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PREFACE

This Revised Data Collection Plan replaces the Data Collection Plan issued by BIOAMEST, Inc. on January I,

1991 (Report No. TR 250-01). This Data Collection Plan , issued as a zupplemeirt to tbe Final Report was

draftd eady in the project to standardize tec,bniques and establish protocols to provide consistent data collection

that were compatible with other GCES investigations. this plan provides detailed descriptions of field sampling

methods, care and handling sf fish, and database management that were too lengthy to include in the Final Report.

A modified scope of work is described for 1993 that reflecg findings, and advances ideas from investigations

that have ocelrded from October 1990 to December 1992. This nan'plan also updates field methodologies and

techniques developed and refined tbrough the @urse of thc investigation

This R€visd Data Collection Plan was developed in conjunction with the Bureau of Reclamation, Gleir Canyon

Environmenul Surdies (GCES), aDdtheAquatic Coordination Team (ACT). It shall be providcdto all members

of the BIO MEST sta$ as well as to other investigative goups involved in the lisheries aspect of GCES,

inchrding fuizona Game and Fish Departnent" U.S. Fish and Wildlife Servicc, Arizona Starc University, Grand

CanyonNational Parls, The Hopi Tribe, The NavajoNatiog and The Hualapai Tribc.

Substantive changes were made to length of monthly field rips, rse of radioteleinetry, and distribution of

sampling. These changes were the result of numerors meetings in the fiel4 at BIOA /EST in Logan, and at

GCES in Flagstafi, to insure a proper direction for thc last year of the field investigation in 1993. Many

BIOAilEST pcrsonncl had input into this redircction, including the principal-in*harge principal invcstigator,

project leaders, scnic biologists, field biologists, and many professional boating guides. Although somc minor

changes were madc, thcy were technical in naturc and did not altcr the objectivcs or modify tbc budgct of the

investigation
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DATA COLLECTION PLAN

INTRODUCTION

BackEround

A Data Collection Plan was developed by BIOAMEST, Inc. in January 1991, as part of the requirements of

Reclamation Contract No. 0-CS-40-09110, entitled Characteization of the Life History and Ecologr of the

Hunpback Chub (Gla qpha) in the Grand Canyon. The background and scope of work for this investigation

ae described in the contract. This Revised Data Collection Plan updates sampling desig methods, schedules,

work activities,logistics, and data collection for 1993.

This Revised Data Collection Plan contains eleven -ajor sections: Inroduction, Study Area" Study DesigL

Hydrrology, Water Quality, Habitaf Invertebrate Drift, Fish Sampling Equipment and Methods, Fish Handling

Methods, Radiotclmery, and Data Management Plan The objectives presented reflect thc snrly objectives

common to thc four investigativc goups; BIOAI/EST, Arizona Gane and Fish Deparment (AGF), Arizona State

University (ASU), and U.S. Fisb and Wildlife Service (!grvice). The sampling schedule was changed to monthly

l6-daytrips with three 20day rips (May, July, September), instead of alternating 20 and 12-daytrips defind

in the diginal Data Collection Plan Fish sampling equipment and methods, as well as fish handling techniques

werc not substantially changd but rellect rcfinements from the experience of sanpling. Thc sections.on

radiorclenetry, habitat assessment, and water quality detail methodologies developed and refined in this

investiguion since 1990. Thc data management plan contains some changes from 1991, mostly added data

codttt, and a beter dcfinition of fields, as well as a description of data collection, entry, atrd quality control.

This Rcvis€d Data Collection Plan was designed for use as a rcfscnce by primarily BIOA /EST lield saIL It

should also be valuable o other fthery investigators in Crrand Caryon o rmderstand the approach and methods

tts€d by BIOA |EST. AIso, administralon and intcrested parties should find this docunent hclpfrrl in

undcrstanding field methods and techniques eurployed by thc scicntilic investigations in Grand Canyon

Pumose and Obiectives

Tbe purposc of this investigatio4 as stated in thc project contract, was !o:

"Evaluate the ecological and limitingfactors ofall life stages of hunpback
chub in the mainstem Colorado River, Grand Canyn, and the ellects of
Glen Canyon Dam operations."
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Thisinvestigdimwas designedto coordinate andintegrate with other sMies, describe physicaf chemicaf and

biological components of the aquatic ecosystem in Grand Canyoq and providc an undcstanding of principal

factors that limit tbc endangered humpback chub. By itsel4 this investigation addressed only certain aspects of
these compments, and shared roles and responsibilities with other investigators. The stgdy objectives for BAV
were to determine the following factors effecting hunpback chub in fts mainsf66 Colorado River in Grand

Canyon:

l. Distribution, abrmdance and movemenr.

2. Resource use and availability (i.e., habitaq food).

3. Reproductive capacity and success.

4. Survivorship of early life stages.

5. Important biotic interactions with other species for all life snges.

5. The life history schedule.

These objectives were developed by Reclamation to addrpss Conservation Measgres 5 and 7. Thcse objectives

were also designed to provide insight into Question 6 and Hypotheses Ho-6.1, Ho-6.Ia, and Ho-6.Ib.

Qrestion 5: "How do discharge fluctuations and rates of change in 0ucnrating discharges affect other

fish, especially native fish species? Do the USFWS Consewation Measures adequarcly address this
question?"

Ho-6.1: "There is no simificant relationship benreen the population d)4usrics (including short-term

abundance of earty liG stages and Potential predation rclationships) of native (especially the h'mpback
chub) and introduced fi"h species ia fts mainst"m Colorado, inclu.li'g mainstcm bachraters ard thc

conflucne of thc Little Coloradq and thc nagnitudc of flgctrations, minimnnt discharges and rates of
changc of fluctuating discharges.n

Ho-6.Ia: "There is no signilicant relationship bcnyeen population dynamics of native and inrod'ced
fish species in the mainstcm Colorado, including bachvaters and ributaries, and the magninrde of
discbargc fluchrations. "

Ho-6.Ib: "Therc is no significant rclationship bctrrca population dpamics of native and introduced

fish species in the mainstenr Colorado, including bachraters and ributaries, and the magniudc of
minimun discharges."



Dnft Version Data Collection Plan I 3

STUDY AREA

This investigation was condrcted in a 36,1-hn Q26-mr) area of the Colorado River in Crrand Canyon, from Lees

Ferry (RM 0) to Diamond Creek (RM 226) (Frgure 1), in which the river flows for 24fu,(15 mi) within Glen

Cauym Natioal Recreatim fuea (Gten Cmyon Dam to Lees Ferry), and 3 8 8 hn (24 I mi) within Crrand Canyon

National Pa* (Lees Ferry to Separation RapO. The lower l2l km (75 mi) of river, downsueamofNational

Canyon (RM 164.5), is bordered on the south by the Hualapai Tndian Reservation.

Figure 1. BIOTWEST study area in Grand Canyon and four sample regions.

This area was divided into four study regions and l l geomorphic reaches in ords to approximale rmiform

disribution of sa-pling. The four study regions included: (l) Region O-L€es Ferry to Kwagrmt Rapid (RM

56.0), (2) Region I-Kwagunt Rapid to Hance Rapid (RM 76.6), (3) Region II-Hance Rapid to below Havasu

&€ek(RM 160.0), and (4) Regron lll-below Havasu Creekto Diamond Creek (RM 226.0). Regions I, q and

III, were sapled from October 1990 tbrough Novmber 1992. Region 0, added in January 1993 qaended the

investigation npstr€am- A fifth region-Regon IV (Diamond Creek to Pearce Ferry, RM 280)-was investigated

by BAil, as part of an aquatic t€sourc€xr study forthe Hualapai Indian Tribe and GCES (Valdcz 1993, 1994).

Rcfereoce landmarlis along tbe river corridor were located !o the nearest tentb (0. l) of a river mile (i.e., distancc

downstrean &om Lees Ferry along the center of the river) according to Bellnap and Evans (1989), and sanple

siles were eolered in the database !o the nearest twentieth (0.05) of a river mile where possible in Region I. It

should bc noted that l-ees Ferrl' is 15.2 rivcr miles dorpnsream of Glcn Canyon Daq and river miles cited in this

report arc in rcfcrcncc to l.ees Ferry and not Gle,n Canyon Dam.

The following is a dcscription of the four study reglorur and the geomorphic reaches idsttilid by Schmidt and

Graf (1990). Detailed desaiptions of Grand Canyon geolory are presented in Hamblin and Rigby (1968, 1959).

Reqion 0 (Lees Ferrv to Kwaount Raoidl

Tbe snrdy was oEanded upstream tJo l-ees Ferry in January 1993 to sample additional locations for humpback

ch'rb and to providcd a more complete charactinzaion of the ichthyofauna of the river. Previors investigators

have fonndhumpback chub in several locations in this regon, including aduls at RM 19.5,27.5 (below Tiger

Wash), RM 33 (Rcdwall Cavcno), RM 55 (above Kwagrrnt Creek) (Carotbers and Mincktey l98l); secuatly

maffc males near Tiger Wash (Minckley 1978), juvcniles and adults in 1980-S I ncar Nanlioweap Rapid (RM

52) (Kaoding and Zimmerman 1981, 1983); and individuals in 1984-86 downstrcam of RM 32 (Maddur et al.

1987, Kubly 1990).
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This region was 56.0 miles (90.1 h) long fiom Lees Ferry to Kwagunt Rapi4 and was charact€rized by forn
geomorphic reaches-Permian Section, Supai Gorgg Redwall Gorgq and Lower Marble Canyon (Table l;
Hornmrd andDolan 1981, Schmi& and Crraf 1990). Average channel widths in the four reaches werc 280,210,
220, and 350 ft (79,64,67, ed,l07 m), respectively, and channel slope was lowto moderate. Substrate was

composed of 25-30 % bdrock and boulders, and shoreline was tlpicallyrock talus with intsnirent ributary
alluvial fans, sand bars, or earthm lanks ryitfu vegetation

Shqeline feanlrEs in Region 0 were fqmed primarily by the Toroweap Formation and Coconino Sandstone (RM
2-5); Hermit Shale (RM 5-11.5); the Supai Group, including Esplanade Sandstone (RM I1.5-15), Wescogame,

Uanat<acne Watahomigi, and Surprise Caryon Formations (RM 15-23); Red Wall Limestone (RM 23-35); and

Muav Limestone (RM 37-56).

The Paria River (RM 1.0) and Nankoweap Creek (RM 52.2) werc the only perennial tributaries in this region.

Several local drainages flowed intermiuently during rain spates in Jung July, and Aug,sL introd'cing large

amounts of sediment into the river. The largest contributor of sediment to this upper portion of the study area

was the Paria River- Large alluvial boulder fans at nibutary infleq,s in this region constricted fts channel,

forming 12 minor and 5 major rapids @adger Cree! Soap Creels, Houe Roch North Caryoq 2l-Mile,
Nankoweap).

Reoion | (Kwaount Rapid to Hance Rapid)

Previous investigations (l&cding aad Timmerman 1983, Maddrx et al. l9g7) and BAV's results from 1990

(Valds et aL l99t), 1991 (Valdcz ct al. 1992), and lgg}(Valdez et al. 1993) have shown that b'mpback chub
seasmally coter tbc LCR in spring dning spauming activity. It is suspectcd that mary of these fi"h rcsidc in the
mainsten within this regton for the remainder of tbc year. Deternining the ocent of rue of this river region by
hur"pback chub and the effect of dam operations on theirhabitat wse prinary objectivcs of this invcstigation

Rcgion I was 33.2 km (20.6 mi) long from Kwagunt Rapid to Hance Rapi4 and was cbaracterizcd by two
geomorphic reaches-Lowcr Marblc Canyon and Fumace Flae (Table l). The rivcr channcl in tbcse reacbes

averaged 107 and I 19 m (350 @d 390 ft) in width, respectively, and cbannel slope was low to moderatc at 0.l0
aDd 0.21 7q respectivel/. Subsmrc was cunposed of 3G36 % b€drock and boulders, and shoreline was typically
rock tals, tapcats ledgcs, or vcrtical cliffs with intcrmitrent tributary alluvial fans, sand bars, or eartbcn banl$
with vegetatioa

Shorclinc fcanlrEs in Region I urcrc formcd pnnanly by Brigbt furgct Sfralc (RM 47-58),Tapcars Sa,dsonc (RIvt

58{3), and thc Unkar Group (RM 63-76.5) of the Geat Unconformity. Soft shales and sandstones of Brighr
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Angel Shale md Tryats Sandstme created charact€ristic ledgps and shelines lined with fracuued and collapsed

rock fragm€nts.

ThcRecanbriansedimentary series first appeared in theNankoweap Formation as an angularunconformity at

RM 63, and fiom that point to RM 65.5, the shorcline was chracterized by steep vertical walls, short talus slopes

and large angular bloc[:s. Cardenas Basalt and Dox Sandstone of the Unkar Group were angularly juxtaposed

downstream of the Palisades Fault, so that from Lava Canyon (RM 65.5) to Escalante Cre€k (RM 75), the

channel was wider and the shoreline composed of boulders and cobble, with intermitt€nt talus slopes and

occasional vertical walls.

Thc only p€reonid ributary in Region I was the LCR (RM 51.3), which was the largest tributary and contributor

of sediment to the Colorado River in Grand Canyon Large alluvial boulder fans formed 9 minor and 5 major

rapids (60-Mile, Lava Canyon, Tanner, Unkar, Nevills) in this region

Reqion ll (Hance Rapid to below Hqvasu Greek|

The primary purpose for sampling this region was to refine information on the distribution of humpback chub

in Gr@d Caryoq i6 alrrnrlance by age grorp, habitat usg and changes in habitat availability with flow. Region

II was 134.2 h (83.4 ni) long, and extcnded &om Hance Rapid to below Havasu Creels This region was

composed of four gcomorphic reaches, including Upper Granite Gorgg Aisles, Middle Granitc Gorge, and Muav

Gorge (Table l). Upper Granite Gorge (RM 77.+ I 17.8) had the lorvest average ratio of top canyon width to

mean depth (7.0), the second narrowest average channel width (60 m, 190 ft), and thc stcepest cbannel slope

(0.23y") of auy geomorphic rego in Crrand Cany'oc Thc river in Upper Granite Gorge flowed primarily tbrougb

lishnu Schist (bladO, Zoroaster Crranirc (pink), and Hotautu Conglomerate-hard Precambrian formations about

1.8 billion years old, forming stecp caryon walls and snootb scoured shorelines with little tahs.

TbsAislesreach(RM 117.8-125.5)includedStephenAisleandConquistadorAisle,andwascharacterizedby

tbc rcappearance of Tapeas Sandstone (RM 120-130), found in l.ower Marble Caryon Avaagc channel width

was 70 n (230 ft), ard 48 % of the bed was composed of bedrock and boulders.

Tbc rivcr in the Middle Crranirc Gorge r€ach (RM 125.5-140.0) flowed througb a combination of Precambrian

sedimentary roch volcanic and metamorphic rock coruisting of amphibolitic schist limesloncs, diabasc

intnrsives, and granitic plutons. Thcsc relatively hard materials constricted the river to its narrowcst point in

Grand Cauyon-23 m (76 ft) at RM 135.0. Avcrage channel width in this regon was 210 ft (64 n), ad the bd
was composed of 68Yo Hrock and bouldcrs.
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The river in Muav Gorge (RM 140.0-160.0) flowed througb bar4 Precambrian vishnu schist and zoroaster

granite, which contained the river to the narrowest average channel width of any geomorphic region in Grand

Canyon-55 m (180 ft)--and the highest percentage of bedrock and boulders (7Syr).

eight p€r€onial tibrsaries flo\nrcd into fte Colorado River in Region 4 including Clear Creek (RM 84.1), Bright

Angel Creek (RM 87.7), Crystal Creek (RM 98.1), Shinumo Creek (RM 108.6), Tapeats Creek (RM 133.7),

De€r Cree& (RM 136.3), Kmab &€* (RM 143.5), and Havasu Crcek (RM 156.7). These streams q,pically had

low base flows with little effect on mainstem flows and only local effects on water chemistry and biolory.

Occasionally, high spring flows or sev€re local thunderstorms produced high tributary flows and short-term

effece 66mainqtnm water quantity and quality. The majority of native fishes found in this reglon rvere in close

to these paennial tributary inflows (Maddux et al. 1986, Valdez et al. 1992).

Region II contained 36 major rapids: Hanc€, Sockdolager, Crrapwine, 83-Mile, Znroaster,Pipc Springs, Hom

Cr€dq Sdt Cdq Graite Creek, Hermit, Boucher, Crystal, Tuna Creek, Sapphire, Turquoisg 104-Mile Ruby,

Serpenting Bass, Shinumo, 1l0-Mile, Waltenberg Forster, Fossil, 128-Mile, Specter, Bedrock, DubendorE,

Tapeats, 135-Mile, Fishtail, Kanab, Matkatamib4 Upset, Srnydq and Havasu.

Reoion lll (Below Havasu Creek to Diamond Creek)

S"mpling in this 65-mile (105 kn) region was conductcd in the same Inanner as Region q with the primary

objectives to idmtiry habitats used by humpback chub and other native fish species and to assess thc effects of
dam operation on these habitas. Radiotelemetry was implemented in this region i! 1993 to aid in deternining

mov@col distribution, abundance, and habitat of thcsc lower fish aggregations, as well 65 chang€S in habitat

availability with changes in flow This region was determined to be an important nunrery and rearing area for

native fishcs (Maddrx et d. 1987). Although juve'riles w€re formd in this rcAon, during this investigation, no

spawning sitcs havc been identificd or prolarvae collectcd to confirm sparvning.

Rcgion III was 65.0 mi (106 hn) long from below Havasu Creek to Diamond Creeh and was divided into trvo

geomorphic r€acbcs-Lorver Canyon and lowcr Granite Gorge (Tablc l). Lower Canyon (RM 160.0-213.9) had

an averagc channel width of 94 n (310 ft), a moderate slope (0.137o) and a bed composition of only 32% bedrock

and boulders. The rivcr flowed tbrough sedimentary deposits consisting primarily of Bright Angcl Shale and

the shoreline was characterizcd by talus slopes, with inrcrmittent alluvial boulder fans. Tertiary lava flows

extended doumsEeam of RM 180, shaping much of the shoreline with emcrgent bould€rs and ctifls formed by

gglrrrryu' basalt.
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Lower Crranite Gorge (RM 213.9-225.0)had an av€rage dannel width of 73 m (240 ft), a moderate slope of

O.l6yo, and a bed composed of 58% bedrock and boulders. This region consisted of metamorphic and

sedimentary featgres similal to those in the lower portion of Upper Granite Gorge. The geologic formations

consisted primarily of granitic and granodioritic rock of the Zoroaster Crranite Complex, intermixed with Tapeats

Sandstone.

This region contained 11 major rapids (1621-Mile, Fern Glen, Gateway, 1,1v1 falls, 185-Mle, Whibnore, 205-

Mle,209-Mle 2L7-lvlile,Granite Spring, and 224-Mile), formed mostly by alluvial tributary fans. Tbere were

no significant perennial ributaries in Region Itr.

STUDY DESIGN

This section describes the elemeirts common to the overall sampling program, including project schedule

sampling desigD, sampling gear, and fish handling methods.

This study was initiarcd in September 1990, and will be completcd with the Final Report (Figure 2). Project

workshops were beld in December of 1990, 1991, L992,ad 1993 to provide ongoing staffcoordination, identify

and resolve proble'ns, update data collection status, and provide progress reports 1s Reclamntion ond GCES'

Figure 2 BIO/WEST proiect schedula

Field Trips

A totat of 36 Eontbty field fips were conducted on the Colorado River in Crrand Canyon, from Lecs Ferry (RM

0) to Dmmd Cr€ck (RM Z2Q,Xar-tngin October 1990 and ending in Novcmbcr 1993 (Figwc 2). Trips wcre

conductcd monthly, occept for December l99l and 1992. From Ocober 1990 througbNovcmbcr 1992, trip

leagtbattematedb*ween L2trdz}days,resultinginfive l24ty tripseachin l99l and 1992(Febnrary,Apnl,

Jnnc,August, October) andsix z}{lrytrips (January, March, May, July, Septernber, Novembcr). The schedule

was modified in 1993 to include eigbt l6day trips (January, Febntary, Marcb, Apnl, June, August, October,

November), and three 2}4ty trips (May, July, Septembcr). Launch dates and sampling locations werc

coordinated witb AGF, whcn possible, to providc concurrcat sampling and comparable data

Twent_vday rip,s wcre corducted to assess composition and distribution of fsb, monitor habitat availability and

use, detcrmine important biotic interactions benreco humpback chub and other fish spocies, and capure

hrr"pbrck chub fc implanti.g radio ransmiu€rs. Th€sc trips includcd nr,o ficld tcadu;, onc with 6 BIOAilEST

Proiect Schedule
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(B/!V) and I ACT biologists sampling Region I, and one with 4 B^N and I ACT biologists sampling

cmcurrenttY in Regim U. The trryo teams jointly sanplod Region Itr dlring the last 5 days of the tip, so that each

of the three study regions was sampled with equal efrort of about l0 team{ays.

Twelve-day trips were conducted primarily to recontact prwiously radio tagged adglt humpback chgb, and

mornitor trcir mov@€nt ad habitat urc in Region I These tips involved one field team with 6 B tr and 2 ACT
biologists- Fish were usually equipped with radio transmitters during 2}4ay trips, and tacked and monitored

during l2dary trips from October 1990 throughNovember 1992.

Sireenday uips w€re conducted from January through November 1993, when radiotelemetry was discontinged

in Region I and implemented in Region II, and Region 0 was added to the sample area The l6day schedule

allowed teams to allocale more time to tracking fish in Region II, while sampling freq'ency and

intensity throughout tbe shrdy area, The number of teams on l6day tips alternated between one team (Febnrary,

Apd June, Augrst October) and two teams (January, March, May, July, September, November), with ngmbcr

ofpersonnel as dcscribed for l2-day and 20-day trips, respectively.

Reports

Trip reports were completed and submitted within l0 days of the completion of each of the 36 field trips and

ennrral lppql5 werc completed at tbe eod of 1990, 1991, Nd lgg2. These reports were submitted to Reclamation

and GCES, and distributed to cooperating agencies and int€rested individuals.

Samolino Desiqn

A stratified random sampling desig was implemented to approximate uniform sp*ial and temporal sampling

of lish assmblagcs and associated physical, chemical, and biological components (Schreck and Mrylc 1990).

Thc fcnr suvdy rcgions (0-1tr) wre lmgittdiDaly divided into I I geomorphic reachs (Scbnidt and Graf 1990),

each wi& approximatcly uniform c.hannel and sborelinc characteristics (Table l). The I I geomorphic reaches

were subdivided into 34 sample strata that ranged from 3.2 to 19.5 hn (2.0 ro l2.l mi) in lagth (Table 2).

Tbese straa rlrere tbe base spatial sampling rrni15, 4a6l were considered represmtative of the geomorphic reaches

in which th€v occurrd (Figure 3). nc five major ributary inllows in Rcgion II (i.e., Bright Angcl Crcels,

Shinuno Cr€dq Tapcats Crech Icnab Cr€ck, and Havasu Creek) wse each treat€d as individuat strahrm to be

sclected and sanpled at least once seasonally in order to insurc adequatc temporal characterization of areas where
fi"hes aS8rqgpted S€i$onally. Eigbt to 16 strata were randomly selectcd for sampling during each monthly trip.
Selected strata were not eliminated from consideration for selection on subscquant trips.
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Flguc 3. Spatlal sbatlfled sampling design for Region ll; a+n are sampllng sbata within geomorphic leacheq
Upper Granib GoEe, Alsles, Mlddte Gtanib Gorge and Muav Gorga

Leng& of each smpling sraum was ddenrined primarily by the distance of river between large rapids that was

repeatedly accessible by research boats and location of temporary riverside camps for setting and refiwing

sampling gear and tracking radio tagged fish Whitewater rapids too large or swift to ascend with smdl

motsized research boats prweoted repeated access to sample sites and frequently delineated stratum boundaries'

Saryling was cmdrcted month$ and at diff€s€nt times of day ancl night to accormt for temporal variation (Figure

4). Etrort was partitioncd by season to represent winter @ecember-February), spring (March-May), suutmetr

(June-Augrst), and fall (September-November), and by time of day to represent nighl dan'q day, and drsk

Sinc€ day length and photoperiod varied with season, a computer program (Srm and Moon Events Worksheet,

Heizs Software, Inc., Palo Alto, CA) was rsed !o appropriately adjut time blocks.

Figure 4. Temporal sbatilied sampllng design for seasons (A) and time of day (Bl.

HYDROLOGY

Flql of tbc Colorado Rivcr and its tibutaries in Grand Canyon was evaluated from stream gage records of the

U.S. Geological Sunrey (USGS) (Table 3, Figure 5). Eartiest records for the Cnatd Canyon section of thc

Colorado River at lres Ferry werc made in 1895. Early records were typicatly based on single daily

measuremcsts, whilc nost gaging stations toda', rccsd sUeamllorv at l5-min intervals. Thc most currcnt records

are provisiona! and subject to verilication and change by USGS. Some provisional records were modified for

this report, r,cing d8ta from adjaccot gagng stations wherc obvious daa inegularities oristcd Final publisbcd

rccords of the USGS arc not orpected !o vary signilicantly from those pr€s€otcd in this rePort

Flgure 5. l-ocatlonc of stseam gages used lor hydrology analysls.

