December-February). Seasonal categories

were used previously by Carotbers et aI. (i981) and Maddrnr et al. (1987) to allow analysis

of temporal pattenui where collections were not made in all months. Other groupings

could be applie4 but we believe this categorization best capnres esvironmental changes

and biological responses of humpback chub in the Grand Caryon region, while sacrificing

the least information.
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Collections of fishes in Grarid Canyon have been made with a variety of gear ry?es,

including trarrrmel nets, gill nets, Iarval and bag seines, hoop nets, Ske nets, minnow traps,

and electrofishing. Degree of attention paid to recording gear types and, particularly,

effort has varied considerably among investigators. Reports and collection records written

prior to L980 were very sporaAlc in this respecf and meaningful calculation of catch rates

was impossible for these collections.

AII catch rates were standardized by gear type: electrofishing catch rates to fistr/100

min; seine catch rates to fish/100 m2, and; larval seine or dip net catch rates to fisty'lO m'a.

Trammel net catch rates have not been standardized to a common net size because of

variation in the way in which nets were deployed (parallel with or perpendicular to

current), but they were standardized to a LZ hour period. For all gear qpeq original units

are indicated whenever conversions were applied.

TEE STUDY AREA

General Description

The primary arca covered by this report is the Colorado River and its tributaries

between GIen Canyon Dam and the headwaters of b,ke Mead a distance of nearly 485

h (300 mi) (Figure 1). Numerous tributaries enter this reach, but all sirve approximately

a dozen flow intermittently or are ephemeral Many are first or second order streems that

differ markedly from the major river into which they flow.
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The mainstream passes successively through Glen, Marble, and Grand canyons

before entering Iake Mead. [n this report the reach will be referred to collectively as the

Colorado River in the Grand Canyon region. Both the mainstream and its tributaries are

bordered by high, vertical or V-shaped clitfs formed of limestone or gneiss and schist in

much of their traverse across the landscape. These escarpments culminate in the plateau

country through which the river cuts its course. OnIy in two limited reaches, termed

Furnace Flats and lpwer Canyon by Schmidt and Graf (1988), do the canyon walls retreat

appreciably.

Channel geometry of the Colorado River in the Grand Canyon region has been

described by I-eopold (1969). In its traverse througb the canyons, the river passes

downward &ona an elevation of approximately 945 rn to 265 m (310C ft to 870 ft) at an

average gradient of 0.49 Elil@ (7.7 ftlrrtte). Tbe river's fall is not constant, however, but

stepped, g"ing rise to an alternating series of low gradient pools and steeper riffIes and

rapids. Depths in the pools reach 15-30 m (50-100 ft) and river widths of 90 to 120 m

(300 to 400 ft) are common.

The general pattern of rapids and pools is complicated by consuietions of the river's

channel formed by debris flows carried to the mainstream by tributary floods or, in sornc

instances, by landslides. Doqrnstream from such constrictions, eddies form recirculation

zones which deposit allwial sediments and create backrraten (Schmidt and Graf 1988).



I
I
I
t
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Draft AGFI) Humpback Chub report -11. February 27, 1990

These backrvaters, although typically small in size relative to the mainstream area, are very

important nursery habitats for both native and introduced fish species in the Grand

Canyon region (Maddux et al. 1987) and in other reaches (Valdez and Wick 1983, Holden

et al. 1986, Valdez 1990).

The river's riparian vegetation is constrained to two relatively narrow zones founded

on alluvial deposits or the lower extremes of talus slopes. The upper zone, or Old High

Water Zone, is a pre-danl community dominated by western honey mesquite and catclaw

acacia, whose position largely reflects the scouring line of floods that coursed througb

Grand C;anyon prior to regulation of the river (Carothers et al. 7979, Turner and

Karpiscak 1980). The post-dam riparian community, which is doninated by combinations

of tamarisk, coyote willow, seep-willow, €urowwee4 and desert broon" is formed in the

New High Water Zone. With the exception of modifications brought about by floods

during 1983-1985, position of this communif relative to the river is thougbt to be

controlled largely by the levels of fluctuating flows produced during hydro-electric Power

generation from Glen Canyon Dam.

The riparian plant comsunities of both the Old and Nen' Higb Water Zones are

known to be important as babitat and food resources for many forms of wildlife along the

river corridor (U.S. Department of Interior 1983). Uttle attention has been paid to the

role of these plants in affecting the river's productivity, honever, either as they contribute
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organic matter through pollen production, leaf-fall and deadwood or as they contribute to

the mineraiization and solubilization of nutrients necessary for aquatic primary production.

,/
-L'

' 
t ' - 

r t'

Hydrologf

Colorado Nver

The Colorado River has a drainage basin of 635,000 km'? (245,000 mi') of which

204,000 km'a (109,500 Bil lies above the division between the Upper and Lower basins

at l-ee's Ferry (Thomas et al. 1963). Recorded annual runoff to the Lower Basin has

varied from less than 3 maf (million acre-feet) to over 20 maf. Periodicity of this inflow

within the annual cycle prior to impoundment of Iake Powell reflects the importance of

the contribution from snowmelt runoff in the high ranges of Colorado, Wyoming, and Utah

(Figure 2). The hydrograph of mean monthly discharges at lre's Ferr!'*as unhoFafwith

a maximum during June. The period of increased inflow tlpically began in late April or

early May, and the declining limb of the hydrograph was evidenced in July. Occasional

years were marked by the appearance of summer floods, but the average of this

contribution was minor wben compared to that from snorrrmelt. During the remaining fal

and winter months, flo\ms were generally in the range of 3,000 cfs to 1O000 cft.

Subsequent to the regulation of the Colorado River by Glen Canyon Dam in 1963,

annual flow volume past l-ee's Ferry has varied from 2.4 maf. to 20.5 maf (U.S.

-l
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Ttris range, which complements that of the pre-dam era,

hydrology that have occurred since the impoundment of

During the first 20 years following impoundment of l-ake Powell, the pattern of the

hydrograph of mean monthly discharge displayed considerably reduced seasonal variation

relative to that of the pre-dam era (Figure 3). The spread befinreen minims6 and monrhly

discharges increased considerably, however, particularly during moaths previously at or

near base flow. Flows below Glen Canyon Dam were dictated by legal mandates for

water deliveries to the l,ower Basin and the need to fill Lake Powell" conflicting demands

which were aggravated during years of low runoff.

fhs filling of Lake Powell in 1980 received little public recognition, yet this event

set the stage for a marked change in the annual hydrograph of flows past [re's Ferry

beginning in 1983 and continuing through uuch of 1986 (Figure a). High mnoff in the

Upper Basin during those years, coupled with lack of storage in the reservoir, forced the

release of nnater frsm Glen C.anyon Dam into an "unregulated mode" and produced a

unimodal hydrograph reminiscent of tbe predam era complete with flood releases reaching

over 92,000 cfs.

In 1987 the Secretary of Iaterior and tbe seven Cobrado River Basin states reached

an agreement to modr$ the managenent of [.ake Powell in order to reduce the frequency
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of downstrenm flooding. Ironicallg this year also marked the beginning of the current

"drought" rycle during which inflow to the reservoir has been less than 80Vo of. the long-

tenn average (R. Peterson, Bureau of Reclamation, personal comrnunication). In response
_____r__,

to diminished inflow, e9_llyy ygtgr 1e]9ases l:l:lf1g 1Plmod1.ljlalgrn 5imit3r to that

of the pre-flood period (Figure'S). It appears, however, that during the post-flood period

of 1987-1989 winter mean monthly maxima rlore close$ approach those of summer

maxima and that the latter have been displaced from May to Ju$.

The effects of Glen Canyon Dam operations on the hydrologr of the downstream

reach are not confined to the monthly pattem of flow volume. Nested within the monthly

patterns are regulated daily fluctuations which can vary from less than 1,000 cfs to 31,500

cfs instantaneous release and produce stage changes of up to 13 vertical feet (Turner and

Ikrpiscak 1980). ltris range of discharges is considerably greater than that indicated by

Reclamation during the planning stages for the dam ($30G27,W cfs) (Service 1958).

With the exception of rare flood surges, dai$ fluctuations of these magnitudes did not

occur in the pre-dem C-olorado River.

During the high runoff and full reservoir years of 1983-1986 releases from Glen

C.anyon Dam were predominantly high and steady (Figrue 6). Fifty percent of the days

in that period had a mean dai$ discharge of 25,000 cfs or greater, whereas the coefEcient

of variation for a like number of days was less than SVo. In subsequent years, lorr runoff

has resulted in a change in dam operations resulting in the median of mean daily

I
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I
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I
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cfs, while the median coefficient of

Tributaies

Based large$ on thet geomorphologr, tributaries to the C-olorado River in the

Grand Canyon region may be divided into nvo broad categories (Hamblin and Rigby

1968). The first Soup, which includes the Paria River, LCR, and Iknab Creek, have

relatively large watersheds, and they travers€ a variety of geological formations while

passing through extensive, deeply entrenched meanders before reaching the mainstreem.

Substrates in these strea{ns have a high percentage of fine particles, a reffection of both

the geology of their drainages and their relatively low gradients. All three of these

tributaries carry large anounts of suspended sediments to the Colorado River even during

minor floods.

The second broad category of tn'butaries includes the majority of strenms that enter

the Colorado River in the Grand C-anyon region. These streau$ arise from karst sprins

in the water-bcaring limsslsns and dolomite formationsr mainbr the Redwall ald Muav

limestones, whicb form much of tbe higlr plateaus bordering the river (Huntoon 1974).

Notable saamples are tsright Angel Creek, Tapeats Creek, Deer Cree! and Havasu Creek

Distance from source to mouth in these tributaries is t)"ically 10 miles or less and tbeir

watersheds are consequently much smaller than those of the first category. In their short
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run to ths 6ainstrealn, these tributaries traverse relatively high gradients and course over

coarse gravel to rubble substrates. Their waters run clear except during limited periods

of high spates.

When the hydrology of the two categories of tributaries is considered, increased

divergence is encountered and the first category becomes more diversifred. All three

tributaries of the first category are intermittent in portions of their drainage, and they vary

seasonally from dry beds to extreme floods. The LCR is intermittent to ephemeral in the

middle portion of its drainage, but receives perennial input from a series of springs, named

Blue Springs, arising from 4.8 to 2L knr (3 to 13 mi) upsneom of the mouth. These

springs provide a perennial base flow of approximatety 225 cfs to the lower reach of this

tributary (Johnson and Sanderson L968, Cooley et al. 1969, Brian i989). goth the Paria

River 
"na 

r<tn"u Cr*t J* **i*-qpnaEpri-b-ut ihela inflows 
"r" 

,lpr.*, insufficient

to produce surface flow at their mouths during ortended-periodslaeHng-sudace nrnofl

The annual hydrograph of rnean maximum and minimrrrn s06athly discharges for

the Uttle Colorado River at Camero& sone 65 km (4O mi) above the moutb, is bimodal

with peals occurring during spring and late susrmer-ear$ autumn (Figure 7, see also

Hereford 1984). These peaks resulg respective$, from snowselt runoff from the high

mountains of eastern Arizona and western New Mexico, and &ono sunmer thunderstorms

occurring both in these ranges and in lower dcsert regions (Jobnson Lnq. This feature

serves to contrast the seasonal pattern of flows in the tributary and mainstrsem, both with
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regard to the timing of peaks in runoff and the period of ma:cimum flows. As indicated

by the mean tninimun flows in the hydrograph, the character of these runoff events differs

dramatically. The spring peak is characterized by relatively sustained flow, whereas

summer floods are often of high magnitude and frequency, but relatively short in duration

and interspersed with periods of no ffow.

The annual hydrograph of median nonthly discharges for the sarne gagng station

(Figure 8) provides additional information to that derived from a consideration of means.

Median discharges for most months are considerably less than 1tts psens and particular$

so in months receiving runoff from other than snowmelt. This fact indicates that the

frequency distributions of daily discharges typically are positively skewed with most values

lying below the mean. Inspection of daily discharges for the period of record (1947-1989)

revealed that during the months of May-July more than 50Vo of the days have no recorded

flow and that there have been periods of no flow during every month of the year.

Within the second category of Grand Canyon tributaries, only Bright Angel Creek

has a cu^rtinuous period of recorded flows (U.S. Geological Survey 192+L969). However,

records for this streem are probably indicative of flow events in most spring-fed tnbutaries

arising from the karst system in the l(aibab Plateau (Huntoon 1974). The annual

hydrograph for Bright Angel Creek is unimodal, reminiscent of the sain.ctream pre-dam

pattern, but with peak flows occurring in May rather than June (Figure 9). It is significant
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than suvnmer rains fralling on the Kaibab Platesu,
t'

J

in this tributsry, do nor conrribute appreciably to

Febnrary 27, 1gg0

although occasionally producing floods

the shape of the annual hydrograph.

Further information on the hydrology of tributaries to the Colorado River in the

Grand Canyon region is restricted largely to sporadic measures taken in a variety of years

during the present centuy (Table 1). The utility of these records is limilsd, but they do

serye to point out that the mean flow of measured streems between l-ee's Ferry and I-ake

Mead is probably not in excess of 750 cfs. This amount constitutes less than lAVo of the

mean modern in{low of the Colorado River to r ake Mead (Thomas et al. 1963).

Furthermore, it is apparent that among the tributaries only three, the Little Colorado

River, Tapeats Creek, and Havasu Creek, have base flows in excess of 50 cfs.

Limnolagr

Colorado Nver

Many asPects of the hydrologr and limnolory of the Colorado River and ia

tributaries in the Lrand Canyon region are undoubtedly important to the ecolory of

humpback chub. An adequate understanding of factors controlling the disribution and

abundance of the species in the study area will undoubtedly re$ on additional research

and analpis of these factors. Limitations on space, time, and availability of scientific

information, however, precluded consideration of other than three limnstsgigal factors-

thermal regime, inorganic glgmislry and production of food resources--in this report.
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Thermal Regime*Pre-dam witer tenperatures of the Colorado River in the Grand

Canyon region (measured at Lee's Ferrl') displayed a unimodal seasonal pattern similar

to, but temporally displaced from, that of flows. High temperatures of 25 C to 29 C were

reached on the descending limb of the hydrograph during July and August (Paulson and

Baker 1983). Winter lows of near freezing were reached in December or January, but

some warming typically was observed during February.

Deep hypolimnetic releases from Glen C.anyon Dam, drawn at a depth of

approximately 70 m at full stage, are perennially cold. Water tenperatures at I-ee's Ferry

exhibit a very limited range of about 7-12 C. Downstream warming in the mainchannel

is retarded by the large mass of water, continuous Eovement, higb evaporation rates, and

shading &om hrgh eanyon walls, so that water temperatures sone 250 nniles below the drm

seldom exceed 16 C (Kubly and Cole 1979, Carothers et al. 1981, Maddux et al. 1937).

Although much of the main mass of water in the C.olorado River moves

continuously through Grand Canyon, that portion impouuded in backrraters or in the

mouths of tributaries has a c;,asiderably greater capacity for warming. This condition is

realized much more appreciably under steady florvs than during fluctuating flows. Maddu.x

et aI. (1987) found that in surnmer months during pcriods of steady flows some backrraten

had maximum daytime temperatures above 25 C, while mainchannel waters remained near

10 C. Similar conditions were observed in the mouths of tributaries, notably the LC&

/'"/ l4-r,,/,- OttL + S/r)^.r ubL
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where \rfarm inllowing waters were irnpounded by high, steady flows in the cold

mainstre*m.

\\fhen mainstream water levels fluctuate dramatically, as they do during periods of

"load-following denand" (peaking power) dam operadons, Bany backrraters are drained

and filled on a daily basis. During such periods, as have been prevalent since the

impoundment of l-ake Powell, capacity for warming is much diminished in bachyater and

tributaqr Eouth habitats. Bachrater temperatures deviate little from those of the

mainstream, but their diel fluctuations appear somewhat out of phase with those in the

mainchannel (Figure 10).

Irwryanic Chemistry--rye first study of watcr sfugmistry of the Colorado River in the

study area was completed near$ 40 years prior to the impoundnent of Lake Powell

(Collins and Howard 1927). In the &ee-flowing river, both the chesiical composition and

dissolved solids concentration of the C-olorado River in the study area $'ere correlated with

river discharge (Iorns et at. 1965). High discharges yielded comparatively dilute waters and

dissolved so[ds content increased with 1o.,.. -red flows. The effect of damming the river has

been to diminish the seasonal variation in dissolved solids content, but to increase the

mean annual concentration of salts by approximately 50 -g f' to about 600 mg l'.

