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r ABSTRACT

I Ecology of Hunrpback Chub (Gi7a cyphal

in the Little Colorado River,
I

near Grand Canyon, Arizona

r
Dennis Marshall Stone

I

Within the Colorado River and its major tribut,aries, a
I unique assemblage of fish species began to evolve during the

I Miocene that were morphologically and physiologicallyI
capable of surviving periods of drought intermingled with

I stochastic flood events, high sediment loads, and

I fluctuations in the tlpes and quantity of food resources.

Within the last century, anthropogenic disturbances have

I decimated much of this original ichthyofauna. The lower 14
I

km of the l-,ittle Colorado River (LCR) is the last holdout

I where humpback chub (GiLa cypha\ numerically dominate over

I 
other piscine species. Moreover, the other most common

I fishes are native species and include speckled dace

(Rhiniehthys oscuLus), bluehead sucker (Catostomus
t

discobol-us) , and flannelmouth sucker (C. Tatipinnis) . We

I found evidence that adult HBC, which are considered

I opport,unistic feeders, can be highly piscivorous and may

I structure the l-ife history of smaller fish in the LCR.

I Regardless of water clarity, all smal-I native fish in this
I
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system were diurnally active including dace and aII young-

of-the-year (YOY) fish; whether this was a result of

undeveloped sensory abilities or a behavioral response is

unknown. In contrast, adult humpback chubs (>tgO mm TL)

were predominately nocturnally active. During nighttime,

adult chubs shifted habitat use to nearshore areas where

they could forage on small fish. Piscivory by adult chubs

is supported by observatlons of dead smal1 fish being found

in miniature hoopnets during the nighttime and cases where

adults regurgitated or defecated undigested fish while being

handled. Also, in cLear water conditions (<30 NTUs), when

adults moved inshore at night, YoY chubs (<90 mm TL) shifted

to areas of greater cover, while juvenile chubs (110-150 mm

TI-,) and dace shif ted to midchannel habitats. AL night in

turbid water conditions (>30 NTUs), the two smaller size

classes of chubs and dace appeared to avoid habitats

occupied by adult chub spawning aggregations. During

daytime irrespective of water clarity, habitats used by

chubs were delineated by fish sj-ze, such that increasingly

larger chubs were captured progressively further midchannel,

at greater depths, and in faster currents. Pat.terns of diel

activity and habitat use documented in this study are

consistent. with predator-prey interactions found in other

freshwater fish assemblages.
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I CIIAPTER 1

I TrinTRODUCTION

I

I fn a letEer by Robert R. Miller (Associate Curator ofI
Fishes, U.S. National Museum, Washington D.C.) to Louis

II Schel-lbach (Grand Canyon National Park Naturalist) on August

28, L944, Mil1er wrote I'You will note that the large minnow

- originally identified as a hump-back sucker, is regarded as

t an und.etermined species of the genus Gi1a. f f eel quite
I

sure that this fish is new and, with your permission, would
I
I
f like to retain it for further study. In the event that it

- should be described, w€ would like very much to retain it
I
' here permanently since it is the only specimen known.'l

-I (Grand Canyon National Park Archives). Later, this fish not
I

only became the holotype for GiIa clpha (humpback chub;
l?I U.S.N.M. no. 131839; Mi1ler 1945), it also represented an

I additional endemic species of the morphologically unique and

I depauperate ichthyofauna from the predammed era of the

I Colorado River and its tributaries (Minckley l-991-) .

I 
The endangered. status of Gil-a c1ryha (Federal Register

I 32:4001) represent one of the many casualties caused byI
anthropogenic disturbances of the Col-orado River ecosystem.I

II Efforts to eradicate native fish (rtrash fish") hit an

I unprecedented high with the poisoning of the Green River and
! its tributaries above Flaming Gorge Dam (Binns 1967); this
tI resulted in the decimation of the upper most range of G.I

1
I
II
I
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cwha in the Colorado River Basin (ttolden L991"; Bosley

1950). Generally, habitat aLteration and nonnative fish

introductions are considered the two most critical elements

in the reduction or extirpation of native fish fauna in the

western United States (Minckley and Meffe 1987; Deacon 1979i

Minckley l-991). Major habitat alt,erations of the Colorado

River ecosystem were initiated with the construction of

large dams such as Flaming Gorge and Glen Canyon Dams.

Native fish are often at a compet,it,ive disadvantage to

species more adapted to modified systems (l4inckley and Meffe

1987; Deacon 1979; Miller L96!; Moyle et a1. 1987\ . For

example, the cold, clear hypolimnetic releases from Glen

Canyon Dam (6-130 c) are believed to have impaired G. eypha.

recruitment in the mainstem Colorado River in Grand Canyon

(Hamman Lg84; Schmidt et a}. l-998), and allowed for their

replacements by coldwater species (MinckLey L991).

Presently, only six populations of G. cypha are known, all

of which are restricted to the largest rivers and major

tributaries of the Colorado River system (Minckley 1-996;

Minckley 1991; USFWS 1990).

The largest and only known self-sustaining G. e1ryha

aggregation in the lower CoLorado River basin below GIen

Canyon Dam resides in the lower L4 km of the Little Colorado

River (LCR) (USFWS L99O; Douglas and Marsh 1995; Valdez and

RyeI 1995). Because the LCR represents the largest and

least disturbed tributary of the Colorado River in the Lower
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Basin and is dominated by native fish, it serves as a modeL

system to study native fish ecology under near natural

conditions.

The LCR is -573 km long with the source located in the

reservat,ion lands of the White Mountain Apache tribe
(,fohnson Lg75) . This intermittent river drains a 59,870 km2

river basin and is subject to floods carrying high sediment

loads following Spring thaws in March and April and after

Summer rains in August and September (.fohnson 1975) .

Although the LCR contains no major hydroelectric dams

regulating the discharge, it is not an untouched pristine

river. Water is impounded throughout the basin in sma1l

reservoirs for recreation, irrigation, and livestock
purposes (U.S. Department. of Agriculture 1981). Colton

(tgZl) believed that the LCR was perennial throughout much

of northern Arizona prior to overgrazing of range vegetation

by J-ntroduced livestock.
During periods of no runoff, discharges from springs

maintain perennial flow in the terminal 21- km. The initial

discharge of 2.547 m3/sec from Blue Spring (Cooley l-976) is

supplemented by other springs resulting in a final discharge

between 6.14 to 6.57 m3/sec near the mouth (,fohnson and

Sanderson 1958). At baseflow, pronounced travertine
deposition occurs, forming sluices, terraces, cascades and

dams, among other features. The bulk of this deposition

occurs 1-2-1,5 km upriver of the confluence (Cooley L976).
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GiTa c1ryha, along with native bluehead (Catostomus

discobolus) and flannelmouth (C. Tatipinnis) suckers are

restricted to below Chute FalIs, a travertine dam l-ocated

-L4.2 km upstream of the mouth (Kaeding and Zimmerman 1983;

Mattes 1993; Minckley 1-996) . Speckled dace, Rhinichthys

osculus, are the onty native species found above this

barrier.
Although not pristine, the LCR maintains many

characteristics of an unregfulated riverine system. ft is a

relatively harsh Southwestern river ecosystem in terms of

fluctuat.ion in d,ischarge (from baseflow -6.36 m3/s to

relatively recent extremes of ZOS m3/s on I/2L/52 and 5L5

m3/s on L/1-2/g31 , sediment loads (>2,000,000 metric tons/day

were reported on L/t2/93), conductivity (ranging from -62A-

>4,000 pS/em) and temperatures (2-26.3 Co) (Rote et al.

1,9971 . When KoIb and Kol-b (tg]-q) visited the LCR in the

early 1900s they drank from the muddy Colorado River over

the clear LCR because of the high mineral content; Kubly and

Cole 0,979) found the LCR contains one of the highest salt

concentraLj-ons (especl-atly NaCl) of waters entering t.he

Colorado River. These harsh conditions may have allowed the

ichthyofauna of the lower 14 km to be dominated by native

rather than introduced fish species (Kaeding and Zimmerman

1-983; Minckley and Meffe Lg87) , with G. cypha being the most

abundant f ish capt,ured (lqinckley 1,991; Kaeding and Zimmerman

1983; Gorman L994) .
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This thesis focuses primarily on the life history of G.

cyg>ha in the LCR, but afso addresses the ecology of the

other three resident native fishes including R. osculus, C.