A steamllow routing model was dcveloped for this study o providc time and sirc-specific flow for conelation

with radiotelemctry observations of adult humpback chub and collection of drift matcrial. This llow routing

model uas based on tbe flood wave theory ( agtr"r.hy 1987), rsing the nearest stream gages for calibration Stage-

discharge relationships wcre derived from USGS str€am gages for determination of llow from channel

bat$mctry.
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Mainstem Colorado River

Flow data for the Colorado River in Grand Canyon were obtained from five uscs
identified by the following gage nunbers and desoiptions:

>09380000 - atLees Farry,AZ

'09383100 - above Little Colorado River, AZ
>09402500 - ne,ar Grand Canyon, AZ
,09404120 - atNational CanyoqAZ
'09404200 - above Diamond Crexl\ AZ

stream gages (Figure 5),

Historic records were available from the Lees Ferry gage (1895 to present) and from the Grand Canyon gage

(1922 to present), but only intermittent records were available from above the LCR, at National Canyon, and

above Diamond Creek (mid-1980s to presenO. The gage above the LCR was wed most frequently becarse of
its proximity to many aspects of this investigation that required time and site-specific streamflow information
(e'9, fish nrsve@ent fim radiotelenretry observations, habitat assessment, fuh movement into tributaries from
chaDnel bathynetry). Missing or aberrant discharge mqrurements were rcplaced using routed flow data from
tbe Lecs Ferry gage. Becarse USGS discontinued gaging steamflow above the LCR in April 1993, GCES began

collecting flow data in March 1993. A correlation was developed benreen the t\ilo records to adj'st the GCES
data and provide a consistcnt record

Little Colorado River

Flow data for the LCR wcre obtained from the following hvo USGS srream gages (Figgre 5):

'09402000 - ncar Camaon, AZ
'09402300 - ncar mouth, AZ

The gagc near Camcron provided a historic record of flow for tbc LCR since 1947. However, the gage was
located 721fi(45 mi) rystream of thc confluence, and did not record flow from Blue Springs (2t kn upstream

of tbe conlluence), which was the -ajor source of base flow for the LCR The gage above the conlluencc with
tbc mainsterr was opcratod fton 1987 to January 1993, when it was disablcd by an unusually higb flood- GcEs
mcasured stagc at this location with a Manometcr pressure scnsor starting in January 1993, but no conclation
with discharge was made in timc for this report

Other Tributaries

FIow data for r"ajor tributaries in Grand canyoq other than the LC& were obtaincd from the fouowing three
USGS stream gagcs (Figurc 5):
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'09382000 - Paria River at Lees Ferry, AZ

'09403000 - Bright Angel Creck near Grand Canyon, AZ

'09403780 - Kanab Creek near Fredonia, AZ

Of seven major tibutaries id€ntitred in the study regon, only four had USGS gaglng streamflow data-LC&

Paria Rivo, Brigbt Angel Creelq and Kanab Creelc No USGS ga$s were located on Shinumo Creelq Tapeats

G€dg or Havasu Creek The gages on the Paria River and Brigbt Angel Creek were each located $'ithin 2 km

(1.2 mi) of tbe moutb, and were valuable for determining annual and seasonal inflow into the Colorado River.

The Kanab Creek gage was located about 50 hn (31 mi) upsteam from the mouth, and reflected general

hydrolory.

WATER QUALITY

Wata quality pamnst€rs, andlzd for the mainstem Colorado River, LC& other uibutaries, and special habitats

(i.e., riverside springs, tributary inflows, shallow embaynents, areas of local fish abundance), included

temperature, tnrbidity, specific conductauce, dissolved oxygeq and hydrogen ion concentration (pH). Water

quality.lata qlsp proored ftom tbree sources, including portable Hydrolab water quality instrunsils (Hydrolab

Corp,Arstin, TX), USGS stream gagng stations, and Ryan Tmpmentors (Ryan Instnrmens, Redmon4 WA)

deployd mdmaintained by GCES. Waler quality data were collected during montbly field fips to characlerize

local habitats and supplemut other data. Water quality data were rsually collected from the Hydrolab hourly

for 10-20 dayynonth, and discontinuors betweeir field trips, since instnrments were not left in the field between

trips. BIOAMEST used the following Hydrolab water quality instnrments:

'Surveyor 2: With Field Data togger (Model 51004)

'Surveyor 2: Display Unit (Model: SVR2-SU)

'Surveyor 3: 1100 Surveyor Data logger (Modsl SVR3-DL)

'DataSonde 2: (Model2270 H)

Watcr tcmper,ature was recorded in degrees Celsius ("C), and turbidity (as light transmisivity) was recorded in

nepbclometic urbidity unia O|T(JO with a Hach Model 2100P nrbidimercr, and as depth of water clarity with

a standard 20-cm diameter Secchi disk Specific conductance was msasured in microSemens per ccntimetcr

(pS/cm), adjuted n 25"C. Dissolved orygen was erryrcssed as milligrams per liter (md), and hydrogcn ion

conccntration in pH units (0-14).

Each Hy&olab instnrment was calibrated before and after cach field trip. Watcr quality data wcre dorvnloadcd

frrom data loggrrs uslng a lapop or dcshrop computer and Procomm Phs Version L IB cornmunications program
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@atastorm Tecbnologies,Inc., Columbia" MO). Water qualityparameters (o<ceptturbidity) wererecorded at

camp locations, sample sites, tibutary inflows, aud special habitats. Trubidity was measured daily at c4mp, or

with dramatic changes, usually from tributary inflow.

Data fiom six mainstm gages and six tributary USGS gages were used to provide historic and preseirt oveirriews

of water quality in the mainstem Colorado River and its tibutaries (Figure 5). Predam water Erality and

sedimot data were obtained from two mainstem gages (Colorado River at Lees Ferry and Colorado River near

Grand Canyon, AZ) and tlree tributary gages @aria River at Lees Ferry, LCR near Cameron, and Bright Angel

Creek near Grand Canyon). Post-dam data were from gages on the Colorado River below Glen Canyon Dam,

above the LC& at National Caoyoq and at Damond Crd(, uftich were installed in 1983, as part of GCES Phase

I to evaluate sediment bansport and provide data for a flow routing model. Postdam data were also obtained

from gages (mini-moniton) installed in 1989 on the lower LC& Bright Angel Cree! Kanab Crcelq and Havasu

Creek These mini-monitors recorded water temperaturq DO, and conductivity, and included pr€ssure

transducers for we with flow-rating curyes to yield stream discharge estimates.

Ryn Tempnenlors were installed by GCES in several tributaries aad mainslgm locations !o zupplmcnt USGS

gaging data and to provide data for a te"'peranne model for the Colorado River in Grand Canyon Tempmenton

were located in lourcr Nankoweap Crdq LC& Shinrmo Credq Kanab Cred(, Tapeats Crcelc, and Havasu Crcdq

as well as select locations on tbe mainstcvn, such as RM l2z (Middle Granitc Gorge).

Methods for gathering waler quatity parametcrs were adjrsted for particular locations and conditions in this

investigation Water quatity parameters in the mainctem wse measured with a Hydrolab DataSondc deployed

ftom a 37-ft (l1.3-m) raft at each te'rporary campsite. Parameters were recordcd electronically at l-h intervals,

and manual rcadings wcre recorded from a Hydrolab Survcyor 2, o supplemeut the electronic data in case of
battcry failure. Walsr ternperanre associated with fish and drift sampling was recorded with h""d held

thermometers, calibrated with a Surveyor 2 at the beginning of each rip. Watr quality in thc LCRwas also

recorded clectronically at ls-min intervals with a Hydrolab DataSonde. DataSondes were deptoyed only whcn

teams were in the vicinity-about 1.0 days/month-and temperaure data were supplemeoted with Ryan

Tempmentors and CR10 data loggers (Campbell Scientilic, [nc., logan, UT), and USGS ADAps @ata
Collection Platrorms). Hydrolab Datasondes or Surveyors were also used o rccord watcr quality data in various

tibuary inllows, which were supplemented with data from Teinpmenton or USGS gagng slations, o providc

a continuous record of tributary tempcrahre. Watcr guality param€t€rs of special habitats wcsp mca!ilred

opportunistically with a surveyor 2 and results recordcd manually.
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HABITAT

Riverine habitat was described by physical attributes of the river channel and rezultant hydraulic

ctraractqisticswithin defined geomorphic regions. Ilabitat use by zubadult (YOY and juveniles) and

adult humpback chub in the Colorado River in Grand Canyon was determined by fish caphre

locations and radiotelemetry observations. Ilabitat selection was inferred through comparisons of

habitat availability and use, and life-history needs ofhumpback chub.

Habitat Descriptions and Availabilitv

Since ctrannel geomorphology and predominant shoreline geology are determined by successive rock

layers encountered by the river, habitat descriptiorui were based on geologic formative processes

reflected in ctrannel width channel depth ,lopg and shoreline lithology. These change longitudinally

and strape hydraulic ctraracteristics, and thus intenelationships of depth velocity, substrate, and cover

of fish habitat. These characteristics were identified at four levels of resolution (i.e., longiardinal

geomorphic reaches, shoreline tlpes, hydraulic units, and shoreline microhabitat measurements)

containing descrip-ton consistent with those used by other investigators in the Colorado River Basin

(Valdez and Wick 1983, Tyus 1984, Kaeding and Osmundson 1989, Ilanrey et al. 1993, Stanford

1994), and with an integrated description of resources in Grand Canyon (Werth et al. 1993).

The first level consisted of I I geomorphic reaches consistent with the designations of Schmidt and

Graf (1990), and zubsequent levels were embedded within each reac[ i.e., 8 shoreline types within

eachgeomorphic reac[ 8 hydraulic units within each shoreline t]pe, urd 4 microhabitat parameters

within each hydraulic unit ( Figure 6). A similar classification system was used by Anderson et aI.

(1986) to analyze aquatic habitat for low and high flows ofthe Colorado River in Crrand Canyon from

video imagery, and provided a comparative data set.

Figure 6. Dendogram of a classillcation system for llsh habitat in the Golorado Rlver, Grand Canyon.

Availability ofhabitat in select s.rbreaches ofthe mainstem was determined from (l) maps with visual

interpretations of macrohabitat and shoreline types, (2) ctrannel bathymary, (3) velocity isopleths,

(4) ternperature isoplahs, (5) maps with vi$ral interpr*ation of substrate types, and (6) shoreline fish

mictohabitat measurements. Map products (l) through (5) were incorporated into the GCES
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Geographic Information System (GIS) developed for resource monitoring of the Colorado River in

Grand Canyon (Werth et al. 1993). Shoreline microhabitat measurements were integrated into a

fisheries database and stored in dBASE IV. Each map product was referenced to an established

control network for use as informational layers on the GIS. A multi+emporal, multi-accuracy GIS

database was dweloped to accommodate the different data types and accuracies associated with these

maps (Ilougaard and Valdez 1994).

Level 1: Geomorphic Reach

The l1 geomorphic reaches described by Schmidt and Graf (1990) were the basis for longitudinal

comparisons offish habitat. Major geologic units at river level, width to depth ratio, channel width
channel slopg and bed composition were described for each reach to provide a longitudinal charac-

terization of fish macrohabitat. A more detailed analysis was conducted for two subreaches with the

largest aggreguions ofhumpback cbub, the LCR Inflow (LCRD and Mddle Granite Gorge (MGG),

and compared with a third subreach with few fisb in order to identify important geomorphic variables

in determining reach selection. That uralysis compared number of debris fans, slopg urd average

width to depth ratio. Water temperature was also considered because ofthe dominating influence

of cold hypolimnetic releases from Glen Canyon Dam.

Level 2: Shoreline Types

Shoreline ty?es were classified to reflect predominant formative shoreline geolory, and included

bedroclg cobble bars, debris fans, sand bars, and talus slopes (Table 4, Figure 7); vegetated banks

were identified as a sixth category because of their influence on fish distribution and abundance.

Shoreline and macrohabiut types (See Level 3: Hydraulic Unit) were visually delineated at seven map

sites and various flows, between RM 59.75 and RM 63.24,1o determine changes in availability with

flucarating flows. This classification was similar to that used by Werth et al. (1993), except that rock

ledge and rock face were combined into bedroch and alluvial fan was termed debris fan. This

shoreline classification was designed to reflect geomorphic processes and transposition of material

with the greatest influence on fish habitat. For examptg cobble bars were composed of material

rounded and embedded by river processes with limited spaces for fish shelter, while talus slopes

consisted of irregular, urgular boulders formed from shoreline rocldalls and slides, and providing

interstitial spaces with low velocity.
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Figure 7. Gross-secfions of hypothetlcal shorellne types.

Sur&ce area of slroreline tlpes and masohabiut qpes were delineated irrespective of flow, from the

LCR inflow (RM 61.3) to llance Rapid (RM 76.4) to relate longitudinal shoreline geomorphology

with occurrence and densities of juvenile humpback chub, and with shoreline microhabitat

measurements (Converse I 995).

Level 3: Hydraulic Units

Fish macrohabitat described the general area occupied by a fisb and was classified on the basis of

hydraulic units, including eddies, pools, rapids, return channels, rifles, and runs (Table 5, Figure 8).

Terms and definitions for macrohabitats were consistent with those adopted by the Anerican

Fisheries Society (Helm 1985), with elements of the GCES/GIS classification scheme for aquatic

biolory Werth et al. 1993), and with common usage of terms tbroughout the Colorado River Basin

(TVus et al. 1982, Valdez et al. 1982, lvladdux et al. 1987). These hydraulic units reflected areas of

differential fish use distinguishable at the wate/s surface, so that changes in flow were reflected in

changes in surface areq and thus effects of dam operations on fish macrohabitat

Figure 6. Surfa flo$r p&m ol an eddy (A), and cross secdons of a rapld (Bl, rifile (c), and run (d|. SkeEhes of
rapid, rifie and run from Helm (19851.

Twenty-five habitat maps were developed for seven sites in the vicinity of the LCR (Figure 9, Table

6) for det€rmination offlow to habitat relationships. These sites were (l) ESPN RM 60.8{1.0, (2)

cAI\dP, RM 61.0-6t.2, (3) LCRI RM 61.2-61.5, (4) HOPI, RNI62.2-62.4, (5) SALT, RM 62.+

62.6, (6) WIIAL, RM 62.6-62.9, and (7) WEEP, RM 63.964.2. Aerial photographs at a l:1200

scale (l cmr= 12 m) were used as base maps to simultaneously delineate macrohabitats and shoreline

tJpes for a subreach of river about 400 m long at each site. Two to four maps were dweloped at

each site for different flows during interim flow criteria in 1991 and 1992.

Flgurc9. Locatons of llve bathymetry map sltas (A€l and s€yen macrohabitat map stbs (l-4 on the Gokcrado
Rlver ln Grand Canyon.

lvlaps were de/eloped by the same obsewer using visual interpretations of macrohabitat margins and

shoreline delineations from two or three established high shoreline vantage points. Binoculars were
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used to bettq define water levels, habitat interfaces, and shoreline qpes, and all obsenrations were

made earty and late in the day to minimize solar reflection and water surface disturbances from wind.

Ilabitat maps were rectified to orthophoto base maps for GCES/GIS monitoring site #5 (Werth et

al. 1993), from the LCR to Cardenas (RM 61.3-72). Surface area of each macrohabitat type in
squaf,e meters, and linear distance of each shoreline t1lpe in meters were determined from the GIS,

and related to river flow at the midpoint ofmap development (habitat maps were dweloped in 35-60

min). A flow routing model described in IIYDROLOGY was used to estimate flow at the site during

each period of map development.

Level 4: Habitat Parameter

Channel Mrymety Channel morphologywas furtherdescribed with bathymetry maps offive sites

(Figure 9), including (A) Awatubi canyorl RM 58.5, (B) 60-Mile canyon" RM 60.1, (c) EspN
Roclg RM 60.8, @) Carbon Creelg RM 64.7, and (E) LCR Inflow, RM 61.3. The first four sites

contained large recirarlating eddy complores regularly used by humpback chub, and the LCR Inflow
site was used as a staging area by prespawning adults.

A Super-Hydro bathlmetric system was used to map underwater topography of the mainstem (F.

Protiva' M- Gonzales, GCES, pers. comm.), and presented as nvo-dimensional isopleths or three-
dimensional bathymetry enhanced with computer imagery. The system consisted of a shore station,

located by coordinates with the aid ofan Ashtech Global Positioning System (GpS), to track and send

position information to a main computer located on a boat. The boat computer included a graphics

sseen to guide the helmsman along a pre-determined sampling pattern oftransects set l0 m apart.

Survey readings, including distance and angtg were taken with the aid of a prism on the traversing

boat' urd simultaneous to measuernents of depth (using a Lowrance depth sonar) and velocity (using

a ldanh-ldcBirney cunent meter). Data point collection intenral for depth was adjustablg from once
every 2 sec to 4 pointVsec; e.g., over 10,000 points were collected to develop a bathymetric map for
the LCR site (1.6 km distance of river). Elevational starting points for each map were based on a
local coordinate system above the high water line in order to reliably reestablish control points and

allow for funre resurveys.
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Field information was stored on the main computer, and transfened to GCES for processing and

plotting. Data processing included editing erroneous points, generating a database from nrrveyed

points, visual reality check of data points, depth reductions to relative elevation, generation of a

surface model" and orientation to established network coordinate points (Wenb et d. 1993).

Bathymetric plots were generated with contour intervals of 0.5 m (consistent with GCES/GIS).

Velocity lsopleths Velocity isopleths were also developed with the aid of the Super-Hydro for two

sites @igure 9), including ESPN Rock (RM 60.8) and Carbon Creek (RM 64.7). Velocity was

measured 1 m below the water surface with a tdarsh-McBirney current meter, and recorded

simultaneous to depth readings. Velocity was plotted with contour intervals of 0.1 m/sec. Althouglr

flowvolume changed duringthese measurements, and multidirectional velocity shears were conrmon

in a single vertical transest, these isopleths provided a characterization of velocity magninrdg and

distribution and location of high and low velocity zones, relative to channel morphology.

Temperature lsopletfis Thermal isopleths of the LCR inflow were developed from water tempera-

ture data collected with hand-held thermometers over a series of points located by a latice grid

system. Data were collected May 16, 20, and 21, and July 21, 22, 23, 24, and 25, 1992, and

assimilated by four mainstem flow ranges, including (l) 9200-9600 cfs, (2) 12,130-12,809 cfs, (3)

13,947-14,504 cfs, and (a) 17,470-17,798 cfs. A relationship of LCR temperature (at base flow of

230 c&) to rnainstern flow was established, and thermal gradients ploned at 2" C intervals, from lO"C

to24"C.

Subsffi Maps Substrate of the LCR inflow was also delineated with the aid of the Super-Hydro,

simultaneous to development of bathymetry rnaps. Observers used the tracking boat or waded in

shallow areas to classify substrate according to a modification ofthe Wennrorth system (Table 7).

Substrate was segregated as a separate layer of the GIS, and surficial area of each type determined

in square meteni.

Shorcline Mlcrchabihf Depth, velocity, substrate, and cover of shorelines commonly used by

juvenile humpback chub were evaluated to describe habitat anributes and determine relationships of
flow to microhabitat. Pararneters were measured and classified at three l-m intervals from shorg

along each of ten parallel transects. Depth was measured with a graduated stafi, velocity with a
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Marsh-McBirney current meter, zubstrate was classified according to Table 7, and coverwas

classified as instream, lateral, and overhead (Ilelm 1985). Measurements were made at 84 sites at

ditrqertflowsto waluate changes in available habitat components within sites and within shoreline

qDes. These sites were also sampled with electrofishing to relate fish density to shoreline type and

to evaluate effects of dam operations (i.e., fluctuating flows) on juvenile habitat.

Habitat Use

Radiotelanary was identified by species experts as the most effective method for determining habitat

used by the Colorado River endangered fishes (Valdez et al. 1990), and has been applied to
humpback chub (t<aeding et al. 1990, Valdez and Nilson 1982, Valdez and Clemmer 1982), Colorado

squaudsh and razorback sucker (Tyus et al. 1982, Valdez and Masslich 1990), and bonytail (Chart

and Cranney l99l). Habitat used by humpback chub and sympatric species in the mainstem was

determined Aom radiotelemetry and capture information, and selection was determined fiom highest

proportion of use. Radio tagged adults (n=75) were located and observed as described in

RADIOTELEMETRYObsenrations, and habitat use was determined as percent€e of radio contacts

in respective macrohabitats, i.e., contact locations were mapped for each oftwo to four daily boat

surveillances througb the area oc.arpied by radio tagged fistr" Efforts to measure microhabitat (depth

velocity, substrate, cover) of radio tagged adults were abandoned because water d.pth channel

width and higb, multi-directional velocity shears precluded accurate measurements. Macrohabitat

ofjuvenile and YOY humpback chub, and syrrpatric specieq was determined from catch locations

associated with electrofistring nets, seines, minnow trapq and hoop nets. Capture locations of adults

were used to supplement and confirm radiotelemetry dat4 since the latter are generally considered

more reliable descriptors of fish habitat (Tyus 1982, vald ez et al.l990).

Microhabitat of subadult humpback chub (TL<200 mm) was determined within shoreline ty?es

sampled with electrofishing (Table a). Deptll velocity, substrate, and cover were determined fiom
measurements taken along each of ten parallel transects, as previously described in Shoreline

Microhabitat. Individual caPture locations were not used for microhabitat quantification because

electrofishing displaced fish from microhabitat sites @ovee 1986, Valdez et al. 1990), and sampling

within specific shoreline types reduced variation of macrohabitat parameter measurements.
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INVERTEBRATE DRIFT

The volume of material (i.e., detrins, macroinvertebrates) drifting in the river was determined for season, time

of day, flow magninrde, rq directio, habitat, and longitudinal location, in order to relate &ift material to dam

operations andto foodhabits of fub"

Equipment

Drift nets were made of a rectangular tubular frame (30.48 cm x 45.72 w,) with a 3-m long net of 560

micrometermesb, and a detachable catchrnent cup (Figure l0). Nets were placed in pain, one collecting surface

drift and one collecting subsurface drift, and a Swoffer curent met€rwas rsed to d€t€rmine net-mouth current

velocity at the beginning and end of each seg usually 15-20 min Volume of water filtered through eac;h net was

calculated as:

Volume=whv
whcre:
Volume = cubic metors of water filt€red per hr,
w = width of net opeiring (45.72 w,),
h = height of net opening (30.48 cm),
v = average water velocity (meters per second) at the netmouth (average of beginning and €nd velocity).

Figure 10. Drift nets set In tandem b sample near-surface (A) and midwater (Bl.

In l99I and 1992, a permanent drift sampling site was established just upstream of the LCR (RM 61.2) to

determine the effects of discharge, habitat, and time of day on drifting masoinvertebrates. Drift was sampled

monthly to account for seasonal variation, and to provide a long-term data sel Drift was also sampled

longiurdinally from the LCR (RM 61.2) to Diamond Cresk (RM 225).

Analvses

Tbc cmtents of each drift net was placed in appropriately-labeled whirl-pacs or Ziplock bags, preserved with 70

pcrccnt etbanol" and returncd to a laboralory. Macroinvcrtcbratcs werc sortcd from detritus, and idcntifid and

counted by taooomic family, genrs, on species. Dry $cight of remaining detrins (dgae, woody debris, etc.) was

measured Sample drift density (macroinvertebrates/I00 cubic meters water filtered), as rcported I Allen and

Russek (1985), was calculated as:

numberc per net hr

Sample Drift Densityr.

mt water filtered per hr

x 100

(Equa6on 1l
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Organims per 100 cubic meters of water filtered (orgs/100 m3 wI) and grams dry weight of detitus were used

in all statistical analyses (Sptat version 5.03, Wilkinson 1992). Analyses of Variance (At{OVAs) with
significance levels of P<0.05 were used to det€rmine significant differences in data.

FISH SAMPLING EQUIPMENT AND METHODS

Equioment

Inflatable hlpalon boats (Achilles Corp., Nwfter 22 Daikyo-Cho, Shinjuhr-Ku, Tokyo 160) w.,'e rsed for
sampling and radio tracking. These small boats increased access to a greater variety of habitats than prcvio,sty
sampld and enhanced scientific validity by atlowing replication of data collection (Valdez et aI. 1993). The
sport utility SU-16 model (4.9 n long) was rrsed primarily for elecrofishing and radio tracking and the sport
heavydty SH-170 Eodel (5.2 m long) was used primarily for nening and radio tacking. The frames for thesc

boats were designed for safety and functionality and were easily disassembled for transport on the larger s'pport
rafts.

Standard safety equipmeirt was provided with each boat including: 1) standard fi15t aid kiL 2) 65-foot 1fu'qy tine,

3) tbrow able floatation device, 4) Aip [nes, 5) fire odinguisher, 6) extra life jacket, 4 spare paddles or oars, g)

life line, 9) bow line l0) safety lanyard motor switch, I l) river rescue kiq 12) boat parch kig 13) motor rcpair
kit, 14) spare motor, propeller, and gas, and 15) e-beam and banery.

Each elecrofishing boat (SU-16) was designed to accommodale up !o three biologists - an op€rator and one or
possibly nro nesers. The boat was equipped with nro subframes, including a front uening deck and rail, and a
middle frame with dry comparheots, a live wel! and a 5-hr generalor (Figuro I l). Madmum opaating weight
for an electrofishing boat (load capacity of 32 l0 pounds) was an esrimated 1200 pounds. Each ncning/radio
tracking boat (SH-170) was d€sigtcd to accommodat€ two or threc biologists - an op€rator and one or two
biologists to perfo'rm variors researc.h tasks such as seting and rcEieving fishing nets or radio trackin& The boat
was equippcd with a single frame with a live we[ dry equipment storage comparbrcots, radio tracking
equipment' and a breakdourn antenna extension bmm (Figure l2). Mocimum operating weight for a

neaingitracking boat (load capacity of 3500 pounds) was an sstimat€d g00 pounds.

Flgure 11. Fishery res€arch boab.