Data for individual major ions suggest greater differenccs have occurred as a result

of impoundment. Sommerfeld et at (1975) compared their concentrations for calcium,
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magnesium, ild sodium with those reported at the same time of year by Collins and

Howard (1927). They found calcium concentrations had increased by 30Vo, and the latter

two cations had doubled in their contributions to dissolved solids. Kub$ and Cole (1979)

found the ionic composition of the river during L975-r976 to be

Ca**

with sodium occasionally surpassing calcium. They noted that these proportions changed

little from month to month or with distance from Glen Canyon Dam. An increase in

dissolved solids and the proportions of sodium and chloride was observed below the LCR,

but these changes largely were removed downstrearn due to inpua from dilute; spring-fed

tributaries. These sarne ionic relationships were reported by Maddux et aI. (1987) for

collections taken a decade later.

Investigations of nutrients in the Colorado River behp'een Glen C-anyon Dam and

I-ake Mead largely have beea restrieted to Eeasurements of concentratio$ with little

attention paid to loading rates. Paulson and Bakii .1983) suggested that phosphonrs is

probably limiliag to primary productivity in reservoirs of the l.ower Colorado River,

including Lake Powe[ and found this reservoir to be an effective rap for both sediments

and phosphorus. Wate and l:marra (1983) also reported that additions of phosphonrs

stimulated primarl'productivity in l-ake Ponell waters under enperimental conditions.
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Maddux et al. (1987) found both low concentrations of dissolved phosphorus and

high molar nitrogerVphosphorus ratios (> 15) in the reach of the Colorado River benveen

Glen Canyon Dam and the LCR. They felt that this combination of factors produced at

least the potential for lirnitations on primary productivity in thc upper reaches of the

tailwater. Below the LCR, phosphorus conc€ntrations increased sufficiently to bring NiP

ratios to below 15, but suspended sediments from flooding in that tributary often produced

light-lirniting conditions is the mainstream.

hoductivity-The only known estimates of primary productivity in the Colorado

River in Grand Canyon were made by Cole and Kubly (1977) from daily changes in

dissolved oxygen and pH during a river trip in August L976, TheA aslrnittedly rough

estimates indicated hourly values of 51 and 158 mg C/ma gross production, respectively,

for the two Eethods. No direct measurements of secondary production have been made

in the Colorado River or its tributaries within the study area

Standing crops of both benthic algae and aquatic macroinvertebrates decline with

distance from Glen Canyou Dam and narkedly so below the L'.;. (Carothers et al. 1981,

Hofl<necht 1981, I*ibfried and Blinn 19ft7, Usher et al. 198CI. Ponar samples taken from

backuiaters during humpback chub nonitoring in 198&89 produced 17 taxa of benthic

invertebrates (Table 2). Densities varicd dramaticalty, &om 2 ind/0.1 ma to nearly 19,000

ind/0.1 d (Figure 11). Samples from bachraters

3159? ind/0.1. mt, whereas samples from belorr the

above the LCR,

LCR, contained

had a mean density of

a rnean density of 208
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ind/0.1 unz. These Eeans ate an order of magnitude higher than those reponed by

I*ibfried and tslinn (1987), but they did not indicate which mainstream habitats were

sampled. Carothers et al. (1981) noted that ponar samples from "side eddies" yielded high

numbers of oligochaetes, midges, and amphipods (several thousand ind/m'a), whereas

maincharmel densities were considerablv lower.

Oligochaetes comprised nore than 95Vo of the mean number of benthic organisms

in 198&1989, and chironomid larvae/pupae made up 2-3Vo of the remainder. Again, these

proportians tue at dispariry with those of I-eibfried and Blinn (1937) who reporred

chirononids dominant both above and below the LCR. Cbironomid larvae/pupae were

relatively more important in samples above the LCR, where they formed 39Vo and I4Vo

of the mean total organlcms in 1988 and 1989. resoecth'elv.

Hauly (1976) found that, in contrast to most tailwaters, neither total zooplankton

or constiRrent group densities decreased signiEcant$ in the Colorado River with distance

from GIen Canyon Dem. Zooplanktsp samples taken from the mainchannel and

backrraters duing tbc summers of 1987-1989 appear to confiirm 1trs1 fiflr'"ng (Table 3,

Figure 12l}' althoug! there is srrffisieot variation in densities to make difFcult any strong

conclusioa Haury also concluded that lake Powell is the source of most zooplankton in

the tailwater, and the taxonomic list which be provided contains a high degree of overlap

with the r€cent srudy of that community by Sollberger et al. (1989). Haury was unable

to make direct comparisons of nainchannel densities asd those of potential refugia or
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source$ of supply, e.g. backrvaters and impounded mouths of tributaries. In this respect,

zooplankton samples taken during 1987-1989 provide more conclusive evidence on the

importance of these habitats to zooplankton productivity. Sampled backrvaters had a mean

densiqr of 1,363 ind/mt, whereas mainchannel samples had a courparable value of 341

ind/me. Furthermore, there were definite differences in relative proportions of important

constituent groups (Figure 13). Most exemplary among those differences was the decided

increase in the relative density of cladocerans in backrpater samples. This increase has

potential significance because this group is often one of the first to decline in tailwaters

(Ward tr975), and because cladocerans form an important dietary component for many

young fishes (Carlander 1969).

Tibutariis

Thermal Regime-Trfuutaries to the Colorado River in the Grand Canyon region

extribit both diel and seasonal changes in water tenperatue (C-ote and Kubly t976,

Carothers et al. 1981, Maddr:x et al. 1987). Diel cycles reffect both tbe small volume of

water carried by most tn"butaries and the large degree of daity heating and cooling in 'tli'-"e

desert environs Scasonally, tnibutary water tenperatures vary from highs approaching, or

in some cases exceedin& 30 C to lows near or below freering. Both the scasonal degree

of warming and cooling are a function of flow volume and distance &om the source.
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f,dainstreem flow regimss affect water telgperatures in confluence zones of

tributaries when stage is high enough to impound the inflowing waters. No known

measurerlents have been made of water ternperature stratification in confluence zones

under high steady flows, and degree of mixing probably varies seasonally as a function of

temPerafure and density differences in the two water sources. Measurements made at

three sites in the LCR during May 1988 indicate both the differences in temperature and

daily fluctuation in temperature amolg *'ann tributary, intemediate confluence, and cold

mainchannel sites (Figure 1a). Timing of temperature changes in the confluence zone

undoubtedly reflect stage changes in the cold mainstream for they are offset somewhat

fr'om those in the tn-butary, but, unfortunately, no corresponding Eleasures of mainstream

stage were made.

Inorganic Chemistry--Kubly and Cole (1979) classified the tributaries to the Colorado

River in the Grand Canyon region according to their major ion pioportions and total

dissolved solids content. Five different categories-dilute dolomitic waters, impure

dolomitic waters, sodium bicarbonate waters, sulfate waters, il1d s*lins sodium chloride

waters--w€re rccognized. The fint three of these gxoups have total dissolved solids

contents less than or approaching that of &e mainstrerm. Of thc remaining more salinc

streams, only the LCR, containing predominantly sodium and chloride, has any appreciable

effect on mainstream chemist'y. At base flon', when fed entirely by the Blue Springr

series, this tributary contains more than 5X the dissolved solids of the mainstrenm. Cole

and Kub$ (L976) showed experimentally that effects of the tributary at base flour (223 c8)
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on main*frEnm salinity were insignGcani*hen the Colorado River exceeded 10,0@ cfs,

but that the mainstream's dissolved solids content could be expected to increase

appreciably at flows below 5,000 cfs"

.r4Sthough the major ions of the lower LCR are dominated by sodium and chloride,

this stre*rn at base flow also contains large amounts of calciuml rnagnesjrrm, bicarbonate,

and sulfate ions in solution. Waters enanating from Blue Springs are highly charged with

free carbon dioxide and oversaturated with respect to calcite (calcium carbonate) (Cole

1975). The combination of high 5alinity and free carbon dioxide provides an environment

inhospitable to many life forms, and Blue Springs has been implicated

affecting the distnbution of native speckled dace (Rhinishtltys osculus)

(Carothers and Aitchison 1972).

as

in

a barrier

the LCR

As Blue Springp waters pass downstream to the Colorado River, carbon dioxide

evolves to the atmosphere aad calcite precipitates. Precipitating calcite forms the

numerous travertine dams common to the lower LCR and covers the stream bottom with

a layer of unccmented calcite particles. It also increases tbe rurbidity of streem waters,

and imparts to thcm a milky blue eolor.

Chemistries of most tnlbutaries to the C.olorado River in Grand Canyon exhibit

considerable dilution effects during periods of high discharge (Forst and Hoppe 1985)' and

this is panicular$ tnre of the more saline members. In three tnbutaries-Paria River,
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LCR, and Kanab Creek-decreases in dissolved constituents are accompanied by

tremendous increases in suspended sediment loads. These suspended sediments, primarily

silts and clays, have at least nvo effects of considerable importance on the mainstream,

diminution of light penetration and importation of phosphorus adsorbed to sediment

particles" Concentrations of total phosphate phosphorus in these tn'butaries when in flood

have been measured at &om 3X-70X that of the mainstream at Lee"s Ferry (Maddrx et

al. 1987). Although the benefits of these inpus to aquatic primary production in the

mainstream are greatly diminished during.the period of flooding by concomitant light

Iimi161ie11, that fraction which settles during transport may be of considerable inportance

to production follorring clearing of mainstream waters.

hoductivity-Productivity estimates for tributaries to the C.olorado River in Grand

Canyon are also lacking. Carothers et al. (1981) and Hoflcnect (1981) found standing

crops of benthic invertebrates to range from G1,2M m/uf (dry weigbt) and G138,666

ind/m'. Both biomass and densities were generally lower in low gradienq sediment-carrying

tributaries (Paria River, LC& and Kanab Creek) than in higb gradient stream-fed

tributaries. In 45 of 60 cases, upstream portiorur of tnbutaries contained higher densities

and biomass than the conflucnce zones. Spring and sumner samples yielded lower

biomasses and densities than other seasons. This observation r*as attributed to the

scouring effects of spring runoff and floods from summer thunderstsrms.
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Other studies providing information ou aquatic invertebrates in tributaries include

Cole and Kubly (1976') and Minckley (19?8). Neither study provides densities or

biomasses for comparisons with those cited above, although the liatter glves information

on relative densities of major $oups for tributaries in the vicinity of Phantom Ranch (RM

87.5, RKil4 141).

DISTRIBUTION A}{D ABUhTDAI{CE OF G. ryPIIA

Mainstreann Coilections

Records of humpback chub collected from the study area prior to the construction

of Glen Canyon Dam (Table 4) are limited to three individuals (turo complete bodies, one

partial) used by Miller (1946) to describe the species and bones taken from archaeological

site near the present site of Hoover Dnm (Mller 1955). I-ack of fish is not necessarily

indicative of low furrmpback chub abundances in this reach, but rather a lack of collections

from a remote section of a deeplr entrenched river diffrcult botb to access and travel

uPon. Pre-impoundment investigations which provided information on the flora and fauna

of the Colorado River and its tnbutaries were limited to the reach in and above Glen

Canyon (Woodbury 1959, McDonald and Dotson 1960). Failure to consider the dam's

impacts on donmstream native flora and fauna was, unforhrnately, exemplary aad indicative

of the general lack of biological informatioa collected prior to impoundment of I ake

Powell (Perkins 1975, see also White 1977).
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Post-impoundment collections of humpback chub in the Colorado River between

I-ake Powell and lake Mead have been recorded from just below Glen C-anyon Dam

(Stone and Rathbun 1967, 1968, 1.969, Holden and Stalnaker 1975) to 373 km (232 ni)

downstream of that structure (Department, unpublished data). The nearest extant

upstream population occurs in Cataract Canyon above I-ake Powel} (Valdez 1989), and

collections from the inflow area to the reservoir have produced hurnpback chub (Service

1e88).

Following the impoundment of I-ake Powell, the species was reported as rare to

conrmon in the 26 km (16 ni) reach below the dam (Stone and Rathbun t967,1968, 1969,

Holden and Stalnaker 1975), but in recent investigations (1984-198D conducted as part

of the GCES G. cypha has not been collected in that snme reach SVladdux et al. 1.987,

Departnent unpublished data). There is little doubt that lack of collection represents

absence of the species f,sr more than 68 haurs of electrofishing and 360 days of creel

census were expended in the reach during tbat period.

Srrtthrs et al. $nq contended, based on the disributios of their G. cypha

collections, that the Uttle C.olorado River and tbe reach of the Colomdo River from that

tnbutary to Shinumo Creek (RM 108, RKM 174) corutituted critical habitat for the

species. Subsequent studi€s have pronided nore quantitative information on catch rates

and relative abundances of humpback chub, so that the distribution and abundance of the

species can be more formally evaluated. Even with these dataset$, however, statistical
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comparisons amoog time periods (seasons) and reaches of the river largely are precluded

by uneven sampling and a preponderance of zero catches (see Appendices II and III).

Carothers et al. (1981) reported tranrmel net catch rates of from 0.5 to 2.0 fist/12

hr (91.5 m X 2.4 m net, no mesh sizes giveu) in tbe C.olorado River during t977-L979.

Their data show that 24 humpback chub were taken benveen RM 20 (RKM 32) and RM

132 (RKM 212), with nost individuals collected above the LCR (Figure 15). Effort data

from their study were not available, and we were unable to determine variances associated

with their catch rates.

Kaeding and Zimmennan (1983) reported similar catch rates for trammel neu (0-

3 fisl/1z hr with 45.7 m X 1.8 m nets, 2.5 cm inner mesh and 25.4'cm outer mesh) and

found that catch rate distribution formed a bell-shaped curve with a maximum in the area

of the confluence of the Colorado and Uttle Colorado rivers. Their study, however,

included or*y a'32 rm sgagfo of mainstreem centered at the mouth of the LCR.

Maddrx et al. (1987) utilized trammel nets in the mainstrerm on only tbree river

trips during 19&t and took only six humpback chub (Appendix tr). They used nvo sizcs

of tramrnel nets: 30.5 n lK2'4 m and 7.6 m)KL4 E with 2.5 cm or 5.1 cm inner mcsb

and 25.4 cm outer mesh. Catch rates were standardized to a tret of the larger size and
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reported as fisU12 hr. Trammel nets were generally set in late afternoon and pulled

during evening or in early morning hours. Their rnean catch rates ranged from 0.0G0.95

fish/12 hr. No humpback chub were taken above the Uttle Colorado River by this gear.

Tramrnel nets have not been used in the meinstream subsequent to the study of Maddux

et al. (1987).

Seines

Maddux et al. (1987) used bag seines in nearshore habitats during all seasons and

reaches of the mainstream (Appendix II). Effort erpended was, however, disproportional

among seasons with most s,amples being taken during a controlled ffow period and

subsequent river trip in September-Cctober 1985. Nevertheless, 28 bag seine hauls

involving over 1,400 m? of effort produced no humpback chub in the srainstreem reach

above the LCR. Complementary larval seine and dip ss1 5amples,324 in number, taken

during all seasons also produced no humpback chub above the LCR. Mean seasonal bag

seine catch rates for reacbes below the LCR (393 total humpback chub) varied between

0.00 fist/100 m'? and 27.44 fisl,'r00 ma, with highest catches occtlring in &e reach between

the LCR and Brigbt Angel Creek These values do not include a sample taken from a

backrrater below the LCR which produced 34 humpback chub and a catch rate of 113.33

fisty'lO0 m'a. A total of 488 larval seine/dip uet sanples taken from belorn, the LCR

produced only four humpback chub. Maddrx et al. (1937) indicated that these humpback

chub were juveniles (> 50 rnm TL) and did not consider them young-of+he-year fish.
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The mainstream portion of the lrrmpback chub monitoring program conducted by

DePartnent and other agency personnel during 1987-1999 has concentrated on backrvater

and other nearshore habitats. Nearly all sarrpling has ken conducted during the month

of May, excepting a river trip fronr ke's Ferty to Bright Angel Creek in July 1988. Bag

seines, Iawal seines, and dip nets were used as sampling gear, but electrofishing was

discontintred.

No humpback chub were collected fr.om mainstream nearshore habitats above the

LCR during 1987-1989, and most individuals were again collected from bachyaters in tbe

lGmile reach below the tnbutary (Figure 15). Both nunber of individuals and mean catch

rates were considerably lower in this reach during May of 1988 (7 fish" 1.90 fistr/100 m'?)

and 1989 (2 fistt, 2.29 frsV100 n) than in 1987 (180 tu\ 4t.72 fist/100 m'?) (Appendix

il).