Tatipinnis and C. discoboTus. Chapter 2 examines diel

activity patterns of different size classes from al-I four

native species under both high and Iow water clarities. In

Chapter 3 ontogenetic shifts in habitat use by G. e7ryha are

examined during different periods within the diel cycle and

under both clear and turbid water clarities. The hypothesis

t.hat piscivory by adult G. cypha may structure much of the

habitat use pat,terns within the small fish communit,y is

examined in Chapter 4. A more complete knowledge of the

ecology of G. cypha in the I-,CR may lead to a better

understanding to their decline in more regulated systems.
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r CHAPTER 2

Diel Activity Patterns of Four Native Fish Species

I in the L'itt1e Colorado River, Arizona

I Abstract.-Research was conducted in the LittLe Col-orado

I River, AZ from 1991-1995 to inveEtigate ontogenetic

differences in diel activities among four native fish

t species. Paseive capture devices (miniature hoopnets and

minnow trape) were depJ.oyed to systematically eample the
I rrajority of available habitat t14pee. They were ctrecked' for

fiEh on a scheduLed rotation of dawn and dusk. Although
I

Eome fish were collected in the FaIl (October-December), the

I majority of collections occurred during the Spring (April-

ilune) and Susurer (ifuly-Septeurber) . Activity patterns were

I not significantJ.y influenced by seasonality. However,

activity patterns of all species, except for speckled dace
I

(Ehiniehthys osculus), were effected by water clarity.

I All EizeE of R. osculus were diurnally active in both clear

(<30 neptrelometric Eurbidity unit,s; Ii|lIUs) and turbid water

I (=30 NTUg) conditione. In clear water, the emaLler

ontogenetic st,ages of hr.urpback chub (Gi7a cyphai =90 rnur TL,) ,
I

bluehead Eucker (Catostomus diseobolusi '110 urnr TL,) and

I flannelmouth Eucker (C. Tatipinnisi <70 mn TL') were

diurnally active. In contrast, fiEh from Larger Eize

I claeseg of e. clpha (>130 nur TL) and C. Tatipinnis (>150 nrt

TL) were nocturnally active under clear water, while C-

I
9

I

-
I



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

discobolus >110 rrm TL were active both day and night. In

turbid water the diel periodicity of G. qpha and C-

Tatipinnis waE less distinct than in clear water, however

the pattern of increaEing nocturnal activity with increasing

fish eLze was maintained. In contrast, C. discobolus >110

mm were more diurnally active in turbid tshan c}ear water.

Additional trmidrrights investigations under clear water found

that G. cypha >150 nm were predorrinaEely captured duringl the

first half of the night (1800-0100), while smaller G- cypha

size elasEeg and aLl other species were predominately

captured either in the second half of the night (O1OO-0800)

or during the day (0800-1800). Theee patterns may be the

reeult of differences in degree of ontogenetic EenEory

development, food selection and predator-prey interactions.

Our earnpling desigm was unique in tshat an aBsessment of diel

activity patterns of an entire native fieh assenblage'

including different ontogenetic stages, wae condueted

simultaneously.

Key Words: activity patternsi ontogenetic EhiftE; diel;

noeturnal; diurnali water clarity; eeagonality; GiTa cypha;

Rhinichthys osculusi Catostomus discoboTusi c. TaEipinnis
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INTRODUCTION

Though historically recognized, periods of heightened

fish activity have been largely neglected because of the

difficulty in developing appropriate study desl-gns coupled

with t,he need for intensive field research. Carlander and

C1eary (L949) pioneered techniques aimed at delineating diel

activity patterns in fishes. They assessed different

activity patterns for a variety of lacustrine fish species

by periodic sampling over a diel cycle with gill nets. This

method worked well for species that remained in the same

general habitats throughout a diel cycle. However, they

found that periods of elevated activity for some species

with pronounced diel habitat, shifts were confusing or

difficult to assess.

At the present time, some fifty years after Carlander

and Cleary's initial investigat.ions, activity patterns of

most fish are still largely unknown. Most of the literature

concerning activity patterns of fishes is from coral reef

and lacustrine communities, while activity patterns for the

majority of riverine species are, for the most part,

unstudied (HeIfman 1993) .

Active sampling techniques, such as seining or

electroshocking, may provide data on habitat use, but, do not

provide measures of diel activity. Gil1 and trammel netting

are often restricted to certain habitats and are size

1L
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selective. Vol-umetric determinations of food items in fish'

stomachs have been used to establish optimum foraging

periods (Cerri 1-983; Starrett L950). However, the back-

calculations required to establish when foods were consumed

require knowledge of the digestive rates for the particular

food items, which may vary depending on t.he fish species,

the ful-lness of the stomach, and the water temperature.

Helfman (1981-) used visual observations to assess

specific activity patterns associated with crepuscular

changeover periods for various lacustrine fish species, but

diminishing light Ievels precluded nocturnal observati-ons.

Both underwater lighting and visual observations may also

alter fish behavior, because of disturbance (Spoor 1941).

Electronic devices have been used with some success.

Radiotelemetry has been used to assess diel activity on

SalveTinus fontinalis (Bourke et aL.L996) and Esox Tucius

(Cook and Bergersen 1988), but this technique is restricted

to larger fish. Hydroacoustic studies have been used in

lakes (Imbrock et aI. L996; Gliwicz and Warsaw L992) , but

both species and quantity are usually difficult to quantify.

Passive capture devices have been used to

quantitatively assess fish activity. To be captured in a

passive device, a fish must be active and voluntarily enter

a trap. Magnan and FitzGerald (1984) detected ontogenetic

shifts in diel activity of SemotiTus atTomaeulatus in baited

minnow t,raps set perpendicular to a lake's shoreline- The

L2
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use of bait in passive capture devices was not recommended

by Reebs et al. (L995); they found that baiting 'dampened'

differences in diel activity levels. Mendelson (1975)

detected differences in activity periods among different

species of Notropis using unbaited fish traps set at varying

heights and locations in pools of a Wisconsin stream. In

two Wisconsin lakes, unbaited minnow traps and fyke nets

were set in a stratified random design to monitor the

activities of Umbra Tini and Perca flavescens (Tonn and

Paszkowski 1987) .

We developed an improved saturation technique to

quantify diel activity patterns of the native fish
assemblage in the Little Colorado River (LCR). Passive

capt.ure devices were systematically placed to sample the

majority of available habitats and were checked for fish

within two hours of sunrise and sunset. fn this manner,

diel activities were quantified for the entire fish

assemblage within their selected habitats, and observer

disturbance was avoided.

Our objective was to describe diel activity patterns

for various sj.ze classes of native fishes inhabiting the

l-ower LCR in the vicinity of Grand Canyon, Arizona. We also

wanted to test whether changes in turbidity alter these

activity patterns. Our investigations were conducted at two

study reaches located within the terminal L4 km of the LCR

over the period 1-991-1995.

13
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METHODS

Stsudy areas.-The Little Colorado River (LCR) is the largest

tributary of the Colorado River in the lower Colorado River

Basin. During Spring thaws and occasionally after prolonged

Summer rains, the river is subject to severe floods. During

periods of no runoff, baseflow (6.!4 to 5.52 m3/sec) in the

lower 2l- km is maintained by perennial discharge from

springs (Johnson and Sanderson 1958).

During baseflow periods, high bicarbonate Ievels result

in travertine deposition that form dams and reefs throughout

this lower portion of the river. The alkalinities during

these periods measured >5oO mg/T-' CaCO, at L4.2 km upstream

from the mouth (Mattes 1993; Allen Haden pers. comm.).

Water clarity was usually highest during baseflow periods

following Winter and Spring floods; Secchi depths were

typically >200 cm during these periods. Following periods

of prolonged baseflow, turbidity becomes slightly elevated

because of CaCo. precipitation in the system. During

periods of high run-off, the turbidity often measures in

hundreds to thousands of nephelometric turbidity units
(NfUs) because of the elevated sediment loads.