Figure 12 Fishery research boats frama d6tgn.
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Only principal BIOA /EST biologists, orperienced in operating research vessels, handld these boats duing

sampling activities. Manzuvering researc,h vessels tbrough rapids was done by boat operators with the

qualifrcations outlinecl in the Colorado River Management Plan (CRMP). All BIO/II/EST biologists and

personnel were familiar with and adhered to the National Park Senrice's CRMP regulations on river safety,

expuioce, and boating restictions. A Boat Operating and Safety Plan @IOAMEST Report No. TR 250-03)

was developed by BION/EST to insure tbat all personnel were thoroughly familis vift the safety aspects of thc

project and that appropriate personnel were properly Eaind in boat operation

Care for these boats and motors was essential !o sampling the Colorado River in Grand Canyon and to

accorylichingthe objectives of this scientific investigation. Boat operaton were always aware of onboard gas

supplies to prevent running shorr A regular check of the outboard motor was performed by boat oPerators,

including oil level condition of propeller and lower spindte. Each engine was allowed to warmup, especially

drring cold weather, and wata pump orfl* ports and iqeller port were checked for continuous streams of water

to insur€ that thc enginc coolant syst€m was working. Outboard motors left on boats ove,rnight were tipped up

out of tbe nater to prwent mrd firom seffling in the water pump horsing Gas tanls wer€ Dever nrn dry to prwent

clogging outboard carburelors with residues. Gas to"ks and outboard Erotorc were not used as foot steps to

prw€nt damage to handle or spout seals that could carse gasoline leaks. hoblems witb outboard motors were

identified with plastic tape (not duct tape), and the Equipment Coordinator was advised of the proble,m. During

hot srmmer months air was released from toubes peridoicaly to prevent over pressurization wbich could looseit

patchcs.

Tbc rescarch boats wcre rsually foldd and loaded on larger support boas (33 or 37-ft S-rigs, or 23-ft $outs)

for transpct o and ftm riverside cmps to r€drce boat activity in the canyon, and to mininize pcrsonal risk and

rlamage to equipmeot in traversing large u&iteivater rapids. Srpport raffs wcre provided by OARS, a commercial

river concessionaire from FlagstaS, Arizona, contracted by GCES to providc logisticat support for research

efforts in Grand Canyon

Fish Caoture Methods

Six basic gpar types were usod by BIOAI/-EST in the Colorado River in Grand Canyon to sample fisL including

electrofishing; gi[ and trannel ncis, seincs, mirrow raps, bmp and framc nets, and angling. Unique data sheets

wcre developed for each gear q/pe !o faciliurc data entry and analysis. A section eotitled DATA

N4ANAGEMENT PI-AII is provided in this docummt, ogethcr with each of thc field data shects rsed It was

very important that all BIOAMEST personnel wcrc intimatcly familiar with each data sheet and the codes and

€ori€s requfuEd f6 eactr daa lield The accurary and consistcncy of data detsmincd thc valuc of this scientilic

investiguion
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Nets

Gill Netlng T*hnlgu*: Gill nee urcre tbc primary gnar used to charactsize large-fish assemblagcs in deep

shoreline habitats ad to capture adult humpback chub for implanting radio transmitters. This gear tlpe was

rsed to compare fish distribution and abundance by area and time as rryell as to categorize gen€ral fish habitat

use in suPPort of radiotelemetry data. These gear tlpes are commonly psed to surv€y and monitor other

populations of humpback chub in the Uppo Colorado River Basin (Valdez and Clemmer 1982, McAda et al.

1994, U.S. Fish andWildlife Service 1987).

Gill net mesh sizes were used that would capture a variety of fish sizes including adults and juveniles. The

numberoffish caphnedby specic fiom a net set was recorded for calculation of catch-pu-rmit effort ercpressed

as tbe number of fish per 100 feet of net per l0 hr.

Gill nets were 30.5 m long and 1.8 m deep, with 3.8 or 5.1 cm-square mesh (100 ft x 6 ft deep, 1.5 or 2-in
mesh). Experimentalgillnetswerealsousedwithfoursectionsof 1.3, 2.5,g.8,5.I-cmmesh(0.5, l, 1.5, and

2-in). Trammel nets rryere 22.9 m long and 1.8 m deep (75 ft x 6 ft) , with tbree panels of ne6ing-two outer walls

ofl2-in(30.5cm)me<h3a6lsncinnerpanelofL.3,2.5,or3.8-cmmesh(0.5, l,orl.S-in). Gillandtrammelnets
wercmadeofdoubletnoted#l3gmultifilame'rttwinewith 1.3-cm(0.5-in)diameterbraidedpolyfoamcorefloat

line and 0'8'cm (5/16-in) leadcore line. White, labeled mooring boat frrmpcrs, 12.7 w(s-in) in diameter and

45.7'm'(18-in) long, wcre tied to a line at the disal end of each net to facilitale relocation and retriwal, and to

alert boaters t'o submerged nets. Pollpropylene mesh bags were filled with rocls and rsed as convcnieirt net

weigbs.

Gtl nets werc Seocrally sct trom shorelines diag@at to the direction of the currcnt One end of tbe float linc was

enchor€d to the shore so that the end of the net was withi" I m of the shoreline (Figure l3). A weight bag was

"ttachnd to tbe sboreline cnd ofthe leadline !o anchor thc net in position and keep it ocendcd. gxp€rim€otal gi1

nets were sct with thc smnll mesh nearest the shorc. Thc nets werc acteirdcd into ths channet" with tbc boat

poncred in rwersc, to rna:rimize fiching efficienc] according o conditions at the point of tbe ser Crerr mcmbcrs

in tbc boat bow fed nas out ofbreatbable mesh sorage bags r€orcving tangles and any remaining debris to assur€

a proper set. In areas with cunenf nets were gaerally octcnded don'nstrean, parallel with the currcot either

along eddy lines, nrns or pools. In areas with little or no currmt, nets were placed perpendicular o anticipatcd
fish movcmcnts. A second weight was attachcd to the distal end of thc net with a length of line that dctsrnined
the net hcight above thc rivcr boUom- An oCession line 1rys5 thgr a$achcd to thc float line and the nct was

low€rod inlo &s rmter rrntil thc wcigbt reached tbc bouon, at whicb timc, tbc narker/ftoat was attached with a
bodinc loot Nas to !s set again rbe ncrlt day in tbs sanc location wcrc bagged and set on shore abovc thc higb
water line.
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Figurc t3. Typlcal gill or trammel net set

N*s were generally checked with the outboard engine offand tilted above the boat. Tbe nets were pulled from

the water by grabbing tbe ma*er float, pulling the distal net weight from the bottom and theo hauling tbe net

aboard the boat while slowly moving toward the shoreline attarnnent point If the distal net weight becane

lodged on the botlom it was necessary to start from the shoreline in order to free the weight.

Fish were removed as they were encoutered with priority to endangered species, native species, bout md other

non-natives in that order. If endangered fish were swerely entangle4 the ne[ing was cut to free the fish. Fish

were identified and enumerated as th€y were removed from the net and placed in a live well. Each was then

measur€4 weighed and appropriately processed before release. Nds were checked at least stery 2 hr to minimize

stress and reducc mortality of entangled fisb- Nets danaged or clogged with the algae Cladophora or debris

were removed and replaced with clean ones.

Tnmmel Netfrng T*hnlqu*: Tranmel nets were trsed in I sinilsl mann€r to gill nets to charact€rize fish

assemblages and documeirt changes in fish distribution and abrmdance over time and location Trammel ncts

terded to be less stressfirl on tbe fish than gill nets becarse the middle panel of netting t€nded to form a bag

aroud the fth rather than tigbteoing aroud their gill opercles impeding respiration Trammel nets wer€ also

used in an active nranner by floating nets through areas of fish concentrations, such as during spawning timc.

This technique worked best in areas of low currc,nt and smooth sand bottom to prev@t entangling and tearing

the nets on bofiom debris. Trammel nets consisted of tbree panels of neEing, trro outer walls of large nesh and

onc inns pancl of small mesh- The oulsr $'alls consistcd of #139 multifilamsrt nrine neaing with a l2-inch

mesh. The inner pancl consisted of either l-inch or I 7z-inch mesb tbese mesh sizes havc bcco found most

eftirtive fu capuring brmpback chub with a minimnm of damage. AII inner panels wcr€ cotxrtructed of double

knoucd #139 nylon multifilamcot twine.

Traps

Haop lllets: Three sizcs of hoop ncr were rued in variou velocity habitats including 0.6 m x 3.0 m x 1.3-cm

(2 ftx l0 frx0.5-in),0.9mx4.0mx2.5<r(3 ftx 13 ftx l-in), and 1.2 mx4.9 mx 1.3-cm(4 ftx 16 ftx0.5-

in) (diamEt€rx leogth x squarc mcsh). Nets werc t1'pically located in ributary strcar$ or their mouths. Two 7.6

m (25-ft) winp made of2.5o (t-in) #15 knotless nylon were atrached o the opening of the hoop nets. Hoop

nsts wer€ sct by anchoring the rear of the nct with a lcngth of rcbar and orienting the mouth in a downstrcam

dircctim to cryune fish moving upstream (Figure la). Wings were anchored with rocks. Nets were checlcod at

least every 8 hr !o mininizc stress and mortality to fish. Occasionally nets were set in the moutbs of ributary
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stems wben water in tbc mainstem was low. These "dr/' sets would be inrmdated wheir wats in thc mainstem

wouldrisg andwouldbe checkedforcaptured fuhwhen the waterbegan dropping again

Flgure 14. Typical hoop net set

Mlnnow Traps: Unbaited minnow fiaps were used to sample small fi5fu in a variety of shoreline habitats.

Mimow traps were standard Cree minnon' taps-44.5 cm (17.5 in) long 22.9 cm(9 in) diameter, and constnrcted

ofgalvmized wire and steel. Funneled openings were located at each end of the trap. Traps wue placed on tbc

bottom on suspendcd in tbe waler mhnoNr depending on mnditions. Traps were also set in pods of five ss sample

repetitions for habitat t1pes. Each trap was tethered to a secure anchor point and discretely flagged for easy

relocation A long lmgth of cord was attached between the anchor point and the trap to prevent stranding with

fluctuating water deptbs. Traps were checked at intervals of no longer than 24 hr (8-t2 hr in Region I) to
minimize stress and mortalitv to fish.

Seines

Seincs were used to characterizc assenblages of small fish in relatively shallow habitats (up o about 1.5 m in

depth). Three sizes of seincs were rsd including 9.1 m x 1.2 m x 0.6-cm (30 ft x 4 ft x 0.25-in), 9.1 m x 1.5

mx0.6'o(30ftx5ftx0.25-in),and3.0mx0.9mx0.3-cm(10ftx3ftx0.125-in)fleugthxheightxsquarc

E€sh). The float line wat constntcted of 0.8-cm (0.3125-in) braided polypropylene with bard foam floats at 45-

m (18'in) intervals. The bonom line was made of braided polypropylene line with lead sinkers at t5-cm (6-in)

intervals.

I etgth andwidth ofeach seine haul were measured and thres water depths recorded; one at the deepest point of
tbe had, and one each midrvay betrreeo the deepest point and the nearest shore. I-ength and width of the habitat

sampled were also recorde4 where applicable. CPLJE for seine hauls was expressed as tbc ngmbcr of fish pcr

l0 squarc naers of arca sein€d Each sheltered habitat sampled was chcclad for longiurdinal th€rnat gradicnts

pric to scining If significad t€mperaurc differences occurre4 o$reme care was taken !o avoid subjecting fish

to ttsmal shak dning scining bolding and rclease. After each haul, thc seine was held srspendcd in thc water

while €t'deng€rEd alrd native fich"s are rcmovod and placed inlo live wells (buckets). The seine was rhgr beached

and a sccond inten'cive search made. After all e'rdtgered and native fuh were removd the rmainder of the fish
werc placed in a s€paratc live well. Fish captrued with seines were ideirtified in the lield and rcleascd live at tbe

cap0nc laation Sp€cincos that could not be idcotified afield w€rc prcservcd in formali1 (3 n S%conccotration)

and placcd in an appropriately-labeled sample jar and notcd on the data sheer Incidental mortalitics wcrc also
prescrvcd and recorded . All prescrved fish uare rcurnod to thc BIOA/VEST laboratories for frrthcr idcotification
and processing. Spccimcns wcre transfi:rred to the Service, AGF, or NPS as rcquired by scicatilic collecting
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p€rmils. Spogimens of federally tbreatmed or endangoed species were transferred as soon as possible to AGF

together with lett€rs of transfer.

Electrofishing

Electrofishing was used to sample fishes along shorelines and to capture adult hnmpback chub for implanting

radio transmitters. Each elecEofishing effort was conducted within a distinct geomorphic shorcline tlpe (i.e.,

alluvial fan, bedroch cobble bar, sand bar, tahs slopq vegetation) in order to waluale habitat usc and reduce

variability in comparing catch rates between habitats and reaches, as well as between flow lwels and over time.

The number of {ish captured by species in a discrete effort was recorded and related to time (seconds of

electrofishing from intenral syst€m timer) for calculating catch-per-unit effort (CP[D expressed as number of fuh

pu l0 brof effort.

Electrofishing was conducted from an Achilles SU-15 research boat capable of asce,nding small and medium-

sized rapids for increased acc€|ns 1o sample areas (Figrre l2). Each boat was dcsigned to meet Occupational

Safety and Health ddminis661i6s (OSHA) safety standards with specialized features such as pressure safety

switches, gounded wiring, insularcd railing, separate line-channeling for circuits and lights, and rubber gloves,

rubberbms, and fiberglass-tined dip nets for netters and boat handler. The syste,m was powered by a 5000-W

Yamaha indsrial grade generator (Model YG-500-D) or a Honda 5000-W generator (Model EB 5000X), and

routcdthrougb a Mark )O( Comploc Pulse System (CPS) developed by Coffelt Manufacnring (Flagstafi, AZ).

Stainl€ss steel spberes, were usod as electodes with the anode (positive electrode) mounted on a boom projecting

from the boq and the cathode (negative electrode) suspeuded from the stenr Anode and cathode were

inrcrchanged evcry 45-60 -i'r of electrofishing to allow fsl6lsaning of the cathode surface by rwcrsing the

electropl ating process.

In 1990-91, CPS output senings rangcd from 15-20 A and 300-350 V, as recommended by Coffelt

Manufacturing for electrofishing in the Colorado River below GIen Canyon Dam (N. Scharber, Coffelt

Mannfacturing, pffi. cornm-). In 1992, output was rcduced to a range of 8-10 A and 200-250 V aft€r'truise

Ea*s" were observed on trout under the higher settings. The lower senings seemed to reducc the incidcocc of
these marts.

Dring dectrofishing ns5, one tr two dipnettcn were positioned in the bow of the boat !o caphre surnned fish"

Crerv also made "blind net suecps" into hnbid water in lilsely habitats such as pocket eddys behind bouldcrs and

alongsborclincs. Dpnetshadanopcningof3}4squarcinchcs(l8"xl8'),abagdcpthof24inc,hes,andwcr€

constructcd of l/+inch knotlcss mcsb. Onc nccer rvas desigDatcd o opcrate a 
ndeadman" foot switch which mrst

bc deprcssd for thc system to bc operational. The boat operator rvas also ablc to quickly shut offpowcr at thc
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CPS control tmit As fish were nette4 they were placed immediately into a live well locatcd just b€hind the

nett€rs.

Electofishing ruu w€re generally made adjacent to the shoreline and in the direction of the current The boat

was maneuvEed among shoreline cover to adequarcly sample areas tsed by fisb" An electronic timer, built into

the CPS, was used to l<e€p track of time associated with each nrn All fish captured during electrofishing were

processed inmediately upon completion of a run within a habitat tpe. Each fish was visually *amined fon

widence of injury associated with decnofishing. Bruises, spinal deformities, and prolonged letharry were noted

on data sheets. Target fish such as humpbacls chub and razorback suclier were processed immediately and

released at their captrue location Nontarget fish were processed and released within 0.1 to 0.2 mile from the

point ofcapn[e.

Nighttime electrofishing was conducted with the aid of nro 150-watt floodlights mounted on the safety raiting

at tbe bow ofthe boat These I lO-volt lights wue powered by the 5,000-watt generator with the electrical tines

isolated frrom tbe 220-volt lines for increased safety. The operator also had access to a battery-operated 500,000

candlepowcr Q-beam spotlight to aid in night tine navigation

Angling

Angling has been used as an effective method for capturing humpbacli chub in the Upper Colorado Rivs Basin,

in Black Rocls and Wesnvaler Canyon (Valdez et al. 1982) and in Yampa Canyon (Tyus and Karp 1989).

Cheese balh, commercial salmon eggs, stink bait, grasshoppers, Mormon crickes (Tyrs and Minckley 1988),

and artificial flies have been rsed with varying success. Angling wiu! not ued e*ensively in Crrad Caryon

becausc oftb relative high effciency and low impact of other sampling methods, and the time and commimeirt

necessary for succcssfirl angling of this e'.langcred spccies. However, angling was rscd to catch actively feeding

rainbow trout for stomach analysis !o Gsess predation on YOY andjuvmile humpback chub in the vicinity of
the LCR inflow, where concentrabons ofyormg chubs were highesr

FISH HANDLING METHODS

Handliry fsh in tbc Grand Caryon required particular care and attention, primarily because eodangcred species

wccc involvd but also becatse the work was bcing conducted in a national parh and sampling activities w€rc

highly visibl€ in tbe field and came under regular scntritry from state and fiieral r€sourcc agencies and thc public.

A fish havtling protocol was thcreforq essential to all fishery investigations in Grand Canyon This scction of
tbc R€visd Data Collection Plandcscribcs fish handling tabniques erryloyed by BIOAMEST biologists iD Grand

Caoyoa Tbcsc rmhn'!'pes rcflect considcrableexpericoce with rivcrinc species from otber parts of the Colorado
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River basiq and were refined to fit the logistical needs and conditions of the canyoa BION/EST made evsy

reasonable effort to minimi'e impacts associated with research on all fish species residing in Crrand Canyon

National Park, especidly the endangered humpback chub and razorback sucker. All methods and procedures

emplryedtocaptne,hold, m€stbctizr, mdprrocessfishrcflect a concerted effortto avoid orcessive stess to fish-

Transport and Holdinq

Capuned fish were placed in live wells to minimize stress and enhance recov€ry. Live wells consisted of 127 -L

(120-qt) insulated coolers located on each boa! 1.3-L (s-gal) bail buckets carried by seining crews, and 1.2 m

x 1.8 m x 1.3-cm mesh (4 ft x 6 ft, 0.5-ir) holding pens placed in the river. Small fish were placed in buckets

inside of live wells. The live well lid was kept closed during sanrpling and uansport to prev€nt fish j u Fing out.

Fresh river water was used fon contained fish of each sample efforf and changed frequently (every 1J min) when

holding time was prolonged or large numbers of fish were being held- Fish showing signs of stress (e.g.,

increased or inegutar respiration, loss of equilibriurl dramatic color changg reddened fins, enrcessive slime) were

isolated in fresh watetr, carefirlly monitore4 and treated with a salt solution 1e minimiz€ electrolytic losses

(Bu[dcy et al. 1982, Hattingb et al. 1975). Fish with extended letharry or obviors injuries were apprcpriately

ueated (e.g, Betadineru was applied o wounds and lernea were removed) and released upon recov€ry. Dead fish

were preserved in an appropriately labeled container, and transferred to the ichthyolory mllection at Arizona

Starc University. IDcideotal mortality of humpback chub from this investigation did not €trc€d l0 pa year, the

number allowed unds BIOAMEST's fideral collecting permit

Fish Processino Procedures

A numbcr of fish processing procedures were used during the coursc 6f thic investigation- Some wcrc initiated

by tbs Giginal snxly dcsign, and Eodified or discontinued" while othss were implemcntcd as a result of specific

dat" necds 6 at tbc request of the ACT (Figurc l5). From Octobcr 1990 through July 1991, all humpback chub

captured were transported to a central processing station near carnp and then returncd to their capurc location

forrelcasra one-way distace of up to 6.4 hn (4 mi). This protocol prolonged holding tine and unncccssarily

str€ssd tbc fish and was rnodified in August 199 I , whcn humpback chub wcrc preessed and rcleased ncar their

capture location Onty adults dsstind for radio implant wce transported to a central proccssing station

Hrmpback cbub werc measured fortoal lcngth (lL), sundard leogth (SL), and forked lcngth (FL) in millimetqs,

weighcd wct in grarur, martled with a PIT tag and gender determincd (for more detaild desciptions of

E€asuremeots sce Data tttanag€neot Plro, Data Codes, and Appendlx B - Data Code Glossary). From October

1990 though July 1991, tbe left asp€ct of wcry hnmpback chub>200 m- TL was photognphcd (35-mm color

slidc and VHS video) on a whitc plasticized board marlced wi& a I cn grid Starting in Augrst 199 l, 35-mm

phoographs wcre takcn of e,very lF''th afult tbat was not a teapurc, and vidognphy was discontinuod- Ptimary

rays of dorsal and and firs wcrc also counted for way tenth adult" and tco morphomctric dimcnsions wcre
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measured wifr venier calipers (Figwe 161 accurate to the nearest 0.01 -m, including d€pth of nuchal hrmp, head

length' snout leirgth, distance between insertion of pelvic and pectoral fins, maximgm body deptb, ca'dal
peAndc tengtlt marimrm cardal peduncle deptb minimun caudal pedrmcle dspth, length of anat fin base, and

length ofdorsal fin base.

Figure 15. Schedule of tlsh processlng procedures conducted by BIOMEST.

Figure 16. Morphometrics and merisUcs recorded for adult humpback chub >200 mm TL

Select adrlt hun'pback chub from Region I weighing more than 550 g were sgrgically equipped with l l-g radio
transirers from Octobc 1990 through January 1991, and every other month through March 1993. Use of 9-g
radio hansiters in fish 450-550 g was discontinued because of transminer limitations. A nonletbal stomach
pumpingtechnique was implen€nted in September 1992, following evaluation of the tec;hnique (Wasowi cz^nd
Valdez 1994). Scales rvere taken from chub <200 mm TL to determine age and size at transition from the LCR
19 the mainstern.

Tissuc core samples wse takeNr for genetic analysis during October 1992. Tissue cores were removed with a
3m'n biopsY Punch from multiple locations including: fins and along the donal and peduncle mrscllanrre.
Samples were prescrved in liquid niuogen and transferred to Dr. Michasl Douglas of ASU. Humpback chub
sampled in this nranner were noted on data sheets along with any other pertinent obssvations.

OtbnativesPccics' inchrding flnnnetmouth sucktr, bluehead sucker, and speckled dace wcre ncasurcd for total
and stdard lcogth (1c., TL, SLmm), weighed G), and those > 150 mm TL were plT-tagged starting in August
l99l- Non-nativc species wcre also measured for total 6ad standard lcngtL weighcd (lb,oz), cxamincd for
rEProfutive cmdition and gender, and released AII charrnpl catfisb, strid bass, and selected rainbow aout and

broun trurt werc sacrificd for remcval of stomachs. Gut contents were prcserved in ethano! placed in labeled

whirl-packs, and transported to IJibfried Environmental Senrices in Ftagstafi, Arizona for idmtification and
quantification of food contents.

Stomach Analysis

Food habit surdies gcncraly rcquirc saaificing mary fish for stomach rcmoval and cxamination In systcms with
low fish numb€G, reatoval of fish can scriorsly dcplete populations and lethal methods arc gcoerally not
permiucdwith cndangcred spccics. A nonlethal method of stomach pumps was ucd to o(aminc fircd habits of
h"npback chub in thc Eaimtco Colorado Rivcr of Grand Canyon SMics have shown that stomach p'nping
is an effectivc tecbniqrr fc rcooving gut contents witbout harming rbe fth- Fish species whic,h havc bcco testcd
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effectively include a vari*y of salmmids, c€otrardid$ ictahnids, percids, and esocids (Meehan and Mller 1978,

Swenson and Smith 1973, Seaburg and Moyle 1964). Stomach prmps have also beeir used successftlly with

roundtail chub in the Upper Colorado River Basin (R Valdea BIONfEST, pers. comm"). In all cases, the

removal of stomach contents with pumps was not injruious to th€ fisb"

A nonJethal stomach pumping technique was developed and testd in I992W BIONEST for recovering gut

contmts of humpback chub in Gand Canyon (Wasowicz et al. 1992). Testrng was conducted on surrogate

roundtail chrfi (Gla robusta) and initiated with humpback chub in Grand Canyon in September 1992. Only

hunpback chub were stomach plmped during this investigation

The stomach pump desigp (Figure 17) was based on Gengerke's modification of the original Seaburg desip

(Gengslre * al L973, Seaburg 195D. nodble plastic tygon tubing was connected to both cnds of a clean, hand-

held, rubber bulb, commonly used as an in-line gasoline pump for outboard motorc. Fish were mildly

anesthetized with MS-222 (450 mgl), and the clear outlet nrbe inserted into the buccal cavity of the fish. A

stream of water was prryed through the inlet tube and into the stomacb flrshing food itms from the digestive

tract through the venf and into a collecting jar. Flexible hrbing minimized the chance of damage to the

and pharyngeat mill, and the hand-beld rubbcr pump allowed for precision in dictating water flow and

pressure. Different size4 interchangeable tubes were rued for efficient flushing of various sized fish"

Figure 17. Stomach pump used to recover gut contents of adult humpback chub.

Gut contmts were appropriately labeled and presened inTs%etbyl alcohol. Samples were placed in a secure

place end transferred !o the laboraory at Leibfried Environmotal Ssrdces in Flagsaff for sorting and

identification

Hmpback chub were captured at variou times of thc day and night o ascertain li:eding pcriodicity relative to

flow, time of day, turbidity, and other riverine conditions. Peak fi-ding times wcrc identilied by e:ramining the

digestcd stage of stomach contfnts.

All fish wcrc held in holding tank for a brief p€riod aftcr pumping to euiurc rccov€ry and to idartify ary

anomalous characrcristics such as prwiors marls (c.g., fin punches, fin clips, Eccrnal fish tags), parasites,

wounds, or deformities. Anomalies were recorded in detail on appropriate d.1ta shcets and phoogmphd if
relwanL
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Marks

PIT Tags: A PIT tag (Passive Integrded Transpondo) was injected into the pari*al cavity (Figure 18) of each

htryback chub > 175 rrrm TL, and starting in February 1991 minimum size of tagging was red'ced to 150 mm

TL. Eachtagwasaglass-encapsulatedmioochip,l2mmlmgmdl.Tmmindiameter,thatemiredarmiquel0-

digit atpbanm€ric ideirtifier when activated with a specialized electromagnetic scarrner. PIT tags were injected

into the peritoneal cavity of a fish just posterior to the pelvic fin (usually the left ffn), using a large bore

hypodermic needle which was cold stratized after each use (Figure I S). PIT tags were injected only by trained

p€rsonnel designatedby the Principle Investigator or Project Lead€rs. All native and endangered fish were first
tboroughly scanned for the presence of a PIT tag from previous capture. Extemal tags (i.e., Carlin or Floy tags

placed by previous investigators) were removed from native fish and replaced with PIT tags, and both tag

numhs recorded in the database with corresponding information These old tags wce replaced at the request

ofthc ACT because PIT tags were considered more reliablg with less chance of tag loss, and greater capacity and

facility for information retrieval @urdick and Hamman 1993).