Electrofishhg

Neither Carothers et a[ (1981) .ror Maddux et al. (1987) reported by reach

mainstream catch rates of humpback chub taken by electrofishing whicb was a primary

mode of caprure rsed in thcir studies. Seasonal lneans within reaches fs1 this gear t)?e

have been analyzed for the latter study and are presected in Appendir tr. Most means

are between 0.00 fis!/100 min and 2.00 fisb/lQQ min. In trro instanceg during the summer
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magnitude higher.
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rates were an order of

lvfaddr::r et al. did indicate that most humpback chub taken by electrofishing were

collected in the vicinity of the Little Colorado River, and that 96Vo of. these individuals

were taken in the reach between I-ee's Fetr]' and Brigbt Angel Crdek (reaches 20 and

30). Our evaluation of their data set indicates that when all gear qpes are combined

77.5Vo of the total humpback chub collected (466) were captured in tbe 10-mile reach

from RM 60 (RKM 96.5) to RM 70 (RKM 113) (Figure 15). This distance includes the

reach of mainstream from approximately one and one-half miles above the LCR to eight

and one-half miles below the tnbutary mouth. Furtbermore, only 7.3Vo of. captured

individuak were taken above that reach, the remainder beirrg collected between RM 70

(RKM 113) and RM 277 (RKM 349).

TFibutery Collections

The first refereuce to humpback chub colie-ted &om tributaries in the Grand

Canyon region (Tablc 4) is that of 'bony tail" taken for food from the Uttle Colorado

River by the Kolb brothen (Ifulb and Kolb 1914>. That thesc fish were indeed humpback

chub rather than G. elegans was surmised by Suttkus and Clemmcr (1977) based on the

Kolbs' description of a fish "...with a small flat head somewhat like a pike, the body srrells

behind it to a large hump." Photographs in the Emery Ifulb Collection lend further
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credence to this conclusion. Additional coltection prior to the construction of Glen

Canyon Dam was restricted to eight juveniles ge57 -- SL) captured by O. L Wallis and

others in October of 1955 from Spencer Creek at RM 246 (RKM 396).

Subsequent to thc impoundment of t-ake Powello humpback chub have been

collected from the Uttle Colorado River, Brigbt Angel Creek, Shinumo Creek, Kanab

Creek, and Havasu Creek (Table 5). I-arge numbers of individuals have never been

collected in other than the Little Colorado River. Other tributaries which have been

sampled include the Paria River, Buck Farm Creek, Nankoweap Cree! Clear Creek, Pipe

Creek, Hermit Creek, Crystal Creek, Elves Chasnn, Stone Cree\ Tapeats Creek, Deer

Creek, Diamond Creek, and Travertine Falls Creek

Trammel .l/ers

Of the tnbutaries in which humpback chub bave been collected, only the LCR

provides the opportunity for meaningful quantitative comparisons of distribution and

abundance. C.arothers et al. (1981) reported a seasonal range ii, uammel net catch rates

of from 0.4 fisb/l2 br (repoaed as net nights) in winter to 70.0 fistl1z hr in spring (note

that most trammel nets were actually deployed during daytime in the LCR). They did not

indicate where in the LCR these nets were deployed, and we a$ume most, if not all,

collections were made at or near the confluence.
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Kaeding and Zimmennan (1983) also found that there wzrs a seasonal difference

in trammel net catch rates, with substantial increases occurring between February and

April-May of 1981. They suggested these increases could be attributed to increased

rnrlnerabiiity of humpback chub during the spawning seurson or to increased numbers of

fish moving from the Colorado River into the tributary to spawn. Their catch rates, which

varied between 0 fisl/12 hr (reponed as fish/hr) and 26 fistr/12 hr, were higher during

periods of sunset and darkness than during daylight. IGeding a1d l,immennan felt that

activity of the fish increased as darkness approached although they conceded that daytime

avoidance of nets could not be discounted as a contributing factor. No consistent

relationship was found between catch rate and reach of tbe LcR.

Maddu et al. (1987) reported a slean trammel net of 33.2 fisVl2 hr (net night)

in the LCR for the period 1984-1986 and indicated that catch rates were higbest in

surlmer, followed by spring, with very low catcbes in autumn and winter. Their

collections, which were confined to the reach just above the mouth, large$ were restricted

to spring and sumner periods (Appendix II). Evaluation of their data shows that there

, ,".r. indeed large differences in catch rates between these two se€Norui. Sp;-rrg collections

\.'.
\ proouced mean catch rates of 2348 fish/12 hr, whereas mean sutnmer catch rates were

\
t

'\ 693 and 789 fishllz hr.
\

Humpback chub monitoring activities in the LCR during May of 1987-1989 have

consistently included trammel nets. Nets were deployed at the confluence, 600 m



I
I
I
I
I
T

I
I
I
I
I
I
I
I
t
I
I
I
I

Draft AGID Eumpback chub report .3G February 27,lgg0

upstream, and 1,000 In upstream in tr987 and 1988. In 1989 an additios4t 6emmel net

was emplaced near the mourh of Salt Trail Canyon, sone 10 kE upstream.

The frequency distribution of LCR trammel net catch rares during 1987-1989 is

highly positively skewed and obviously nonnonnal with 183 of 430 5emples $zVo)

containing no humpback chub. Ing ransformation (base 1Q x + 1) of the catch rate data

for analysis with paramgtric statistics bas the desired effect of reducing the spread of the

distribution and producing a more bell-shaped curve of nonzero catch rates, but the

predominance of zero catches is not dimiqished (Figure 16).

Percentage of zero catch samples varied from ZAVo in 1987 ta 529o in 1988, with

an intermediate value af, 44Va in 1989. In order to determine whether the proportion of

zero catches was independent of letr, we applied the G-test of independence (Sokal and

Rohlf 1980, p.7U). The null hlpothesis of independence amoog years was rejected (Ctri-

square : 25.5421 2 d,f.n P

Tests for significant differences amoug mean and median catch rates w{,r€

accomplished, respectiuely, using parameric [one-way analysis of variasce, (A[.IOVA)] and

nonparnmetric (Median) tests. Thc former war applied to log-transformed distnbutions

at two levels, differences rmong years and differenses emong weeks within years. This test

would most appropriately be applied as a single nested analysis of variance except that the

lower level (weeks) could not be randomly allocated as required (S6kal and Rohlf 1980'
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p.271). Scheffe's multiple compaison test was used to detemine which intervals (years

or weeks) were significantly different. The Median test was used instead of the lkuskal-

Wallis test because the former is less affected by the large number of ties occurring as a

function of multiple zero catches (Conover Lg7l, p. 256).

Log transforsed catch rates for tggT-1989 were 0.491 ,0.48?, and 0.305, respectively.

Results of both tests indicated significant differences among the three years (AI.IOVA F

= 7.18& d.f. ?"427, P < 0.001, Median Ctri-Square : 11.1.91, d.f. Z, P 1 0.01). The

multiple range test revealed that only 1987 was significantty higher than either of the other

two years (P < 0.05), although tbe means of the log-transformed data were nearly

equidistant zmong years.

The same set of statistical tests was applied to comparisons of Elean and median

trammel Det rates among weeks independently for the three years to see if similar trends

occurred during the month of May in all years (Table 6). Both tests indicated no

significant differences among weeks during 1987 (week 1 excluded, insufficient sanples).

In contrast to thiq findin$ 198t| and 1989 mean aud median weekly catch rates had

significant differences. Mean weekly catch rates generally decreased with time in both

years, but significant differenc€s emong weeks raried. During 198& the first and second

weeks were significant$ higber than the last trpo weets, whereas in 1989 only the first and

third weekly me?rrs (highest aud lowest) achieved this status.
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C^arorhers et al. (1981) reported LCR seine catch rates from 0.77-63.& fish/m'awith

higher values during summer above the conflueace. They indicated that the highest catch

ft
rate occurred Big Canyon Creek, a tnbutary to the LCR entering sone 11 km above the

mouth. This report is in error, however, and the fish were actually collected in the LCR

near the mouth of Eig Canyon Creek (C. O. Minckley, personal communication). Seine

hauls were also made at 20.8 lc'n above the mouth of the LCR" but these collections

produced only speckled dace.

Maddrx et al. (1987) used bag or larval seines during every season of the period

198+1986 but number of samples was typically low and there is a great deal of variation

in their rnean catch rates (Appendix II). Humpback chub were collected during ail

seasons with bag seines, but higher catch rates occurred in summer (Juue-August) during

all three years. Seines also have been used somewhat sporadical$ in the LCR during the

humpback chub moaitoring of 1987-1989. The 1989 T"- catch rate was considerably

higher than the other two yeaf,s, but it represents the effort from ouly five samples

(Appendix m}

Hoop and Fyks.lfeg

Hoop and $ke ner were [ttle uscd in the Grand Canyon region prior to the

-3&

t

I

initiation of the Department's humpback chub monitoring program in 1987. We have
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found them to be highly efficient at capruring most

added advantages over trarnmel nets in capturing a

and in having much less deleterious effects on the

always be tended at intervals of a few hours.
,

it

i-,a---
[rr,-,: /- [-/ t -

February 27, lgg0

fish species in the LCR. They have

much wider spectnrm of size classes

fish, particularly when nets cannot

Annual Percentages of zero catches and log-transformed catch rate frequenry

distributions for hoop and ffke nets displayed a pattern reminiscent of that for trammel

nea (Figure 16). Ttie 1987 percentage (19Vo) was considerably lower than that for both

19ffi (36Vo) and L989 (36Va), and the G-test for independence of zero catch proportions

from years wEls again rejected (Chi-square = 17.848, 2 d.t., P < 0.01). Statistical tests for

differences among annual mean and median hooplske nets also extribited findings similsl

to those 6f 6rmmgl neu. Significant differences were found for both measures, and 1987

had a significantly higher rnean than the trvo following years. Apparent differences among

means were somewhat different, however, with 1988 and 1989 values quite similar and

considerably less than the 1987 value

The pattcrn of weekly differences within years for hoop/$ke nets was quite different

from that of trammel nets (Table 7). C-oncuzence benn'een parametric and nonparametric

tests was observed for 1987 and 1989 with a significant difference occurring in only the

latter year, but a marginally significant AIIOVA for 1988 had a decidedly nonsignificant

Median test counterpart. The multiple rangc test for 1988 also indicated no significant

differences among weeks. Therefore, whereas 1988 and 1989 weekly means were
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significantly different for trammel nets, hoop and ffke nets

conclusively onJy during L987.
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exhibited these differences
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Values of weekly lnean hoop and fyke net catch rates for 1987 and 1988 increased

during the course of the monthly sampling period, in opposition to the pattern for trammel

nets, but the progressions were 5imilss in 1989. The significant difference among wee}s

observed for the first year produced a multiple comparison result suggesting that the mean

catch rate for the last week wEIs greater than the two previous weeks (Table Z).

Population Estimetes

Kaeding and Zimmerman (1932) provided an estimate of population size for adult

humpback chub (>2ff) mm TL) in the LCR and adjoining Colorado River during 1980.

1981 at 7,00S8,000 individuals. They indicarcd that inclusion of smaller fish would have

increased this estimate by a factor of nro or thlee. Computation of the estimates was

accomplished using three multiple cersus techniques--Schnablg Modified Scbnable, and

Schumacher/Eschmeyer. Kaeding and Zimmernan admitted tbat several criteria for use

of these estimators were not met by their study, and therefore referred to their esnmarc

as a'ball park" figure.

Minckley (1988, 1989) gave population estimates of humpback chub in the LCR

during May of 1987-1989. Alt estimates were accomplished rsing the Petenon Metho4
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which qryacally uses data from a closely spaced mark-recapture episode. Estimates for

1987 and tr988, which used all humpback chub collected in the lower 1.2 km of the LCR,

were 5,783 (SE 679) and 7,060 (SE 574), respectively. From 1989 tag-recaptures, Minckley

estimated population sizes of 1.0,120 individuals for the same reach of the LCR and 18.253

for the t5 km reach sampled that year.

We also computed 1987-1989 population estimates for humpback chub in the

sampled portions of the LC& using instead the multiple census Schnabel Eethod

employed by Ifueding and Zimmerman (1982). Onty fish 140 mm TL and larger, the

approximale lower limit of taggng, were used and both marks and recaptures were

restricted to individuals tagged in tbe year for which the estimate was computed. Both

number of'tags and recaptures were accumulated on a daily basis to produce a trend of

changing population size over the period of study. Tbe major purpose of this exercise was

to comPare population estimates and catch rates during May in the three years to see if

there was any relationship. Given the lack of geographic closurs in this systen and known

rnovement of humpback cbub between tnbutary and mainstr€emr the precision of the

estimatcs are highry questionable and they may be highty biased.

Maximum es 'mated population sizes during 1987 and 1988 occurred at the end of

the sa-pling period when approximately 1,800 and 2,900 individuals, respectively, were

indicated to be in the lower 1.2 km of the LCR (Figrue 17). Mean catch rates, although

quite variable, exhibited a trend similsl to the population trend in 1987, but appeared to
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break &om this estimate near mid--nonth. During 1989, when fish from the lower 15 km

of stream were included a maximum population estimate of about 25,000 individuals was

realized near the end of the first week of sampiing. Estimated population size declined

until mid-way into the second week and then remained nearly constant at about 5,500

indMduals. Mean daily catch rates rose and fell ip s simil4l manner and were relatively

stable during the last half of the sampling period.

Two major assumptions of the above population estimators violated during the study

of Kaeding and Zimmerman (1982) are those of demographic and geographic closure

(White et al. 1982). Demographic closure as$umes &at initial population size does not

change subject to births, deaths, innmigration, or emigration, and geographic closure

requires that some physical boundary exists 1s timil the population. trt is obvious that the

Iatter can never be satisfied in the LCR and that relaxation of the former, such as

assuming that gains and losses are equal" is of little use when the period of study

encompasses Eore than a generation in the lifie cycle of the species being studied. For

shorter periods, sucb as the May monitoring perio4 and especially where size classes of

fish is restricrc4 l. -:elf bc that estimation of population size is a realistic exercise, at least

as a relative indcx similar to that of catch rate.

REPRODUCIION AIID EARLY DWEISPMEIYT

Timing and Duration

Suttlus and Clemmer (L977) concluded that reprduction of G. cyplra in Grand

Canyon probably occurs in June and July. Their conclusion was based on specimens
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collected during these months (from l-ake Powell and the Colorado River below Glen

Canyon Dam) possessing reproductive coloration, moderate to extensive ruberculation, fully

developed testes in males, and developed eggs in females. Additional evidence was

provided by capture from the LCR of three 74.624.7 mm individuals wr 22 September,

which they felt represented young-of-the-year.

Minckley et aI. (1981) srrggested that the reproductive period probably spans the

period of March through June and possibly July. This contention was based on collection

of adult humpback chub from the Uttle Colorado River in reproductive conditioo during

March and April and smaller fish (3&50 m'"' TL) in June and July. Maddux et al. (1987)

did not report reproductive condition of adutrt humpback chub, but they indicated that

larval to postlarval individuals (1&20 rnnr TL) were presett in June of 1984 and May of

1985. Inspection of their data revealed that humpback chub 12-30 nrrn TL were also

collected in early June of 1985.

Ikeding and Zimmennan (1983) were able to express milt fronn more tbar. 70Vo

of males greater than 200 mr:n 
.ff, 

collected fron the LCR during April 1981, in conuast

to much lower percentages in February (X%) and May (17Vo) of that year. Female

gonadosmatic indices and rnean ova diameters indicated rapid gonadal development

between December and February/April. Rapid declines in these indices during April and

May suggcsted that spawning had occurred. Significant seasonal differesces (no statistical
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of their published figures lor these indices showed that, particr-llar$ for mean ova

diameter, there was an indication of two $oups of females, one of individuals still ripe and

the other spent, during the period May-June.

Kaeding snd limmennan (1983) found larval to post-larval humpback chub (14-

18 mm TL) in the confluence area of the LCR during May 1981 and concluded that these

fish resulted &om spawning 2 or 3 weeks earlier. Humpback chub less than 50 mm TL

were not collected from the LCR during May and early June of 1980, but the capture of

individuals ca. 20-50 mm TL during late June suggests that reproduction probably was

occurring during the previous 5ernpling period.

The onset and duration cf reproductiv'e activify in fishes and other organisms is

influenced by physiologcat state as acted on by a suite of eavironmental variables (Brown

et al. 1970). Studies on endangered fishes of the lJpper Colorado River Basin have shown

that hydrology and tenperature are important, but probably not exchlsive, environmental

factors affecting tbe timing of reproduction (Tyns and Karp 1989). Available information

from both uppcr and lower basin stud^ies suggests that humpback chub spawn during or

shortly after pcak spring florps when water temperatures are in the range of. t2-23 C

(Valdez and Ocmmer t9tl,l(3sding and Timmennan 1983, Archer ct aL 1985, Minckley

1988, 1989, IGrp and Tyrs 1990, Dcpartment unpublished). Unforhrnately, liule is known

of the remaining environmental cues that complement hydrologt and temperature as

initiators of reproductive activity in this gprinid.
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Very litrle information is avaiiable on the fecundity of humpback chub females.