Fieh samplincr.-Three native fish species, humpback chub

(Gi7a cypha\, bluehead sucker (Catostomus discoboTus) and

flannelmouth sucker (C. Tat.ipinnis) were found downstream of

Chut.e FaIIs, a travertine dam located l-4.2 km upstream of
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the mouth (Kaeding and Zimmerman 1983; Mattes 1993; Minckley

L996; Figure 1). Speckled dace (Rhinichthys osculus) was

the only native fish captured above this dam. In both

biomass and numbers, t,hese four native species dominate the

fish communj-ty of the lower L4 km of the LCR; typically G.

cypha is most common, followed by R. osculus, C.

discoboTus, and C. Tatipinnis (Gorman L994; Kaeding and

Zimmerman 1983).

Two l--km study reaches were established within the

lower L4 km of the perennially flowing portion of the LCR

(Figure l-) . The Powel1 Canyon study reach was located -2.3-
3.8 km upstream of the confluence with the Colorado River
(35011'45rrN, l-11-o45,0'tW) and the Salt Canyon study reach was

located further upriver at -10.5-i-l.9 km (35010' 42nN,

1-1-Io42'15"w). These study reaches were representative of
the range of habitats found in the lower 14 km of the LCR

(Gorman et aI. 1993). Fish capture data used in this paper

were the result of an extensive effort that took place over

numerous sampling trips during a 5 year period (L991-1995)

(Table 1). These data were separated by season and water

clarity, which will be dj-scussed subsequently.
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Figure.l. Map of the lower Little Colorado River (LCR) from Blue Spring to the
confluence with the Golorado River (GR), Coconino Gounty, Arizona. The perennial
flows in this lower portion of the LGR are maintained by Blue Spring. Powell
Ganyon study reach (A) was located -2.3-3.8 km upstream of the confluence with
the GR and Salt Ganyon study reach (B) was located further upriver at -10.5-11.9
km. In the majority of -10 day duration research trips, both study reaches were
worked simuftaneously. Gila cypha, Catostomus discobolus and C. latipinniswere
restricted to below the travertine dam, Chute Falls.
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ARIZONA

16



I
t
I
I
I

Table 1. Fish eampJ.ing trips uEed in analyses from the
Little Colorado River, Arizona. Each trip includes the
eeason of the year, water clarity (We) delineated as clear
(C <30 NIIUg) or turbid (f 

=gO !lltUg), river reaches sampled
(PoweII, Salt, or both), actual fishing days, and # of
miniature hoopnets (Nets) and minnow traps (TrapE) deployed.

Sampl. ing Trip (Season) Reach Days Nets T rapsI
I
I
t
I
t
I
I
I

Dec 1991 1st haLf (Fatt)

Dec 1991 2nd ha t f ( Fat t )

June 199? (Spring)

Juty 199? (Sunmer)

Aug 199? ( Surmer )

Sept 1992 ( Sunmer )

Nov 1992 ( Fat t )

Apri 1 1993 (Spring)

May 1993 (Spring)

June 1993 (SprinS)

JuLy 1993 (Surmer)

Aug 1993 ( Surmer )

Sept 1993 ( Slrnner )

Nov 1993 ( FaL l, )

Apr i l, 1994 ( Spr i ng )

May 1994 (Spring)

June 1994 (Spring)

Aug 1994 ( Surmer )

Aprit 1995 (Spring)

May 1995 (spring)

c

T

c

T

T

T

T

T

c

c

c

c

T

c

T

T

c

c

T

T

Both

Both

Both

Porl

Both

Both

Both

Both

Both

Both

Bot h

Both

Both

Satt

Both

Both

Both

Both

Satt

Salt

4

3

I

I

4

7

9

9

9

7

I

I

6

4

9

9

I

8

I

I

54

34

162

65

53

66

91

183

177

??2

23A

256

150

46

219

254

203

227

191

185

16

2?

148

47

30

38

53

107

103

174

117

177

87

24

96

10?

94

113

28

4I
I

TotaI ctear water

TotaL Turbid water

Totat effort

effort

effort

65

81

146

1 ,577

1 ,491

3, 068

966

614

1 ,580

T

I
I
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Each study reach was divided into two 500 m study

sites. Permanent cross-channel transects were established

at 2A m intervals throughout all four study sites. Within

each study reach, the 500 m sites were sampled alternately
between sampling trips. During a sampling trip, fish were

sampled in a systematic manner along transects moving in an

upstream direction. Transects selected for sampling were

staggered (e9., fish two, skip one etc.) to cover each site
in L0 days. On subsequent trips, transects that were not

selected previously were sampled by offsetting the starting
transects. Ropes were tied to opposite stream banks at

transects selected for sampling. Miniature hoopnets (nets;

50 cm diameter X L00 cm length, l-0 cm throat, 6 mm nylon

mesh) were deployed at 3-4 m intervals across the river
along these ropes; Standard Gee's minnow traps (traps; 23 cm

diameter X 45 cm length, 2.5 cm double entrance openings, 5

mm galvanized steel mesh) were placed along the shallow (<25

cm) stream edges (rigure 2).

Nets and traps sampled day and night periods within a

24h cycle, then were relocated to the next upstream

transect. A11 capture devices were checked during dayfight
within 2 h of sunrise and sunset to assess diel activity
patterns. Because nets and traps were sampled on the same

schedule, capture data from these sources were pooled. AIl
fish were identified, measured (TL in mm), weighed (to

nearest g), and when possible, sexed.

18
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Traps

Nets

Figure 2. Fish sampling grid used in the Little Colorado River, Arizona from
1991-1995. Gross-channel transects (TRN) were spaced 20 m apart. Transects
selected for fish sampling were staggered to cover each 500 m study site in 10 days.
Miniature hoopnets (Nets) were fastened at 34 m intervals along ropes located at the
selected transects. Minnow traps (Tmps) were deployed along the shallow stream
edges at each selected transect.
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I
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II Water claritv. -Turbidities above and below 30 NTUs have been

f found to alter diel movements of smaller G. cyryha (sl-80 mm)

and R. oscuTus (Chapter 4); daytime use of nearshore

I habitats of R. osculus, and smaller G. cypha and C.

Tatipinnis (<tSOmm) (Tim Hoffnagle , AZ Game and Fish Dept. ,

I unpub. data); relat5-ve position in the water column and use

r of shoreline habitat by adult c. clpha (Valdez and Ryel

f995); and foraging success of Oncorhynchus mykiss (Barrett

I et aI. L992). Thus, w€ divided our sets of data into those

r sannpling trips with low turbidity, clear water conditions
I (<30 NTUs; 'rclear water'r) and those with high turbid.ity

I conditions (>gO NTUs; I'turbid water") . Turbidit.y was
I

measured initially with a Hach Model L5800 Portalab
I
I turbidimeter and after .June !993 with a Hach Model 21-00P

turbidimeter. We restricted turbid water analyses to data
-.I that were collected in sufficiently reduced flows (<r9 m3/s)

I that allowed nets to be deployed across the fuft width of
I

the river.

I Size cLaeses.-fn order to assess size-related differences in

I activity, w€ assigned individual fish to size classes for
t analyses. Between t,he first and last size classes, the fish
I lengths were in intervals of 20 mm for G. cTrpha, l-0 mm forII' R. oscu7rts,40 mm for C. discobolus, and 80 mm for C.

r
I Tatipinnis (Tab1e 2). These intervals allowed adequate

r sample sizes for analyses of young-of-the-year (YOY) through

I mature adult stages of the life cycle.

r20
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YOY GiTa clpha were especially abundant in the SaLt

study reach during JuIy l-993 (N=2,132) and August, L993

(N=4,053). Because of the large numbers captured, wo were

unable to measure all YOY in each capture device (>90? of

3,1-20 measured YOY G. clpha were <70 mm) . fn these cases,

we first removed and processed the larger fish from each

capture device. Then, for each separate capture devj-ce, w€

measured subsamples (-SOt) of the total YOY catch and

counted the rest. Later, Lhe percentagies from each size

class were computed separately for each capture device. The

corresponding proportions of unmeasured YOY from each device

were then added to the measured fish. In addition, both day

and night capture data from entire transects of capture

devices that were run outside of our scheduled sampling

periods were omitted from the analyses. These omissions

from the Salt study reach only slightly reduced the length

of river corridor sampled yet retained relatively large

samples; all data collected at the Powell reach were

included in the analyses.
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Table 2. Species eLze cLasses and numbers of captures of
native fishes used in the analysee from the Lit'tle Colorado
River, AZ. Between 1st and last size classeg, the fish
lengths (TL) were grouped in 20 mn for GiTa eypha, 10 nn for
Rhinichthys osculus, 40 nrm for Catostomus discobolus, and 80
mn for C. Tatipinnis. Samples were Eeparated between clear
(CLR) and turbid (TuR) water conditionE. Fish eLze classeE
with insufficient samples for comparison were bracketed t*).