Figure 18. Attachment siles for Carlin dangler tas (Al and Floy anchor tas (B) by previous invesdgatorc, and
lnjection site for PIT tag @ by this investigation.

Fin marls: Beginning in January 1993, hp'npbacli chub 60-150 mm TL (uvenites) were temporarily Eart*d
with fin punches (Figuc 19) to tack longinrdinal dispcrsal. A 3-mm diameter biopsy needle was r,5ed to p'nch
various fin combinations specific !o river subreaches (Wydoski and Emery 1983). Fish captgred bctwecn Rtv{

57 and RM 65.5 were marlied with a donal fin punch; thsc bctween RM 65.5 and Rtv{ 76.5, with a lower caudal

Iin lobe punch; those benveen RM 76.5 and RlvI 157, with an upp€r caudal fin lobe punch; and those benpeeo

RM 157 and RlvI 225, with a combination dorsal and upper caudal lobe punch-

Flgure 19. Juvenlle humpback chub wlth dorsal lln punch (Af and locadon of scale sampbs (B).

Fin clips were ltsed to marls juvenile humpback chub, flannetmouth suckas, and bluchead suckers by Arizona

Starc University beginning in 1991. The purpose for these marlss was to distinguish caphge location by

lmgiudinal region in the Litle Colorado River. ASU rsed a combination of caudal and pelvic finc to desigtate

original fish captures from one of fourregions of the LCFi:

L Chutc Falls to sdt Tmil camp: uppa caudal lobc plts right pelvic Iin.2. salt Trail camp to sipapu: upper caudal lobe plr,' left pelvicfin-
3 sipapu to Powell canyon canp: lower caudal-lobc phs right pelvic fin.4. Powell caryon camp o conlluencc: rower caudal tbue prL tin petvic rn
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ASU removed tbe entire ryper on lourcr gossamer portion of the caudal fin while avoiding injury to tbe pedncle

and fin ray bases. The pelvic fins were removed at tre base allowing the fin to regenerate but providing a longer-

t€rmmark

Preservation of lncidental Mortalities

Humpback chub

Any humpback chub that was an incidental mortality was handled in the following menn€c

A. Forhumpback chub less than 150 mm total length

l. Weighed and measuredthe fuh.
2. Atrxed a numbered Carlin tag to the lowerjaw so it was clearly visible.
3. Placed the fish in a plastic bag with 95% ethyl alcohol (ketone-free solution provided by AGF).
4. Placd a wat€rproof tag in the sample bag with the fish that had a field sample identification, species,

fish lengtb, weigbg date, location of capturg and collector.

B. Forhumpback chub 150 m- total length or over

1. Weighed andmeasuredthe fisb"
2. Evisceratd and placed the stomach ia95% ethyl alcohol (did not cut the stomach op€n!).
3. Skeletonized thc fuh: fiIetd and removed the bulk of the flesh leaving thc skeleton and head in tact

(took l-2 min [s do). Attac.hed a numbercd Carlin tag to the jaw of the skeleton Discardcd the flesh

Oury) and hrmg the skeleton to dry.
4. Placed thc dried skeleton in a plastic bag with a label with field sample identification, spccies, fish

lengtb weight,'late,location of caphre, and collector'

Native fish

All othcr native species (i.e., flannelnouth suckers, bluehead suckcrs, speckled dace) wcrc preserved n l0%

formalin for 48 hr thcn transferred to 95oA ethyl alcohol. Appropriatc data was rccordcd on data shects and on

sample bags. Specimens wcre kept in a securc placc (e.g., emmo box) to ptcvcnt damagc and to prevent theft

byravas.

At tbc cnd of a trip all specimens were transferred to a designatcd Project l,rxrdcr (BiU Leibfried) who in tunr

ransfcrred thcse to the AGF designce (Dcnnis Kubley in 1990-1992, Rob Clarlson in 1993). All information

associated with each fish (Carlin tag #, field samplc idcntilication, spccies, fish length, weight" datc, location of

capturc, and collector) was then transferred to thc BIOAilEST Principal Investigalor, and a "lcter of transfed'

s€ot to the Scrvice (F. Barmm) with copies to AGF (R Clarkson), National Park Sen icc (J. Ray), Arizona Starc

University (M. Douglas), GCES (D. Wegner), and Recla'nation (L. Crist).

Non+tative fish
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Specimens of nonendangered fish that needed to be retunred to a laboratory for firther examination were

preserved in thc follorring -a'r"e''. Fish that were smalls than 75 r"m TL were preserved in a 4 or 5% formalin

solntion, rryhile fish la:g66 '"en 75 rnm TL urcre placed ma l0%o formalin solutioa All fish collected we,re placed

in containers of adequate size to prev€nt distortion or damage drring collection and tansportation Care was

tak€n to not ov€rcro\ild specim€os in containers. A s-all incision nas made on the right side of the parietal cavity

of all specimcns greater than 150 m in leirgth to insrre tborough preservation All collections werc labeled with

sample number, date and river mile corresponding to that recorded on the data sheet. Labeling was done with

permment madcrs on tbe outsids oftbe cmtainers and in pencil on mllection labels placcd in tbe container with

the fish-

RADIOTELEMETRY

Equipment

Transmitters

Two models of ATS radio tansmitters were used in this investigation. The ATS Model I BEI t0-18 weighed

9 g andulras 3,8 cm long and 1.3 cnr diameter. The Model 2 BEI 10-35 weigbed I I g and was 6.0 cm long and

I'J 66 rliamet€r. Both nodels u'ere oblong with an *emal ant€nna at one md tbat measured about 25 cm long

and 1.2 mm diameter.

Freqnencies of40.600 tD40.740 MIIZ were used in Grand Canyon These were separated by l0 KIIz intervals

(i.e., 40.600, 40.510, 40.620, erc.) to distinguish individual transmitters. This l0 KI{z separatiol yielded 15

ditr€rEnt t€qtrucies. Tbe combination of 15 differeot &equmcies and 3 pulse rates (40, 50, and 80 pulses pa
minute) allowed for a total of 45 unique signanres to identify individual fuh. The same combination of
fiequcncy and pulse was rcrsed following expiration of a transmitter. Transmitter longwity was a firnction of
bauery liG. J[g manrfacnretrs cstimatcd life for thc 9-g transmitters was 50 days. The I l-g transmiters with

40 pulses pcr minute were orpected to transmit 120 days, tbose with 60 pulses per minute wae expected to

transmit 100 days, and tbosewith 80 pulses pcminute were ocpected to transmit 75 days. All ransminers wm
cbeckcd prio to rmplarrting and inrncdiarcly after rclease of the fish to iruure that each transmitts was firnctional

and that frequcncy and pulse rate wcre accuralely recordpd. Frequcocy and pulse may vary from factory

specilications becaue of teorperanre, battery agg and varying signal sensitivity from ditrscnt rcceivers.

Yardet d- (1990) dctermined &om field tests that signat reccption from 9-g ocaml-4rrtcnna tranmittcrs was

effective at a deptb of4.63 m at a horizonal distance of48 m on thc mainstem Colorado River in Grand Cauyon
Tbc smc uansiucr in rhe LCR was reeivcd at a dcpth of @ly 0.91 m at a horizontal distance of 4g m- Intcrnal
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entenne tusitters weighing 13 g were simultaneouly tested with signal reception in the mainstem of 3.96 m

depth at 48 m distance, and in the LCR of 0.85 n depth at 48 m distance.

BIOAMEST tested signal reception dep& of I l-g extenral-antenna tansndtters rsed in this investigeion and

ford m average depth ocinction of 4.5 m at 50 m distance (three field trials of 4.5, 4.5, and 4.6 m) (Figure 20).

These results w6x's 5imilar to those reported by Yard et al. (1990). A specially developed internal-antma

transmifter (prototlpe: 13.2 q-,7.5 c;rnx 1.3 cnr) was simultaneously tested to ascertain if the o<temal antenna

could be eliminatcd while maintaining the same transmisivity and battery life with a tansmitter of approximatcly

13 g Average signal depth odinctim forthe prototype was 3.2 m at 50 m distance (three field rials of 3.2, 3.2,

arrd3.2 m), or 29 percent less than the 1l-g extenral-antenna transmitter.

Figue Al. Approximab rcceiving zones br three remote blemetry statlons near the mouth of the Lifrle Golorado
Rlver.

BION/EST also tested signal reception distance, and formd that at I m deptb, the signal from the I 1-g orternal-

antenna transmitter was received at a distance of 1200 m" while that of the protot5rye was received at only 600

no, or 50 percent of the distance. BIOAI/EST concluded from these t€sts that the internal-antenna prolotlpe was

not suitable for orn needs in the Cnand Canyon, and we continued using the I l-g o<ternal-ant€Nrna transitt€rs.

Radio transmitters wcre implanted rvithout a wo( coating following cold sterilization with 70 pcrcent cthyl

alcohol. Beeswa:r coatings have been rsed in earlier studies !o provide an inert surfacc [6 minimi.e risk of

rejection and erpulsion (Tps 1988). Howwc, tbe -a"ufacturers of tbe uansmitt€rs contend that the cpoxy resin

used to encase thc electronic components is non-irritating and is more effectively sterilized than beeswax (M.

Shuster, ATS, pcrs. conrnr.). Becswax would have added undesirable weight ard bulk to tbc transmitlr, which

is critical with tbe small size of humpback chub.

Transmiucruaiglt coutd not orceed 2 percent of 6sh $,eight @idgood 1980, Marty and Summcrfelt 1990), thrs,

9-g transittsrs were inplanted only in fish weighing 450 g on more, and I l-g ransminen only implanted in lish

weighing 550 g or Eu,rc. Cae was talseir to select frsh that wcre healthy o"d showed no signs of stress. Females

ncre uually not inplanted ftom March through May to prevent stress to thesc gravid fish and climinatc thc risk

of transmittcr oryulsion from enlarging egg maesss @idgood 1980, Marty and Summerfelt 1990).

Receiverc

AIS Recelven \\e ATS Model R2000 (Figure 2l) is a scanning-programmable receiver, usd in this

invcstigation to reccive radio frequencics of 40 o 4l NtIlZ in omnidirectional scarching directional

triangulation, and in rsnote stations. This recciver was ued becaue of its ligbt weight, compactrcss, watcr
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rEsistflt case, and cmpanbility with ATS radio tansmitt€rs. It was easy to use with nearly r.rlirnited capacity

to quickly and easily add or dclete frequencies. The disadvantage of this unit was that it scanned single

preprogrmedfiequmcies instead of multiple simultaneously. The unit had an optional scan raf€

setti.g of 2,4,8, 16, or 32 sec, or l, 4, 8, or 15 min If the wit had ta preprogrammed frequencies set at 4

secmd-int€rvals (timc it scms a single frequency), it scanned alt teNt frequencies in 40 sec and therefore scanned

a glven frequency every 36 sec. ATS receivers wcre normally used at the 4-sec scanning rate and all

radiotclemetry searches and surveillences were conducted in a slow, methodical manner with observers rsing

headsets to reduce the possibility of missing audible sigtals. The characteristic water-drop sound from radio

fi'ansrnitte$ was audible througb the ATS R2000, and the unit had a visual sielral stength meter. The ATS

R2000 was porable with niclsel*admiun baneries that were rechargeable and replaceable in the field Twelve-

volt marine batteries were somstimes rsed as power sources whcn the battery pack was low, but these became

cumbersomc when tracking from shore.

Flgure2l. Radlo receiverc.

Smittt''Root Receiverc: The Snith-Root SR-40 (Figure 21) was also used fff smnidirectional searching.

This modcl receiver rvas prwiousp usd to successftlly aerial and boat-track Colorado squaurfish (Ptychocheilus

lucitts) ad razorback sucker (Xyrauchen texanus) in the Greeir River, Utah (Valdcz and Masslich 1992). Ths

SR40 ums preferred for aerial tracting becarse it simultaneously scanned multipte preprogrammed frequeircies.

This rcceiver emitted audiblc and visual contact signals. A bank with ten red lights conesponding to preset

frequencies, enabled traclcrs to confirm audible with visuat signals.

Tbc disadvantage oftbc SR-40 (Figure 2l) was that it accommodatcd only ten prcprogammed frequeocies that

wer€ set by the manufacturer. Although it received signals from similar frequencies, it did not register weak

signals. Uniquc frcquency/pulse combinationn w€r€ difficult !o distinguish with this uniq partiorlarly wheo

multiple fic4ucncics wcrc contacted (multiple audiblc and visual sienals mit simultancorsly), or whcn two or

msc fish occupied the same area with transmiuers of similar frequeory and differmt pulse rates. Fregucncies

urcre also difficult 1s irtenti& rrhcn fe\E than five signal contacts occurred Thc Smith-Root RF-40 (Figurc 2l)

PrograEmable rcceivcr was used as a compmio to tb SR40 in past investigations (Valdcz ond Masslich lgg2),

but the unit is no longc manufactured Thc SR40 was rsed as a baclarp !o thc ATS R2000, or thc nro units

were uscd simultancorsly to insure corrplcc surveillancc coveragc. Altbough the battery pack for the SR40 was

seParatc from the receiver, keeping these barsies charged was difricult with dilferent rsers and variors pow6g'

drains.
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Antennas

Omidirectional Lanen-Kulrod whip antennas were used with ATS R2000 and SR40 receivem for searching

radio signals. Smith-Root loop antennas were ued for locating signals by tiangulation. Breakage and fraying

of the od€rnal sb€ath of the coaxial cable at the handle base of the loop antenna and near the base plate of the

whipantmare$drdfi€qudcheckingandperiodicmaintenance. Allantennaswerccarefullycheckedbefore

every rse. Small breaks or frays in the coaxial cable weaken or void signat strengtb- Loss of contact with the

grounding sheath of the coa:<ial cable could deactivate one side of a directional antenna and caue large errors

in niangulation

Remote Stations

Remote stations deployed for this investigation were esablished under the guidarce of Crrand Canyon National

Pals Two r€nrote telemetry stations were established in 1991 and 1992 uear the mouth of the LCR to monitor

movement ofradio tagged fish b and from the LCR One station (KLCR), located immediately upstream of the

LCR conllueirce (RM 61.3) and on the east bank of thc Colorado River, had a directional yagi antenna aimd

across tbe riv€r at the upp€r mouh of the LCR The s€cond station (KRSH) was located downstream of the LCR

confluence (RM 62.1) on the west bank of the Colorado River with a directional yagi anteiua aimd across the

river in line with the shallowest point in the channel. The antennas wffe not aimed directly acrorr the LCR

becaue previors tests (Yard et aI. 1990) showed signal impedance from high conductance during clear flows.

Tbese sations were each equipped with a directional Proline low band yagi autenna (30 to 75 MIIZ). These two

stations operatcd February through August of l99l and 1992, and were dismantled aftfi 1992.

A thirdremote station (KILR) was deployed in mid-Augrst of l99l and opcratcd through January 1992, about

I lo rysream of thc LCR conllucnce on the east bank of the Colorado River. This station was cquipped with

o omnidirecional l-arseo-Ifuhodurhip antenna to monitor daily near-surface activity of radio taggd fish from

RM 59.9 to RM 51.3.

Two omidirectimal statims, established in Middle Granirc Gorge, were opcrated Febnrary through Septmbcr

1993 (KBNE, RM 126.1), 'nd March througb Septcmbcr 1993 (KMGG, RM 127.4).

Each remote station was equipped with an ATS Model R2000 rcceivs (data loggcr compatible) and a DCC-II

Modcl R5041 data logger. Daa were doumloadcd at the bcginning and cnd of cach fietd trip (during field trips)

with a portable computcr. Thc receiver and daa loggcr were housed in pad-loclied weatber-resisant boxcs to

pr€vcot damage from elemcots sl vrurrlalisn" Each station was properly ideotilied in casc it was discovcred by

sotnoonc not familiar with thc projecl Thc weather-proof boxes and yag or omnidirectional anteonas werre

painted drab brown !o camoullage the station and rpduce visibility.
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Problems with power supply and static surges associated with electrical storms were the main problems with
remoe statims in Crrand Canyo" A soldpo\ri€rcdrecharyEruras incorporated into each station to resolve power

problms, alftougb lack of adequate solar radiation in the canyon during winter montls resulted in lower power

supply, aud cold winter temperatures adversely atrectd battery efficiency. Grormding cables were used to
minimize risk of static from elecfical storms.

Radio trackino

Aerial Radio tracking

Aaial tacking was sometimes conducted prior to a field trip to locate radio tagged fish thought to be outside of
routinc tracking areas. Aerial tacking was conducted from a helimptu, at an altitude of 500 to 1,000 feet and

speeds of up to 80 mph.

Two tlpes of radio receivcrs were used for aerial Aacking; a Modcl2000 ATS programmable receiver and a

Smith-Root SR-40 simultaneous scanning receiver. Each was asached to one of two Larsen-Kulrod omni-

dircctimal whip antennae 6ssp1s6t to tbe skids of the belicopter (Figure 22). T\eantenna on the pilot s side was

connected to tbe Model 2000 ATS receiver and the antenna on the passengeds sidc was connected to the SR40
receivs. Output signals from both receivers were routed through a switch box to two sets ofheadphones, one

for tbc traclcr and one for the pilot. This eirabled the racker to switch back and forth between the nyo recciver

outpt$s.

Fryun2- Dl4ram of radbrccievers, antennas, swiches, and headsets used with aerinl backing of radlotagged
flsh.

All active transmifts frequeircies were programmed into the Modsl 2000 ATS programmable receiva prior to
each sid racking dort A list of all frequarcies and pulse ratcs for active transmisers, as well as last known

Iocations of Eansmittss was madc available !o the tracker. Surveillancc flights rsually procecdcd in a
doumsteam dircctim for tbc eotire leogth of th surdy arca. Since the SR40 had the capability to simultancouly
scan all ficquencics, thc chance ofmissing signals e6s minimi'ed and tracking speed was not as restricted as witb
sycling search reccivers such as tbe ATS.

Wbco a sigFal or signats wcre received by the SR-40, thc pilot was aslced to r€main stationary or circte the area

sloilly in a counter clochrisc rotittion so that thc pilot side, or programmable rcceiver antcona, was located on
tbe insideoftherotation for constant signal reccption Tbc tracker then tuncd thc programmable receivcr to the

most likcly ftequcncy in thc area. The transmittcr signal was identilied when thc signal from tbc scanning
receivcr matched thc signal from the progranmable receiv€r. The pulse rate of the ransmiuer was easily
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d€termined since only tbree highly separable rates are ud 40, 60 or 80 pulses per minute. Fish location could

be determined by listening to variation in simal strength with orieirtation of the ant€nna G€n€ratly the'on

ground' resoluim of the fish locatim was within 0.1 to 0.2 miles. Once a frequenry had becn confirmed, the fish

location was plotted on a rnap for later tansfer to the field cren'. The aerial racking continued until all

transmitters were located or a reasonable search had been conducted- Aerial surveillances by helicopter were

cmdrted three times, but discmtinued because fidelity by radio tagged fish to specific areas prechrded the need

for widespread searches.

Ground Radio Tracking

Surveillance: Surveillance radio tracking was conducted from the research md logistic boats during

doumsream travel, beginning from Lees Ferry and mntinuing !o the take out point for each tip. Radio receivers

were stowed in water-proof boxes in whitewater sections, but remained accessible so that tacking efforts could

continue oncc rapids had been negotiarcd. Tracking was conducted from more than one boag if possible, to

monitorboth sides of the channel.

Radio tracking was done with either the Smith-Root SR.+0 scann€r or tbc ATS Modcl 2000 programmablc

receiver rsing Larsen-Ifulrcd omnidirectional whip antennaq mornted on large metallic base plates such as cargo

bo:res. Contacts -ode fiom tbe largpr S-rigs had to be cmfirmed and pinpointcd later by rsing a smaller research

boar If a radio @otact was marle frrom a sryport boat at a location where a retun uip is considercd impractical,

the operator ofthc srpport boat was aslcd o make an effort to land the boat so that tbe location of the fish muld

be determined

Multiple surveillance ru$ were made daily througb the region of river occupied by radio tagged fish. The

purpoee for this surveillancc was to determine diel pancrns of near-surfacc activity and long-range moven€ots.

Signal locations were markcd on l:2400-scalc asial photographs, and a conlidcoce level of I (hlgb <10 m), 2

(nodfum, lGl00 m) on 3 0on, 100400 m) was assigned to each location as an indo( of obssver confideoce for

rangc oflocation W,i.e., tiangulation was rsually inaccuratc at night, in proximity to caryon walls, during

inclemeirt weather, and with faint or inconsistent signals. Habitat tJlpe was recordcd at each radio contact

location, arrd wats clarity was measured at least once daily with a Secchi dish and beginning in March 1992,

hrbidity as NTUs was measurpd daity. Iaations ofimplantcd fish wcrc plotted on mylar overlay maps and latcr

digitized into a GIS sysrcm-

Obseruatlon: Individual radio tagged adult humpback chub were obs€rved for p€nods of 2 to 72 br to

chraanzn local moveocot and habitat use bV season, timcofday, hrbidity, flow, ramping ratc, and magnitude

of flow change. local movemcot or activity was dcfincd iui rnovcrncnt within masohabitats or habitat
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corylo<es, and was represeirted twodimensionally as horizontal movemerrt. Fish chosen for monitoring wce

not randomly selected because each cannot consistently be contacted in water deepu than about 4.5 m- Thus,

fish were monitored when their radio signal was audible. When a fish was contacted, an attempt was made to

detennine its general location from the boat using an ATS Model 2000 receiver and a directional loop antema.

Whentbe g€n€ral locatimwas establishd the tackingboatwas takeoto the shore nearest tbe fishwith care to

not to dishnb $s fish An ATS Model 2000 programable rweiver and directional loop antenna were used fiom

shore to biangulate the position of the fish in the channel.

A fish that would potentially be monitored for 2 hr was first observed for 30 min to determine if its position was

static or dynamic. If the fish was stationary, its location was tiangulated and ma*ed. The fish was then

monitored for an additional 1.5 br to determine habitat rse. Triangulation sightings were marked for all locations

where the fish remained stationary for 30 min ss more during the 1.5 hr monitoring period If the fuh was

moving, its movements were monitored for an rmdetermined amormt of time to ascertain its bdavior and or

movement patt€ns in relation to various factors including: 1) stage change; 2) local macrohabias and/or; 3)

otberradio tagged fish in the area. If the fish becamc stationary, it was monitored as described for a stationary

fisb-

Fish monitored for longer than 2 hr were carefully observed for habitat use and movements particularly during

ch{nges in flow stage. Each movement by a fish and each area occupied for longer than 30 min 1ry6s mapped on

amylarovcrlayovcra L:24Q0 scalepbotographof the are4 with sequential observations mndrrcted cvcry 0.5 br.

River stagg monitored on temporary b€nch Eartss with an abney level, was recordcd for each obscrvation for the

fish' Generally, fish monitored for 24 hr were checked every I to 2 br or more frequcntty if river stage was

changing raprdly.

Variation in river stage was moniored with tmporary staffgages surveyed to temporary b€nch narlcs (TBM).

Tbesc TBMS were establisbed at strategic locatims in thc surdy area in ordcr to relate fish movemeirt and habitat

usc to rivcr stage. Each TBM was surveyed into onc of thc 50 permaneot USGS b€och marlss at a latrcr darc so

that relative stage cbanges could bc related to absolutc changcs and thrs to specific flow rcleases from tbc &m.
The lemporary staff gages wcre employed only during field trips for radiorclcmctry monitoring and habiat
mapping. Thc temporary stalf gages were emplaced iN ne:r as possible !o the sample sirc (location of radio

taggd fish) orwithin an area to bemapped- Readings rvse takeo from the tcmporary staffgage as needod-

A detailed hand drawn map or a detailed map rsing a nrylar overlay on an acrial phoo (de,pcoding on phoo
availability) was prc,parcd for cach fish that was monitorcd- Distance and direction of all movcments wcrc
recorded on thc map and in the telemery log relative !o tine and stage of the river. Locatiors and movemco6
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befireen subsequeirt locatims were nansferred to GIS files as a record of movement for comparison with channel

bathlmetry, macrohabitag substrate brye, t€mperature, and flow.

Observation periods were divided into blocks for analysis, each spauming time between consecutive locations.

A given observation p€riod was usually composed of many blocks, each representing s samplo of movement by

fish rmder specific conditions. To standardize blocks for analysis, only those with elapsed tirne of 0.25-1.0 hr

were usd and included l83l blocl$ (90% of totd) with a total elapsed time of 962.8 hr. Daectable fish

movement during a block was defined as move,ment >5 m" the approximate observer tiangulation error.