Harnman (1982) estimated that nine LCR females (372-425 mm TL) injected with carp

pituitary e:dract produced a total of 30,000 eggs in the hatchery. In the s?me study, nine

females (355-409 mm TL) from the Black Rocks area of the Colorado River produced

from G5,445 eggs, an average (assumed mean) of. 5,?62 eggs/kg bo$ weight.

Spa$aing Behavior s"nd Eabitst Use

No recorded observations of furrmpback chub spawning were found during this

investigation. Actual visual sightings in the Colorado River and its tributaries often are

precluded by turbidity of the water. Carothers et al. (1981) suggested that breeding

requirements and spawning bebavior could probably be inferreC fr1no information on

congeners, the bonytail and roundtail chub. Several males likely attend one female, and

eggs are released and externally fertilized as they fall to a variety of subskates.

Hanman (1982) noted that LCR fish spawned nanrally in the hatcbery (following

injection) on cobble (+10 cm diameter) over boulder (30-40 cm) substrate and that all

eggs adhered to the cobble. In contrast, Black Rocks male and female humpback chub

had to be stripped of their gametes to facilitate succesdul reproduetion. Observations of
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spawniag behavior in the hatchery were precluded by high turbidities in the holding waters

(R. H*a,nman, personal communication).

Carothers et al. (1981) were apparently the first investigators to suggest the

"...cru&l importance of the Uttle Colorado River as a spawning site the (sic) nursery area

for this endangered species." Based on the presence of higher densities of small fish in

upper reaches, they predicted that most reproduction occurred well above the confluence.

They also noted that Suttkus et al. (1976) had collected young-of-the-year chub near the

mouth sf Shinumo Creek and inferred that this collection provided evidence for occasional

reproduction in other tributaries. C,arothers et al. (1981) captured young-of-the-year

humpback chub almost exclusively in the LC& whereas most individuals taken in the

mainstream were adults. Thus, they concluded that reproduction occunl primarily (but not

exclusively) in tributaries during periods when adults returned ftom naainstream habitats.

Kaeding and Zirnmennan (1983) found similss gonadal development and stage in

female humpback chubs collected during May in the LC& C,olorado River, and confluence

area. Based on thee data, they suggested that some humpbac^ chub may spawn in the

mainstream (sce also Minckley et aI. 1981). No humpback chub less than 145 mm TL

were csllected from above the LC& horever, leading these investigators to conclude that

successfrrl reproduction did not oecur in the mainstream. e"old mainstream water

temperEltures and daily fluctuations in water levels were implicated as causative factors

preclu&g the production of viable offspring in the Colorado River.
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Kbeding and Zimmerman (1983) reported that the smallest humpback chub

collected from the Colorado River (38 mm TL) was more than nrice the lengh of the

largest known age-O fish collected during the same period from the LCR (18 mm TL).

Since they used this observation as further evidence for lack of successful reproduction in

the mainstrearn, other reports of humpback chub lengfh frequencies in potential rearing

habitats of the Colorado River are of interesl

Humpback chub were collected from backrpaters and nearshore eddy habitats with

seines by Maddux et al. (1987) during 198+1985 and during the Department's monitoring

efforts of 1987-1989. The combination of these npo studies provides information on length

frequency distn"butions of the species during three seasons--spring, summer, and autumn.

During the May sonitonng of the iast rhree years, no humpback chub gteater than 177

mm TL have been collected from these habitats (Figure 18). The smallest individual'

measured at 15 mm'TI-, was taken from a backr*'ater at RM 166 (RKM 267), more than

100 miles below the confluence of the LCR and mainstream. Six other individuals less

than 25 mm TL.o and thus pr"ru-.d@.4 were collected between RM 6s (RKM
\---ttl

109) and RM 120 (RKM 193). These fish constitute on$ 3.2Vo of the total :.umber taken

during the pcrio4 but t{h, presence in mainsfi'eam bacl:waters these distances
' \-'l'

downstream of the I€R suggests tbe distinct possibility of occasional successfirl mainstream

reproduction. hrval humpback chub taken below RM 100 would have been transported
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through sone of the severest rapids of the Middle Gorge, a reach nearly devoid of

nearshore low velocitv habitat.

The smallest humpback chub taken by Maddru et aI. (1987) during summer months

(Figure 18) was 32 mm TL and all individuals collected more than 10 miles below the

LCR during that period were greater than 40 mm TL. Juvenile humpback chub of a

similar size range to those collected in summer were also taken in autumn. The smailest

individual taken during the latter period was 38 mm TL

Hatching, Survivorship, and Early Development

humpback chub (Harnman 1982, Marsh 1985).

percentage success of hatchrng, age to

are highly temperature dependent in

Under hatchery tonditions, Hamman

(1932) found that eggs kept at 12-13 C required from 34{F475 hrs to hatch with a success

rate of only LZVo. As 21-72 C, time to hatching decreased to LA2-L46 hrs and Percent

hatch increased to 79Vo. This same relationship was observed in swim-up fiy where age

and percent surrivorship of this life stage ranged from t&72 hrs aad L5Va'99Vo at thc

snme extreBes of water teEperatura Mortality of egg and fry stages was calculated at

Time to hatching fbllowinE tbfiilization,

swimup stage, Bnd survivorrhip of $ffimup fry

88Vo and 85Vo, respectively, at the 12-13 C water temPerature.
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Marsh (1985) found that embryos cultured in a hatchery suffered complete mortality

at 5 C (actual mean 7.3 C),10 C, and 30 C. Highest percentage hatch occurred at 20 C

(50Vo), with significantly lower hatch just 5 degrees above (zVo) and below (0.87o) that

water tenperature. Time to appearance of swimup fiy *as 372 hr at 15 C and 166 hr at

20 C, considerab$ longer than the periods reported by Hamrnan (1982) at comparable

tenperatures. Marsh (1985) also recorded a significantly higher incidence of abnormal

(stunted or deformed) frry at 15 C than at 20 C or 25 C, which suggests sublethal effects

at temperatures below those optimal for hatching.

Bulkley et al. (1982) incubated fertilized humpback chub eggs at 5 temperatures:

5, 10, 14, 20, and 26 C. The source of the fertilized eggs was not indicated. They

reFofieC :': hatch et 5. SQVa after 19 davs at 7A, SAVI after 16 davs at 'l,.4, IAAVa after 4

days at 20, and 9{.l}AVo after 3 days at 26 C. No further infornation was provided on

the growth or survivorship of these individuals.

TEERMAL TOLERANCE AIYD TEMPERATTJRE PREMREI{DA

Thermal Tolcrnne

Water temperatures of the C-olorado River in Grand C-anyon (7-15 C) obviously

have a great capaciry to limit successful reproduction of the endangered humpback chub.

Studies of effects of the post-dem tbermal regime on other than hatching success and
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survivorship of post-hatchling fish have not been completed. In particutar, effects of

thermal shock on larval to post-larval chub analagous to that done by Berry (1986) on

squaurfsh are lacking.

ln an attempt to provide at least qualitative information on acute effects of thermal

shock to larval and postlamal humpback chub, fieid experiments were conducted during

the monitoring of 1988 and 1989. *re seined from edge habitats of the LCR and

placed in screened, flow-through cages, either in the tributary or in the mainstream above

the confluence. During these experiments, mainstream water tenperature varied between

10.8 C and 12 C, while LCR water ranged from 18 C to 24 C. Total time of the

experiments varied from 400 min in 1989 to 1530 min in 1988.

Gila *pha larvae ernlnrrd crry a snelJ rrar-t af the tct:J aunbers of ]an'al f,.hes

used in the experinoents in both years. Tbe nuil hypothesis that mo*ality of humpback

chubs was independent of ueatment war tested using two-way contingency tables and

Yate's small sample size correction (Sokal and Rohlf 1981). The null blpothesis could not

be rejected for a$y trial fat Gila cypha alone, perhaps a result of small sample size, nor

did lengths of humpback chub which died in the experimeBts differ from those which

survived (P>.4 t=1.07, 25 df). C.onsidering the entire communiry of four species used in

the experiment in 198q however, revealed significant (P<.05) dcniations from expected

mortality rates. Numbers of survivors in the mainst'eam were lower, and numbers of

monalities there higber, than would be expected if the treatment had no effect.

Therefore, it appears that the temperature sbock associated with larval transPort from
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LCR to colder mainstream water increases short-term mortality rates in mixed species

assemblages of native larval fishes (combined runs L and 2; 3L Gila qpha, X33 Pantostetts

discobolus, 45 Rhinichthys osculus, and l catostomus tatipinnis.

l[lthough mortaliry rates in the mainstrearn were significantly higher than expected

for the combined species in 1988, this was not found to be the case in 1989. There may

be npo possible explanations for tbis result. Firstly, and most likely, sizes of larvae were

significantly larger (e.9. for humpback chub P<<.05, t=12.15,43 d0 in n989 (humpback

chub X:25.8 rnm TI-, n=19 s=4.6, range l7 to 34 mm) than in 1988 (bunpback chub

X=13.1 mm TI-, n=27, s=2.d range 9.4 to 19.9 mm) and tolerance to thernal shock

likely increases as fuh grCIw. Additionally, species composition of the community was

diffeler,{. anC ah:c:t si:reiy spe*es vasy i:r toieialces lo tner:sai shoci{. Ca,} ic'..lr spe;!**,

all native, were identified in experimental samples of larvae in both years: Gila cypha,

Pantosteus discobolus, Rhinichthys oscukts, and Catostomus bti.pinnls. Whereas Pantosteus

discobotrus dominated the fauna used in the experiment in 198f (63Vo), that species was

far less abundant is samples used in the erperiment in 1989 (l9Vo).In 1989 Rhinbhthys

oscuhts dominated the sample (42Vo), whereas it comprisedZtrVo of the total experimental

animals in 1988. Humpback chub larvae rvere 15 and EVa af. the total ani!ilals rued in the

experiments in 1988 and 1989, respective$.

ln an attempt to incrcase 5ernple size of Lnown humpback chub in the 1989

experimenq an attempt was made to administer carp pituitary and Human Chorionic
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Gonadotropin to adults to induce maturation following procedures sf Flamman (1982) and

Hamman (personal communication). This was done with the intent of fenilizing a sample

of eggs and incubating them to hatching in the field however, atternpts to strip gonadal

products from fish held after injections were unsuccessful. The experiment was therefore

carried out again in 1989 usiirg a relatively small 5ample of wild-caught larvat fishes.

Though not successfully implemented in 1989, apparent$ due to prior spawning of injected

individuals, application of hormone injections to provide large numbers of operimental

Iarvae in the filed appears promising, and could be used to conduct large-scale field testing

of thermal shock tolerance in humpback chub larvae in the future. This study could'

however, be perhaps rnore easily accomplisbed in the lab once a brood stock of. Glla cypha

is placed at Dexter National Fish Hatchery or otber suitable facility.

Temperatune hefer€nda

Acute preferendum for experimental water temperatures (measured in the fint 3

hours of orposure aad affected by prior tbernal history) in jwenile humpback chub (size

not given) acclimated at 14 2O aad ?6 C wEIs €xamined by Bulkley et aI. (1982). No

analogous studics apparently have been conducted on earlier lifc stages. Expcrinents were

conducted in a horizontal gradient trougb (234 wx 33 cm) supplied at opposite ends by

hot and cold water sources. Jwenile chubs acclimated at the intermediate temperature

selected higher mean modal tempcratures (24.4 C) thnn did those at 14 C (21 C), but

individuals acctimated at the higb temperature responded by selecting a lower mean modal



I
I
I
I
I
I
I
I
I
I
I
I
t
I
I
I
I
I
I

Draft AGFD Humpback Chub report -53- February 27,1990

temperature (23.5 C) than thqse held previously at 20 C. The investigators felt that lack

of a relation between acclimation temperature and acute preferenda may have resulted

from a negative energy balance (insutficient prior food intake) in the erperinental fish.

AGE AND GROWTH

Hamman (1982) reported that total lenghs of emergent humpback chub larvae

ranged from 6.7-7.4 mm in the hatchery. Mean total lenglh for individuals cultured at 19-

20 C was 7.1 mm. Marsh (19S5) found that newly hatched normal prolarvae arere longest

at 15 C (6.3 mm) when compared to individuals culrured at 20 C (5.5 mm) and 25 C (5.7

mm). No tests of statisticat significance were conducted on tbese meatr lenEhs.

Hamman (1982) raised both LCR and Colorado River (Elack Rocks) progeny for

a period of 56 days post-emergence. During this period the LgR goup at'tained a mean

total length of 36.9 mm (rangc 3A3-4/,.2 **), whereas the Colorado River population

grew to a mean total length af. 47.5 mm (range 43.2-51.1**). Both groups were growo

under 5;inil31, if not equivalent, conditions, i.e. in raceways at water temPeratures varying

between 12.8 C and 25.5 C and fed fint on zooplankton and then trout starter diet.

Reductions in water temperature were brougbt about by the infr.rsion of cold C.olorado

River water (12-13 C). This infusion of cold water lowered the rearing wat€r by about

7 degrees Cxlsirs in two hours.
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Although 10 individuals were renoved weekly from each group in Hamman's (1982)

hatchery studies, no attempt was made to determine whether the slopes for the growth

curves were statistically significant, and the original data are no longer available (R.

Hamman, personal communication). Plots of total length against days past emergence for

the nvo LCR and Colorado River groups shows that divergence in growth rates became

appreciable after the second week of culture (Figure 19). Given our present knowledge

on the effects of temperature on hatching success and questions concerning the same

effects on ear$ growth, it would be most interesting to know whetber introductions of cold

river water were synchronous in the two gloups.

Information on age and growth relationships for humpback chub beyond the first

seven weeks of age is restncteel rCI that gained from field studies. Kaeding and

Zimmerman (1983) found through analysis of scale annuli that humpback chub in the LCR

attained a length of about 100 ntnn TL in the first year. Tbese fish grew to an estimated

25G'300 rnm in the first three years of life. Further estimates of growth were not

provided. For humpback chub collected in the C.olorado River, scales proved to be

unreliable for grcr.+*r estim3lss. Mainstrenm fish judged to be yearlings had total lenghs

of from 3&100 rnm, and the investigators deemed tbat poor early gro*'th was attributable

1\.
to89 effects of cold water temperatures.

of bumpback chub beMaddur et al. (1987) estrnnated first year grwth of humlback cbub to be

approximately 70 ,rrm using modes of lengh frequency distnbutions. Mauy of these fish

I
>
i.
I
I
I
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were collected from mainstream bachraters, so their estimate Eay also reflect diminished

growth in these peremially cold waters. Their estimate for larger rsh (> 250 mm TL),

which was based on linear regression of lengths of recaptured individuals, was ap-

proximately 7 mmfear.

Carothers et al. (1981) examined opercles from 10 humpback chub mortalities

(maximum TL 380 mrrr) collected benveen L972 and 1979. They did not stipulate whether

these fish were from the Colorado River, LCR" or both. Estimated growth in length at

age I for these individuals was from 80.5 mm to 92.2 mm with a mean of 86.0 mm.

Subsequent mean growth increments for ages trI to D(, the last being that of the oldest fish

examined, were estimated at 39.7, 6.4, 38.1, 30.4, 39.7, 27.1, 20.0, and 18.6 mm,

resPectively.

A fit of mean lengths at age for the Carothers et al. (1981) data, with an added

datum of 7.0 mm at emergence (Hamman t97Z) to a von BertallanS growth equation of

the form

L:[*or(1 -e{'rc(t€l})

was made using the computer program RAFAIL (see Ratail t973) provided in Saila et al.

(1988). I-n = lenglh at known age q [- = prediAed agmptotic lengtb, e = base of
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natural logarithms, K = a $owrh paramete& and to = the hlpothetical age of the fish at

0lengh.

For comparative pu{poses, a related approxination of the von Bertallanfy growth

equation was employed using tag and recaptures lengths. This computation uses the

computer program FABGROW (see Fabens 1965) provided by Saila et al. (1988). Forty

tag-recapture lengths and the same mean length at emergence used above were included

in the data set. The form of the Fabens equatiou is

X=a[1 eb*eFqJ

Here X eorr*"cpcrr{s t.l l* a err::.r:e:js iJ Too, ar,C b is related to to in the von

Bertallanfy equation above. FABGROW output also includes units of phpiological time

termed chrons. Orre chron equals ln zfi( units of ordinary time, tberefore tise in chrons

aslf,nf;ptotic size in one chro& here approximately 7.5

Results of the trro equations produced aqrcptotic total lengths of 443 mm and 435

mm, respectively (Table 8). Whether these estimates, and others produced by the

equations, are credible is questionable, but it can be stated that few humpback chub

collected from the C-olorado or Uttle Colorado rivers have exceeded 450 mm TL. In

= ordinary time X (!VIn 2). Under this assumption an organism will gain one-half the

length from its pre$ent linear size to

years.
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practice, a reasonably good agreement has been found between obsewed mean ma,:rimum

length and estimated aqrmptotic length for fishes less than 500 mm TL (Taylor L962"

Beverton 1963). Given the apparent effects of perennially cold Colarado River waters on

growth in humpback chub noted by Kaeding and Zimmerman (1983) and the common

intraspecific relationship betwden size and fecundity in fishes (M"rphy Lgff' Carlander

1969), it appears that further analysis of growth in humpback chub certainly is warranted.