Gi L a cvpha Rh i ni chthvs osculus Catostomus discobotus C. Iatipinnis

I
I
I
I
I

TL CLR

s50 1 868

51-70 3802

71-90 838

91 -110 718

111-130 335

151-150 13?

151- 170 1 53

171- 190 157

191-210 t0t

>?1A 318

TL CLR TUR

s40 1 55 12

41 -50 429 28

51 -60 1476 167

61-70 1041 336

71 -80 1446 501

81 -90 1275 2?8

91 - 100 463 72

>100 141 26

TL CLR TUR

s70 659 t3)

71-110 214 I

111-150 27 ?3

151 - 190 35 1A4

191-23A 47 rc1

>230 37 88

TL CLR

s7A 58

71- 15A 106

151-?30 44

?31 -31 0 51

>310 26

TUR

93

444

694

658

267

105

70

66

79

404

TUR

t1)

t5)

10

11

17

# Used 8t+22 2876 &26 1370 1019 3& 285 38

I
I
I
I
I
I
t
I
I

Capture conparisons. -Sample sizes varied greatly between

species, size classes, and water clarity (Table 2') . For

subsequent comparisons, these data were further stratified

int,o di f f erent, sampl ing periods and seasoll .

same deployment, of capture devices were used

captures between different sampling periods,

sampling periods differed only by deployment

methods similar staples (rg7B, 1975), Mdgnan

(fg84) , and Tonn and Paszkowski (fg87) , the

Because t,he

to compare

ef f ort, bet,ween

t imes . Us ing

and Fit zGerald

mean catch/h for

22
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different sampling periods were expressed as a percentage of

the total catch rate throughout the diel cyele. Thus

percent captures for any particutr-ar sampling period account

for differences in time between sampling periods.

Seasonal comparisons.-Fish samples were primarily collected

in three different seasons: Spring (April-,fune), Summer

(July-September), and FaIl (October-December) (Table 1) .

Winter data were not used because flooding reduced sampling

efficiency. Most fish were collected during the Spring and

Summer, however larger size classes of all species were more

common in the Spring than Summer, while smaller size classes

were more common in the Summer than Spring. Although Fa1l

contained insufficient samples (<3? of the total captures)

for statist.ical comparisons with the Spring and FaII, many

night and day captures patterns appeared consistent with

those of Spring and Summer (See Results). Spring sampling

differed from the later seasons, in that Spring contained

the majority of turbid water sampling trips, adult fish (but

fewer YOY), and spawning activity; Spring trips usually

followed floods of greater magnitude than later seasons.

Therefore, diel captures from Spring were compared against

those from Summer-Fall to test for seasonal influences.

During the Spring and Summer Months, nets and traps

were set for an average of L4 h during the night and 10 h

during the day portion of the diet cycle. Catch /h for bot.h

night and day sampling periods were calculated for each size

23
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class within each species by dividing the night captures by

74 and day by 1-0. Capture data from the FaII months were

treated similarly except night effort consisted of 16 h and

day of 10 h. Percent night captures for Spring were then

calculated by dividing the night catch/h by the combined

night and day catch/h. Percent night captures for Summer-

FaII were calculated by dividing the sum of Summer and Fall

night catch/h by the Lotal of all catch/h during the Summer

and FaIl. Because ? day captures were the reciprocal of

night, only ? night capt.ures were compared.

The patterns of ? night captures for each species

between Spring and Summer-Fall were compared separately for

the clear and turbid water periods using the Wilcoxon Signed

Ranks Test in SPSS version 6.L.2 (1995). This test was

selected because it incorporates both direction and

magnitude of the differences. Only those size classes that

contaj-ned >8 fish during both Spring and Summer-FalL periods

were used. Tests resulting in P<0.1- were considered

signif icantly dif ferent .

Water clarity comparisons.-To investigate whether water

clarity affected the diel captures, the ? night captures for

the different size classes within each species were compared

between clear and turbid water conditions, irrespectj-ve of

season. As previously described, the eatch/h during the

Fall used efforts of L6 h for night and 8 h for d"y, whil-e

both Spring and Summer cat.ch/h used efforts of l-4h for night

24
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and 1-0 h for day. Percent night captures were computed

separately for clear and turbid water clarity periods by

dividing the summed FalI and Spring-Summer night catch/h by

their summed day and night catch/h. Wilcoxon Signed Ranks

Tests were used to compare each species distribution between

the two water clarities (SPSS L995), whereby tests resulting
in P<0. L were considered significantly different.
Comparisons within the day and night.-Because our daytime

sampling period also included the earlier part of dusk,

while our nighttime sampling period also included the later
part of dusk and all of dawn, we needed to determine whether

captures occurred throughout the day and night periods, or

merely during crepuscular periods. We addressed this by

supplementing our daytime and nighttime fish sampling

routines with noon and midnight runs. These additional
sampling periods were conducted, when possible, during

selected clear water sampling trips.
Midnight runs were conducted during May 1993, ,June

L992, 1993, 1994, and August 1994 using a total of 355 nets

and 253 traps set in transects. The diel cycle was

separated into three fish sampling periods: the rrday* period

(-OeO0-1800; 10h) encompassed all of daytime period from

after dawn to t.he beginning of dusk, the "dusk-midnight"
period (-1800-01-00; 7h) included the later part of evening

twilight and flrst half of the night, while the "midnight-

25
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I dawn" (-0L00-0800; 7!;r) period encompassed from midnight

through dawn.
I

During ,June and ,.fuly 1993, !9L nets and l-37 traps were

I examined during noon as well as the normal morning and

I 
evening periods. The diel cycle was again divided into

t three sampling periods: the 'rnight'' period (-f gO0-0800; 14h)

I encompassed the latter portion of evening twilight, through
t night, until after dawn; the "morning" period (0800-1300;

I 5h) ran from after sunrise into the afternoon; while
rrafternoont' period (-fgO0-1800; 5h) ran from noon to the

I beginning of dusk.

As previously described, species were subdivided into
I size classes and ? captures for each sampling period were

I calculated from the mean hours sampled in each subdiel
I

period. To establish reasonable sample sizes from t,his

I portion of our study, G. c7pha, C. discobolus and C.

Iatipinnjs were subdivided j-nto three size classes: Fish s70

I mm included all young-of -the-year (YOY) ; fish 71-1-50 mm

contained YOY and subadults, and fish >1-50 mm contained
I

older subadults and adul-ts. Because R. osculus were more

II plentiful than the other species, ? captures were calculated

on size classes divided into l-0 mm increments.

I

I

I
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RESUTTS

Seasonal and water claritw comparisons.-Water clarity

appeared to have a greater influence on ? night captures

than seasonal differences under similar water clarities
(Table 3). Comparisons of ? night captures between the

Spring (April-'June) and Summer-Fal1 (,lu1y-September)

sampling periods resulted in no significant seasonal

differences. Under clear water conditions, all size classes

were represented. Under turbid water conditions, tests

could not be conducted on C. Tatipinnis (N=3) and C"

discoboTus (N=l-8) because of insufficient Summer-FaI1 fish

captures. In addition, the analysis of G. clrpha did not

include the smallest size class (<SO mm), while analysis of

R. oscul-us did not include either the smallest (<40 mm) or

the largest (>tOo mm) size cl,asses because of insufficient

samples.