Proportion of movemeirt @m) was used as an index of fish movem€nt or activity:

P' = BM'BT

where: BM = number of blocks with movemenq and
BT = total number of blocks

(Equation 2)

Categories of season, timeofday and nrbidity were the same :N described for surveillance. Mainstem flow in

0.5-hr intervals was determined from the Colorado River USGS gagrng station (#9383100) jrst above the LCR

confluorp. Flow was classified as high (> 10,000 cE) or low (< 10,000 cfs), with the dividing point close to

the mean flov dning obsei:vations (meaa 10,874 cfs; range: 4778 - 29,9L6 cfs). Absolutc ramping rates w€re

calculat€dfiomflorrmcasuremeots nearest the start and end times of an observation pcrioq and wse classified

as higb (> 300 cfs&) or low (< 300 cfs/h). Ramping rates ranged from 0 to 8833 cfs/h and averaged 454 cfslh

during observations. Periods of continuors 24-hr observations were rrsed to evaluate fish movement undcr

research and interim flow regimes, since flow changes typically cycled tbrough 24 hr. Proportion of movemeirt

ftm 2+hobservations was also relatcd to magnitude of flow change, i.e., the ditrerence bctweerr high and low

flows withi" a flow cycle.

naaioteteoctry in Middlc Crranite Gorge rvas used primarily for tracking movement and dispersal of adule from

a small disjuct aggregation of humpback chub prior to the ocpectcd spawning period of April and Mary. Tbc

area wat surveycd and radio agged fich wers 6snitorcd in fts 5sme manner as described for thc LCR inllow area

Attbc conclwion of monitoring habitat ureasurenents were taken at all locations where the fth was stationary

fq at least lQ rnin. Habitat measucnlents takcn at each point includcd deptb, velocity, substralc, terqpcrafirc,

overhcad cover, and lateral struchre. Procedures for measuring each of these microhabiat paramaers arc

pres€nted in Data Manag@€ttt Plan - Data Collection In the Field" All radiolelernetry information was recorded

on data shces as described in the Data Managemcnt plan - Data Forms.
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Remote Telemetrv

Two directional remote telemeuy stations were deployed to waluate use of the LCR conftrence UV idemilying

spcific times in u&ich radio tagged ffsh were pr€sent (Figure 20). Maximum ant€nna range was approximarcly

500 m, as dEt€rmined by deeloyi4g test t gs a a l-m depth at increasing distances up- and dorvnsteam from eac,h

statio. Upstream or downstream movement to and from these monitored areas was inferred from surveillance

locatios id€ntified bdorE and after c@tact by a station Season and duration of use of tbe LCR confluence, and

specific timing of movements by adults between the mainsf66 and LC& were determined with this monitoring

systcul.

Three omni'directional remote telemetry stations were deployed to assess near-surface activity of radio tagged

fish in the LCR inflow aggregation (KILR) and Middle Granite Gorge aggregation (KBON and KMGG).

Although ante,nna ranges were not establishd for KBON or KMGG, effective ranges wer€ assumed to be similar

to IqI& s about 1500 n- To permit comparisons with telemetry surveillance dat4 only remotc rclmety data

collected during field tips (when turbidity data were coltected) were analyzed. Average proportion of radio

contacts with remote telemetry (APRC) was also used as an index of near surface activitv:

ApRC = I(COTCEIn

where: CO -' number of radlo contacts within a specined ume period,
CE ' number of Possible contacts within the same ffme period,
n - oumber of frme periods.

(Equation 3l

Average APRC was relatcd !o nrbidity and timeofday, but seasonal effects could not be evaluated because

KILR was operated only during non-spawning perid, and an appropriate sparming seaion could not bc

idenrified for thc Middle Granirc Gorge aggregation Diel periods and high-low urbidity levets wcrc tbc same

as defi"ed fon teleoery srrveillance For statistical anab/sis, values of APRC and APFC were arcsin ransformcd

(Sokal and Rohlf 1969),

Fish Handlinq Procedures for Radio implant
Fish capunod for radio tagging u,cre handled with partictlar care and attention 1s minimize stress in prc,paration

for surgical implant fte fieh rvere hctd in a separate live well for transportation !o a ccntral surgcal station and

constantty Emitorod fq sips ofsrcss. Sqgicat eguipmcnt uas kept clean and available in a dcsignatcd t01c20'

Springbr teirt ie minimize prepantio time. Two S0nuart coolss were used as live wells, onc with ancsthesia,

and onc with fresh river watcr for postsurgical rccovcry.

In tbe evcnt an implartebls size lish was capturcd somc distance from a ceoral sgrgrcal station, or the crew was

unablc !o safely rcalm o thc station (e.g., low watcr), tbc fish could bc radio implantcd at a tcmporary lield
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station close to tbe point of capture. Each research vessel carried a full complement of surgical apparafis

including surgical instnrments, sterilizing agent and resenoirs, portable work ables, radio transmitters and

r@eivers, and live wells. In L990-l992,crews returned to the c€mtral sugical station for all implants.

Surgical Procedures

A surgical protocol was established from procedures developed by Valdez and Nilson (1982) and trGeding et al.

(1990) fon hrr"Fback cbub; Tyus (1982) for Colorado squaufislg and Valdez and Masslich (1989) for Colorado

squarvfish and razorback sucker. Fish were selected for radio implant based on weighg condition, and location

ofcapure. Tranminaweigbtcouldnotexceed2%offishweight(Brdgood 1980, Marly and Sunnerfelt 1990),

mch that 9-g tansiters urere implanted in fish weighing >450 g and I l-g tansmitters were implanted in lish

weighing W> 550 g Care was takeir to select fish that were healthy and showed no signs of stress. Females were

not irylanted from March through May to prevent stress !o gravid fish, avoid resorption of eggs from handling

and eliminate the risk of tansmitter expulsion from enlargening egg masses @idgood 1980, Marty and

Summerfelt 1990).

Surgical implants were performed in an enclosed teot at a central processing station in a riverside camp to

minimizs sps6pls to blowing sand and re&ce the risk of infection Two trained members of the B/W staffwere

d€sigDat€d with the primary responsibility of insuring that all aspects of surgical procedures were followed and

moniored. The surgical procedures were practiccd by these individuals so that a surgery could be cnmpleted

within 5 min (first incision to last sutue). Tbree people were involved with surgery-a surgeon, an assistant, and

an anesthetist o administer anesthesia and monitor respiration of the fi"h. Prior to surgery, eacb fish was

measued and weighed, and a[ surgicat inshm€nts were cold-sterilized with 90% isopropyl atcohol and allowed

b airdry on a disposable sterile clotb- Two 5-gallon buckets were placed above the level of the surgical table,

one with anesthetic solution and one with fresh rivcr watcr. Each buctat was drained with a S-foot length of

tygon tubing allowing thc anesthetist !o alt€matcly irrigale the gils of the fish with anesthetic or frcsh waletr,

according o tbe reaction of thc fish" Small spring C*lamps were tsed to control flow tbrough the ubing. Fish

werc ancstbcizcd with Finqucl@, a brand of ricaine methanesulfonatc (MS-222), at a conccntration of 100 mgll

for 24 min, or until fish lost equilibrium and rolled on its side in the holding tanlq but continued Boderate

opercular moveocot (25-30 uu,veorcnts per minut4. Dring $qgery, gills were bathed with anestbetic at 50 mgll,

as needo4 and thcn with fresh water about half way through thc surgcry to ocpcdile post-surgical recovcry.

Prlmary lnclsion: Tbe fi"h was removed from tbc ancstheic by the ancsthetist and placcd on a surgical cradlc.

Tbc sqge@ th€owiped tbc abdomeo with st€rilc salinc and made a 2-3o long incision at onc of nro locations;

4ldsminal midline or lateral to thc midline. Thc midlinc incision was locatcd on the belly about 2 cm antsior
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to the pelvic girdle almg the linea alba (Figure 23). The lateral incision was on the left side of the fi"b midway

between the pectoral and pelvic fins and about I cm from the linea alba.

Figurc23. Primary abdonminal Incislon on llnea alba (Al or lateral to the midline (Bt, and extemal antennae (G)
of implanted radlo kansmitter In adult humpback chub.

Incisions along the linea alba have been the standard procedure for most ransmitter implants (Hart and

Summerfelt 1975, Marty and Summerfelt 1986, Marty and Summerfelt 1990, Bidgood 1980, G. Klontz, Univ.

of Idaho, pers. comn ). Mdline incisions are conventionally used in abdominal sgrgeries in veterinarian practices

because the linea alba is a fascial plane that is stronger than muscle fibers with little nerve and vascular tissue

(\'Iart'y 1991; V. Seggern, W.L. Gore andAssoc., pers. comm.; and Cosgrove, Univ. of Calif., Davis). Studies

show tbat propcrly-sutured midline incisions are nearly as strong as those of the lateral wall (Marty and

Srnn-erfelt 1990). Lateral incisions were used in the Upper Colorado River Basin on humpback chub (Valdez

and Clemmer 1982, Kaeding et al. 1990) and Colorado squaurfish and razorback suckers (Tyus 1988, Valdez

andMasslich 1992). Latffil incisions were prcferred in these species to reduce irritation of tbe sunrre line from

visceral pressure, and lessen the likelihood of abrasion of sutures with the river bottom- Marty and Sgmmerfelt

(1986) noted that thc vcntral body wall thickeired rapidly laterat to the midling making surgery rtifficult.

Insisionc of the lateral body wdl g€oerally bleed nore than incisions of the midline becaue tbe body wall is mole

vascularized It is important to avoid bleeding because clots lead to the formation of adhesions (Rosin 1985) that

are the fint step in the process of transinrcsnnal ocpulsion. Incision location was not mentioncd as a factor of
tranmireropulsion by Marty and Sumnrerfelt (1990), but Tyrs (1988) felt that incision site may have a bearing

on tratrsmitter expulsion

The radio transmits was inserted through the primary incision and positioned on tbc pelvic girdle with the

antcnna protruding througb the abdominal wall, postcrior to tbe pelvic girdle and antcrior !o the vcnr

Anbnna Ecit Adranbackofocernal-antenna transmitsrs is the need to expose tbe antmna o insqre propcr

signal transnission Tbc point where the anrcnna prorudes from thc body cavity can be an avenuc for bacterial

invasion This area is often aggravatcd by the rotating action at the antenna caued by water c'nents. Mauy

methods have been used for passing the sdenral antenna ttuough the body cavity. Winter et al (1928) rscd a

lnitring D€cdle to tunncl a cavity rmdcr thc skin o an grdt point. Ross and Klciner ( l9S2) r,,cd an cyd c'rved
rug needle slcwcd with 0.54 diamcterplastic u$ing to pass the antenna thc length of the abdomco and through

the wall. Chart and Cranney (1991) rsed the same shiclded ncedle tcchnique to implant g6 hatchcry-rcarcd

bonytail (Gila elego@ for release into the Geen River, Utatr- These techniqucs led to problerrs with possiblc

damage to the peritoneal cavity and vital orga$i, as well as possible bacterial contanination
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Tuo tec,hiques werre used in this investigation to pass thc tansmitter antenna through the abdominal wall. One

involved passing the antenna through a small incision with mosquito forceps and suuring anteriorly and

postciorly at the exit point. The second technique used a speciallydesigned osleeved needle antenna guide"

(SNAG), dcveloped by BIOMEST.

The SNAG consisted of a gently curved 20-c,m long hollow stainless steel needle inside a l5-cm long hollow

stainl€ss steel sheath. The inside diameter of the inner needle was 0.06 inches (1.52 rrrm), which accommodated

tbe aff€nna, with m outside diameter of 0.05 inch€s (1.27 mm). The sheathed needle was inserted in the primary

incision and guided to a point posterior to the pelvic girdle where the needle is prshed tbrougb the abdominal

cavity. The sheath was removed and the antenna tbreaded through the needle. The needle was pulled tbrough

the antma orit leaving the antenna in place. This tec.hnique allowed for the abdominal tissue to seal the antenna

erdt, ed rducd the risk of bacterial invasion The antenna was pulled through the odt hole while guiding the

radio bansittertbrough the primary incision to a position on the pelvic grdle. The trailing ant€nna was clipped

inlinewiththeeldofthehpural plate of the fish to prevent fraying of the tail firr. Wheir 4 fish s6s recaptured

with anm-firnctioning radio transmitter, it was rveighed and measurd and ercamined to docunrent r€covery or

complications associatedwithradio implant Photographs were taken of the fish do document general

condition,a nd of the primary incision and antenna exit to document rate and degree of healing or signs of

necrosis. Protruding antennae from axpired transmitters rvere cut approximately l-2 cm fiom the body wall to

remove frictional &ag and reduce str6s to the fuh- Expired transmisers were not reinoved from fish-

Suture Material: Three to five sutures were required to properly close the primary incisiou Two types of

srnne material were rsed; CV3 Gortor non-absorbable and 3-0 Ma:ron absorbable. CV3 Gortor was rsed on

tbe first 3l fish implantd ftom Octob€r 1990 througb March 1991. The 3-0 Maxon absorbable subrrc was used

for 23 fish implanted from May tbrough November 1991, and was the preferred suture material. The 3-0 Maxon

is a polygluconatc monofiIamc,lrt suture that was absorbable over long-term (G. Marty, Univ. of Cali{, Davis,

pcrs. comttl). Monofilamcnt suture was less likely !o wick watcr and bacteria into the pcritoneum, as was

pcsible with Gorter( $nrcs. long-term absorption (90 days) allowed the incision ample time !o heal before the

suhres dissolve4 particularly in the 8o to l0oC temperatures of the Colorado Rivcr in Grand Canyon A PH

26 curved needle was standard with each suture material. Other investigaton have used 3-0 prolenc sutures

(EthilonT with Cotorado squaufish and razorback suckers (Tps 1988, Valdez and Masslich 1992), humpback

chub (Valdcz and Nilson 1982, Kaeding et al. 1990), and bonytail (Chart and Cranney l99l).

The CV3 Gortex suurc (developcd by W.L. Gore and Associates) was originally selectcd bccarsc of its handling

easg o<cellent tcnsile strengtb, and incorporation by healing tissue. Hou'o'er, at least somc inllammation was

notd arwnd the suunes of tbc first six fish recaptured, indicating that the porosity of the sunre allows bactcrial
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wicking frm tbe unsterile river envirsrment into the peritoneal cavity (V. Seggerq W.L. Gtre a',d Assoc., pers.

comm").

DATA MANAGEMENT PI-AN

BIOM/EST's ortensivebackgoundwo*ingwith endangered fish inthe Colorado River systemhas 6abled the

development of robust data management procedures through refinment of proven methods, This Data

Vtanagment Plan evolved fiom a series of steps: l. planning' 2. developmmt of Data Collection Forms; 3. staff
traini"g; 4. preliminary use of Forms in field; 5. refine,ment of collection techniques and Forms; 6. Data

collection; 7. data analysis; and 8. reporting, interpretation of data. Rigorogs quality contol cbects were

incorporatd in the field and in the office. All procedures for data collection and managemeirt presentcd in this

docrment were designed and implemented to malcimize quality control dgring transition from field observation

to fit'al report.

Proiect Planninq

Before this project was begrm the principle investigator and the field and d36 management st4q, and agcrrcl

res€ntatires met to discuss the overall snrdy design (Figure 24). Study dcsip dictated tbe sampling stratery,

data collection methods and projected analyses. A stratified random sampling desip 116s irnplemeoted !o

approdmate uniform qpatial and temporal sampling of fish assemblages and associated physica[ ch€mical, and

biological components (gre,ltar detailed of project desip is presented in STUDY DESIGI9. During this

investigation a number of sampling rcchniques were used to meet thc project objectives. St"r,dard fish€ry

asses$nent was done is 3 mann€N'that seasonal and longiardinal patterns could be waluated distinctty from

environmcntal variables such as flow from Glen Canyon Dam- Data forms were designed that corresponded to

each sampling lecbniquc rsed (i.e.,., nccing electrofishing trapping, ctc).

Flgure A.OtganlzaUonal FlowforCoordlnadng Data Managementand Graphbs Scru1ges.

Data forms

Teo rl"ta forms were used to record data for this investigation Tbese data forms were developed to simplify and

assurc compleencss of data collection in the field Specilic forms wcrc dcveloped for each sampling techniq'c
orgFoup of similar techniqucs. Standard sampling techniqucs includcd nctring with gll and rarnmct ncts, and

trapping with hoop, Aame and minnow trlps, scining and electrofishing. Data collection associatcd with each

of these tccbniqucs was recorded on forms I througb 3. Form I was uscd for netrrng and rapping data; Form
2 was used for electrofstr;"g data; and Form 3 for scining data. These forms are prcsented seq'cotially in
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Appendix A. On the revenie of eac,h of tbese forms @age 2) information about individual capturcd fish was

recorded"

N€tring and trapprng data were made up of information related to the location of the net or trap (the header) and

information related to each specific sample rmit or repetition (a Glossary of terms is provided in Appendix B).

I{eader infcmatim included tbe sample type, gear, tip number, date, reach and location in river miles and left

c right side of &s riy€r channel, clipboard number, cre% and habitat characteristics. Tbe information that was

associatedwith an individual sample evot included a unique sample number, the start and end time for an event,

the weather, air and water conditions during the time sanrpld and a summary of the fuh captured

Elecrofishing was conducted as ru$ within discrete habitat units. A single pass was conducted within a rmit.

Multiple passes w€re not performed so there was no need for separation of header and sample information

S*nple t1pe, nunber, trip, date, reach, clipboard and crew were recordd as well as information cbaracterizing

the habitat and sampling conditions. Voltage, amperage, run duration, hrbidity and ligbting conditions all

etrectd the catch of fish in a nul dre to performance of the equipmeirt and ability of crew dip-nering fish. These

pararneten were also recorded.

$eining data recorded included the header and location information described above and information to firther

characterize the habitar Habitat lengtb widtb and deptbs were recordcd along with substrale,

sample length and widtb- Lighting and weather conditions may also have elfected fish tse, and so wcre also

recordcd If seiniqg was done in a fibutary Strsam, the location was described as number ofmetcrs upstream

from the m"in river and the stream name was rccorded d sunmary of fish capUred during each run was

recorded on each Form (l-3) and individual fish characteristics such as total length, weigbt, geoder, and any

anomalors marks from sampling like bruising were recorded on the rEv€n;e, Page2.

Fsms 4,4b and 5 were rsed for radiotelenery. Telemetry observation data were recorded on Form 4 and 4b.

Headcr and location information was recorded as for other sample t1pes, and start and end time, obscrvation

mode, beocnmartg and -'p kcy were addcd A Fish information section was added that describd the fish being

observed and tbc radio sienal that was being pided rp by our receivers (PIT tag, radio size, frequcncy, and pulse

rate). Telcmetry obscwations were condtrrcd on a single mostly stationary fish, with repeatcd incideoce. Every

15 minules a set of mnditions observed was recorded Data recordcd includd time, Habitat, disunce moved

from last observation, gage reading which indicated relativc change of watcr stage, ambieot light, udidity and

weather condition Habitat meisurcrneots wcre initially recorded on the rcverse of this form (dcptb velocity,

cover, suhtrate), but wcrc later discontinued becarse of high variability. Becarse somc observations wcre donc

for 24 br or longcr, an adidtional form (Form 4b) was uscd to continuc thc obscnration data
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Telmery surveillance data were recorded on Form 5. A surveillance nm was conduct€d several times during

a dty to ehf[afranz6 wben radio implanted fish $tg€ in tocatisns that th€y could be contacted by ogr radios. This

enabled us to characterize the genral habitat use of these fish over the course of a14hotu poiod- Head€r

information was recorded and a range of locations surveyed for radio signals was noted. Time, location, river

channel side, and the ideirtification of the fis\ frequency and pulse were recorded. Since radio simals can be

obscured and mutated by sunormding featurcs, a confideirce level was added to each radio contact both on

observation and surveillance forms.

Meristic data for humpback chub were recorded on Form 6. Data describing the specific morpholory of each

humpback chub captured was first recorded on a chub meristics data form, then also recorded on the sampling

form by which it was collected This duplication of effort geatly increased the accgracy of BIOAilEST's

humpback chub database used for all analyses. The cross-check between file tlpes allowed us an additional

opporunity to verify carctr numbers for a given sample or group of salrrples. Data recorded included tbe sample

information by whichthe fish was capnrd sample tjipg number, trip number, reach and clipboard, and the

individual fish information, general and specific. Gmsal information included total lengtb, forked lsgtb
standard leogth, weight, gendcr, senral maturity. Thc specific information included (see Glossary in Appelrdix

B), nuchal deptb, caudal peduncle lengtb and marimum diametcr, 41d minimum diameter, head lengtb, snout

lengb dsrsd and anal fin [35g leogtb body d€eth, rumber of donal and anal fin rays, whether the fish had b€en

tagged prior !o our capturg whether or not it had been radio implantd the location of releasg and its

disposition upon release.

Water Quatity data rryere recordcd o Form 7 initially, but wcre latcr wriucn into waterproof bound journals kcpt

witb tbe rT atcr anabais equipment as a baclnrp for data logged elecuonically. Jogrnals were rcmoved at thc cod

ofeach rescarch trip, photocopid and returned to the equipmcnt bo:<es. Thc data logger files were doumloaded

after each trip and rc-formattcd into dBase files (see File List). Data recorded on Form 7 inctudp4 location, rivcr
mile, date 4d timE weatber, habitat charaderistics srch as water flucuration, ambient temper,anrrc, and the water
qualityparancers, dissolved orygeq pt! Conductivity, nrbidity, Redox and thc battcry life of thc metc bcing

used

Form 8 was used to rccord information onjwcnilc hunpback dub habitat rse. Headcr information was incl.ded
with a detailed $rvey of a crnelt reach of shorcline habital Location, including river milg and rivcr channel side

was recordcd along with 5[61sline tlpg general and specilic habitat t]?es, local temporary b@ch Eark used-

DcPtb' florY directio4 velocity at 0.2,0.5 and 0.8 of ttre dcpt\ substratc an cover wcre all rccordcd at up to l0
dilferent transects at distances of 0.5m, l.5q and 2.5m &om thc shorclinc.
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Stage l€vd r€f€rcnce point location information was recorded on Form 9. Data such as rcf€rmce point number,

pbotonumber,mdrivermilewererecordedasaheader. Verticaldistancefiomareferencepoint,initialdarcand

time of measurement and unie of measurement were recorded along with stage and stage change over time.

Drift data were recorded on Form 10. Date, timq elapsed time habitat, river location and stage, velocity and net

heigbt were recorded as a header. Later in the laboratory, information was added regarding contents of net

samples. Organisms identified to family, life stage and dry weight were recorded.

Traininq

All key field personnel were rained in proper procedures for completing all data forms. Each team had a

waterprmf copy of the DATA CODE HANDBOOK (Appendix B), with descriptions of data forms, and each

field that required a resporu;e and a list of appropriate rssponses in a clipboard alongsidc the data sheets. This

ensured adberence !o BIOAMEST's defined data codes, and still provided flexibility through COMMENT and

DESCRIPTION fields for tbe input of nen, or unusual observations. At hoject Worksbop meetings held nrice-

yearly, the adequacy of cunent data forms was discrssed Changes to forms were evaluated by the group and the

principle investigator, and incorporated into those forms and the DATA CODE I{ANDBOOK This continual

re<vahration of data collestion needs made our database reflect the observations of our professional biologists

in the field as closely as possible.

Data Collection in the Field

Each Team Leader was responsible fon tbe security and accuracy of all data collected in the field and for transfer

of thc data shcets to the Database Manager at BIOAilEST. Data Forms were recordcd in pencil on water-

resistant bond paper and kept in numbered metal clipboards, reducing tbe amount of dirt and water on forms.

Completed data forms wcrc ransferred to waler tight containcrs locatd on thc OARS support boats at the end

ofeach work day. Each Team Leader checked thc data forms daily for mmpletcncss and clarity, and correctcd

any omissions or erors. Performing this step while in the field was of benefit sincc thc day's wcnts werc still

frcsh and thc input of other leam members could be easily enlisted At thc end of thc sampling trip the Tcam

Leaderreviewed the data forms again ensuring that the s€quqrce of sample numbers was cou ecutivg and that

recorded data were legible and in the proper format The data wcre hand+anid back to BIOAilEST and

transferred to the Database Manager at the eod of each rip.

Office Handlino of Data Forms

Upon thcir transfer to thc databalie managcr, data forms wcre organized eitbcr sequcntially bV sample numbcr

or rivcrmilc, and pbotocopicd Onc copy of all data f6ns and othcr data mcdia (i.c., urylar map ovcrlays, slidcs,

videotapes) was rnaintained b BIOA^/EST's logan oflice in locked fire-prmf $oragg anothcr copy wiu;
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mnintnin€d 4l &e offce of Leibfried Environmeirtal Services, in Flagstat Arizona and a third copy was sat to
the GCES office in Flagstaff. Data were entered into an electronic database from original data forms. Any
changes to data reconded m forms was done in colored ink and initialed by the responsible individual. A tacking
sheet (Figure 25) accompanid tb€ original data sheets in the Logat officg detailing the data managem€Nrt

prccedres that had been performed" Final copies of all working data fiIes are stored in a fire-proof safe on site

at BIOAMEST's Logan office.

Figure 25. Data backlng sheeL

Data Analvsis

Datawerc eotered into electonic {iles at the eud of each trip (trip data files) by staffmembers familiar with the

biological coditions eircountered in Grand Canyon This firther increased the accpracy level of BIOAI4EST's

database since data were not only checked for accuracy against a written data form, but also against a set of
probable cmditions. BIOA /EST usddBASE IVt"u to store and maintain date, and dBASE MM , SySTATru,
Nmber Cnmcberil, a"d D(CELil fon data analysis. Enor trapping programs were customdesigned !o match

each data fqn- Tbese €rru tapping prograrns were used to check our electronic data for omitions, duplication,

incorrect data cdes, and values outside a probable range. Enor trapping programs w€re run for all data forms

at tbe ccnpleion of enry after cach feld rip. Thc Humpback chub msistics fiIe was also printed in its mtirety
and each elrtry chccked visually ts gliminate erro$. Humpback chub daa such as plT tagnrmber, r€captur€

stans and total Imgth were cross checlad against the fish collection fiIe as an additional verification of data.

After crrus had beeo ideotified" a report was printed and errors manually fixed- When a rip data file was error
free it was appended to an aggegate file (See Table 4) tsed for analyses. grrmmary r€ports of BIOAI/ESTs

monthly findiqgs were published in trip repors lifteer days after thc end of each field rip. Thcsc repor6
contained a printout of data regarding humpback chub captured (lotal length, PIT tag number, darc, location,

gendcr, sCIqlal mah[ity, recapore stahs, and disposition upon release), and a draft surnmary of other spocies

captured and effort clcp€ndcd

Table 8 lists the specilications for tbe BIOAIfESTdatabases (Aggregate data files), detail of thc file stnrct'res
is presmtcd in Appendix C - Data File Srucrures.