In order to pursue further the relationship between age and growth of. Gila qpha

in the Grand Canyon regiorq 49 individuals ranging in total length from 104 mm to 476

mm were sacrificed during the 1989 monitoring. Entire viscera of each wEIs Preserved in

formalin for future studies of diet, parasites, and fecundity. Otoliths and opercles were

ertracted from each specimen after skeletonizing and they are being subjected to

continuing age €stiocates by iadependent oryerts.

Pretiminary evidence from analysis of otoliths suggcsts that the range of ages in

these humpback chub was from one to 22 years. It has been demonstrated that daiiy

growth increments are ciear$ visible in a subsnrnple of the otcijt}s; therefore, daily age

estimates should be avai}able for at lcast some indiviiuals. Daity increments display rapid

transitions in growth rate during sotne years in sone otolitbs. This conditiotr may reflect

movernent between cold and warn-water habitats of the Colorado and LC& respectively.

I
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HABITAT AVAIIJBTLTTY AND USE

Febnrary 27, 1990

Early Life Stages

Very little apparently is known of the habitat availability or use of different habitats

by early life stages of humpback chub in the study area. Habitat Suitability Index curves

have been developed for four different lenglh categories of humpback chub in the Upper

Colorado River Basin (Valdez et al. 1937). P*r"[el activities to assessmant of Phvsical 
\

lt1 requiremer" f".t_-TL_.1_lluOeO: (1) a water routing model for the basin; (2) a

water temperarure simulation model for the basin, Bndi (3) hydraulie simulations at

selected river cross sections important to the life history of endangered fishes. Several

constraints are urged for the different size categories of humpback cbub, which include fish

less than 21 mm TI- among them being use of these curves only in Upper Basin stre'ms.

1,,1s similar exercise tres beea accomplished for any data set collecteb in the Lower Basin,

however, and some evaluation of the applicability of this approach for existing data sets

and plarured studies nigbt well be of value.

Maddux et aL (1984 measured depth, current velocity' and water temPerature n

nearshore habitats of the Colorado River sarnpled with larval seines' They found tbat

bachrater habitats tvere utilized by young-of-the-year to jwenile humpback chub, but no

larval fish were collected. In a coroltary study, Andenon et aL (1936) evaluated tbc

frequency of different habitat qtres in the mainstreem from aerial pbotographs taken at

\\,
I

N\.\"
?
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4,800 cfs and 28,000 cfs. Backwaters, cobble bars,

potential spawning or rearing sites for humpback chub,

flow.
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and side channels, all considered

increased in frequency at the lower

Valdez (1989) provided interesting qualitative habitat use obsenrations made during

May 1989 in the LCR. He found that larval to post-lawal humpback chub appeared to

occupy deeper nearshore pools (75-122 cm) than co-occurring larval catostomids and

speckled dace. Humpback chub also seemed to prefer shaded areas around boulders and

those having boulder/silt substrates" Valdez noted that the fish occupied mid-water

positions after sunset, and he suspected that they move to these positions at night in order

to feed on drift carried through the pools.

Juvenile to Adult Stages

Kaeding 3ad Timmennan (1982, 1933) measured deptb velocity, substrate, and

occrurence of major habitat q4pes along cross-sections of the Uttle Colorado and Colorado

rivers. They rcported ranges for some of these variables, but no in-oepin ana$is of

habitat availability for humpback chub was presented- Their analpis of phpical habitat

use was for combined young-of-the-year and jwenile humpback chub. With the exception

of one sampling perio4 young fish were found to be largely absent from shallow,

nearshore areas during dayltght hours at times of high wat€r clarity. Catch rates in these

seme zueas increased during darkness and in turbid waters. Young-of-the-year and juvenile
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fish were collected over much of the range of sampled depths and velocities, and no

preference was indicated with respect to these criteria- Seines and noinnow trap collections

produced young humpback chub most often over substrates most suitable to these gear

tyPes. The former was effective over sand-silt substrates, while the latter fished most

effective$ among boulders and over bedrock

Maddux et al. (1987) analped electrofishing catch rates for subadult to adult

humpback chub independently "mong four habitats, fiv_e.,,su-bstrate gt)es, and presence or

absence of vegetation. Results varied amorg reaches, and catch *"i #;raly too lo\r

to allow meaningful comparisons.

FISHMOW

Early Life Stages

With the exccption of several large$ unproductive attempts during humpback cht o

monitoring in thc LCR, no studies of larval drift have been accomplisbed in the study

area. Drift of laryal native fishes, including Gib sp., has been measured in the Upper

Colorado Basin, and this factor has been shown to be ao integral part of thc life cycle of

these species (Valdez et al. 1985, Tys et al. $S[, Tyus and Ikrp 1989). It may be of

'/

considerable importance to native fishes in the LCR, including Gila cypha, becatse of the
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potentia$ for these fish to be carried &om warm tributary waters into the perennially cold

mainstream where they may well perish.

Juvenile tto Adult Stages

Mark- Rewnpture Sa^dies

Ts.ggng of humpback chub in the Grand C,anyon region was first implemented in

July of A978 (C;arothers et al. 1931). By October of 1979, 223 individuals had been

marked with fingerling tags, but none were recaptured (Minckley et al. 1981).

Kaeding and firnvnennan (1933) reported recaptures af. L7 of 433 (3.9Vo),13 of.242

(5.4Va), and 2 of 45 $.aVo) Carlin-tagged humpback chub from the LCR, confluence zone,

and Colorado River, respectively, during 198S1981. Time at iarge varied from one day

to 16 months and maximum movement wili 1?.1 km. Thirteen of the 32 recaptures were

collected within 0.3 h of the tagging site, but movement averaged 3.8 km fcr the

-;.-a"W-r9.-@most fish exhibiting upstream movement in the

LCR wffie taggcd and recapnred during the spawning season. Two individuals were

recapturcd from the Colorado River upstrenm of the confluence follorring the spawning

season. fire periodicity and placement of these lnovements was interpreted as evidence

for nvo important relationships: (1) that most large-scale movemene rpere associated with

spawning and; (2) these rnovernents might occur between the mainstrerm and tnbutary.
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Maddur et al. (1987) report?d 1,009 humpback chub marked with FIoy and Carlin

dangler tags between April 1984 and June 1986. Forty-one individuals were recaptured,

but 29 of these were marked during previous studies. The remaining 12 fish represent

t.ZVo of. those tagged during 198r[-1986. Days at large for 30 fish used for determination

of growth (ninimum of 30 days out) varied from 32 to 2477 (82.5 months). Thirty-six

recaPtures were captured less than 0.2 km from the site of tagging, and the greatest

distance was 10 km. The mean distance for all recaptures was 0.5 h (SD = 1.8 km).

Maddrx et al. (1987) indicated that, as found by Kaeding and Zimmerman (1983),

most recaptur€s of humpback chub occurred during the spawning season (spring to early

su-*er). Their sampling effort and collections of humpback chub ocfl$red predominantly

during tlrese sea-qons, howevero ard the temporal pattern of recaptures may reflect oniy

these factors (see Appendix iJ)" ir'o recaptures occurred in the mainstream, but six

individals recovered in the LCR during the spawning season had been tagged in the

Colorado River.

Floy frngerling (sew-on) tags were used to mark humpback chub (> 150 ln'"t TL)

during the h{ay 198i'/-1988 monitoring periods. During 1989 these tags were continued

but apFroximately 60Vo of marked individuals instead received implants of Passive

lntegrated Transponder (PIT) tags into the coelomic cavity jrst anrcrior to the peMc fins

I
I
I
I
I
I
I
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(Minckley 1.989, Hendrickson and Kubty 1.990).
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Numbers of humpback chub tagged during the May monitoring of 1987-1989 were

522,723, and 808, respecdvely. Concurrent numbers of fish tagged and recaptured in the

same year were 87 (1,6.79o), 120 (16.6Vo), and 84 (LA.aVo). A total of 143 additional

recaptures were of individuals tagged in years prior to that of recapture. Greatest number

of days at large for these individuats wils 3254 (108..5 months), and 38 recaptures were of

humpback chub tagged nore than 1000 days prior.

Seven humpback chub recaptured during 1987-1989 provide evidence of movement

benveen the LCR and mainstreem. These individuals had been at large for periods of two

to 3254 days, and all were recaptured on only a single occasion. Sh of the seven were

tagged io the mainstream at distances from 4.8 km above to 11.3 km below the

ccnfluenee. Five r*'ere rec€otured withjn 0,1 kyl of the mouth. The renai*ing indhidual,

a juvenile L62 mm TL at tagging, was marked in a backwater 11.3 km downstreem of the

confluence on May 22, 1987 and recaptured in the LCR 0.6 b upstream of the mouth

on May ?4, LgW. The seventh was tagged in tbe confluence zone and recovered in the

mainstream a short distance upstreem.

Movemcnt within the LCR was evaluated independently for recaptures that were

tagged during the seme month and at large for at least one day. Both parametric and

nonpa,ram€tric statistical tests were used to determine if significant differences were

present is the frequency distributions of distance moved. We anticiPated that the 1989

distnbution would be statistically different from that of the two pranious years. In 1987
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and 1988 nets were restricted to the lower 1.2 km of the tributary, although in the latter

year gill net collections rvere taken up to 8.8 km upstream. During 1989 npo base camps

were established, near the mouth and at Salt Trail Canyon, some 10 kE upstream, and

nets were emplaced to 15 km abone the mouth.

The frequency distribution of (minimum) distance moved for humpback chub in the

LCR shous a strong grouping of observations within 100 m upstream and downstream of

the tagging site (Figure 20). Cumulative frequencies of these observations were 24Vo,

46Vo, and 4496 of totals in 1987-1989, respectively. Median distances moved were 278 m,

143 m, and 192 m for the same sequence of years. These relationships, with greater

clustering of recaptures nearer the site of tagging for rhe latter two ye€us, was unexpected,

since more oFportunities existed in those years for large distance recaptures. With respect

to trleasures of central tendency, neither an A}{OVA or Median test rejected null hypothes

of equality of means and medians emong the three years (Table 9).

Mean numbers of dap at large for tag-recapture events during May were 4.1, 4.5,

and 5.6, iL"'peictively, for 1987-1989. Tests for a significant correlation between days at

large and distance morved with Pearson's r produced a significant relationshiP only in 1988

(r = 0.382, & - 97, P < 0.001). This parametric measure may be over$ restrictive,

however, as it measures the linear relationship of the two variables. A less restrictive

nonparemetrie measure of association, Kendall's tau D, requires only that the rankiqg ef

the two rrariables be related (Conover t97L). Application of this test to the relationship
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benreen days out and distance moved provided significant results (P < 0.01) for all rhree

years.

During 1987-1989 forty humpback chub were recaptured at distances greater than

600 m from the site of tagging. Only 10 of these individuals moved downstream,

suggesting that movenents of greater distance might have been associated with upstream

spawning runs. Only 12 individuals were classified as ripe or spent, however, and

differences benveen upstrean and downstrearn groups were marginal. For example,23Vo

of upstream movernents were by individuals from which mill s1 eggs could be expressed

whereas 3AVo af. downstream sroveulenr were by like individuals.

BIOLOGICAL TNTERACTIO}{S

Parasites and Psthogens

The parasitic copepod l*maea qprinaceae (Eucopepoda: Caligoida), was first

observed on Gib cypha in tbe LCR by R. Suttkus (Johnson tW6). No further

obsenrations of parasitism in humpback chub were made until October 197& 31 1v[is! tims

54Vo of.65 juveniles (5&189 m- TL) \rcre found infccted (Carothen et aL 1981).

Kaeding 6ad Timmennan (1983) also found L cyprhaceae a\ humpback chub and

reported seasonal differences in infection rates. Incidence of infection was highest in
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winter M lowest in spring. Records from the humpback chub monitoring of 1987-1989

complemcnt these observations for only seven individuals have been recorded as infected.

Kaeding and Zimmercran also found the parasitic copepod much more common on

humpbac& chub from the LCR than on those collected from the mainstream. Since this

parasite Gannot complete its life cycle at mainstream teEperatures (Bauer 1959), they

inferred t&at infection of mainstream fish provided further evidence for movement berween

the trihwary and Colorado River.

trfueding 3nd limmennan (1983) also reported thirteen species of bacteria, six

protozoa$s, and the fungus Sapralegnia to infect humpback chub. Incidence and serious

of most infections was considered minor, but many adults collected from the confluence

zone ad lower LCR during tire 1981 spawning season were highly infected with

Aeromorws hydrophila and displayed resulting poor physical condition.

Potentie$ Interactions With Other Fish Species

Food Hebits of G. cypha

furly Life Stages-C-ollections of suspected young-of-the-year humpback chub were

first made by Suttkus et al. (7976), but no detailed studies of the food habits of early life

stages hnre been gsmpleted for fish collected in the Grand C.anyon region. Minckley et

al. (19SX) reported dipterans (chironomids and dolicbopodids) from stomachs of three
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young-of-the-year. They also obsBrved foraging by individuals less than 50 mm TL at

bottom, mid-water and surface depths, and assumed these fish were feeding on attached

diatoms and small invertebrates. Grabowski and Hiebert (1989) found chironomid larvae

and unidentified insect parts, invertebrate eggs, protozoans, and organic Eatter in stomachs

of five larval Gila sp. collected ftom Green River (kland Park) backrvaters near Vernal,

Utah. No planlconic organisms were detected.

luvenile to Aduk Srages--Food habits of juvenile to adult humpback chub in the

study area also have received fittle attention. Minckley (1973) reported that specimens

taken from below Glen C-anyon Dam had fed principally on planlrtonic crustaceans and

algae. These individuals must have been subadults to adults, for no earlier life stages have

been collected from that stretch of the river, and the finding of these predominant food

groups presents an interesting anomaly when compared with subsequent reports.

IGeding 31d Timrnennan (1983, see also Jacobi 1982) exanined stomach contents

of. 44 fish, including 26 from the I-CR aud 18 from the Colorado River. Immature

chironomids and simuliids were numerically prcdominanf both as the mean percentage of

organisms and as the relative frequency of group o€crurence, in fish from both rivers.

Numerous other taxonomic groups, including otber Diptera, Trichoptera, Neuroptera'

Coleoptera, Ephemeropterq Orttroptera, Hlmenoptera, Oligochaeta, Nematoda,

Amphipodq and the fathead minaow (Pbnephales pomelas), were also present. Mean

number of organisns per stomach was lnore than 25X higher in stomachs of fish collected
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from the meinst'eam than from fish captured in the tributary, and this finding

interpreted as an indication of potentially lower food availability in the LCR.

1990

was
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Stomachs of. L7 adult humpback chub (24&495 mm TL) collected from above the ..i'

confluence zone of the LCR during 1985-1986 have been anallued by Department

personnel, and the diets of a much larger number of larval to adult individuals are

presently being examined. Five of the 17 stomachs were devoid of food contents.

Absence of food material may be an artifact of sempling, since these individuals were

collected by tremmel nets and may have digested or regurgitated these materials before

collection (see also Kaeding and Zimmennar 1983). Filamentous algae, presumed to be

largely Cladophora gbmerata, formed the greatest rnean volunnetric p€r€ntage (77Vo) of.

food materials in the remaining stonachs (Figure 21) and also occurred in higbest

frequency (11 of 12 stomachs). Presence of such a large percentage of filamentous algae

in these stomachs undoubtedly indicates that these fish fed in the mainstre"*, for little

filamentous algae grolvs in lower reaches of the LCR. A single unidentified fish made up

the stomach contents of one individual and provided a second exanple of piscivory or

scavenging by humpback chub. Isval (Ctrironomidae) ald adult (terrestrial Hymenoptera

and Homoptera) insccts collectively formed a meatr relative volune of nearly 10Vo.

Chironomid larvae occurred in 8 stomachs and were present in second highest frequeucy.

Gila sp.jweniles (21-80 m* TL) from Green River bachraters fed on a variety

of food resources, but stomach conteffs were composed prinari$ of chironomids and
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other insects (Grabowski and lFliebert 1989). Alg&€, orher

absent, although terrestrial plant seeds were present in

February 27,1990

than diatom$, were nodceably

some stomachs. Piscivory or

scavenging of unidentifiable fish and Notropis lut ^r@a .Ig.-i*",

recorded n lVo of juveniles collected from Island Park and Jensen backwaters during

1988.