In cases where FaII samples were of sufficient size to

visually compare with Spring and Summer we could detect no

distinct. differences. Few turbid water comparisons could be

made because Fall samples constituted only 1.63 of all data

collected on G. cypha (N=45), 1.3? for C. diseoboTus (N=5),

and zero for C. Tatipinnis and R. osculus. Patterns for G.

cyg>ha under both water clarities and C. Tatipinnis under

clear water conditions showed similar trends of increasing

night captures with increasing size during all three
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SCASONS AIso in clear water, the smaller

C. discobol-us (<tl0 )

primari Iy during the

and R. osculus (s50 mm)

size classes of

were capt,ured

day in aI I t,hree seasons

Tab1e 3. Wilcoxon Signed Ranke Test resultg of geagonal and water
clarity infl.uences on-night fish captureB in the Litstle Colorado River'
Az.. Analyses conpared the variation of t nights caPlures of different
size claeeeg for each of G- cypha, R- oseulus, C. discoblus and C.
Iatipinnis. Seasonal cornparieone were conducted eeparately for clear
and turbid water slarities between the Spring (APril,-ilgne) and the
Sruurer-Fal1 (,fu1y-Oecenber). Water clarity conparisonE were conductsed
between clear and tsurbl-d water clarit'ieg, irreepectsive of eeaEon'
fncluded are the # gize claeses tested and eunr of ranke (-eigne were
Snrurer-Fall < Spring or turbid < cleari +signa were vice verea) , Z-Ecore
and two-tailed P valuee (P < 0.1 are eignificant). OnIy size clagges
that contained = 8 fieh in both eaLegorieE were conpared.

Spec i es t'li I coxon Test Compar i son Size Ctasses Sum of Ranks Z- Score 2-l ai L ed P

I
I
I
I
I

G. cvpha

R. osculus

C, di scobotus

C. I at i pi nni s

SeasonaI in Ctear Water

SeasonaI in Turbid [Jater

Water Clarity

SeasonaI in Ctear hlater

Seasonat in Turbid tlater

l.later Ctarity

SeasonaI in CIear hlater

[.Jater Ctarity

SeasonaI in CIear lJater

l.later C L ar i ty

10 (4

9(3

10(.'J

8(3

6(?

8 (5

6(2

5$

5&
3(3

o*)

6+)

j*)

5*)

4*)

j+)

4*)

1*)

1*)

o*)

-+25 30'

-t18 27'

-+49 6'

-J'16 20'

6' 15+

-t16.5 19. 5 '

7- 14+

14- 1+

-{r12 3'

6- 0+

0.?548 0.7989

0.5331 0 .5944

2.1g5g 0.0281*

0,2801 0 .7794

0.9435 0.3454

0.2113 A.8326

0.7338 0 .4631

1 .75?g 0.0796*

1 .2136 0.2249

1 .6056 0. 1 088

I
I
I
I
t
I

Water clarity influenced ? night captures of all native

species, except R. oseuTus (Table g). Both G. cypha and C.

discoboTus were significantly different between clear and

turbid water conditions. Although C. latipinnis were only

borderline significant (p <o.t0ga), this was the lowest
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probability value that could be achieved with only 3 cases

available from turbid water conditions for comparison.

Rhinichthys oscu1us were the only species whose diel

captures were not influenced by water clarity. Because

water clarity often influenced the ? night captures, whereas

no seasonal effects were detected, graphs showing the Z

night captures for both clear and turbid water conditions

were separately generated for each species using all

available capture data (see Table 2 Ln uethods) .

Humptback chttb.-A progressj-ve increase in ? night captures

was evident from smaIl to large adult G. cypha (Figure 3).

Percent captures did not appear to be linear, consecutive

size classes were often captured in similar percentages

between sampling periods. In clear water: 55-69t of small

G. cygsha (s90 mm) were captured during the day; G. clryha

(91-1-30 mm) showed equal day-night captures; 64t of G. cypha

(131-1-70 mm) were captured at night; and 74-774 of G. cTrpha

(>tZO mm) were night captures.

Compared to clear water, turbid water analyses showed a

reduct,ion in noct,urnal captures for size classes >90 mm.

Similar captures between day and night sampling periods

occurred for larger juvenile and small adult G. cyryha (1-31-

210 mm), while the largest adult size class (>ZtO mm)

remained the most frequently captured in nocturnal samples

rc32). Although smaller G. cypha (<gt mm) were captured

predominately during the day, the proportion of daytime
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catch was reduced compared to clear water conditions.

Overall, differences in t night captures were less distinct

in turbid, than in clear water conditions.

SpeekJred dace.-Rhinichthys oscuTus were captured mostly

during the day, whether in clear or turbid water conditions

(Figure 4). The mean of ? daytime captures for aJ1 size

classes combined was 7O% in clear water and 59? in turbid

water.

BTuehead suekers.-In clear water, captures of small C.

discoboTus (sL10 mm) were most frequent in the daytime

(Figure 5). catostomus discobol-us between 110-190 mm

appeared to be captured equally between day and' night '

Larger C. discoboTus (fgf-230 mm) were captured slightly

more at night.

In turbid water, fish from all sj-ze classes represented

were captured more during the day than at night (Figure 5).

Because of insufficient samples, the smallest size class

(s70 mm: N=3) were not analyzed. The four larger C'

discobol-us size classes (>1-10 mm) were captured -]-5z more

frequently during daytime periods compared to cLear water

conditions. Also, these four size classes maintained

similar percentages of daytime captures rc2-65?) ' The

slightly g.reater ? night captures of C. diseoboTus (N=8)

between 71-Ll-O mm may by related to low sample size.

Flannelmouth suekers.'Capture patterns for C. Tatipinnis

(figure 6) closely resembled Lhose for G. cypha (figure 3)'
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Under clear water conditions, most srnaIl C. Tatipinnis (=70

mm) were captured during the daytime sampling periods GeZ

of captures). As with G. cypha, nearly equal proportions of

juvenile C. Tatipinnis (71-150 mm) were capt,ured in day and

night periods. Larger C. Tatipinnis size classes (>1-50 mm)

were captured most.ly during the nighttime (68-752 of

captures) .

During turbid water, most captures for the three larger

size classes (>t5o mm) occurred at night (Figure 6). Like

G. cypha (Figure 3), nighttime captures were fewer during

turbid than clear water. During turbid water, captures of

C. Tatipinms l-51--31-0 mm were nearly evenly divided between

day and night periods, while adults >310 mm were captured

during nighttime periods as was observed during clear water.

Because of insufficient. samples, the two smallest size

classes were not analyzed (s70: N=1; 7L-11-O: N=5) .
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Figure 3. Percent night captures of Gila cypha in the Little Golorado River, Grand
Canyon, AZ from I 991 -1 995. Percent day captures represents the reciprocal of % night
captures. Size classes whose % captures were close to the 50% reference line were
captured in similar proportions between night and day, those with % captures above the
line were captured more frequently at night, while those with % captures below the line
were captured more often during the day. Fish capture data were divided on the basis
of water clarity: "clear water" contains data collected when turbidities were <30
nephelometric turbidity units (NTUs) and "turbid wate/'contains data collected when
turbidities were 230 NTUs. Wilcoxon Signed Ranks 2-tailed Test (P-value) compared
% night captures between water clarities. See Table 2 in Methods for sample sizes.
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Figure 4. Percent night captures of Rhinichthys osculus in the Little Golorado River,
Grand Canyon, AZ from 1991-1995. Percent day captures represents the reciprocal of %
night captures. Size classes whose % captures were close to the 50% reference line
were captured in similar proportions between night and day, those with % captures
above the line were captured more frequently at night, while those with % captures
below the line were captured more often during the day. Fish capture data were
divided on the basis of water clarity: "clear water" contains data collected when
turbidities were <30 nephelometric turbidity units (NTUs) and 'turbid wate/' contains
data collected when turbidities were U30 NTUs. Wilcoxon Signed Ranks 2-tailed Test
(P-value) compared % night captures between water clarities. See Table 2 in Methods
for sample sizes.
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Figure 5. Percent night captures of Catostomus discobolus in the Little Golorado River,
Grand Canyon, AZ from 1991-1995. Percent day captures represents the reciprocal of %
night captures. Size classes whose % captures were close to the 50% reference line
were captured in similar proportions between night and day those with % captures
above the line were captured more frequently at night, while those with % captures
below the line were captured more often during the day. Fish capture data were
divided on the basis of water clarity: "clear water" contains data collected when
turbidities were <30 nephelometric turbidity units (NTUs) and "turbid wate/' contains
data collected when turbidities were >30 NTUs. Wilcoxon Signed Ranks 2-tailed Test
(P-value) compared % night captures between water clarities. See Table 2 in Methods
for sample size.
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Figure 6. Percent night captures of Catostomus latipinnis in the Little Colorado River,
Grand Ganyon, AZ from 1991-1995. Percent day captures represents the reciprocal ol olo

night captures. Size classes whose % captures were close to the 50% reference line
were captured in similar proportions between night and day, those with % captures
above the line were captured more frequently at night, while those with 7o captures
below the line were captured more often during the day. Fish capture data were
divided on the basis of water clarity: "clear water" contains data collected when
turbidities were <30 nephelometric turbidity units (NTUs) and'turbid watel'contains
data collected when turbidities were 230 NTUs. Wilcoxon Signed Ranks 2'tailed Test
(P-value) compared % night captures between water clarities. See Table 2 in Methods
for sample sizes.
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Comparisons within the day and niqht.-The additional noon

and midnight, sampling indicated that capLures were not

evenly distributed throughout day or night. Percent fish

captures from the small-est size classes (s70 mm) of G.