BIOAI/EST bas also rncorporated sme hurnpback chub data ino a Geographic Information System (GIS). Th€
GIS data arc distinct ad link to fietd-specilic data. Somc of the GIS information layers are bcing dcvetopcd by
GCES, brt thosc dcveloped by BAM are digitized tsing Arc/CADTM softrryarc on an IBM compatiblc pC. Thcy
43 rnnintaincd and firther developed using Arc/lNFOa softrvarc on a Sun Sparcstation 2, andarc compatible
with thc GCES GIS databasc. Thc GIs producrs are in the pKlccss of bcing dcvelopd so thc qgantity of GIS
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de in the following tables is only an esrimate at this time. Table 9 lists the specifications for the BION/EST

mainst€mGlS database.

Other Data Media

Ofb€r t''pes of data media used on this project includd photographs and video footage of individual fish for use

in meristic ana\rses, habitat photogpaphs, aerial photographs, and photogaphs and video footage of sampling

techniques. Habitat -aps produced on mylar, and fathometer tapes w€re also used in the collection of habitat

information Still photographs taken with slide film wsrs stored in vinyl slide pages in tbree ring binders. These

slide pages were filed by content (i.e. chub, habitat, and technique), by year, tip, and date and slored in a safe

location in the BIOAMST office. Video footage was filed similuly, though grouping of content tlpes was not

possible since the tape was continuous. Maps and aerial photographs were fild in map cases in alphabetical

order.
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A. STASONS

SPRING

SUMMER

B. TIMT OF DAY

2 HOURS
AFTER SUNSET

7///,NIGHT///t
( i s HOURS)

DUSK
( i 5 HOURS

- DAWN
( r J HOURS)

2 HOURS
BEFORE SI'NRISE

Figure 4' Tempcra straffed samprng desrgn fcr seasons (Al ano trne of cav (B).
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5. SALT
6. 

'f 
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7. I|EEP

L Corbon Creek

Figure 9. t-ocdont of foe ba6ymetry ma9 8tta (A-E) and seven macrohabiat map stgt (1-7) on ttre Colcndo River in
Grand Canyon.
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Figure 11. Frshery reoearch boatg
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Figure 20. ApPrormaa reccung zonea for three ramota telemetry staoong near tia mouth of tfie t rue Colorado River,
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Figure 21. Radio rsseivers.
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Organizational Flow for Goordinating Data Management and Graphics Services

r data management and graphic seMces /Aiaon\eeded? /
/ Project

sampling objectives

BIOAA/EST
Awarded Project

data ana
database

yses needed
file structures

Project Ma nager Coordinates
with Department to Establish a Data

Management Plan

sampling
dule
ts
a

Cures

and / Schedule Dates for
/ Data EnW Analysis,

/ Graphics, and Report(s)

Coordination of Data
Collection Procedures in the
Field

Field \ /ork Begins Data Entry Begins

Reevaluate Field Data Collection Procedures

End Data Collection Begin Final Cleaning Enor-Checking

Data Analyses Create Graphics

Draft Report

Final Report

A Are
n(

B. ldentiff
ldentify
Create ,

C. ldentiff tentative si
data enty schedt

Create data sheets
Observe field data

collection procedu

Figure 24. Organizdonal Flowfor Cootdinating Data Managemsnt and Graphics Seryicea.



MONTHLY DATA CHECKING SHEET

Date Initials

trE Get data from crew leaders.

tr Copy data sheets.

tr Mail original drift net sheets to Bill Leibfried.

tr Mail data copies to Dave Wegner and Bill Leibried.

tr File data copies in office.

tr Enterchub data.

tr Summarize other data for trip report, Generate Table 3.

tr Compare numbers from sampling sheets to chub numbers - fix
eroGi.

tr Generate Table 4, chub data.

tr Enter sampling and fish data.

tr Run checking programs (Netchk, Elecchk, Seinchk)

tr Fix enors, visually check all single, sample-num, species, YOY; juv,

adu, totalfields

tr Visually check every 10th entire record

tl Do chubupdt - fx new erorsi - archive old files

tr Dochubchk

tr Do fishcomb - fix new erors - archive old files

tr Do fishchk

tr Do elapsed.prg, review ###.ERR text file - visually check all records
with elapse time >10 hr or <0.

tr Do sample area calc. for seine file, visually check odd records.

tr Do recapture update.

tr Make aggregate files - archive all files.

tr Do YOY etc, adjustments by running Domake_age and Ageupdt.

tr Copy adjusted files back to network and arclrive.

Figure 25. Dd racking she€t
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Table 2. Le s of sample strata within the 11 geomo ic reaches.

Study
Region Geomorphic Reach Sample Strata River Miles

Length
km(mi)

0 1-PermianSection

2 - Supai Gorge

a. Paria - Badger Creek
b. Badger Creek - Soap Creek

c. Soap Creek - Sheer Wall
d. Sheer Wall - House Rock
e. House Rock - North Canyon

f. North Canyon - Tiger Wash
g. Tiger Wash - Vasefs

h. Vase/s - President Harding Rapid
i. President Harding Rapid - Nankoweep
j. Nankoweep - Kwagunt

a. Kwagunt - LCR

b. LCR - Chuar Rapid
c. Chuar Rapid - Unkar Rapid
d. Unkar Rapid - RM 77.4

a. Hance Rapid - Cremation Canyon
b'. Bright Angel Creek
c. Pipe Creek - Crlatal Rapid
d. Crystal Rapid - Bass Rapid
e'. Shinumo Creek
f. 1 10-mile Rapid - RM 117.8

g. Aisles

h. RM 125.5 - Dubendorf SSR
i'. Tapeats Creek
j. 134 Mile Rapid - RM 140.0

Kanab Creek
Kanab Rapid - Sinyala Rapid
Havasu Creek

RM 160 - RM 169.9
RM 169.9 - Lava Falls
Lava Falls - RM 189.1
RM 189.1 - RM 200.0
RM 200.0 - 209-Mile Rapid
209-Mile Rapid - 214 Mile Cr

214-Mile Cr - Diamond Creek

3 - Redwall Gorge

4 - Lower Marble Canyon

4 - Lower Marble Canyon

5 - Furnace Flats

6 - Upper Granite Gorge

7 - Aisles

I - Middle Granite Gorge

9 - Muav Gorge

10 - Lower Canyon

11 - Lower Granite Gorge

kt.
l.

m'

a.

b.
c.
d.
g.

f.

g.

1.0-8.0
8.0-1 1.3

1 1.3-1 4.5
14.5-17.4
17.0-?2.6

22.6-26.5
26.5.35.9

35.9-43.7
43.7-52.4
52.0-56.0

56.0€1.5

61.5€5.5
65.sJz.5
72.5-77.4

77.#6.5
96.5-99.0
89.0-98.0
98.0-107.8
107.8-109.8
109.8-117 .8

117.8-125.5

125.5-131.7
131 .7-134.5
134.5-139.9

139.9-143.8
143.8-153.5
153.5-159.9

159.9169.9
169.9-179.4
179.+189,1
1 89.1-200.0
200.0-208.9
208.9-213.9

213.9-226.0

11 .3 (7.0)
5.3 (3.3)

s.1 (3.2)
4.0 (2.5)
9.0 (5.6)

6.3 (3.9)
15.1 (9.4)

12.6 (7.8)
13.4 (8.3)
6.4 (4.0)

8.9 (5.5)

6.4 (4.0)
11.3 (7.0)
7.e (4.e)

14.6 (s.1 )
4.0 (2.s)

14.s (e.0)
1s.8 (s.8)
3.2 (2.0)

12.e (8.0)

12.4 (7.7)

e.8 (6.2)
4.s (2.8)
8.7 (5.4)

6.3 (3.s)
15.6 (9.7)
10.3 (6.4)

1s.8 (e.8)
15.3 (9.5)
15.6 (9.7)

17.5 (10.9)
14.3 (8.9)
8.0 (5.0)

1s.6 (12.11

'Tributary strata



Table 3. Stream gages used for hydrology analysis.

USGS Station
Number Station Name Location' 1mi2) (water yearsl

Drainage Area Period of Record

9380000

93831 0o

9402500

9404120

94A4200

9402000

9402300

9382000

9403000

9403780

Coforado River at Lees Ferry, M
Colorado River above LCR, AZ

Coforado River near Grand Canyon, M
Coforado River at National Canyon, M
Colorado River above Diamond Creek, AZ

UtUe Colorado River near Cameron, AZ

Litde Colorado River near mouth, AZ

Paria River at Lees Ferry, AZ

Bright Angel Creek near Grand Canyon , M
Kanab Creek near Fredonia, M

RM O.O

RM 61,2

RM 87.4

RM 166.5

RM 226.A

45 mi ups

0.5 mi ups

1.1 mi ups

0.5 mi ups

111,800

N/A

-141,600

N/A

N/A

26,459

26,964

1,410

101

1,085

189S-present

Apr 1983-present

1925-present

Apr 1983-present

Apr 1983-present

1947-present

1989-Jan 1993b'

1923-present

1923-1974

1963-198031 mi u

'RM = river miles downstream ftom Lees Ferry.
ups = distance upstream from Colorado River confluence.

bdata inconsistent
'discharge based on stage elevations, periodically adjusted based on stream channel measures.



Table 4. Shoreline types and definitions associated with fish habitat of the Colorado River in Gtand Canyon.

SHORELINE TYPE DEFINITION

Bedrock Exposed undedying parental rock material'
:

Cobble Bar Cobble transported and rounded by main channel activity, characterbtical-

ly well worked and imbricated. May show embededness.

Debris Fan Materialtransported from a tributary during flood events, primarity boulders

and cobble rounded by transport processes. Material is often embedded,

and the angle of repose is generally flatter than talus.

Sand Bar

Talus Slope

Vegetation

Predominanty exposed sand.

Unconsolidated colluvium, predorninanUy angular boulderc, deposited by

rocldalls or rockslides from canyon walls. Talus is characteristicalty not

embedded, and has a steeper angle of repose than alluvial fans.

Inundated plant material, consisting of stems, leaves, and/or root wads.



Table 5. Fish macrohabltat types and definitions for the Colorado Rlver in Grand Canyon. lllustrations of
each habitat type are provided in Fig. 8.

MACROHABITATfiPE DEFINITTON

Eddy

Pool

Rapid

Return Channel

Riffle

Run

A circular cunent of water, someiimes quite stong, diverging from and initally
llowing contrary to the main cunent lt is usually formed at a point at which the frow
passes some obsffuction or on the inside of river bends (Helm 1985). ln the
Colorado River, an ed{forms in a channel acpansion where flow separates from
the banK creating a zone of relaWely weak recirculating cunent (Rubin et al. 1990).
Bars accumulate at the weak poinb of flow where the cunent separates from the
bank (separation point) and where flow reatlaches to the bank (reattachment
point). lncreasingly resfficted countercurent behind the reatlachment bar creates a
recirculating eddy retum channel.

A portion of the stream with reduced currentvelocity, often with water deeperthan
the surrounding areas, and which is frequenty usable by fish for resting and cover
(Helm 1985). In the Colorado River, a pool usually occurs in a deepened scour
basin, and there may be small surface boils and upwellings.

A relatively deep stream section wih considerable surface agltation and swift
cunent Some waves may be present Rocks and boulders may be exposed at all
but high flows. Drops up to one meter (Helm 1985). In the Colorado River, rapids
are whitevvater, high velocity area caused by a constiction and drop in elevaton. A
rapid is deeperthan a rifie, and has large, broken standing waves.

A topographic feature of a recirculating eddy that serves as the main pathway for
upsteam circulation, and forms a narrow channel (Rubin et al. 1gg0). When llov'rn
are below the crest of the reattiachment bar, a sheltered body of water forms,
bound on three sides by land with one opening to the river. A retum channel is one
type of backwater.

A shallow rapids where the water {lora/|s swifily over completely or partially
submerged obstructions to produce surface agitations, but standing waves are
absent (Helm 1985).

An area of surifily flowing water, without surface agilation or warres, which
approximates uniform {low and in which the slope of the water surface is roughly
parallelto the overall gradient of the steam reach (Helm 1985).



Table 6. Habitat map areas completed at various flows of the Colorado River in Grand CanVon, 1990'1993.

Midpoint Date (ti

ESPN (RM 59.75€1.00)

CAMP (RM 61.00€1.25)

LCR| (RM 61.25€1.50)

HOPI (RM 62.2A$2.44)

SALT (RM 62.40€2.60)

WHAL (RM 62.60€3.00)

WEEP (RM 63.00€3.25)

5,31 8-5,467

1 1,089-1 1,089

14,792-15,502

17,249-16,749

12,378-12,016

5,318-5,268

11,297-11,237

15,017-14,888

17 ,651-17,249

12,916-12,443

5,335-5,451

11,446-11,326

14,856-14,984

1 6,451-1 6, 1 55

8,000

10,052-10,043

16,122-15,762

11,979-1 1,643

9,257-10,266

10,043-10,057

14,824-14,888

14,92A-14,600

14,920-14,920

10,033-10,023

17 ,517-17 ,1 15

5,385 May 19, 1991 (1300-1400)

1 1 ,089 August 19, 1991 (1830-1856)

14,920 May 22, 1991 (1130-1230)

17 ,148 August 18, 1991 (0850-0920)

12,085 June 17 , 1992 (1 130-12451

5,234 May 20,1991 (0830-0930)

11,25A August 19, 1991 (1730-1750)

14,888 May 21 , 1991 (151 5-1630)

17,500 August 18, 1991 (08004834)

12,696 June 17 , 1992 (1015-1 100)

5,400 May 19, 1991 (1000-1 130)

1 1,400 August 18, 1991 (1800-1830)

14,920 May 21, 1991 (1330-1430)

16,300 August 18, 1991 (1000-1032)

8,000 May 30, 1993 (0630-0700)

10,050 September 16, 1991 (1530-1618)

16,000 August 20, 1991 (1030-1050)

1 1,708 June 18, 1992 (1215-1250)

10,266 May 20, 1991 (1720-1815)

10,054 September 16, 1991 (1415-1508)

14,952 May 22, 1991 (0830-0930)

14,500 August 20, 1991 (12A0-1230)

14,920 May 22, 1991 (1810-1900)

1 0,030 September 16, 1991 (1630-1718)

17,300 August 20, 1991 (0830{850)

8,599 5,500 Mav 29, 1993



Table 7. Modified Wentworth classification for substrate Cummins 1962

Ctassification Particle size range
(mml

Boulder

Cobble (Rubble)

Pebbfe

Gravel

Very coarse sand

Coarse sand

Medium sand

Fine sand

Very fine sand

sitt

CIay

>256

64 - 256

32-64
16 - 32

8 - 16
4-8
2-4

1-2

0.5 - 1

0.25 - 0.5

4.125 - 0.25

0.0625 - Ai25

0.0039 - 0.0625

<0.0039



Table 8. Database speci s for BIO/WEST Humpback Chub Studies.

File Name #
Records

Record
Length

Size
(bycs)

Anticipated Contents
# Records

=.''.re,eos..i.'''.:N;unq.iffirye'4".'.;:l;;:...:...'

ELECTRO.DBF

SCALES.DBF

JUVFTAB.DBF

DRIFT.DBF

FOOD.DBF

RE}/|OTE.DBF

DATASOND.DBF

SURVFTOR.DBF

4,612 182 4,612 Electrofishing sample data, Oct
1990 - Nov 1993

6,294 Humpback Chub

'''
26,il2"

,.'.'....:;.
I.. .....'. "; " . 

'

1,600

260

2,025

157

282

57A

552

26,583

43,586

5,161

.: .." ..

'.:',' 163
.

111

246

149

133

155

218

253

14

45

51

...:'

4,194,9 48

290,626

29,854

302,975

?2,099

44,832

125,030

142,570

452,493

2,000,000

265,000

26,542. ,'

1,600

264

2,A25

157

282

570

552

26,583

43,596

5, 161

morphometrics and meristics,
Oct 1990 - Nov 1993

'.1 '.. . 
,,,,:,.: 

': ' . ". .' ' ."- ' ."" 
.

All fish capture data, Oct 1990 :
Nov 1993 : :

Radiotelemetry surveillance, Oct
1990 - Nov 1992

Heade r lor radiotelemetry
observations, Oct 1990 - Nov
1 992

Movement for radiotelem etry
observations, Oct 1990 - Nov
1 992

Humpback Clrub scale
analyses. Oct 1990 - Nov 1993

J uvenile habitat measurements,
Oct 1990 - Nov 1993

Drifr net sample analFis dda,
Oct 1990 - Nov 1993

Stomach pumping anatysis
data, 1993

R emote radotelemefy station
data, Oct 1990 - Nov 1992

Datasonde water quality data,
Oct 1990 - Nov 1993

Surveyor ll water qualrty data,
Oct 1990 - Nov 1993



Table 9. GIS database specificatlons for BIOMEST humpback chub studies.

GIS Data # Files Anticipstd Size (bltes) Contents

Substrate lv{aps

- -. :.

Tempcrqtrrc ldaps

Fish Photographs

11-,

,...t...:.

?50
...

I

67

210

-100,000 Surficial hydraulic fearurcs outlined on aerial

-2,000,000

',,'
-.{5,000

-190,000

depcnds on resolution

photos for four selested sites

,, ; S [rfi cial' hjdraulis fcahlrex and,, phorelin e t1p9g,1, 
.,, . 

. 

: 
:

, mappcd on orthopboto overlay's frorn I,CR to' ; :

- ''
', ,.llllnQf, . ',:.'.;:;.;:.,: ::: ':.. r." ':':'::':..; .i:;:;:;:..,:: :.:......,. :'.... '.';.;i.i;i;'.i";';i i..'',.'.,., .:' ... : :. .tl. . :::'

Bathymetry and topo for LCR conlluence snd
rm 58.5, 60.1, 60.8, U.7

Velocitiel for rm 58.5,60.1,60.8, &.7,,, ,r 
l

. :.

Substratcs outlined for LCR con{luencc
...:

Tcmperature isopletrs ficr LCR confluencc

Dicitircd fish slides



APPEI{DD( A . DATA F'ORMS



FORM 1
Page 

- 
of 

-SET

BIO/WEST GRAI.ID CAI.IYON STUDY
(Colorado Rh'er Mainstem)

Netting and TlaPPing

Sample$pe:-fiipt 9 3 -

I{abl: - - Hab1: - - Hab3:

lish Pres (YAI): - No. Botdes: -

- - Reach: - CB #: - Date: RM: - - Gear: - -W MMDD
Side: - Profile (YN), - Ma:r Depth: - -.-ft Subl: - - Sub2: - -

Habitat Photo: Camera: -- Roll: -- Frame: ----- Crew: --'--'--
Comments:

Sample #:

Start Date:

Start Time:

ind Time:

End Date:

Ambient Light:

Sleather:

Turbidir)"

AirT(c):

McT:

HabT

Fluctuations:

SPECTES
I{B

EM

BH

RB

BR

CC

CP

YJA YJA
SUMIVIARY
YJA

a- -
a- -
a-- -

a- - -
a- -
a- -

a- - -
a- - -
a- -

a

a- - -
a- -

a--
a- - -
a

YJA YJA YJA



FORM 2 Page 
- 

of 
-RTIN

BIO/WEST GRAI{D CAI.IYON STIJDY
(Colorado Nver Mainstem )

Electrofishing

Sample Type: E Sample No:

Start RM:

Volts: Amps: _ _

Hab2: _ _

Wearher:

l--t--

frio: 9 3 - Reach: CB #: Date:r -- -- - - \ryhrlr\{Dt
.- _ End RM: _ _ Start Time: _ End Time: _ Ses

Habl: _ _

Ttrrbidity _

Crew: _ _

Comments:

.- Amb Light _ _ (SU, Cl=cloudy PC, SH=sbaclorr NI, Ml=moonligbr DD=dac/D/dusk)

Hab3:__ Subl: __ Sub2:__ AirT(c): McT __._ HabT!

_ _ Fluctuations: _ _ Fish Pres (YAI): _ No. Bonles: _

Species YOY
SPECIESSM

JUV ADU Total

Hi- B

E_ \{

BH

RB

BR

qc
C.L

FH

- - - -

-- - -

- - - -

- - - -

- - - -

- - - -

- - - -

- -- -

- - - -

- - - -

- -

- - - -

- - - -

- - - -

- - - -

- - - -

- - - -

- - - -

- - - -

- -

- - - -

- - - -

- - - -

- - - -



FORM 3 Page 
- 

of 
-

BIO/WEST GRAI{D CAT\IYON STIJDY
(Colorado Nver Mabstem)

$sining

Sample Type: S Sample No: Tfipr -2 3--- Reach: - CB #:- Date: ------WMMDD
RM: - - Gear:-- StartTime: ---- Habl:-- Hab2:-- Hab3:--

Subl: - - Sub2: - - AirT(c), - -.- McT! HabT Quant YA'[: - Subsamp YAI: -
Ambient Light _ _(Su=sunny Cl=cloudy PC=panly cloudy SH=sbados' M=night Ml=moonligbt DD=dasry'dusk)

Weather: -- Turbidiry: - Fluctuation: --
Hab L: .-m Hab W: ---.-m Sa L: ---.-In Sa W: ---.-m
Ma:iDepth: - -.-ft Dr: - -.-ft D:: - - .-ft Fish Pres (YA{), - No. Bottles: -
Habitat Pho

Comments:

to: Camera: Roll: Frame: - - Crew: :- - !- -

Species LA.R YOY JU]/ ADU Total

HB

F lvf

BH

RB

BR

CC

CL

FH

- - --

- - - -

- - --

- - - -

- - --

- - - -

- - - -

- - - -

- - - -

- - - -

- - - -

- -- -

- - - -

- - - -

- -

- - - -

- - - -

-- - -

- - --

- - - -

- - - -

- - - -

- - - -

- - - -

- - - -

- - - -

- - - -

- - --

- - - -

- - - -

- - - -

- - - -



IhIDIYIL IJAL .r.IDtr I ?. rlb I trD

tmple
# Species TL SL \17 PIT Tag No.

Recap OId

A/h') Tag
Shore RcL

PN Y/N Sex Ripe DisP Loc.

a- - - - - - - -
a- - - - - - - -
a

-- - - - - -
- - - - - - -
- - - - - - -
- - - - - - -
- - - - - - -
- - - - - - -
- - - - - - -
- - - - - - -
- - - - - - -
itboto / :- \'idc-o

- - - - - - - - - -

- - - - - - - -

- - - - - - - - - -

- - - - - - - - - -
- - - - - - - - - -

- - - - - - - -

- - - - - - - - - -

- - - - - - - -
- - - - - - - - - -

- - - - - - -

- - - - - - -
- - - - - - -

- - - - - - -
- - - - - - -
- - - - - - -
- - - - _ _ _

- - - - - _ _

- - - - - - -

-- - -

- - - -

----

-- --
- - - -
_ _ _ -

- - - -

- - - -

- - - -

a- - - -
a- - -
o- - - -
a- - - -
a- - - -
o- - - -
a- - - -
a- - - -
a- - - -



FORM 4 Page _ of _

BIO/WEST GRAI{D CAT.TYON STIJDY
( C.olarado River Mainstem )

Telemetry Obser:vations

Sample No: _ __ Trip: _ _ Reach: _ CB #: _ Date:
Mode

Start Trne: - Eod Troq - Riven - - Rlvt <Locarq_ 2I*_uI*_Test Flm_ Imptanr_>

Habitat Map #: Benchmsp Confidence: _

Habitat Photo: Camera RolL Frame:

Fish Information

Species: H B PIT tag: _ TL: wt.: _ Radiotag size _ _ g

Freq 1:40.___Feq 2:40.___Pulse 1(#/nin):__pulse 2: __Surgeon: __
Distance Rel Abs. Ambient

Time RM Hab Moved Gage Stage Stage Light Weatber Turbidity

CO I=NTS



FORM 4, Page 2

Habitat Measurements:

Habl: _ _ Hab2: __ Depth: _ _._m Y 0.2:_._ m/s V 0.6: _._ m/s V 0.8: _._ m/s

V Bottom: _ ._ n/s AirT(c): McT: HabT. Subl: _ _ Sub2: _ _

CovenOven__I-at__ In:__ Turb:_DO: __mglpH:_._ Cond: _ umbos/cm

Habitat Sketch:



FORM 4-b Page 
- 

of 
-

BIOA1rEST GRAI{D cANryoN STIjDY
(Colorado River l{ainstem )

Tel em etr--t' O b s en'ati o ns

Sample No: --- Trip: -- Reach: - CB #: - Date:

PfT tag: - - - - - - - - Freq 2:40'- - - Pulse 2:- ;

Distance Rel Abs. Ambient

Trme RI{ Hab \{oved Gage Stage Stage Light Weather Turbidiry

CotrcGNTS

I

-



FORITI 5 Page 
- 

of 
-

BIO/WEST GRAT.ID CANTYON STIIDY
(&hrado Nver Mairctcm)

Telemetry S urreillance

SampleNo:-__ Trip:__ Reach:_ CB#:_ <Aerisk_ Boag_ Foot_>
Date_ __ Time Start_ End_ RM_ _ to

Y Y MM D D

Ambient Ughe 
- - 

(su=s'nny Cl=ctoudy PC=parrly cloudy Sg=sba6os, .{=nig}rt Ml=mooollgbt DD=dasrVdust)

S'eather _ _ Turbidity _ _ Sechi Disk _ _ m Fluctuarions: _ _

Crew:

...,..'.,,":.
Trm.b,.:R.\4sio"rreqoiucy,iulse]'conroenceHab2c-o,o,]]
'-:::...'':.|'..
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BIO/WEST GRAI{D CAI\IYON STTJDY
(Colorado River Mainstem)

Water Qual.ity

cation: RM: 
- 

(Mairstem) Date: Time: Weather:

rctuation: Sechi Disc: .-D eirf(C): 
- 

McT 
- 

HabT:

C.(mg/l): pH 
-.- 

Cond- (unbos) Redox Battery fuvel:
nrments:

cation: RM: 
- 

(Mainstem) Date: Time: Weatber:

rctuarion: Sechi Disc: .-i'AirT(C): 
- 

McT 
- 

HabT

O.(mgl): pH 
-.- 

Cond. (umhos) Redox Battery Level:
,EIII]€OtS!

cation: RM: 
- 

(Mainstem) Date: Time: Weatber:

rctuation: Sechi Disc: .-,- AirT(C): 
- 

McT 
- 

HabT

O.(mg/l): pH 
-.- 

Cond. (umbos) Redox Battery I-evel:
)mmeDts:

rcation: RM: 
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(Mainstem) Date: Time: 
- 

Weatber: 
- -

rctuation: Sechi Disc: ._rRirT(C): _ McT: _ HabT

O.(ml): pH 
-._ 

Cond. (umhos) Redox Battery I-evel:
fmmenls:



JTITIENILE HABITAT DATA STIEET

DATE

RIVII . R[\{ER zuGIIT - LEFT -SAIV{PLE I{O.