Food Habits of Other Species--T1"re most commonly referred to biological interaction

potentially affecting humpback chub in the study area is predation by channel catfish

Ictalunts punctatus. Recent collections and observations of the highly piscivorous striped

bass, Morone saritilk, in Grand Canyon have also led to increased fears for the effects of

this predator (Deparurent, unpublished data). Carothers et al. (1981) reported speckied

dace, bluehead sucker, and flanneboouth sucker in guts of chennei catEsh along *'ith a

variety of aquatic and terrestrial invertebrates, the filamentous green alga Chdophora, and

organic detritus. Ikeding and Zimmerman (1983) did not report predation on humpback

chub by channel catfislr" but noted crescent-shaped wounds on adult chub which they took

to be catfish bite marks. They also remarked that the two species were observed in

similar habitats, shaded ar€as under rock ledges, and felt that this association provided

considerable oppornnity for predation.

Maddrx et al. (1987) did not report any anaS6es of channel catfish stomachs, but

17 individuals collected during their snrdy subsequently have been anatzed. Twelve of

these stsmachs were from cotrlections made in the LC& three from Kanab Creek, and nvo
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from the mainstream below National Canyon (RM 167, RKM 269). Four stomachs were

emPW, and one contained only bait. Of the remainder, three contained fish, which

accounted for a mean percent volunoe of. 17Vo. Greatest mean relative volume was

attained by filamentous algae, presurnably Cladophora. One gut &om the LCR held an

undetermined species of craytrsh.

Channel catfish is also considered to be a potential threat to rare and endangered

fish in the Upper Colorado River Basin. Tyus and Nikirk (in review) examined food

contents of 575 stomachs from fish collected in the Greeu and lower Yampa rivers.

Piscivory was confirmed for 8.5Vo of the fish examined, but was liwrited to larger

individuals (mean lengh 420 mm). Fish species identified from stomachs included

conspecificsrsuckers, sculpin, Cottus sp., and speckled dace. Bones of sosce cons;used fish

were large in smaller catfish, leading the investigators that these events must have

represented scavegging rather than predation.

Additional information on food habia of Grand Canyon fishes is provided in

Minckley (1978), Carothers et al. (1981), and Maddlx et al" (1984. Tbe wioe variety of

food items consumed by humpback chub provides the oppornraity for dietary overlap with

most other fish species. Whether food is limiting in this system is unknown, but declines

in standing crops of both algae and invertebrates in the mainstream betrow the LCR, where

chub are primarif located suggest at least the potential for competition for food.
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r Travertine deposition, floods, high sediment loads, and high salinity also may limit

I production of food resources in the LCR, thereby causing additional concern.

I
.l
I

RECOS{MEI{DATXON S FOR FUTURE RESEARCH

Recommendations for future research into the ecologl of humpback chub in Grand

.: C,anyon are not yet fully developed. What follows is a list of concerns and areas in which

I current knowledge is definitely lacking. Further explanation of suggested studies will be

I 
forthcoming in the frnal report; some expansion of this list is also anticipated.

! Research into fbctors affecting reproductive suecess and survivorship of early life stages

I
---.--- Quantification of habitat availability and suitability in tnbutaries and

I
I
I
I
I
I
I

mainstream

- Determine susceptibility to and effects of thermal shock on early life stages

- Determine relatiosship bet*'een gowth, survivonhip, and fecundity at age

usder different controlled thermal regimes

- Dctermine relationship of reproductive activity and ear$ sunrivorship and the

nagnitude, frequency, and timing of flood events in tbe rcR

- D€termine effects of competitors, predators, and parasites ali related to

availabilitv of suitable habitat
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I Proactive management investigations

I 
- Modificarion of mainstream hydrolog5r

- Seasonal (short-term) modification of mainstrean ternperatures

I - Ausmentation by physical modifrcation of existing habitats

I - Augmentation by-introductions into new or modified habitats

I
I
I
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I
I
I
t
I
I
I
I
I



I
I
I
I
I
t
I
I
I
I
I
I
I

LITERATURE CITED

Bauer, O. N. 1959. Parasites of freshwater fish and the biological basis for their control.
Bulletin of the State Scientific Research lnstitute of I-ake and River Fisheries 49,
Leningrad, Russia. Translated by National Technical Information Sewice, OTS 61.-
31056, Springfield, Virginia.

B.try, C. R., Jr. 1986. Effects of cold shock on Colorado squawfish larvae. Finat report,
Contract Number 14-1G0009-1501-WO5. Utah Cooperative Fish and Wildlife
Research Uniq [.ogan, Utab. 23 pages.

Bulkley, R. V., C. R. Berry, P. Pimentel, and T. Black. 1981. Tolerances and preferences
of Colorado River eadangered fishes to selected habitat p.uameters. Final
Completion Report to U.S. Fish and Wildlife Service. Utah Cooperative Fishery
Research Uniq Utah State Universiry, [,ogan, Utah.

Beverton, R. J. H. 1963. Maturation growth and mortality of clupeid and engraulid stocks
in relation to fishing. C,onseil Permanent de I'Exploration de la Mer Rapport
1.54:4467.

Brian, N. 1989. Measurement of strearnflsqr in the Little Colorado River during May
1989. Unpublished manuscripf Glen C-anyon Environmental Studies Office,
Fiagsrf, l;scna.

Brown, F. A, Jr., J. W. Hastings, 8nd J. D. palmer. L970. The Biological Clock.
Academic Press, New York 94 pages.

Carlander, K. D. 1969. Handbook of Freshwater Fishery Biolory, Volume I. The Iowa
State IJniversity Press, Anes, Iowa. 752 pages.

I Carothers, S. W. aod S. W. Aitchison. L972. Blue Springs as a barrier to distribution of
r speckled dace, Rhinbhthys oscuhts Girard (Clprinidae). Musenm of Nonhern

Arizona, unpublished manusctipt.

Carothen, S. W., S. W. Aitehisorq and R. R. .Iohnson. t979. Natural resources, white
water recreation and river management alternatives on the Colorado River, Grand
Canyon National'Park, Arizona. Pages 7J.3-2ffi rn R. M. Lirn (cditor). Proceedingp
of the First Conference on Sciestific Research in the National Parks, Volume I.
National Parks Service Transactions and Proceeding Series Number 5.

I
I
I
I
t



t
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Draft AGFD Humpback chub Report -T+ February 27, 1990

Carothers, S. W., N. H. Goldberg, G. G. Hardwick, R. Harriso& G. w. Hofrrecht, J. w.
Jordarl C. O. Minckley, and H. D. Usher. 1981. A survey of the fishes, aquatic
invertebrates and aquatic plants of the Colorado River and selected tnbutaries from
Lee Ferry to Separation Rapids. Final Report to Water and Power Resources
Sewice, l,ower Colorado Region, Boulder City, Nevada. Contract Number 7-07-
30-X0026. Museum of Nonhern Arizona, Flagstaff, Arizona. 401 pages.

Cole, G. A 1975. Calcite saturation in Arizona \raters. Verhandlungea Internationale
Vereinigung fur Theoretische und Angewandte I imqologie 19:16?5-1685.

Cole, G. A and D. M. Kubly. 1976. Limnological studies on the Colorado River and its
main tributaries from Lee's Ferry to Diamond Creek including its course in Grand
C;anyon lrlational Park. Colorado River Research Series Contnlbution Number 37.
Grand Canyon National Parb Grand Canyon, Arizona. 88 pages.

Cole, G. A and D" M. Kubly. 1977. Further interpretation and projection from data
concerning the Colorado River and its tributaries in Grand Canyon National Park
Report to National Park Service, Grand Canyon National Park Contract Nr:mber
PX821061456. 25 pages.

Collins, W. D. and C. S. Howard. LgZ7. Qualtiy of warer of the Colorado River in 1925-
26. U.S. Geologcal Suwey Water-supply Paper 5968. U.S. Goverffrrent Printing
Office, Washington, D.C. 372 pages.

Conover, W. J. 1971. Practical Nonparametric Statistics. John Wiley & Sons, New York.
462 pages.

cooley, M. E., J. w. Harshbarger, J. P. Akers, and \il. F. Hardt. Lg6g. Regional
hydrogeolory of the Navajo and Hopi reservations, Arizona New Mexico, and Utah.
U.S. Geoloscal Survey Professional Paper s?L-A- 61 pages.

Clemmer, G. FL 1980. L:tter to Mr. Bruce W. Shaw, Grand Canyon National Parb
dated J"ly Z 1980, with listing of fishes collected &om Colorado River in the Park
during the period 31 May to 10 June 1980.

Clemmer, G. H. 1981. Collecting permit report to Grand C-anyon National Park for
fishes collected from the C,olorado River in the Park druing August 1981.

Fousg R. D., Jr. and S. Hoppe. 1985. Seasonal trends in tbe chemical composition of
Grand Canyon waters. Report to National Park Service, Grand C.anyon National
Park by Northern Arizona University, Flagstaff, Arizona. 39 pages + appendix.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Draft AGFT) Humpback Chub Report -?5. February 27,1990

Hamblin, W. trL and J. K Rigby. 1968. Guidebook to the Colorado River, Part 1: Lee's
Ferv to Phantom Ranch in Grand Canyon National Park Brigham Young
University Geological Series No. 15. 84 pages.

Hamman, R. L 7982. Spawning and culture of humpback chub. Progressive Fish-
Culturist 44(4):213 -216.

Hendrickson, D. A and D. M. Kubly. 1990. Arizona Game and Fish Department Grand
Canyon humpback chub and razorback sucker monitoring project 1990 scope of
work. Report and permit proposal to Grand Canyon National Park, Grand Canyon,
Arizona, and Navajo Fish and \ffildlife, Window Roc! Arizona, by Research
Branch, Arizona Game and Fish Departmeng Phoenix, Arizona. 14 pages.

Hereford, R. 1984. Clinrate and ephemeral-stream processes: Twentieth-century
geomorphologr and alluvial stratigraphy of the Little Colorado River, Arizona.
Geological Society of A-merica Bulletin 95:654-668.

Hiebert, S. D. and C. L. Liston. 1988. Water quality monitoring of the Colorado River,
Little Colorado River, backrpater, and selected tributaries of the Colorado River in
the Grand Canyon. Applied Science Referral Memorandum Number 8&2-9 from
Flead, Environmental Sciences Section to Chief, Applied Ssiences Branch, Bureau
of Reclsmation, Denver, Colorado dated August 24, L98f'.

Hofl<necht" G. W. 1981. Seasonal com-unity d;namics of aquatic macroinvertebrates in
the Colorado River and its tributaries within Grand Canyon" Arizona. Unpubtished
lvf.S. thesis, Nortbern Arizona University, Ftagstaff, Arizona. 105 pp.

Holden, P. B. and C. L Stalnaker. tg75. Distribution and abundance of mainstream
fishes of the Middle and Upper Colorado River Basrq L967-1973. Transactions of
the American Fisheries Society 704;217-731.

'nlde& F. B, R. D. Hugie, L Crisg S. ts. Ctanson and \lI. J. Masslich. 1985.
Developncent of a fish and wildlife classification system for backrraters along the
I-slr/er Colorado River. Report to Bureau of Reclamation, [,os'er Colorado Region,
Boulder City, Nevada by BIO/$IEST, Inc., I-ogan, Utah under Contract Number
3-CS-30-0LV2O. 207 pages + 2 appendices.

Huntoo& P. W. 1974. Tbe karstic groundr*,ater basins of tbe lGibab Plateag Arizona.
Water Resources Research 10(3):579-590.

Iorns, W. V, C. H. Hembree and G. L Oakland. 1l)65. \ilater resources of the Upper
CoXorado River Basin-Technical reporl U.S. Geological Survey Professional Paper
Ml' U.S. Governrnent Printing Office, Washinglo& D.C. 370 pages.



I
I
I
I
I
I
I
I
I
t
I
I
I
I
I
I

Draft AGFD Hunnpbaek Chub Report -?& February 27, 1990

Jacobi, G. Z. 1982. Food habits of humpback chub, Gila qpha (Miller), in the Colorado
River and Little Colorado River. In Final Report Colorado River Fishery Project,
Part 3. U.S. Fish and Wildlife Service, Salt l-ake City, Utah.

Johnson, D. M. 1976. Precipitation and streamflow in the Uttle Colorado River Basin.
M.d Thesis, Arizona State Universiry, Tempe, Arizona. 129 pages.

Johnson, P. W. and R. B. Sanderson. 1968. Spring flows into the Colorado River Lee's
Ferny to I-ake Mead, Arizona. Water-Resources Department Report No. 34,
Arizona State knd Department. U.S. Geological Survey, Phoenix, Arizona.
26 pages, 1 map.

IGeding, L. R. and M. A" Zimmennan. 1982. Life history and ecolog5r of the humpback
chub in the Little Colorado and Colorado rivers of the Grand Canyon, Arizona.
Pages 281-320 in Part 2 Colorado River Fishery Project Final Report Field
Investigations. Report by Fish and Wildlife Service to Bweau of Reclamation,
Upper Colorado Region, Salt L-ake City Utah

Ikeding, L R. and M. A Zimmeman. 1983. Life history and ecology of the humpback
chub in the Little Colorado and Colorado rivers of the Grand Canyon. Trans-
actions of the American Fisheries Societv 177:577-594.

Kolb, E. a;d E. !"''*ib. 793.4. ience in the Grand Canyon. T?*e Fiarisnal Geographic
Magazine Z6(2)299-Ba.

Kubly, D. M. and G. .d Cole. ly1g. The chemistry of the C-olorado River and its
tributaries in Marble and Grand C-anyons. Proceedings of the First Slmposium on
Scientific Research in the National Parks, Volume II:565-572.

kibfried, W. C. and D. \ry. BUnn. 1986. The effects of steady versus fluctuating flows
on aquatic macroinvertebrates in the C-olorado River below Glen C-anyon Dam,
A.t'' a.. Glen Canyon Environmental Studies Technical Report &9. Northern
AiLona Univenity, Flagstaff, Arizona.

I-eopold" L. B. 7969. Tbe rapids and the pools - Grand C-anyon. In[lne Colorado River
region aod Jobn Wcsley Powell U.S. Geological Survey Professional Paper 669-

D. U.S. Government Printing OfEce, Washington, D.C. 145 pages.

Marsh, P. C. 1985. Effect of incubation temperanre on survival of embryos of native

I C.olorado River fisbes, Southwestern Nanralist 3A2129-140.
I

t
I



t
I
I
I

Draft AGFD Humpback Chub Repart -77- Febnrary 27, 1990

McDonald, D. B. and P. A Dotson. 1960. Fishery investigations of the Glen Canyon
and Flaming Gorge impoundment areas. Utah State Department of Fish and Game
lnformation Bulletin 60-3. 70 pages.

Miller, R. R. 1946. Gila cypha, a rernarkable new species of cyprinid fish from the

I Colorado River in Grand Canyon. Journal of the WashingtonAcademy of Sciencesr 36:409-415.

Miller, R. R. 1955. Fish remains from archaeological sites in the l,ower Colorado River
Basin, Arizona. Papers of the Michigan Academy of Science, Arts, and I-etters
40:175-136.

Miller, R. R. 1961. Man and the changing fish fauna of the American Southwest.
Froceedings of the Michigan Academy of Science, Arts and I-etters 46:365-404.

Miller, R. R. t975. Letter to M. Stitz, Superintendent, Grand Canyon National Park
dated September 23, 1975, with attached report on collections of Colorado River
fishes between I-ee's Ferr)' and Surprise C-anyorq Arizona, during July 1975.

Minckley, C. O. 1977. A survey of the Little Colorado River from Blue Springs to the
Colorado River. Repon to Endangered Species OfEce, Region 2, Fish and Wildlife
Service, Albuquergue, New Mexico.

Minckley, C. O. 19?8. A report on aquatic investigations conducted during 1976,7977
cn Bright Angel, Phantom and Pipe creeks, Grand C-anyon National Parb Coconino
County, Arizona. Annuat Investigators Report to Grand Canyon National Parb
Grand Canyon, Arizona 112 pages.

Minckley, C. O. t979a, Report on the removal of humpback chubs from the Uttle
Colorado River during October, t979. Report to Endangered Species OfEce,
Region 2" Fish and Wildlife Serviee, Albuquerque, New Mexico" 5 pages.

Mincklry, C. O. tgi';r. Additional srudies on the Uttle Colorado River population of the
humpbact chub. Report to Endangered Species OfEce, Regron 2, Fish and Wildlife
$ervice, Albuquerque, New Mexico. 5 pages.