c1ryha, C. Tatipinnis, C. discobolus (<ttO mm), and al1 size

classes of R. osculus, were greater during the day than

night (Tables 4&5). Because aII size classes of R. osculus

demonstrated similar capture patterns (data not shown), all

size classes were pooled for presentation. Generally,

except for C. discoboTus, greater captures of small fish
(<zo mm) occurred during the latt,er portion of the day

(tabl-e 4). The two larger size classes of GiTa c1ryha (>70

mm), when captured during the day, were also captured more

in the afternoon, whereas intermediate size classes of C-

Tatipinnis (7L-150 mm) were captured more in the earlier

portion of the day. Because of small samples of C.

discobolus >70 mm (n=z) and C. Tatipinnis >l-50 mm (n=2),

daytime comparisons were not addressed.
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Table 4. Comparisons of * eaptures between two daytime and one nighttine
coneeeutive subdiel sampling periods in the Little Colorado River, AZ.
Percent captures for each subdiel represent the proportion of tsot'al
captsuree/hr for a given species and eize c1ase. Speclee (Spp) include
e- clrpha (I{Bc}, C- discobolue (BHS), and C. Tatipinnis (FMS), each of
which were subdivided intso three contiguouE size claeses and, R. oscwlus
(SPD), which were pooled. Perceng capEures were generated separately
for Day (-0800-1800) vE. Night (-1800-0800), and alEo for Morning-Noon
(-0800-1300) vs. Afternoon (-1300-1800) ve. Nigbu (-1800-0800). Tota1
fish captures were given following t captures O. Total sampll-ng effort
included 191 net/days and 1-37 Erap/days that were deployed over multiple
clear water sampling tripa (<30 NTUe) in .fune and .fu1y 1993.

spp Size ctass # Fish
Captured

Percent Captures during different subdieI periods

Day : Night

(10 h) z (14 h)

Morning-Noon:

(5 h) :

Afternoon : Nfght

(5 h) z (14 h)

t
HBC s70 rm TL

HBc 7t-150 rm TL

HBC >150 rm TL

551

31

66

7A G47> : 30

25 (6) = 75

12 (6) : 88

39 (153)

0 (0)

4 (1)

= 44 (184) :

:40(5) :

: 18 (5)

17 (2A4'

50 (25,

78 (60)

(2A4>

(25)

(60)

26

3

4

I BHS 570 rm TL

BHs 71- 150 rm TL

BHS >150 rm TL

79 (19) = ?1 (7,

41 (1) = 59(2>

58(2) = 4?(2>

51 (11)

58 (1)

0 (0)

= 37 (8)

: 0 (0)

z 74 (2>

12 (>

4? (2>

26 (?>

I
I

FMS S7O ]IM TL

FMs 71'150 ffin TL

FMS >150 mrn TL

66 (11) .34 (8)19

19

2

45 Q)

0 (0)

: 55 (2)

: 100 (2>

22 (3)

44 (5)

0 (0)

:58 (8)

: 18 (2>

: 0 (0)

20 (8)

38 (12>

100 (2)

AL l, Iengths 457 69 (283) : 31 (174, 34 (116) = 48 (67) : 18 (74>

I
I
I
I
I
I
I
I

Nighttime captures of all fish categories, except G-

cyysha

night (tabte 5) . of all fish categories, only G. clpha >1-50

mm were captured more during the 1st half of night than any

other subdiel period. Captures during this period were

lowest for aII other fish categories, except C. Tatipinnis

>150 mm. These disproportionate captures within the night

result.ed in the greatest captures of G. cTrpha 70-l-50 mm, C.
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discobolus >70 rTun, and C. Tatipinnis =70 mm occurring during

the 2nd half of the night (which aLso included dawn), while

their overall captures were higher during Ehe day than

night. The smaller G. clpha and C. discobolus (s70 mm), and

R. osculus were consistently captured more during the day,

while the largest e. eypha (>tSO mm) and C. Tatipinnis (>ZO

mm) were consistently captured at night.

Table 5. Comparieons of t eaptures belween tcro nighttsine and one daytine
congecutive eubdiel sampling periode in tshe Littsle Colorado River, AZ.
Percent captures for each subdieL repreBenL the proportLon of total
captures/hr for a given species and size class. Speciee (Spp) inelude
G. cwh (HBc) ' c. discobolus (BHS) , and C. Iatipinnis (FMS), each of
which were Eubdivided Lnto three contigruoue gize eIasEeE and, R. osc:ulus
(SPD), which were pooled. Perceng captureg were generated aeparaEely
for Day (-0800-1800) vE. Night (-1800-0800) ' and aIEo for Day (-0800-
1800) vE. Duek-Midnight (-X800-0100) vB. Midnight-Dawn (-0100-0800).
Total fish eaptureE vrere given following t captureg O. Total eampling
effort included 362 neE/daye and 26L Erag/days that were deployed over
multiple clear waler sarrpling tsripe (<30 NTUE) in May 1993' rfune 1992,
1993 and L994, and Auguet 1993.

Spp Si ze c I ass # Fish
Captured

Percent Captures during different subdiel periods

Day : Night

(10h) = (14h)

Day : Dusk-Midnight : Midnight-Dawn

(10h) = (7 h) = (7 h)

HBC 570 rm TL

HBC 71 - 150 rrm T L

HBC >150 rm TL

448

432

208

55

36

16

71

53

27

(284): 29 (164)

( 193 ) : 47 (239>

(44> 
= T3 (164>

(284):

(193) 
=

(44, :

15 (56)

?4 (89)

48 (94)

30 ( 108)

40 ( 150)

36 (70)

BHS 570 r,m TL

BHS 71- 154 rnm T L

BHS >150 rm TL

57

47

37

85 T3

52 64

24 54

(56 ) -. 27 (29)

(?9> 
= 36 (23)

(11) 
= 46 (13)

(56) 
=

(29) :

(11) :

1? (8)

5 (2)

?4 (5)

231

:48

=39

(21)

(21>

(8)

=54

=41
247

41

31

16

22 58

28 48

23 28

FMS

FMS

FMS

570 rnm T L

71-150 rnrn TL

>150 mm TL

(11) 
= 42 (11)

(11) : 52 (17,

(5) 
= 7? (18)

(11) :

(11) :

(5) :

5 (1)

28 G>

37 (B)

(10)

(10)

(10)

71 (965 ) : ?9 (562>SPD Al, L tengths 1 ,527

38

54 (965): 12 ( 146) = 34 (416)
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DISCUSSIONII
,r The use of passj-ve capture devices as an indicator of
l

I fish activity was suggested by Stott (1,970) and used in a

t variety of studies (Staples Lg75, Lg78,' Magnan and
I

FitzGerald 1-984; Tonn and Paszkowski L987; Mendelson 1975;
I\I'

! Reebs et al. L995). For fish to be captured in a passive

I sampling device they must be actively moving, whereby they
II voluntarily enter the trap. Thus percent captures is a

I measure of locomotor activity and can be used to describe
I'

diel activity patterns. AIso, because our traps were
-.
r deployed across a broad range of habitats, increased fish

movements were detectable in both inshore and offshore
I
I habirats.

Our analyses suggests that water clarity was morerI influential on diel activity patterns of most LCR fish, than

I seasonal differences. Muller (L978a, b) stated. that ther
I 

majority of fish species whose diel activity patterns are

L seasonally influenced are found in high latitudes (beginning

l. -50o N. latitude in the Northern Hemisphere), while activity
I patterns of lower latitudes (our study was 35o N), where the

I 
photoperiod fluctuates less between seasons, are usually

more synchronized with day and night. However, because

I seasonal infl-uences of various midlatitude species have been!