BM ID STAGE (start) (end)
TIME (start) (end)

AB1 _ HAB2 _
TORELINE TYPB TII,US TAPEATS LEDGE SAT.{D BEACH CLIFF

ALLTIVIAL FAI.{ \{EGETATION OTHER

ECORDERS:-4
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SECT

Ilo.

DIST.
from
shore

DEPTH
(feet)

FLOW
DIR (+

or -)

\.ELOCTTY
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(1)
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(see codes) L{T
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SHEET OF

POI }IT XO:

LOCAT I Ol

STAGE

RIVER HILE:

LEVEL REFEREIICE POT}IT LOCATIOI

( LE FTIR I GHT ) PHOTo )tO. / |I

- - - - -
DISCRIPTTOI:

LOCAT I OI SKETCH:

STAGE DISCHARGE XEASUREI{EXTS:

VERT I CAL O I STA}ICE FRO{ REFERE}ICE
I X I T tAL DATE/T I }IE OF XEESUNEHS}IT
UXITS OF I{EA$'RE

DATE :_ TRAllg'l t TTER FRE0JEITC I ES: {L__,
POi XT: _( -:- ' ) I (

STAGE A STAGE B STAGE C STAGE D STAGE EDAT E TII{E
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Date: _ Time:

Vri __=+ r V

DRIFTTST SAIVTPLES

Elapsed Time: RM: ._ River Stage:

Description:

For I-ab use

BIack
Fly

adult:
pupae:
lan'ae:
drwt:

Midges

adult:
pupae:
larvae:
dr*'t:

Gammarus

mat:
irnm:
drwt:

other

adult:
imm:
drwt:

Misc.

terr:

drwt:

% Clado.

Date: Time: Elapsed Tirne:

Vt:'.V a . -Hri 

- 

H ; 
- 

Habiat:

Descnprion:

River S rage:

For L^ab use onlv:

Date: _ Time:

Vri+V

Elapsed Time: RM: _ River Stage:

t Hrl_ H i_ Habitat:

Descripqion:

Biack
Fly

adult:
puPae:

lan'ae:

Midges

adult:
Pupae:
lan'ae:

Gamrnarus

mat,:

imm:
drwt:

other

adult:
imm:
d:rryt:

mtsc

terr:

dnvt:

Clado

dr*'t:

For kb use only:

Black
Flv

adult:
pupae:
lan'ae:
dru't:

Midges

adult:
pupae:
larryae:
drrvt.:

Gammanrs

mat:
irnm:
d rr*'t:

other

adult:
imm:
Crwt:

Misc.

ter:

d rr*'t:

Clado.

drwt:
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LIFE STAGE /LENGTH BREAKDOWN FOR FISH IN THE GRAND CAI{YON

SPECIES LIFE STAGE DESIGNATION
all lenEhs in mm TL

Common Name B/W
Code

Scientific Name Young of the Year
Y-O-Y (mm TL)

Juvenile
(mm TL)

Adult

Humpback chub HB Gila ooha Dec-Apr 30: 100

May 30: 30
June 30: 40
July 30: 50
Aug 30: 60

Sept 30: 7A

Oct 30: 80
Nov 30: 90

Dec-Apr 101-199
May 31-199
June 4I-t99
July 51-199
Aug 61-199
Sept 7l-t99
Oa 81-199
Nov 91-199

> =2fr)

Flannelmou0 sucker FM Catostomus latipinnis <= 50 >50 - 199 > =200

Flannelmouth varient FV <= 50 > 50 - 1,99 > =200

Flannelmouth x
Razorback Hvbrid

FR <= 50 >50 - t9 > =200

Razorback sucker RZ Xrrauchen texanus <= 50 >50 - 199 > =200

Bluehead sucker BH Catostomus discobolus <= 50 >50 - 749 ) =150

Spcckled dace SD Rhrnichthrs osculus 1= ?5

Rainbot*'rout RB Oncorhrnchus mvkiss <= 75 > =200

Brown trout BR Salmo trutta --(= l) ) =200

Brook trout BK Salvelinus fontinalis <= 75 ) =?fiO

Plains killifrsb RK Fundulus zebrinus 1= ?5 >?s

Striped bass SB Morone saxatilis <= 85 )=?frO

Watleye WE Stizostedion vitreum (= 170 > =34O

Commoo carp CP C\rorinus camio (= 75 )=?fiO

Fa0ead minnor FI{ Pimiohales proqelas (= a5

Cbannel catfish cc Ictalurus Dundatus (= 60 ) =2,00

Black bullbead BB Ameiurus melas <= 50 50 - L99 > =2(X)



DESCRIPTION OF FIELDS FOR DATA FORIVT I, 2, 3

(Colorado River Mainstem)

FishlHabitat Samplin

AirT

Ambient Ligbt

Amps

cB#

Crerv

Date

Dr

D3

Disposition

numenc

alphanumeric

decinumeric

n'-eric

alphantrmeric

numenc

decinumeric

decinunreric

alphanumeric

4.1

I

6

1-3 = air temperature in oC

/ = light conditions at time of sample

SU: sunn)'

CL = cloudy (t 50% cloud cover)
PC = partl)'cloudy (< or 5A% cloud cover)

SH = shadow

M =night
ML =moonlight
DD = darvn/dusk

L1= ?mperage level from Mark-)C(

| - clipboard #

L-2: principal crew member
31: r@order
5 -6 = assistant
i.e. RV = Rich Valdez

BM = Bill Masslich
LC = Lar)'Crist

l-2: Year, L992 = 92
3-4= Month, June = 06

5-6 - Day of Month

l-3 : depth halfu'ay to one side of bachvater

l-3 = depth halfrvay to other side of bachlater

/ =' disposition of fish
RA = returned alive (no radio implant)
RI - radio implanted
RR = refurned \r"ith active radio fi'ancmittcr
RN = rcturned uith non-active radio Eansmitter
(rcmoved alcrnal anteruue but did not re-implant
RS = rcturned alive uith stomach contenls

removed

3.1

3.1

2



Field Width Type Description

Elapsed Time

End Time

Fish Pres(YN)

Fluctuations
or Fluct.

Gear

numenc

numeric

alphanumeric

alphanumeric

alphanumeric

DP : dead" preserved
DR: dead" released (non-native fish)
DS : dead, stomach contents presened

14: duration of net or fap sets
recorded in tenths of hours
i.e. 2.4 br

l-4: end of sample time

| - lvere fish presen'ed
Y: yes

N=no

L-2: Stage change benveen start time
and end time
RI : rising
FA : falling
SL : steady low
SH : steady high

l-Z = EL : electrofishing
FR = frame net
SA : l0'x3'xl/8" seine
SB = 30'x4'xl/4" seine
SG = l0'x5'x l/4" seine
DL : lan'al fisb drift net
DR = invert drift net
SU = surber
AQ : aquarium net
KS = kick screen

TK = 75'x6'xl"xl2" Trammel net
TL = 75'x6'xl ll?"xl}" Trammel net
TF : floated Trammel net
TM = 50'x6'xl"xl2" Trammel net
TN = 50'x6'xl.5"x12" Trammel net
TW = 75'x6'xll2"xl0" Trammel net
TZ = TL witb attachcd floats
TY= TK with attached floats
GM: 100'x6'x2" Gill net
GP - 100'x6'xl Il2" Gill net
GX = experimcntal GiU net
GZ = 60'experimcntal Gill net
GY = 50'x6'x1.5" Gill net
GF = floatcd GU net



Habitat Photo
Camera

Roll

Frame

Hab I

Hab2

Hab3

(Compound Field)
2 alphanumeric

2 numeric

4 numeric

2 alphanumeric

2 alphanumeric

2 alphanumenc

MT : Minnow trap
HL = Large hoop net (4' diam-)
HM: Mediumhoop net (4'diam.)
HS : Snrall hoop net (2'diam-)
Al.l: angling

L-2: camera identifier
01 = BAM camera # I
02 : B/VY camera #2
LC = Larry Crist's camera

BL = Bill lribfried's carnera

BM = Bill Masslich's camera

l-2: photo roll number

L1= photo frame nu'qbers

L-2 = general habitat
MC = slain channel
TS : tributary stream
SC = side channel

l-2: specific habitat
BA - $3gft11'ater

ED : eddy
EM: embarment
ff = riflle
RU = run
SH = shoreline
PO = pool
RC : return channel

l-Z = shoreline habitat
TS = talus scree

SW : shear rvall
LE = ledgc
BE = bedrock
SI : silt
SA = sand

CO = cobble
BO = boulder
CB = cut bank
VG = vegetation
DF = debris florv



Field Width Type Description

Hab L 5.1 decinumeric l-5 = length of habitat seined

Hab W 5.I decinumeric 1-5 = u'idth of habitat seined

HabT 4.1 decinunoeric 14 = temperature of habi6l sampled

Hours 4.L decinr:meric 14 = hours gear set between checls

Max Depth 4.L decinumeric l-4 = ma:rimum depth at gear location

McT 4.1 decinumeric 1-4 = main shanngl temperature



No. Botrles

Old Tag

PIT Tag

pt

Profi.le(YN")

Quant Y/N

Reach

Recap(YN)

Rel. I-oc.

Ripc

numenc

alphanumeric

alphanumeric

alphanumeric

alphanumenc

logical

numeric

alphanumeric

decinumeric

alphanumeric

10

I = number of bottles n'ith presen'ed fish

I -6 : old tag number with color and size i.e.

003CSG for small green Carlin tag #003;
003FLY for yellow Floy tag #003

UCRPZ - upper caudal plus rigbt pelvic clips
UCLPZ - upper caudal plu left pelvic clips
LCRPZ - lou'er caudal plus right plevic clips
LCLP/ - lower caudal plus left pelvic clips
LC = lorver caudal punch
UC : upper caudal punch
DP : dorsal punch
UCDP : upper caudal and dorsal punch

l - 10 : unique number transmined by PIT tag

I = photo talien
f=yes
N=no

I = cross section fathometer profile ll'tls talien

Y-yes
N=no

I = rvas sample done quantitativly

I = Reach (0=above LCR,I=LC& 2=Granite
Gorge, 3=Lou'er)

I = fish is a recapnre
f = )'es
N=no

14 = point of release of fish in RM !o the nearest

0.05 mile belorv Lee's Ferry

2 : state of gonadal maturit)' of fish
TU = tubercled only
TC = tubercled and colored
MI=rumingmilt
EG = expressible eggs

SP = spent
CO = colored onlv

4. I



Field Width Type Description

RM 5.1 decinumeric 1-5 =milesdownstreamfromleesFerryin0.05
mile increments where possible

Sa L 4.L decinumeric 14 = semple length (in meten)

Sa w 4.1 decinunreric l-4 = sample width (in meters)

sampleNo 7 alphanurneric l-3 = sequential sample no.
or Sample #

Sample Tlpe I alphanumeric I = Sample qpe
E = Electrofishing
N = GilVTrammel nets
S = Seining
T = Traps, i.e. hoop nets, minnow traps
D = Drift netting
A = Angling

Seconds 5 numeric l-5 = total time from Mark-)o( clock

Sex I alpbanumeric I = gender of fish
M =male
F = female
I = immature

U = undetermined

Side I aiphanumeric I = side of river channel s'here net or Eap is
anchored

R = river right (looking dounstream)
L = river left (looking douastream)

SL 3 nnmeric l-3 = standard length of fish

species codc 2 alphanumeric l-2 = code for fish species
or Species HB = humpback chub

SD = speckled dacc
CC = channel catfish
FM = flannelnoutb sucker
BH = bluehead sucker
RB = rainbow trout
CP = carp
BR = bror.ru trout
BK = brook trout
RZ= raznrback sucker
FV = {lannclnouth sucker variant



PK = Plaines/Rio Cnande killilish
SB = striped bass

FH = fatheadminnow
WE =u'alleye
FR = flannebnouth x razorback zucker
p2 = flannglmouth x razorback sucker

SU = unidentified sucker
YB = yellorv builhead
BB : black bullhead

SPECIES SUMMARY (Compound Field) sEE LENGTH BREAI(DOWN SHEET
ADU

JT-n/

LAR

YOY

Total

Start Date

San Time

Subsamp YAI

Sub I

Sub2

TL

Trip

logical

alphanumeric

alphanumenc

numeric

Numeric

4 numeric

1 numeric

,I'r nUmgnC

4 srrmgrig

4 nu eric

numenc

nt'meric

I --4 = number of adults caught

L1: number ofjuveniles caugbt

1-4 : number of lan'al caught

1-.+: number of YOY caught

1-4 : total nr'-ber caught by species

l -6 = da,v a sample is begrrn

L4: start of sample time
6am = 0600
6pm: 1800

I = rvas sein effort a subsample of habitat

I -2 : dominant substrate
SI = silt
SA = sand

GR = grat'el

CO = cobble
BO : boulder
BE = bedrock
OR: organics

l-2 = secondar)' subs8ate
Same codes as Sub I

l-3 = total lcngth of fish in mm

l-2 = Trip l.lo. for vcar (0- l2)

-t
J

2



vt

Turbidity
or Turb

Volts

Weather

WT

alphanumenc

alphanumeric

numenc

alphanurreric

numenc

L-2: turbidity
C : clear
L - low )ol: 0.5m secchi disk
H - high turbidiry <or: 0.5m secchi disk

I - video footage talien
Y: yes

N=no

l-3 : voltage setting for Mark-)fi

l-2: weather condition
SU = sunny
CS : clear skies (SU)
CL : cloudy (>5 0% cloud cover)
PC = partly cloudl' (< or = 50% cloud cover)
OV = overcast
RA = raining
SN: snow

L1 : weigbt of fish in grams



DESCRIPTION OF FIELDS FOR DATA FORM 4 & 5
(Colorado River Mainstem)

Radiotelemetry

Field Width Type Description

Abs. Stage 5 numeric l-6 = absolute stage change from initial
tenoporary staff gage Hding

Aerial I dphanumeric I = radiotacking was done by aircraft
Y=yes
N=no

AirT 3 numeric 1-3 = air temperature in "C

Ambient Ligbt 2 alphanumeric 2 = light conditions at rime of sample
SU = sunny
CL = cloudy (> 50% cloud cover)
PC = partly cloudy (< or: 50% cloud cover)
SH = shadorv
NI = nigbt
ML = moonligbt
DD = daun/duk

Benchmark 5 alpbanumeric l -6 = r:nique code describing location of
temporary stage benchmarks

Boat I alphanumeric I = radiotracking rvas done from boat
Y = I'es
N=no

CB# I numeric l=clipboard#

Cond 4 numeric 14 = conductancc in urnhoVcm

Confideace I numeric I = conlideirce rating on fish location
I = high, excellent reception
2 = low, poor reception
3 = very lorv, don't use

Cover (Compound Field - fill out each)
Over 2 alpbanumeric l-2 = overhead cover

OB = overhangrng ba*
SV = streamside vegetation
NC = no cover



Field Width Tvpe Description

Lat

Crew

Date

Depth

Distance Moved

DO

End Time

Fluctuations
or Fluct.

Frequency

Freq I

Freq 2

alphanumeric

alphanumeric

alphanumeric

nttmeric

decinumeric

numeric

nurneric

numeric

alphanumeric

numenc

numeric

numcric

In

l-2: lateral cover
\AV: vertical rock well
BO = boulders
NC = no lateral cover

l-2: instream cover
BO : boulder
LG: log jam
SS : sand shoal
RJ : rock jetty
NC : no instream cover

I-2: principal crew member
3-.+ : recorder
5-6 = assistant
i.e. RV : Rich Valdez

BM = Bill Masslich
LC: Lary Crist
BL: Bill Leibfried

l-2 = Year, L992 = 92
3-.1 : Montb June = 06
5-6 = Day of Month

I -4 = depth at gear location

1-6 : distance moved bv 6sh in meters since last
obsen'ation

I-2: dissolved ox]'gen in mg/l

1-t = end of sample time

l-2: Stage change behveen start time
and end time
RI = rising
FA = falling
ST : steady

l-3 = frequenc]'of radiotag in field

I -3 = frequency of radiotag from rnanufacturer

l-3 : frequencl'of radiotag in field

4. I

6

2

4

2

3

3

-t
J



Gage

Habitat Photo
Camera

Roll

Frame

Habl

Hab2

Hab

HabT

Habitat Map No.

McT

decinumeric

alphanumeric
map

decinnmeric

6 numenc

(Compound Field)
2 alphanumeric

2 numenc

4 numeric

2 alphanumeric

2 alphanu:reric

2 alphanumeric

1-6: reading on temporary staffgage

l-Z = ctunera ident'fier
01 : BAM camera#l,
A2 : BnV camera #2
LC = Larry Crist's citmera
BL: Bill Leibfried's camera

BM : Bill Masslich's cannera

t-2: photo roll number

14 : photo frame numbers

l-2: general habitat
MC = main channel

TS = tributary stream

SC = side channel

L-Z = specific habitat
BA = bachvater
ED : edd)'
EM: embarment
zu:riffle
RU = rurr

SH : shoreline
PO : pool
RC = retum chattnel

/= specific habitat (Hab2) of fish being obsen'd
same codes as Hab2

14 = temperahre of habitat saurpled

1-6 = unigue number corresponding to a habitat

l-.1 : main channel tcmperaftrre

l-2 = sampling mode
IM = implant
LO = locatc
7H = 2-hour
24 = 24-hour

4. I

6

4. I

Mode (Compound field, check one)
2 alphanumeric



Field Width Type Description

TF =testflow

pH 3.1 decinumeric l-3 = pH

PIT Tag 10 alphanumeric 1-10 = unique number transmined by PIT tag

Pulse 2 numeric l-2 = pulse rate in field

Pulse I 2 numeric 1-2 = pulse rate from manufacturer (#/min)

Pulse 2 2 nurneric 1-2 = pulse rate in field

Radiotag Size 2 numeric l-2 = ueigtrr specilications
09 = 9 grams

ll = 1l grams

16 = 16 grams

Reach numeric I = Reach (0=above LCR, l:LC( 2=Granite
Gorge,3=Lorver)

Rel. Stage 5 numeric l{ = relative stage change since last observation

River 2 alphanumeric l-2 = Iocation of radiotagged fish
CO = Colorado River
LC = Little Colorado
HC = Havasu Creek

RM 5.1 decinumeric l-5 = mires do$lstrean from Lrces Ferry

RM 

- 
!o 

- 
4.1 prtmsJig l-l = sun'eillance are4 start RM to end RM

Sample No 7 atphanumeric l-3 = sequenrial sanple no.
or Sample #

Secchi Disc 2 numeric l-2 = depth to *'hich sechi disc Earliings can be
secn

Side I alphanumeric I = side of river channel *'here net or trap is
anchored
R = river right (looking dormstrean)
L = rivcr left (looking dounstrearn)

Species 2 alphanumcric l-2 = humpback chub

Start Tirne 4 numeric I-l = start of sample time



Sub 1

Sub2

Surgeon

Time

TL

Trip

Turbiditv
or Turb

v 0.2

v 0.6

v 0.8

V Bonom

Weather

4

aJ

2

)-

3.1

3.1

3.1

3.1

2

alphanumeric

alphanumenc

alphanumeric

nn-eric

numeric

numeric

alphanumeric

decinumeric

decinumeric

decinumcric

decinumeric

alphanumeric

6am: 0600
6pm - 1800

L-Z : dominant substrate

SI = silt
SA = sand
GR: gravel
CO : cobble
BO : boulder
BE : bedrock
OR: organics

I-2 : secondary substrate

2 = initials of tearn member that implanted
radiotag

d = time of signal obsen'ation or attempt

1-3 : total lengtb of fish in mm

l-2 = Trip No. for 1'ear (0-12)

L-2: turbiditf'
C = clear
| = lou> or = 0.5m secchi
fl = high turbiditv < or = 0.5m secchi

l-3 : velociq'at 0.2 depth at fish

l-3 = velocity at 0.6 depth at fish

1-3 = velocity at 0.8 depth at fish

I -3 = r'clocitv at bottom at fish

l-Z = rreather condition
SU = sunnv

CS = clear skies
CL = cloudy (> 50% cloud cover)
PC = panly cloudy (< or = J 0% cloud cover)
OV = ol'ercast
RA = raining
SN = snorv



DescriptionField Width Type

WT 4 numeric l-4 = weigbt of fish in grams
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TABLE c} - DESCRIPTION OF FIELDS FOR DATA FORM 6
(Colorado River Mainstem)

See Chub Diagram for measurement locations
Chub Meristics

Field

A.

AFB -

BD.

CAN{ -

CPbID.

CPL -

CPMD.

D-

Date -

DFB.

DISP -

FL.

FRAME -

HL.

ND.

P,-Pr -

width

2

2.1

3.1

2

2.1

3.1

2.L

)-

6

2.L

2

3

4

2.1

2.1

2.1

numeric

decinumeric

decinumeric

alphanumeric

decinumeric

decinumeric

decinumeric

numeric

nf meric

decinumeric

alphanrrmeric

numeric

numeric

decinumcric

decinumeric

decinumeric

Descrintion

number of anal fui ra1's

anal fin base

marimum body depth

ciunera number

caudal peduncle depth (minimum)

caudal pedtrncle length

caudal peduncle depth (maximum)

number of dorsal fin ravs

I-2: Year. 1992 = 92

3-4: Monttr June = 05

5-6 = Da)' of Month

dorsal fin base

disposition

fork length

range of filrq frames

head length

nuchal dcpression

distancc benveen the insertion of the pectoral and

pelvic fins

l- 10 = unique number transmittcd b-v PIT tagPIT Tag No. 10 alphanumeric



Field Width Type Description

RADIOTAGGED- I alphanumeric (YorN)

RECAP - t alphanumeric recapture (Y, N, or S for tag scar)

Ripe - I dphanumeric running milt or expressing eggs, tuberculated or

colored

RM RELEASE - 3. t decinumeric release point

ROLL - 2 numeric fiLn roll number 
I

I

Sample # - 8 numeric composite entry made up of Sample T1pe, Sanple I

No, Trip, Reach" and CB#. :

Sex - I alphanumeric male, female, immature, or undetermined

SL - 3 numeric standard length

SNL - 3.1 decinumeric snout length

TAG - 5 alphanumeric number and gpe of old external tag

TL- 3 numeric .totalleneth

WT - 4 nrrmeric q'eigbt in grams

(Refer to otber definition sheets for response options for similar fields)

I

I



,DESCRIPTION OF FIELDS FORDATA FORM 7
(Cotorado River Mainstem)

Water Oualitv Samplin

D.O

Fluchrations
or Fluct.