Minckley, C. O. 1988. Final report on research conducted on the Little Colorado River
population of the humpback chub, during May 1%7, 19e€. Reported to Nongame
Branch, Arizona Game and Fish Departmest, Phoenix, Arizona. 131 pages. '

Mincklry, C. o. 1989. Final report on research conducted on the Little Colorado River
population of the humpback chub, during May 1989. Report to Arizona Garne and

Fish Departmenl Phoenfi Arizona 36 pages.

I
I
I
I
I
I
I
I
I
I
I
t
I
I



I
t
t
I
I
I

Draft AGF.O Humpback Chub Report -?& February 27, 1990

Minckley, C. O. and D. W. Blinn. 1976. Sun*nrer distribution and reproductive status of
fish of the Colorado River in Grand C-anyon National Park and vicinity, 1975.
Colorado River Research Program Contributian 42. Grand Canyon National Parb
Arizpna.

MinckleS C. O., S. W. Carothers, J.. W. Jordan, and H. D. ustrer. 1981. Observations
on tbe hunopback chub, Gila qpha. within the Colorado and Little Colorado rivers,
Grand Canyon National Parb Arizona. Proceedings of the Second C.onference on
Scientific Research in the }$adosal Parts.

r MinckleS Iil. L. 1973. Fishes of Arizona. Sims Printing C,ompany, Phoenix, Arizona.

I 293 + )rv pages.

I Murphy, G. I. 1966. Population dynamics and population estimation. Pages 1-18 r? A
I Calhoun, editor. Inland Fisheries Management. California Department of Fish and

Game.

Nelson, W. O., Jr. 1978. Memorandum to Acting Regional Director, Bureau of
Reclamation, Salt l*ke City, Utah &on Regional Director, U.S. Fish and Wildlife
Senrice dated May 25, 1978.

Paulson, L J. and J. R. Baker. 1983. The limnolory in reservoirs on the C-olorado River.
I Tech. Rept. No. 11, tr-ake Mead Linanol. des. Ctr., IJniv. I as Vegas, Ias Vegas,
r lw. 269 pp.

Perkins, P. C. 1975. Scientific information in the decision to dam Glen Canyon. Lake
Pqrnrell Research Project Bulletin No. 9. National Science Fbuudantion, Research
Applied to National Needs. 16 pages.

Sailq S. 8., C. W. Recksiek and \{. H. Prager. 1988. Basic Fishery Science Programs
A Conpendiurn of Microcomputer Programs and Manual of OperaCon.
Dcnelopmetrts in Aquacr{ : and Fisheries Science, 18. Elsevier Press, ltlew York
230 pagcs.

I Schmidt, J. q and J. B. Graf. 1983. Aggradation and degradation of alluvial saod
deposits, 1965 to 1986, Colorado River Grand C.anyon National Parb Arizona. U.S.
Geological S,ruey Open-Filc Repon 87-555, April 1988. 120 pages.

Sokal" R. R. and F. J. Rohlf. 1981. Biometry. Second edition. W. J. Freeman and

I Cmpany, San Francisco. &59 pages.
I

r Sollberger, P. J., P. D. Var.u and L J. Paulson, 1989. Investigation of vertical and

I sesonal distribution, abundance and size stnrcture of zooplankton in l-ake Powell.

I
I

I
I
I

t

I



I
I
I
I
I
I
I
I
t
I
I
I
I

Draft AGFD Humpback Chub Report -79- February 27,1990

Sollberger, P- I, P. D. Vaux and L. J. Paulson. 1989. Investigation of vertical and
seasonal distributiorq abundance and size stnrcture of zooplankton in [-ake Powell.
Report to Utah Division of Wildlife Resources by I-ake Mead Limnological
Research Center, University of Nevada, I-as Vegas, Nevada. 71 pages.

Sommerfeld, &{. R., W. M. Crayton, and S. IC Siegel. 1975. Survey of phytoplankton,
bacteria and trace chemistry of the l-ower Colorado River and tributaries in the
Grand Canyon. Report submitted to National Park Service, Grand Canyon National
Park, Contract Number PX821050863. 94 pages.

Starnes, W. C. 1989. Colorado River Basin Gila ta:ronomy project Phase I Report Part
1 Review of existing information on taxonomy and distribution, activities of
researchers, and collections resources for fishes of the qprinid genus Gila from the
Colorado River Basin. Final Draft Report to U.S. Fish and Wildlife Service,
Denver" Colorado by Division of Fishes, Smithsonian Institution, Washington, D.C.
117 pages

Stone J. L and N. L. Rathbun. 1967. Tailwater fisberies investigations creel census and
limnological study of the C,olorado River below Glen Canyon Dan July 1, 1966
June 3(}, 1967. Arizona Game and Fish Departnent, Phoenfi Arizona.

Stone J. L and N. L. Rathbun. 1%8. Tailwater fisheries investigations creel ceasus and
lirnnolryical study of rhe Colorado River belaw Glen Ca,n3'cn ilan Juiy 1, 1967-
June 30, 1968. Arizona Gane and Fish Department, Phoenix, Arizona.

Stone, J. L and N. L Rathbun. L969. Tailwater fisheries investigations creel census and
lirnnological study of the Colorado River below Glen Canyon Dam July 1, 1%&
June 3CI, 1969. Arizona Game and Fish Department, Phoenix, Arizona.

Suttkus, R- D. and G. H. Clemmer. 7977. The humpback chub, Gila cypha, in the Grand

I Canyon area ef tbe Cali:"rCc Rjle:. Clcx;,:i*! l;i;:ers cf *e TdE:e [Jniver;J;'
t Mtrseuo of Natural History l.{umb.- 30 pages.

I Suttkus, R D- G. H. Clemmer, C. Jones, and C R. Shoop. L976. Survey of fishes,
I mammals and herpetofauna of the Colorado River in Grand C:,nyon. C,olorado

River Research Series C-ontribution 34. Grand C;aoyon National Parb Arizona.

Taylor, C. C. 7962. Growth equation with metabolic parameters. Journal du C,onseil

International pour lExploration de la Mer 27:27&7.86.

Thomas, H. E- and others. 1963. Effects of drought in tbe Colorado River Basin. U.S.

Gmlogical Survey Professional Paper 372-F. 51 pages.

I
I
I
I



I
I
I
I
I
I
I
I

I
I
I
I
I
I
I
I
I
I

Draft AG$T} Humpback chub Reporr €or

Turner, $L. M. and M. M. Karpiscak. 1990. Recent
Crelorado River benveen Glen Canyon Dam and
suwey Professional Paper 11,32. 125 pages.

February 27, 1990

vegetation changes along the
L^ake Mead. U.S" Geological

TFs, H- M., R. L. Jones, and L. M. Trinca. L987. Green River rare and endangered fish
studies, 1982-1985._ Finat report. Colorado River Fishes Monitoring Project. U.S.
Fish and Wildlife Service, Vernal, Utah. 1.1.7 pages.

Tyut, H- M. and C A Katp. 1989. Habitat use and st'eemflow needs of rare and
endangered frshes, Yampa River, C-olorado. U.S. Fish and Wildlife Service
Biological Report 89(14). 27 pages.

Ty.tt, H. M. and N. J. Nikirk. (In review). Abundance, growth, and diet of channel catfish,
[ctalurus Punctatus, in the Green and Yampa rivers, Colorado and Utah. U.S. Fish
and Wildlife Service, Vernal, Utatr. 23 pages.

I U.S. D_epartment of Interior. 1988. Glen Canyon Environnental Studies final report.
I Brreau of Reclamation, Upper Colorado Region, Salt l-ake City, Utah.

U.S. Fish and Wildlife Service. 1958. A report on fish and wildlife resources in relation
to Glen C^anyon Uniq Colorado River Storage Projecq Colorado River, Utah and
Asizona. U.S. Fish and Wildlife Servlce, Bureau of Spo* Fisheries and Wiidlife,
s*uihwestera Region, Aibuquerque, liew Menco. 35 pages + 3 plates.

U.S. Fish and Wildlife Service. 1980. Aquatic study special report on distnbution and
abundance of fishes of the l-ower Colorado River. Report to \ifater and Power
Resources Service, I-ower Colorado Region" Boutder CIty, Nevada from Ecological
Senrices Of6ce, Phoenix, Arizona. 15T pages.

u.s. Fish and wildlife service. 1988. Tecbnical review draft fuumpback chub, Gita cypha,
rercvery plan. Prepared by the Colorado River Fishes Recovery Team. U.S. Fish
ad Wildlife Sewice, Region 6, Denver, C.olor:--...

U.S. Geo&ogical Survey. 1924 et seq. Surface water supply of the United States (series).
U.5. Gwcrnnert Printing Office, Washington, D.C

Usher, Eis- D, D. w. Blitr& G. G. Hardnick, and W. C. Leibfried. 1987. Chfuphora
SWnerata and its diatom epiphytes in the Colorado River ttrough Glen aud Grand
carryons: distn"bution and desiccation tolerance. Glen C-anyon Environnental Studies
TEchnical Report No. ts-& Northern Arizona Univemity, Flagsta$ Arizona

Valdez, R* 1989. Informal lawallyoy humpback chub survey-field notes and observations.
Cwplimentary report, BIOffi/EST, Inc, Logan, Utsh. 6 pages + 10 plates.



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Draft AGFD Humpback Chub Report -E1. Febnrary 27,1990

Valdez, R. .q. 1990. The endangered fish of Cataract C^anyon. Report to Bureau of
Reclamation, Upper Colorado Region, Salt l-ake City, Utah by BIOAilEST, lnc.,
[.ogan, Utah under C.ontract Number 6C$40-03980. 94 pages + 8 appendices.

Valdez, R. A and E. J. Wick. 1983. Natural versus man-made backrraters as native fish
habitat. Pages 519-536 in V. D. Adams and V. A I-amarra (editors). Aquatic
Resources Management of the Colorado River Ecosystem. fuin Arbor Scientific
Publications, Ann Arbor, Michigan.

Valdez, R. A, J. G. C-arter, and R. J. Ryel. 1985. Drift of larval fishes in the upper
Colorado River. Pages 171-185 rn Proceedings of the Western Association of Fish
and Wildlife Agencies and Western Division of the American Fisheries Society,
Snonmass, Colorado.

Valdez, R. A, P. B. Holden, T. B. Hardy, and R. J. Ryel. 1987. Habitat suitabiiity curves
for endangered fishes of the Upper Colorado River Basin. Final Report to U.S.
Fish and Wildlife Service, Region 6, OfEce of Endangered Species, Denver,
Colorado by BIOIfr/EST, Inc., I-ogan, Utah under Confiact Number 14-160006
8G055 (HSI Curve Development Project). 173 pages.

Ward, J. V. L975. Downstream fate of zooplankton from a hypolimnial release mountain
reservoir. Verhandlungen trnternationale Vereinigung fur Tbeoretische und
Atgewandte Linnologie 19:179&1804.

Watts, R. J. and V. D. I-amarra. 1983. The nanre and availability of particulate
phosphorus to algae in the Colorado River, southeastern Utah. Pages ??-?? in V.
D. Adams and W. D. Lamarra (editon). Aquatic Resources Management of the
Colorado River Ecoslntem. Ann Arbor Science Press, Ann Arbor, Michigan.

White, G. 7972. Organi-ing scieutific investigations to deal with envirenmental impacts
in Farvar, h{. T. and J. P. Milton. The C.areless Ter:' 'nlo$r: Ecology and
International Development The Record. Natural History Fis.--, Doubleday, Garden
Ciry, New York

White, G. C, D. R Anderson, K P. Burnham, and D. L Otis. L982. Capnre-recapture
and removal methods for sampling closed populations. Report to Department of
Energy by tr"os Alanos National Laboratory Lns Alamos, New Mexico under
Contract W-7405-ENG-36. 236 pages.



t
Draft AGFD Eumpback Chub Report 8L Febnrary 27, L990

Woodbury, A M., S. Flowers, D. W. Lindsay, S. D. Durrant, N. I( Dean, A" W.
Grundmann, J. R. Crook, W. H. Behle, H. G. Higgins, G. R. Smith, G. G. Musser
and D. B. McDonald. 1959. Ecologicat studies of the flora and fauna in Glen
Canyon. University of Utah Anthropological Papers a0Q)zt-229.

I
I
I

I

I
I

I



I
I
I
I
I

LIST oF APPEhIDICES, TABLES, ANID' FTGLIRES

APPEIliDICES

I

I Appendix I. File formats for different frles in humpback chub database held by the

I Department.

I Appendix II. Seasonal catch statistics for humpback chub collected from the Colorado and

I Little Colorado rivers in the Grand Canyon region during 1984-1985.

I Appendix III. Seasonal catch statistics for hunopback chub collected from the Colorado
t and Uttle Colorado rivers in the Grand C^anyon region during 1987-1989.

TABLES

I Table 1. Discharge statistics for tnbutari€s to the Colorado River in the Grand
r Canyon region (from Kubly and Cole 7979).

I Table 2. Taxoaonaic list of benthic invertebrates collected from Colorado Riverr backwaters in the Graod Canyon region during 198&1989.

I rabre3' ffi:H*:ff,;:"t"*e,ffil ,s'"liffi'fi!*?:5rr": 
from 

'lhe

I rabre 4' 
,ff*":tJffir3:*o'ul:?,0::$:f 

from the cororado River and its

I Table 5. List of humpback chub collected from rributaries to the Colorado River ur
Grand Canyon other than the Uttle C;olorado River following impoundment

I 
of I-ake Powell.

Table 6. AI{OVA and Median test results for weekly log transformed tram.mel net

I catch rates for humpback chub collected from-tbe Linle Colorado River
during 1987-1989.

I Table 7. Al.lOVA and Median test rcsults jor weekly log transformed hoop an{fVkc
net catch rates for humpback chub collected fros the Little Colorado River

I 
during 1987-1e8e.

I
I



I
I
t
I
I
I
I
t
I
I
I
I
I
I
I
I
I
I
I

Draft AGFD

Table 8.

Table 9.

Humpback Chub Repo* -84- Febnrary L2, 1990

Regression statistics for von BertallanS growth equations derirred from lengh
at known age and tag-recapture data.

Results of AI"IOVA and Medinn tests for differences amogg years (1937-
1989) in distances moved by humpback chub in the LCR.



I
I
I
I
I
I
I
T

I
I
I
I
I
I
I
I
I
I
I

Draft AGFI) Humpback Chub Report -8j.

FIGtT.ES

Febnrary L2, 1990

Figure

Figure discharges

Figure 3. Hydrograph of mean monthly discharges from Glen Canyon Dam for the period
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Hydrograph of mean maximum and minimum nonthly instantaneous
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Mean monthly discharges &om Glen Canyon Da'n during the period 1985-1939.

Cumulative frequency distribution of coefficient of variation and mean of daily
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198,{-1986 and 1987-1989.

Hydrograph of mean maximum and minimum month$ discharges for the Little
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Continuous data recorder water temperafure measurements from the
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Densities of rotifer and microcrustacear species collected in mainsream and
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Figure 13.

Figure 14.

Figure 15.

Figure 16.

Figure 17.

Figure 18.

Figure 19.

Figure ZA.
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Relative proportions of rotifer, cladoceran, and copepod groups in
zooplankton samples taken from mainstream and backwater habitats of the
Colorado River in Grand Canyon during 1987-1989. NP = nauplii, Ro =
rotifers, CL = cladocerans, HP : harpacticoid copepods, CP : ryclopoid
copepods, and DP = diaptomid copepods.

Continuous data recorder water temperature measurements from the Little
Colorado and c-olorado rivers during the period May 19-23, 1988. LcR
measurements are from approximate$ 1 km upstreem and from the mixing
zone in the confluence region. Mainstrearn rneasures were made just
upstream of the mouth of the tributary.

Frequency distribution of humpback chub collections from the Colorado River
during L977-1979 (C;arothers et al. 1981), 1984,1986 (Maddrx et al. 1987), and
1987-1989 (Department unpublished). lntervals are lO-mile reaches beginning
at [re's Ferr]r.

Frequency distribution of log,o (x + 1) transformed remmel net and hoop
net catch rates for humpback chub in the Little Colorado River during May
1987-1989.

Mean daily hoop/$ke net catch rates (CF, individuals/l? hr) and estimated
population size for huropback chub (N) in sampled reaches of the LCR
during May of 1987-1989.

I-engh frequency distnbutions of fuumpback chub collected by seines from
backrraters of the Colorado River during spring, suruner, and autumn seasons
198+1989.

Early growth of hatchery-reared humpback chub fron Littlc Colorado River
(LCR) and Black Rocks (CR) populations.

Frcquency of upstreem and do$nrstream movernents (n) tV humpback chub
in the LCR during May of 1987-1989. Note that ordinate scale is in octaves.
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I Figure 21. Mean relative volumetric proportions of different food groups found in
humpback chub and channel catfish coilected from the Colorado River and

I 
its tributaries in Grand Canyon.
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{RWndix l. File stnrctures for existing humpback chub database held by the Arizona
Game and Fish Department.