- observed in laboratory (griksson l-978; Spencer 1-939) and
I
I field. investigations (Staples Lg78, Ig75; Tonn and

I
I39
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Paszkowski L987), we should emphasis that our study was

essentially depicting activity patterns during the Spring

and Summer, with some eomparisons from the FaIl.

Nocturnal, diurnal and crepuscular activitw.-Whether it is a

time of activity cessation or elevation, the twilight
periods play a major role in the daily life of many fish
species (He]fman 1981, 1-993). Our noon sampling defined the

only sampling period (-OAOO-L300) completely isolated from

the crepuscular periods. Captures during this morning

sampling period showed that R. osculus and all smaller size

classes of e. clpha (<90 mm) , C. Tatipinnis (<70 mm) and C.

discobolus (<trO mm) were active during that period.

However, the afternoon sampling period, which encompassed

the onset of dusk, resulted in higher captures of all
smaller fish except for C. discoboTus. Whether the higher

capture rates were related to a shelter seeking behavior

associated with evening twilight is unknown. We also remain

unsure, if the majority of small fish captured during the

night sampling effort entered the nets and traps during

morning twilight or were captured throughout the night. fn

any event, greater proportions of small fish were captured

during daylight or crepuscular periods than at night.
The high percentages of captures during midnight

sampling suggested that many fish from larger size classes

of G. cypha (>1-70 mm) , C. Tatipinnis (>tSO mm), and C.

discobolus (>tto mm) were active throughout the night.
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Although it is possible that most fish swam into the traps

during the later portion of dusk, it is unlikely, for

illuminat,ion does not appear t,o be necessary for these fish

to be active. Nocturnal activity of adult G. c1pha, C.

Tatipinnis and C. discobolus was indicated by our frequent

captures of these fish in trammel nets set in the Colorado

River during very dark, cloudy nights (USFWS unpub.data).

BIO/WEST, Inc. also captured many adult G. c7ryha, C.

Tatipinnrs and C. discoboTus in trammel nets set, lat,e at

night in t.he Colorado River, often under heawy cloud cover

and high turbidities (Richard Val-dez, pers. comm.) Elevated

nocturnal activity of adult G. clpha was also reported from

other trammel netting efforts (Kaeding and Zimmerman 1983),

radiotelemetry results (Valdez and RyeI 1-995), and our late-

night visual observations of adult G. cypha movements along

shorelines (USFWS unpub. data).

Although nocturnal activity is substantiated for adult

G. c1pha, C. Tatipinnis, and C. discobolus, their activity

during crepuscular periods is not well known.

Radj-otelemetry results on 59 adult G. clpha in the Colorado

River found that their activity rapidly increased around

dusk, started to wane prior to midnight Q200-230O), and

rose again between 0430-0530 in the morning (Richard Valdez

pers. comm.). Similarly, we captured the greatest number of

Iarge G. cypha (>170 mm) during dusk-midnight, followed by

midnight-dawn, and the fewest durJ-ng the day sampling
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period. Under clear water conditions larger C. Tatipinnis
(>t50 mm) were predominately active from dusk through d.awn,

while C. discobolus (>1-L0 mm) were active during both night

and day, so the rofe of the crepusicular periods on their

activity is also unclear.

Of the four native fishes we studied, adult G. eypha

and C. Iatipinnjs exhibited the highest degree of nocturnal

activity in both clear and turbj-d water clarities. This

activity corresponds to periods of movement between

habitats. In the LCR, adult G. cypha (=180 mm) migrated. at

night to nearshore habitats in both cLear and turbid water

(Chapter 4). Although diel movements of adult C. Tatipinnis

have not been quantified in the LCR, nocturnal shifts to

nearshore habitat have been observed at the confluence of

the Paria and Colorado Rivers (Weiss l-993). Like G. c7rytha,

adult C. Tatipinnis were captured more frequently in

shallower water during the night.

Increased nocturnal activity of adult G. clpha and C.

Tatipinn:s suggests that they can shift from primary

reliance of eyesight to other sensory modes at night.

Nocturnal species rely more on tactile, chemical, and/or

electrj-ca} senses than diurnally active species (Schwassmann

1971,1 . The development of many of these senses may also

correspond to growth. For example, the olfactory Iamellae

increase in number and size until a certain juvenil,e or

adult body size is attained (Noakes and Godin 1988).
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Fishes that inhabit chronicatly turbid waters often

have degenerate eyes, while their other senses become more

highly developed (Evans 1"952). The relatively small eyes

found in adult G. cwha may represent a degeneration

correlated with the reduced light in turbid waters and/or it

may have been a response to the scouring action of suspended

matter (Uiller Lg46; Minckley 1973). Because the LCR has

prolonged periods of both extremes in wat.er clarity, the

ability to shift to alternate sensory mechanisms may be

critical to the survival of these native fish.

The cover provided by high turbidity may alIow larger

e. c1ryha and c. Tatipinnis to be more active during the

daytime. fn the mainstem Colorado River, radiotelemetry

studies conducted on adult G. c1ryha found less pronounced

diel patterns, but significantly higher movements during

periods of high turbidity (Valdez and Ryel 1-995). Adult C.

Tatipinnis may follow this general patt,ern: we captured

significantly more C. Tatipinms during the daytime under

high turbidity than in clear water in both the LCR and

mainstem Colorado River.

Activitw of smalt fiehes.-under clear water, smallet G.

cypha (<90 mm) were predominately diurnally active; these

diurna] tend.encies extended to G. clpha <1-30 mm in turbid

water. Smaller C. Tatipinnis (s70 mm) and C. discobolus

(s11_O mm) were also diurnally active in clear water, but

this conclusion could not be ext,ended to turbid water
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because only a few small suckers were captured. However,

I because fish from the five larger size classes of C.

discobol-u,s were predominately capt,ured during the day and C.

I Tatipinnis displayed a pattern where consecutively smaller

sj-ze class fish were captured more frequently during the
I
: 

daytime, w€ assume that the smallest size class fish of both

suckers were also diurnal. The smallest species, R.I
oscuTus, was diurnally active across all life stages/size

I classes regardless of hrater clarity.
Development of sensory organs may afiect die1 activit,y

I patterns in smalLer fish. One of the first senses to

I develop j-n Iarva1 fish is eyesight, which often occurs
I
_ . during the yolk sac period (Blaxter 1-988). Most teleost

I species examined by Blaxter and Staines (rgzo) had a pure-

- cone retina upon first feeding. These findings suggest that
I light is a requirement for feeding in many early larval

I stages of fish (Blaxter LgBG) . Noakes and. Godj-n (19g8)
I

stated t,hat the relative rate of eye growth is generally

I dependent on the rate of body growth and because most

teLeosts have indeterminate growth, eye growth is often a

I continuous process. As retinal growt.h continues, t.he ratio

I of rods to cones increases, while the cones expand.
I

Increasing scotopic sensitivities to lower ambient }ight
r i-ntensities may alLow an expansion and/or shift of activit,yI

to periods with much lower light Levels. Bul-kovrski and

I Meade (1983) found that the shift from positive to negative
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phototaxis in walleyes (stizostedion vitreum) was more

closely related to fish size than to age.

The LCR presently contains only two commonly occurring

piscine predators, adult G. c1ryha (Chapter 4) and channel

catfish (Marsh and Douglas 1-997; Kaeding and Zimmerman

1-983) . GiTa c1ryha go through a period of metaphoetesis,

whereby they shift from being possible prey to being a

potential predator (Chapter 4). Because adult G. cypha and

channel catfish are generally nocturnally active (Kaeding

and Zimmerman L983; Hara L993), diurnal activity in smaller

fish would reduce encounters with both predators. The LCR

is not unique in this respect. Segregation of activity
periods between predators and smaller prey has.been observed

in other freshwat,er fish assemblages (Helfman 1981; Frazer

and Cerri L982; Schwassmann 1971-; Bourke et aI.1995; Tonn

and Paszkowski 1-987; Magnan and Fitzgerald 1984).

Whether the diurnal activities of small fish are

because of physiological constraints or behavioral responses

requires further examination. For example, Sigler and

Sigler (L987, 1-996) reported R. oscuTus to be nocturnally

active, whereas our results found this species to be

diurnally act,ive. If nocturnally active R. oscuLus,

described by Sigler and Sigler (1987 , 1996) inhabited

syst.ems where the principal predators were diurnally active,

then this represents a remarkable beha'.rioral plasticity

within this species in response to predation pressure.
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Unlike R. osculus, diurnal activity in the other three

species is highest among the youngest life stages,

suggesting that sensory development could be important

factor.