HabT

McT

pH

Redox

RM

Sechi Disc

Time

Weatber

3.1

2

1.L

4.1

3.1

4

5.1

2

numenc

numeric

numeric

decinumeric

alphanumeric

decinumeric

decinumeric

decinumeric

numeric

decinumeric

numeric

numeric

alphanumeric

Description

1-3 : air temperature in oC

11= conductance in umhoVcm

l-Z = Year, 1992 : 92

3-1: Montlq June = 06

5-6 : Day of Month

l-3 : dissolved orrygen in m/L

L-2: Stage change behveen start time
and end time
zu = rising
FA = falling
ST = steady

l-4 = temperature of habitat saurpled

11- slain chanrtel temperature

1-3 : pH

1-.1 : redox potential of water

1-5 = mils5 donnstream from Lces Ferry

l-Z = depth to rvhich sechi disc markings can be

segn

{ - time of observation

L-2: weather condition
SU = sunny
CS = clear skies
CL: cloud)'(> 50% cloud cover)
PC = panly cloudy (< or = J 0% cloud cover)
OV = overcast
RA = raining
SN = snow



APPEI\IDD( C . DATA FILE STRUCTT]RES

Note:

: Character
: Numeric
: Logical

Tvoe
c
N
L



File: CHUB.DBF
Conten6: Humpback chub morphometrics and meristics, Oct 1990-ltlov1993

PIT-TAG
DATE
RIVER
METER
TYPE
GEAR
SAMPLE-NUM
TRIP
REACH
CLIPBOARD
TL
FL
SL
WT
SEX
RIPE
P1_P2
ND
CPL
CPMAXD
CPMIND
HEAD-LN
SNOUT-LN
DORSAL-FB
ANAL-FB
BODY-DEPTH
DORSAL-RAY
ANAL-RAY
RECAPTURE
OLD-TAG
DISP
CAMERA-NUM
ROLL-NUM
FRAME-NUM
VIDEO-NUM
RM-CAPTURE
RM-RELEASE
RADIO
COMMENTS

c
c
c
N
c
c
c
c
c
c
N
N
N
N
c
c
N
N
N
N
N
N
N
N
N
N
N
N
c
c
c
c
c
c
c
N
N
c
c

10
6
2
4
1

2
3
5
1

1

3
3
3
4
1

3
4
4(
4
4
4
4
4
4
5
2
2
1

10
2
2
2
5
2
o
6
1

60

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

PIT tag number
Date (year,month,day)
River or tributary code
Meters above tributary mouth (t20rn)
Type of sample
Gear code
Sample number
Trip code
Mainstem Colorado River reach code
Clipboard number
Total lengrth (mm)
Fork length (mrn)
Standard length (mm)
Weight (g), i1g
Sex code
Gonadal maturity code
Distance between inseftions of pectoral and pefuic fins (mm)
Nuchal depression depth (mm)
Caudal peduncle length (mm)
Maximum caudal peduncle depth (mm)
Minimum caudal peduncle depth (mm)
Head lengrth (mm)
Snout fengrth (mm)
Dorsal fin base (mm)
Anal fin base (mm)
Body depth (mm)
Number of dorsal fin rays
Number of anal fin rays
Recaptured fish
Old tag number rf fish is recapture
Disposrtion code
Camera number
Roll number
Frame numbers
Video number
River mile of capture location (to 1 f20 rml
River mile of release location (to 1/20 rm)
Radio-tagged fish
CommenB

0
0
0
0
0
0
0
0
0
2
2
0
0



File:
Contents:

NET-MC.DBF
Netting and trapping sample data, Oct 1990-ltlov 1993 (humpback chub)

Fiefd Type size Dec Description

TYPE
TRIP
REACH
CLIPBOARD
DATE
RIVER
RM
METER
GEAR
HABl
HAB2
HAB3
SIDE
PROFILE
MAX-DEPTH
SUBl
SU82
FISH-PRES
NO-BOTTLES
CAMERA-NUM
PHOTO-ROLL
FRAME-NUM
CREW
SINGLE
SAMPLE-NUM
TIME-SET
TIME-PULL
END-DATE
TIME-EL{P5
LIGHT
WEATHER
TURBIDITY
TEMP-AIR
TEMP-MC
TEMP-HAB
FLUCT
SPECIES
YOY
JUV
ADU
TOTAL
COMMENTS
MAP-ID-NUM

c
c
c
c
c
c
N
N
c
c
c
c
c
c
N
c
c
c
N
c
c
c
c
c
c
N
N
c
N
c
c
c
N
N
N
c
c
N
N
N
N
c
c

1

5
1

1

6
2
o
4
2
2
2
2
1

1

4
2
2
1

1

2
2
5
I
1

3
4
4
6
5
2
2
2
4
4
4
2
2
4
4
4
4
0
4

0
0
0
0
0
0
2
0
0
0
0
0
0
0
1

0
0
0
0
0
0
0
0
0
0
0
0
0
2
0
0
0
1

1

1

0
0
0
0
0
0
0
0

Type of sample
Trip code
Mainstem Colorado River reach code
Clipboard number
Date (year,month,day)
River or tributary code
River mile (to 1 fZA rml
Meters above tributary mouth (t20m)
Gear code
General habitat
Specific habitat
Shoreline habitat
Side of river looking downstream
C ross-section fathometer profile status
Maximum depth at gear location (m)
Dominant substrate
Secondary substrate
Fish or other materials preserved
Number of botiles with preserved materials
Camera number
Roll number
Frame numbers
Inrtials of crew members
Marks one of multiple records tor a sample
Sample number
Net set time
Net pull time
Net pull date (year,month,day)
Elapsed time
Ambient light
Weather
Turbidity
Air temperature ("C)
Main channef temperature ("C)
Habitat temperature ( " C)
River stage change
Fish species code
Number of young-of-year fish
Number of juvenile fish
Number of adult fish
Total number of fish
Comments
Unique net location f D to link with GIS



File:
Contents:

Field

ELEC-MC.DBF
Electrofishing sample data, Oct 1990-Nov 1993 (humpback chub)

Type Size Dec Description

TYPE
SAMPLE-NUM
TRIP
REACH
CLIPBOARD
DATE
RIVER
START-RM

, END_RM
METER
TIME-START
TIMLEND
SECONDS
VOLTS
AMPS
LIGHT
HABl
HAB2
HAB3
SUBl
SU82
TEMP-AIR
TEMP-MC
TEMP-HAB
TURBIDITY
WEATHER
FLUCT
FISH-PRES
NO-BOTTLES
CAMERA-NUM
PHOTO-ROLL
FRA[{E-NUM
CRHru
SINGLE
SPECIES
YOY
JUV
ADU
TOTAL
COMMENTS

1

3
5
1

1

o
2
6
o
4
4
4
t\
v

3
4
2
2
2
2
2
2
4
4
4
2
2
2
1

1

2
2
5
I
1

2
4
4
4
4
60

Type of sample
Sample number
Trip code
Mainstem Colorado River reach code
Clipboard
Date (year, month,day)
River or tributary code
River mile at start of sample (to 1120 rm)
River mile at end of sample (to 1120 rml
Meters above tributary mouth (t20m)
Sample start time
Sample end time
Seconds electrofished
Voltage setting
Amperage level
Ambient light
General habitat
Specific habitat
Shoreline habitat
Dominant substate
Secondary substrate
Air temperature ('C)
Main channel temperature ("C)
Habitat temperature ( " C)
Turbidity
Weather
River stage change
Fish or other matenals preserved
Number of botfles of preserved materials
Camera number
Roll number
Frame number
Initials of crew members
Marks one of multiple records for a sample
Fish species code
Number of young-of-year lish
Number of juvenile lish
Number of adult fish
Total number of fish
Comments



File:
Contents:

SEIN-MC.DBF
Seininq sample data. Oct 1990-Nov 1993 (humpback chub)

Field Type siz-e _ Dec Description

TYPE
SAMPLE-NUM
TRIP
REACH
CLIPBOARD
DATE
RIVER
RM
METER
GEAR
TIMtr-START
HABl
HAB2
HAB3
SUBl
SU82
TEMP-AIR
TEMP-MC
TEMP-F{..AB
QUAIIT
SUBSAMPL
LIGHT
WEATHER
TURBIDITY
FLUCT
HABL
HABW
SAMP-LN
SAMP-WID
SAMP-AREA
MAX-DEPTH
DEPTH-1
DEPTH-2
FISH-PRES
NO-BOTTLES
CAMERA-NUM
PHOTO-ROLL
FRAME-NUM
CREW
SINGLE
SPECIES
t.AR
YOY
JUV
ADU
TOTAL
COMMENTS

c
c
c
c
c
c
c
N
N
c
N
c
c
c
c
c
N
N
N
c
c
c
c
c
c
N
N
N
N
N
N
N
N
c
N
c
c
c

"c
c
c
N
N
N
N
N
c

1

3
P

3
1

1

6
2
7
4
2
4
2
2
2
2
2
4
4
4
1

1

2
2
2
2
5
5
5
5
7
4
4
4
1

1

2
2
5
I
1

2
4
4
4
4
4
60

0
0
0
0
0
0
0
2
0
0
0
0
0
0
0
0
1

1

1

0
0
0
0
0
0
1

1

1

1

2
1

1

1

0
0
0
0
0
0
0
0
0
0
0
0
0
0

Type of sample
Sample number
Trip code
Mainstem Colorado River reach code
Clipboard number
Date (year,month,day)
River or tributary code
River mife (to 1l'20 rml
Meters above tributary mouth (t20m)
Gear code
Sample start time
General habitat
Specific habitat
Shoreline habitat
Dominant substrate
Secondary substrate
Air temperature ("C)
Main channel temperature ("C)
Habitat temperature (' C)
Quantitative seine haul
Subsampled habitat
Ambient light
Weather
Turbidity
River stage change
Habitat lengrth (m)
Habitat wrdth (m)
Sample lengrth (m)
Sample width (rn)
Sample area (mt)
Maximum depth of habitat (ft)
Depth halfway between m.u and one side (ft)
Depth halfrrvay between meu and other side (ft)
Fish or other materials preserved
Number of botUes of preserved materiafs
Camera number
Roll number
Frame number
Initials of crenr members
Marks one of multiple records for a sampfe
Fish species code
Number of larval fish
Number of young-of-year fish
Number of juvenile fish
Number of adult fish
Total number of fish
Comments



File:
Contents:

FISH-MG.DBF
All fish caoture data. Oct 1990-Nov 1993 (humpback chub)

TYPE
SAMPLE-NUM
TRIP
REACH
CLIPBOARD
DATE
GEAR
HABl
HAB2
FIAB3
SUBl
SU82
SPECIES
TL
SL
LB
az
WT
PIT-TAG
RECAPTURE
OLD-TAG
PHOTO
VIDEO
SEX
RIPE
DISP
RIVER
RM
METER
RM-RELEASE
COMMENTS

c
c
c
c
c
c
c
c
c
c
c
c
c
N
N
N
N
N
c
c
c
c
c
c
c
c
c
N
N
N
c

1

3
5
1

1

6
2
2
2
2
2
2
2
3
3
2
2
4
10
1

10
1

1

1

2
2
2
6
4
6
60

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2
0
2
0

Type of sample
Sample number
Trip code
Mainstem Colorado River reach code
Clipboard
Date (year,month,day)
Gear code
General habitat
Specific habitat
Shoreline habitat
Dominant substrate
Secondary substrate
Fish species code
Total length (mm)
Standard length (mm)
Pounds
Ounces
Weight (g), t1g
PIT tag number
Recaptured fish
Old tag number if fish is recapture
Photographs taken
Video footage taken
Sex
Gonadal maturity code
Disposition code
River or tributary code
River mile of capture location (to 1120 rm)
Meters above rnouth of tribulary (t20m)
River mile of release location (to 1 f20 rml
Commenb



Fife:
Contents:

SURVEIL.DBF
Ftadiotelemetry sulveif lance, Oct 1990-Nov 1992

Field fyp€ size Dec Description

SAMPLLNUM
TRIP-NUM
REACH
CLIPBOARD
SINGLE
MODE
START-DATE
START-TIME
END-DATE
END-TIME
TIME-EIAPS
START-RMI
END-RMI
LIGHT
WEATHER
TURBIDITY
SECHI-DISK
NTU
FLUCT
CREW
DATE
TIME
RIVER
RM
SIDE
FREQ
PULSE
CONFIDENCE
HAB2
COVER
PIT-TAG
COMMENTS

c
c
c
c
c
c
N
N
N
N
N
N
N
c
c
c
N
N
c
c
N
N
c
N
c
N
N
c
c
c
c
c

3
2
1

1

1

2
Ao
4
o
4
o
5
5
2
2
1

4
6
2
8
o
4
2
6
1

3
3
1

2
2
10
75

0
0
0
0
0
0
0
0
0
0
2
1

1

0
0
0
2
1

0
0
0
0
0
2
0
0
0
0
0
0
0
0

Sampfe number
Trip code
Mainstem Coforado River reach code
Clipboard number
Marks one of multiple records for a sample
Type of surveillance
Date at start of surveillance (year,month,day)
Tirne at start of surveillance
Date at end of surveillance (year,month,day)
Time at end of surveillance
Time elapsed during surveillance
Starting river mile of surveillance (to 1 DA rm)
Ending river mile of surveillance (to 1 120 rm)
Ambient light
Weather code
Turbidity code
Secchi depth (m)
Turbidig (NTU)
River stage change during surveillance
Initials of crew members
Date of individual fish contact (year,month,day)
Time of indMdual fish contact
River or tributary code
River mile (to 1120 rm)
Side of river looking downstream
Tag frequenry (40.XXX MFlz)
Tag pulse rate (pulses/minute)
Observer confidence in location accuracy
Specrfic habitat
Instream cover
PfT tag number
Comments



File:
Contents:

OBSERV-H.DBF
Header for radiotelemetry observations, Oct 1990-Nov 1992

SAMPLE-NUM
TRIP-NUM
REACH
CLIPBOARD
SINGLE
STARLDATE
STARTJIME
END-DATE
END-TIME
TIME_ftqps
RIVER
RM
MODE
HAB-MAP-NO
BENCHMARK
CONFIDENCE
CAMERA-NUM
PHOTO-ROLL
FRAME-NUM
cREl /
PIT-TAG
TL
WT
SEX
TAG-SIZE
FREQ-1
FREQ-2
PULSLl
PULSE-2
SURGEON

c
c
c
c
c
N
N
N
N
N
c
N
c
c
c
N
c
c
c
c
c
N
N
c
N
N
N
N
N
c

3
2
1

1

1

6
4
o
4
o
2
o
2
10
o
1

2
2
5
I
10
3
4
1

2
3
3
2
2
2

0
0
0
0
0
0
0
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Sample number
Trip code
Mainstem Colorado River reach code
Clipboard number
Marks one of multiple records for a sample
Date at start of observation (year,month,day)
Time at start of observation
Date at end of observation (year,month,day)
Time at end of observation
Time elapsed during observation
River or tributary code
River mile (to 1 120 rm)
Mode of observation
Habitat map number
Tempo:re,ry benchmark code
Observer confidence in location accuracy
Camera number
Roll number
Frame numbers
Initials of crew members
PIT tag number
Total length when implanted (mm)
Weight when implanted (g), t1g
Sex
Weight of tag (g)
Original tag frequenry
Stongest tag frequency observed
Original tag pulse rate
Tag pulse rate during observation
Initials of surgeon



File:
Contents:

OBSERV-M.DBF
Movement for radiotelemetry observations, Oct 1990-Nov 1992

Field rype Size Dec Description

SAMPLE-NUM
TRIP
REACH
CLIPBOARD
SINGLE
PIT-TAG
STARLDATE
START-TIME
STARLRMI
START-HAB
START-GAGE
START-LITE
START-WEAT
START-TURB
END-DATE
END-TIME
END-RMI
END-HAB
MOVEMENT
END-GAGE
END-LITE
END-WEAT
ENDJURB
TIME-EIAPS
GAGE
STAGE-RATE

File:
Contents:

c
c
c
c
c
c
N
N
N
c
N
c
c
c
N
N
N
c
N
N
c
c
c
N
N
N

3
5
1

1

1

10
o
4
6
2
5
2
2
2
6
4
o
2
3
5
2
2
2
6
6
7

0
0
0
0
0
0
0
0
2
0
1

0
0
0
0
0
2
0
0
1

0
0
0
2
1

2

Sampfe number
Trip code
Mainstem Colorado River reach code
Clipboard number
Marks one of multiple records for a sample
PIT tag number
Date at start of observation block (year,month,day)
Time at start of observation block
River mile location at start of observation Hock (to 1 fZA rml
Specific habitrat at start of observation block
River stage at start of observation block
Ambient light at start of observation block
Weather code at start of observation block
Turbidity code at start of observation block
Date at end of observation block (year,month,day)
Time at end of observation block
River mile location d end of observdion block (to 1 120 rm)
Specific habitiat at end of observation block
Movement during observation block (m)
River stage at end of observation block
Ambient light at end of observation block
Weather code at end of observafion block
Turbidig code at end of observation block
Tme elapsed during observation block
River stage change during observation block (cm)
Rate of river stage change (cm/l'rr)

REMOTE.DBF
Remote r:adiotelemetry station data, Oct 1990-Nov 1993

JUL-DATE
TIME
FREQ
PULSE

3
4
3
3

N
N
N
N

0
0
0
0

Julian date
Time
Tag frequency (40.XXX Ml-lz)
Tag pulse rate (pulses/minute)
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DRIFT-MC.DBF
Drift net sample analysis data, Oct 1990-Nov 1993 (humpback chub)

Type Size Dec Description

DATE
TIME
RM
STAGE
HAB
DEPTH
SIMADU
SIMPUP
SIMljR
CHIRADU
CHIRPUP
CHIRLAR
GAMMADU
GAMMIMM
OTHER
TERR

N 6 0 Date of sarnple (year,month,day)
N 4 0 Time of sample
C 5 0 River mile (to 1120 rm)
C 2 0 River stage change
C 2 0 Habitat
C 3 0 Height of net above water surface (cm)
N 7 2 Number of adult simuliids
N 7 2 Number of pupa simuliids
N 7 2 Number of larval simuliids
N 7 2 Number of adult chironomids
N 7 2 Number of pupa chironomids
N 7 2 Number of larval chironomids
N 7 2 Number of adult gammarus (>7mm)
N 7 2 Number of immature gammarus (<7mm)
N 7 2 Number of other aquatic invertebrates
N 7 2 Number of terrestrial insects

CLADDRWT N 7 4 Cladophoradryweight(g)
CI-ADPER
LABVOL
FIELDVOL

CMH
NOTES

REHYDVOL N 3 0 Samde volume after rehydration in lab (ml)

N 2 0 Percentcladophora
N 3 0 Sample volume after preservation (ml)
N 3 0 Sample volume before preservation (ml)

N 7 2 Waterfiltered through net (Cubic meters per hour)
C 100 0 Specfic notes about sample
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FOOD.DBF
Stomach pumping analysis data, 1993

Dec DescriptionField Type Size

TYPE
SAMPLE-NUM
TRIP
REACH
CLIPBOARD
DATE
RIVER
RM
SPECIES
AGE
SEX
TL
SL
LB
oz
WT
PIT-TAG
GAMMADU
GAMMIMM
SIMADU
SIMTARV
SIMPUP
CHIRADU
CHIRPUP
cHrntqn
ANNELID
OTHER
TERR
CIADOVOL
NEMOTODES
TAPEWORMS
FISH
MEMO

c
c
c
c
c
N
c
N
c
c
c
N
N
N
N
N
c
N
N
N
N
N
N
N
N
N
N
N
N
L
L
L
c

1

3
5
1

1

o
2
5
3
2
1

3
3
3
3
4
10
3
3
3
3
3
3
3
3
3
3
3
3
1

1

1

2A0

0
0
0
0
0
0
0
1

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Type of sample
Sample number
Trip code
Mainstem Colorado River reach code
Clipboard
Date of sample (year,month,day)
River or tributary code
River mile (to 1120 rm)
Species of fish stomach pumped
Age of fish (adult or juvenile)
Sex
Total lengrth (mm)
Standard length (mm)
Weight in pounds
Weight in ounces
Weight in grams
PIT tag number
Number of adult gammarus (>7mm)
Number of immature garnmarus (.7mm)
Number of adult simuliids
Number of larval simuliids
Number of pupa simuliids
Number of adult chironomids
Number of pupa chironomids
Number of larval chironomids
Number of annelids
Number of other aquafic insects
Number of terrestial insec€
Volume of cladophora (ml)
Presence of nematodes
Presence of tapeworms
Presence of fish
Details of sample
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DSOND-MC.DBF
Datasonde water quality data, Oct 1990{lov 1993 (humpback chub}

DATE
TIME
RIVER
RM
TEMP
PH
COND
DO
BATT

File:
Contents:

N
N
c
N
N
N
N
N
N

6
4
2
o
5
tr

6
6v
3

0
0
0
2
2
2
3
2
2

Date (year,month,day)
Military time
River or tributary code
River mile (to 1l2A rml
Temperature ("C)
pH
Conductivrty
Dissolved oxygen
Battery voftage

SURV-MC.DBF
Surveyor ll water quality data, Oct 1990-Nov 1993 (humpback chub)

Field Type size Dec Description

DATE
TIME
RIVER
RM
TEMP
PH
TRUEDO
COND
ORP
BATT

N
N
c
N
N
N
N
N
N
N

6
4
2
6
5
5
5
o
6
5

0
0
0
2
2
2
2
3
3

2

Date (year,month,day)
Military time
River or tributary code
River mile (to 1 120 rm)
Temperature ("C)
pH
Dissolved orygen
Conductivrty
Oxidatio n-redu ction potential
Battery voltage
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JUVHAB.DBF
Juvenile habitat measurements, Oct 1990-Nov 1993

Field Type size Dec Description

SAMPLE-NUM
TRIP
REACH
DATE
RIVER
RM
SIDE
TBM
GAGE-BEG
GAGE-END
TIME-BEG
TIME-END
LLMC_FLOW
SHORETYPE
CREW
FISHPRESNT
COMMENTS
TRAN-NUM
DtsT-o5_DP
Dts]-o5_vL
DIST-o5-S1
DIST-05-S2
DtsL1o_DP
DIST-1o-VL
DIST-10-S1
DtsL10_s2
DTSL1LDP
DIST-1 s-VL
DtsL15_S1
DIST-15-S2
DtsT-2S_DP
DtsTJs_vL
DtsT-2s_Sl
DtsT_2LS2

c
c
c
N
c
N
c
c
N
N
N
N
N
c
c
c
c
N
N
N
c
c
N
N
c
c
N
N
c
c
N
N
c
c

3
5
1

6
2
5
1

I
4
4
4
4
5
15
8
1

20
2
5
5

2
2
5
5
2
2
5
5
2
2
5
5
2
2

0
0
0
0
0
2
0
0
0
0
0
0
0
0
0
0
0
0
2
2
0
0
2
2
0
0
2
2
0
0
2
2
0
0

Sample number
Trip code
Mainstem Colorado River reach code
Date (year,month,day)
River or tributary code
River mile (to 12:A rm)
Side of river looking downstream
Temporary benchmark location code
River stage at beginning of sample
River stage at end of sample
Time at start of sample
Time at end of sample
Approximate discharge in cfs
Shoreline type
Initials of crew members
Fish present
Comments
Transect number
Depth 0.5 meters from shore (ft)
Velocity at 0.6 depth, 0.5 meters from shore (fi/s)
Dominant substrate 0.5 meters from shore
Secondary substrate 0.5 meters from shore
Depth 1.0 meter from shore (ft)
Velocity at 0.6 depth, 1.0 meter from shore (fUs)
Dominant substrate 1.0 meter from shore
Secondary substrate 1.0 meter from shore
Depth 1.5 meters from shore (ft)
Velocity at 0.6 depth, 1.5 meters from shore (fl/s)
Dominant substrate 1.5 meters from shore
Secondary substrate 1.5 meters from shore
Depth 2.5 meters from shore (ft)
Velocity at 0.6 depth, 2.5 meters from shore (fl/s)
Dominant subsbate 2.5 meters from shore
Secondary substrate 2.5 meters from shore
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SCALES.DBF
Humpback chub scale analysis, Oct 1990-Nov 1993

BOX
FISH-NO
SINGLE
SAMPLtr-NO
DATE
SPECIES
RIVER-MILE
METERS
TL
SL
SCALE-RAD
NO_CIRC
A1
NO_CrRC-Al
A2
NO_CIRC_A2
A3
NO_CIRC 43
A4
NO_CIRC_A4
A5
NO_CIRC A5
A6
NO_ClRC.A6
X
NO_CIRC_X
AGE
YEAR-CLASS
RELL{BLE
PCX
BCX
BC1
PC1
BC2
BC3
BC4
BC5
BC6

c
c
c
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N
c
N
N
N
N
N
N
N
N
N
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2
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5
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3
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4
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2
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2
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4
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5
5
5
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5
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5
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0
0
0
0
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0
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0
1

0
1

0
1

0
1

0
1

0
1

0
1

0

0
0
2
2
2
2
2
2
2
2
2

Box number of slide location
Sequential fish number
Marks one of multiple scales per fish
Unique sample identifier
Date (year,month,day)
Fish species code
Mainstem river mile (to 1D0 rm)
Meters from tributary mouth (for AGF scales)
Total length (mm)
Standard length (mm)
Lengrth from nucleus to scale margin (pm)
Total number of circuli
First annulus from nucleus (pm)
Number of circuli to first annulus
Second annulus from nucleus (pm)
Number of circuli to second annulus
Third annulus from nucleus (iim)
Number of circuli to third annulus
Fourth annulus from nucleus (pm)
Number of circuli to fourth annulus
Fifth annulus from nucleus (rzm)

Number of circuli to ffih annulus
Silth annulus from nucleus (pm)
Number of circuli to sixth annulus
Lengrth from nucleus to tansitional check (;.m)
Number of circuli to transitional check

0Age of fish when scale collected
Year fish was hatched
Reliability of scale information
Proportional total length at trans. check
Back-calculated total lengrth at trans. check (mm)
Back-calculated total length at first annulus (mm)
Proportional total length at first annulus
Back-calcufated total length at second annulus (mm)
Back-calculated total lengrth at third annulus (mm)
Back-calculated total length at fourth annulus (mm)
Back-calculated total Iengrth at ffi annulus (mm)
Back-calculated total Iengfth at sixtfr annulus (mm)



BIO /wEST/ lnc.
1053 West 1400 North

Logan, Utah 84321

TO:

FROM:

I-arry Crist, Bureau of Reclamation
Dave Wegn€r, GCES

Rich Valdez, Grand CanYon P.I.

MEMORAI{DUM (801 | 752-4202

GLEN CANYON ENVIRONMENTAL
$TUDIES OFFICE

FtECEIVEE)
FIAG TAFF, AZ

A< /t lh
l. . - i-1.

- :!'. l*'

SUBJECT: Agency Review Draft - Final Grand Canyon Report

DATE: February 24, tggs

Enclosed are two copies of the Agelcy Review Draft of the rePort entitled Life

Historv and Ecoloev of the Humpback Chub (Gila q'pha) in the Colorado River. Grand

report is submitted in partial fulfillment of Reclamation

ffi:40-09110.ontyfou'copiesofthisreportwereissued;twotoGCESin
Flagstaff and nvo to Reclamation in Salt I-ake City. This report will also be distnbuted to

ttreirincipal BIOAilEST Grand Canyon staff for simultaneous internal review. We erpect

to *sue '10 copi6s with resrriction on further distribution. I have also requested a review of

thi5 report Uy Ot. Rob'ert Muth of CSU and Dr. Todd Crowl of USU-

The copies you are receiving lack Chapter 10 - Integration aad Recommendations.

This chapt"t o,i[ follow as soon ut Dt. Ryel and I are able to fully assimilate the information

from the report, which we expect will be completed in about one week Also, a list of eFors

and omissions in the report is included in an attachment to this IDemo.

The Final Report will be u..o-purri.d by an Executive Summary, An AppengXgd
A Data Collection Phn.. A:ough diaft of the Data Collection Flan is included. The

Executive Summsry and AppenOix wiU be completed during the agency review period and

included in.thg Draft Final Report. t

Consistent with Dr. Duncan Patten's protocol for review of GCES rePorts' we plan

- to integrate the comments on this Agency Review Drafg and issue a Draft Final Report on

about trfa! 1, 1995 for review by the Aqi, interested pafiies, aldthree selected individuals'

i.e., J. Stanford, H. Tygs, P. Pisier. We expect to have a Final Report about July 1, 1995 for
review by the National Research Council.

Please send your review and comments on this report to me by April !-tff_S- me
most imponunt rupicts of your reviewwill be to determine if this report fulfills BIOAMEST's

,^contractual obligaiion and if the information addresses objeciives and hypotheses corisistent

ft /{$"y:h the GCES Draft lntegrated Research Plan. 
-- 

n , J AA,J4
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