Database File: MI.{ACATCH.DBF (C;rorhers er al. C^atch File)

Comme$tField Field Name
1 Wacode
2 Water
3 Gear
4 Date
5 Effort
6 Station
7 Time
I Sp*ries
9 Length
10 V/eight
1L Sex
12 Mat
13 Tagno
L4 Recapno

Field Field l.Ia'ne
1 River
2 Stratum
3 Rinemile
4 Type
5 Date
6 Start
7 Stop
I Gear
9 I-Ii: '. 

1

10 lta{Z
1.1 Depth
LZ Velocity
13 Substr_L
L4 Substr_2
15 Species
16 Sex
17 TL_h h{
18 \\rr_G
19 Dor,sfin

TWe WidrhDecinal
l{armeric 4 ,;,) +i.:r
Character 5

l*$umeric 1

Numeric 6

N'Elmeric 5

C.?*aracter 5
Nalmeric 4
Character 3

Nurmgric 5 - rF''^

Numeric 5 - ,rtr.\
Character 1 r i:
l.{umeric 1 (crti
Numeric 10

Nremeric 10

: (cee+.' lc: aret ct^

..i
It

Database File: IXRARE.DBF (IGeding 41d /immennaa Rare File)

Type WidthDecimal
Character 2
Character 1

Flumeric 4 1

C**aracter 1

Cbaracter 6
Numeric 4
Numcric 4
Cbaracter 2
Cbaracter 2
Character 2
Numeric 4 1

Nrmeric 3 1

Ckaracter 2
Ckarac{er ?,

Character 2
Cbaracter L

Numeric 5

Nrsmeric 5 1

Numeric 2

Comme$
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I
I
I
t

20
?L
))
t-t-

23

24
25

26
27
28

Analfin
PT P2
D
Tagno
CoIor
Recap
l-ernaea
Deposition
Ageclass

Nun:eric 2
Numeric 3

I{tmeric 3

Character 5

Character 1

Character 1

It{umeric 8
Character Z

Ch acter 2

I Database frle: LKPHY$.DBF (Kaeding and Zimmennan Physical File)

I
I
I
I
I
I
I
t
t
I
I

Field Field l.{ame Type WidthDecimal
1 River ftaracter Z
2 Stratum Characrer 1

3 Rivermile Ntrmeric 3 L

4 Date Nu,meric 6
5 Time Nurneric 4
6 H20Temp_cl.lumeric 3 1

7 Airtemp_c Numeric 2
I DO_ppm Numeric 2
9 Conduct Nur,rreric 4
10 Salin Numeric 2 1

11 Turb Numeric 3
12 pH Numeric 2 1

13 Width_t l.{rmeric 3
14 Maxd_l Nrrffieric 3 1

15 Meand-l. i,:" :ric 3 1

16 S2D_1 i{rimeric 4 1

17 Widthj Nuweric 3
18 Maxd_Z |r[rr,rneric 3 1

19 MeandS Numeric 3 1

20 S2D_2 Ntlmeric 4 1

2I Width_3 Numeric 3
22 Maxd_3 Ntrmeric 3 1,

23 Meand_3 Nrlmeric 3 1,

24 SZD 3 Nur,qteric 4 1

Comment
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I
I- Database file: LKCATCH.DBF (IGeding snd /immennan Catch File)

I Field Field Name Type Width Eecimal Comment
L River Character z

I 2 Stratum Nsneric 1

3 Rivermile NrEmeric 4 1

I 4 Ty?e Character 1

I 5 Date Ntrrneric 6
6 Start Nuoeric 4

I 7 Stop Nuoeric 4
I 8 Gear Cbaracter ?

9 Hab 1 Character ?,

t 10 Hau_2 Character zr 11 Area Ntlseric 4
12 Depth Numeric 4 1

I 13 Veiocity Numeric 3 1r 1,4 Substr_l Character 2

r 15 Sr:bstr 2 Charater 2

I 16 Species Character 2
17 YOY Ntrmeric 4

r 18 Juv Nrmeric 3

I 19 Adult Numeric 3

I Database File: AGFDLARV.DBF (AGFD l-arval Fish File)
I

Field Field Nnme Tlpc Wid&Decimal Comment
I 1 Wacode Nusneric 4
I 2 Hab Ckracrer i

3 Sub Cheracter i
I 4 C-wer Character 1r 5 Temp Numeric 4

r 6 Gear Nrmeric 1

I 7 Mbntb Numeric 2
8 Dary Numeric 2

r 9 Yesr Numeric 2

I 10 Efforr Numeric 5

lt Station Character 5

r 12 Time Numeric 4

I 13 Species Cbaracter 3

I



I
t
I

Drsft AGFD Eumpb*ck Chub Report

Appendix I. Continued-

.91- February 27, 1990

5

5

3

4

.4
4

Field
1

2
3

4
5

6
7

8
9

10
11

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

T4

15

16

L7

18

19

I."engrh
Weigbt
Cslno
Depth
Velocity
Name

Numeric
Ntnmeric
Numeric
l.{tffiEeric
l{rs*nneic
C-karacter

Database File: AGFDF{AB.DBF (AGFD Habirar File)

Field Field ltlame T;rye widthDecimal
1 lvfonth Nu,maeric ?
2 Day l.{umeric z
3 Year Nu:ureric 7
4 Na"ne Character 2A

5 RiverMi]e Numeric 5

6 Porrer Character 1

7 Time l{umeric 4
8 Shore Ctrmracrer 1

9 Hab Ckeracrer 1

10 Sub Claracter 1

11 Veg Chsracter 1

12 Species Ctraracre r 3

13 fue Cbruacter L

Database File: AGpg43.ffi.DBF (AGFD Catch File)

Qgnrment

Con'*nrentField Neme
Wacode
Water
Gear
Date
Etrrt
Station
Time
Species
I*ength
Werght
Sex

TWe WidthDecimal
Numeric 4
&aracter 5

hlumeric L

Nrlffieric 6
Numeric 5

Character 5

Ntmneric 4
Ctrssacte r 3

N,umeric 5

Numeric 5

Ctraracter 1
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r Appendix I. Continued

12 Mat Numeric 1

13 Tagno Numeric 10
L4 Recapno Numeric 10I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
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Dreft AGFI) Humpback Chub RePort

W^""J
Table 1".

benveen

-10& vJt
| .'-," Ll, t r€-0

it,
(t''

February 27, 1990
I/

. 7r. r lr. --?a^tion on Aischareelfrom tnbutaries entering the Colorado River

Lee's Fery'(RM 0) and Pierce Ferry (RM 279)-

{\

I
I
I
I
I
I
I

?c'tr'( e

Vasey's Paradise A 31.7
Uttle Colorado Ri'oe0 61.5

Paria River

Blue Springs
Clear Creek
Bright Angel Creek
Shinumo Creek
Elves Chasm
Stone Creek
Tapeats Creek
f)eer Creek
Kanab Creek
Havasu Creek
L^ava Warm Spring
Diamond Creek
Travertine Falls Creek
Spencer Creek

River MiIe

s.5

E4.1
8?.5

1S8.5
l.1.6.5

131.8
133.6
136.2
143.5
156.7
1"79.3

225.8
73fi.5
?46.4

Mean

30.1 
t

4.0
205
7)7
.-t-J

1"6
35.4

9.1
0,5
0.5

100"1.

7,?
5.7

63"8
1"1.0

J..9

0"2
2,7

o
0-3
0

?L7
s

10
5
0'1
0

51..4

5.4
o

59"3
6
tr-5

1.1

Range

- 16,100
-10
- 24,900
O z3?,
r 3.0
- 4,400: 'i:l
- L.7
- 783
-- 

4JJ"2

: 11,',

4.4

.f
.'t u'
)

I
I
I
I
I
I
I
I
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I Drsft AGFD Humpbock Chub Report .105- February 27, L9g0

I Table 2. Benthic macroinvertebrate taxa collected in backrraters of the Colorado River

in Grand C,anyon National Park' 198&1989.

I lrlematoda

I Nematomorpha

I ou*Tlff;i-uridae
r 

Naididae

I crustacea
Amphipoda

I 
c"ffiracusrris

I T;nmeroptera
Baetidae

I 
Callibaeris sp.

HemipteraIHffi
Gerris sp.

I Coleoptera

I T?::;-ilussp

I 
ot#*oposonidae

Chironomidae

I n*:ffi"didae
Simuliidae

I Moilusca
GastropodaI lffillio,,

t "$;r$fi",

t



Dreft AGFI) Humpback Chub Report' -10G Februnry 27,1990

Table 3. lnvertebrate taJ(a collected in zooplanl*on samples taken from the mainstream

Colorado River and baclwaters durin g 19AT1989. Asterisks indicate true planlton.

C-alanoids

Le pt odia ptotnus ashlsrdi*

CIADOCERA
Alona affinis
C eriodaphnia quadrangula*
Chydorus sphaeria{s*
Daphni"a pulu,*
LqdW acsntholebris
Lqdigia quadrangularis
Macrorhr* Iaticor"ItJ
Pleuroxus aduncus
Simocephahs vetultrs

ffiPEPODA

Clclopoids
Efififrryclops ttrwmnsi*
Ewcyclops egr/tr

Iu,#esoqclops edax*
Pwraryclops fuibrinttts

pppei

CffiTRACODA
H*ryetorypris reptans

Hbt ero cypris in c on gntens

Wocypris bradyii

I{arpacticoids
h{esochra alesknna
Caffitcesmpnas

robencokcri
Bryoafirnptussp.

OTHEIIWR.A.IES
Acari
Crratopogonidae larvae

Chirenomidae larvae
Gastropoda
Hydra
Oligochaeta
Rotifrra
Tardigrada

I
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Draft AGFD Hunrphck Chub Report

Table 5. Humpback chub collectcd
Canyon region other tl*an the Little

Febnrary 27,1990

to the C.olorado River in the Grand
after impoundment of [-ake Powell.

'110-

from tributaries
C-olorado River

I
I
I

f dr 5 iance
* RilT

*P5 (& rr, I
Month Day Year I-enrEh WeigbtTributary

Shinumo
Shinumo
Shinumo
Shinumo
Shimumo
Shinumo

/. Kanab
/ Bright Angel

Bright Angel

-t Havasu
\ Havasu
/Kanab

i Kanab
Kanab

* Kanab

Trammel
Trammel
Trammel
Trammel
Traqmel
Tran''tmel
Bag Seine
Hoop }*let
Ho$p Net
Hoop I*Iet
Anelins
Hoop Net
Hoop l*let
Hoop Net
Hoop l.iet

19&t 2441

1984 27:i
1986 19gl

1986 273'

19ffi Zs:i
1"986 z,Ul
19&t 84.

1984 7631

19&t 7421,

1987 29:i
1988 37tl
1989 81

1989 64.

1989 
'',]'.1989 
'',J'.

Gear

I

I":

108
1ffi
108
108
108
108
144
88
s8

157
157

TM
LM
1,M
1,M

6
6
6
6
6
6
6
I
I
5

5

5

5

5

5

22
)7
i--

7
7
t-

1-)
t-

75
I
I

27
27
26
?6
26
?6

138
227
78

186
154
158

16fr
1.34

258

5
?
13'l*

I
I
I
I
I
I
I
I
I
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Drsft AGFI) Eumpback Chub Report *111- Fehruary 27,1990

Table 6. Al',tOVA and Median test results for differences among weekly log-aansformed
Deans of trammel net catch rates for humpback chub in the Uttle Colorado River during
1987-1989.

19t7
Ana$sis of Variance

Sum of
Squares

.1.611

8.5022
8.6633

Squares

.0805

.11"65

F
Ratio

.6916

F
Frob.

.5S40

Significance
.57'77

F
Prab"

"ffffF

hdean

Scheffe Procedure
l',{o two groups are sigrificantry

Csses
?6

Source

Benveen Groups
Within Groups
Total

1988

Source

Benveen Groups
hin Groups

'i 
-rtEtl

D.F.

?
J

73
75

different at the .050 level

Median Test

h{edian Chi-Square D.F.
.477! 1.O975 7

Analysis of Variance

Sum of kfaan
flJF. Squares Squares

3 4.3253 1_441.9

s?2 17.glgJ .7a26
3?5 2L.9740

F
Ratio

1,4.0510

Scheffe Procedure
(.) Denotes pairs of grouFaq significanrly differenr at the .050 level

43Mean

.m?4

.1391

.m0

.sT60

Group

4
3

1'F
2*
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Draft AGFD Humpback Ctub Report -1L1l-

I rable 6. continued.

Febnury 27,1990

I
I
I
I
I
I
I
I
t
I
I

Source

Median Test
Cases Median Cbi-Square D.F. Significance
1?6 .0000 31.9118 3 .0m0

19E9
Analysis of Variance

Sr$n of Mean F F
D.F. Squares Squares Ratio Prob.

Between Groups 3 2.A7M .6915 4.0341 .0085
Within Groups 159 77.7J,69 .1714
Total

Scheffe Procedure

Median Test

162 29.3315

Cases hrledian Chi-$quare D.F. Significance
163 .369 9.5717 3 .A726

MeanGroup3421
.1196 3
.33?5 4
.3556 2
.4%2 1 *

I
I
I
I
I
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r Draft AGFT) Humpback Chub Report -113- February 27, 1990

I
t

Table 7. AI{OVA and Median test results for differences emong weekly log-transformed
means of hoop and $ke net catch rate$ for humpback chub in the Little C,olsrado River
during 1987-1989.

I L*ET

I 
Analpis of Variance

Srrrn of Mean F F
I Source D.F. Squares Squares Ratio Prob.
I

Benpeen Groups ?, 1.?.4€'3 "6?42 5.9913 .0032

I Within Groups Lgg 13"4388 "l0/;zr Total 131 14-6871

I Scheffe Procedure

I Mcan Group Z g 4

Iffi?'" .7@5 4 *

I
Median Test

I Cares Median CIri-square D.F. Significance
132 .5501 7.9616 2 .0187

I
19EE

I A-ar.,oia nr \/.Analysis of Variance

I Sunn of Mean F F
I Source DS. Sguares Squares Ratio Prsb.
I Between Groups 3 .8526 "2847 z.ffi .M77

Within Groups 3'F4 39.8894 "t667
r Total 3:87 4A.7420

I

I
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I Draft AGm Eumpback Ctub Report -114- February 27' L990

I Table 7. Continued.

I Schene Proceciurer No npo grouPs are significaady different at the .050 level

Median Test

II Cases Median Ctri-square D.F. Significance
3?8 .3229 3.62fi 3 .3050

II
1989

I Analvsis of Variance

r Sun of Mean F F
Scurce D-F. Squares Squares Ratio Prob.

I Benpeen Groups 3 .gfge .1OOO 1.0336 .3775r Within Groups 4S6 41.8555 .1031
r Total

t 
Scheffe Procedure

4S9 47.1.853

r No nvo groups are significastty different at the .050 level

r 
Median Test

I
I
t
I
I
I
I

Cases Median Cli-Square D.F. Significance
410 .3018 .3543 3 .9495
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I Draft Eumpback Chub Report -115-

I
Fe"bnuary L2, 1990

r Table 8. Results of hrmpback lenglh at age and tag-recapture data applied to a von

t Bertallan$ growth equation.

I
I
I
I
I
I
I

L.ength at Age (RAFAIL)

Number of observations
vB parameter to

vB aqmptotic length, L
Standard error of L
vB growth parameter, K
by ordinary least $quares regression
by functional regression

Tag-Recaprure (FABGROW)

Number of obsenrations
b
vB peremeter, to (derived from b)
vB aryrylptotic length
vB growth parameter, K
Units of time per chron
Ctuons per unit of time

1$
-r,fl08

44?-7
53-1?

$"166
s-180

41"

fi,9&l
*-1"75

4$4,'.9
s-sg3
?.485
0,3,37I

I
t
I
I
I
I
I
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r Drafl Eumphck Ctub Rqrort '11G February L2, L990

- Table 9. Statistical tests fsr differences emong years in distributions of distances moved

r by humpback chub in the Little Colorado River. All individuals tagged and recaptured

t in the same month and year; same dEr recaptures excluded.

I
I Al.lOVA--Log," Distance lyfoved by Year (1987-1939)

Analysis of Variance

Sum of Mean F F
I Source D.F. Squares Squares Ratio Prob.
t

Betrpeen Groups 2 .1107 .0553 .8721 .4191

I Within Groups 305 t9.35ZS .0635

t t":1: 3S7 1.9.4632

I
I
I

Median Test-Distance Mwed by Year (1987-1989)

Cases Median Chi-Square D.F. Significance
308 21.500 2.5826 ? .2749

I
I
I
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