Lackincr diurnal periodicitw.-Bourke et aI. (L996), reported

ontogenetic shifts in activity patterns of brook charr

(SaTvelinus fontinaTis) in Quebec, Canada that were similar

to our finding with C. clpha and C. Tatipinrtis. YOY brook

charr were mostly diurnally active, adults were mostly

nocturnally active, while juveniles were equally active both

day and night..

Both G. cypha and C. Tatipinnis undergo a transition

from diurnal to nocturnal activity as they glrow.

Intermediate size class fish of both species were equally

active between day and night. These fish may have grown to

lengths where the threat of intra- and interspecific

predation is rel-axed because much of fish predation is

direct.ed towards smaller fish that are easier to capture

(.Tuanes L994). However, the higher captures of juvenile G.

cypha and C. Tatipinnjs during the second half of the night,

when larger G. cyp>ha were less active, frdy suggest an

avoidance of larger G. cypha.

Under clear water conditions, captures of C. discobolus

(>tto mm) were similar between day and night. These fish

have modified, cartilaginous jaws for scraping harder

bottoms for algae and incidental macroinvertebrates living
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I
within these algal communities (Sigler and Sigler L996,

I L987; Minckley and Rinne 1991). Because both young and

adult C. discobolus eat. mostly the same epilithic food items

I (Sigler and Sigler L996, 1987), C. discobolus (>ttO mm) can

feed throughout the diel cycle when this food source is
I 

availabl.e. Because epilithic growth is both reduced and

I
I scoured away in turbid water, the i-ncreased diurnal activity

of C. discobolus may be related to feeding shifts to

I alternate food resources.

Conclusion. -The LCR is subject to prolonged periods of
I elevated turbidities and flood conditions. The resident

I native fish assemblage has likely evolved under these

conditions. These fish species may have evolved sensory and

I behavioral abilities to withstand months of negligible

I visibility. Although all native fish were predominately
I diurnaLly active during their younger life stages, only R.

osculus maint.ained this pattern throughout its 1ife.
I

However, even R. osculus may rely on sensory abilities other

I than eyesight to survive prolonged periods of stochastic

river conditions. Though we have suggested possible
I explanations for activity patterns in these native fish

species (sensory development, optimizing foraging abilities,r
and reducing predation risks), the biological and

I environmental conditions under which these patterns evolved

I 
is hidden by eons of time. Darwin's perception "Though

f nature grants vast periods of time for the work of natural
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sefection, she does not grant an indefinite period; for as

aLl organic beings are striving, it may be said, to seize on

each place in the economy of nature, if any species does not

become modified and improved in a corresponding degree with

its competitors, it will soon be exterminated (l-859 zi-47)tl

may be the only explanation for these patterns.
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CHAPTER 3

I Ontogenetic shifts in habitat use of humpback chub

I (GiIa cypln) in the Litt1e CoLorado River

I

I Abstraet.-Investigatione of habitat use by different
I

ontogenetic stages of hurrpback chub (Gi7a eypha) were

I conducted in the Little Colorado River from L992-1995.

I 
Twelve habitat variables were used to quantify the habitaE,s

I where eactr of 2,495 miniature hoopnets were deployed.

I HabitatE uEed by 11,406 e- qpha were eetabliEhed by linking
I

t 
each fish to the coresponding hoopnet it was captured in.

I Anal.ysea were divided between day and night eanpling

periods, and clear and turbid water clarities (<30 t{llfUe and

I .30 li|lfUe respectively). Stepwise multiple linear

I regressions of fish lengthe against the 12 habitat variablee
t were conducted separately for young-of-the-year (YOY; s9Omrt

l,
f It) G- cyrpha and chubE acrose all lifestages, except larval

(30-445 srm TL). Concordance of habitaE use patterne by

I three ontogenetic stagee of G. eypha were examined between

I different saurpling trips and two river reacheg, when water
I

: 
clarities and sampLing periode were similar. Ilabitats uee

varied with ontogenetic stage, portion of dieL cycle, and
t

ater clarity. Shifte in habitat uEe apparently begin at

r early lifestagee. YOY regreseions showed that aE the rangeI

of fiEh lengths expanded during the Summer, the habitaL
Ir differenceg became more pronounced. Shifts in habitat used

ls4
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I by G. eypha (aII lifestages) usually followed a grenaralized

pattern, whereby increasingly larger G. cypha oecupied
I

habitats that were progressivel.y further from shore and/or
I
f emergent edges, in faster current-velocities, and at greater

I 
depths. Departuree from this generalized pattern occurred

I during aJ-I periods and river clarities, but were most

pronounced during nighte. During nighttiure in clear watser,
I adults (=180 mm TL) were often captured in nearshore
I
I habitats with YOY, while juveniles (91-179 nn TL) moved to

midchannel habitatE. In eont,ragt, during nighttine in
I turbid water, juvenileE and YOY often co-occupied nearshore

I habitats; although adultg moved inehore at night, they
I remained further from shoreline habitatE than smaller

I conspecifics. Similar habitat use patterns for G. qrpha

I 
were described in a aeparate study conducted in the highly

I regulated mainstem Colorado River, below GIen Canyon Dam.

I Becauee theee rivere are very different with respect to
I hydrology, water chemistry, and other piscine species, theee
Ir habitat uee patterns may be evolutionarily derived, rather
!

I 
than Learned behavioral traite.

I
I Rey Words: GiIa cyphai young-of-the-year; predation,
I
- competition; Clprinidae; habitat; ontogenetic shifts; Little

I cotorad,o RiverrI

r
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INTRODUCTION

On March 11, 1957, humpback chub (GiLa cyphal were

designated as an endangered species on the original list of

"Endangered and Threatened Wildlife and Plants" (U.S.

Federal Register 32:4001). This listing prompted studies

and surveys for this mj-nnow in both E.he upper and lower

Colorado River Basin. Surveys were originally implemented

to ldcate remnant populations of this species; only six
known populations have been reported to date and are all
located in the Colorado River or its major tributaries
(Converse et al. 1998, Valdez and RyeI 1995; Douglas and

Marsh L996) .

The difficulties encountered in studying G. eyryha in

the remote, canyon bound, riverine systems where they

reside, restricted advancements of biological knowledge

concerning this species (Minckley 1973\. An attempE to

development habitat suitability index curves for four

ontogenetic stages of G. cypha, by combining data from

nearly 100 investigations, collected over a 22 year period,

by t7 different principal investigators, was only marginally

successful (Va1dez et aL. L990) . To date much of our

perception of the general life history of GiTa clpha has

resulted from observations and remains highly speculative.

The largest known G. clpha aggregation occurs within

the terminal 14 km of the Little Colorado River (LCR) on
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Navajo tribaf lands (USFWS 1990) and CoLorado River near the

LCR inflow, within Grand Canyon National- Park (Douglas and

Marsh 1"996; Valdez and Ryel l-995). Recruitment of G. cypha

is dependent on the LCR, where the vast majority of

reproduction occurs (Valdez and RyeI l-995; Gorman and Stone

L999,' USFWS 1990). Our native fish research in the LCR

(L992-L995) allowed for a more quantitative investigation of

G. cypha habitat utilization than obtained in prior studies.

This paper examines whether of not G. e2pha undergo

ontogenetic shifts in habitat usage. If ontogeneLic shifts

in habitat use were evident, then folIow-up questions that

are to be addressed include: L) Which habitat variables

showed a consistent pattern of predicting the presence of

different ontogenetic sEages of G. cypha? 2) Are the

patterns of habitat use consistent between day and night

periods? 3) How are these patterns affected by differences

in water clarities. A better understanding of how different

ontogeneti-c stages of G. cypha use habitats could greatly

enhance future recovery efforts in this species.
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I
- Studv area.-The Little Colorado River (LCR) is an

I unregulated river system subject to periodic flooding

I interspersed with baseflow conditions. During periods of no
I runoff, baseflow between 5.L to 6.6 m3/sec is maintained in

the lower 21 km by perennial springs (Johnson and Sanderson
I

l-958). At baseflow, both heavy precipitation ofI
t unconsolidated CaCO, (marl) and travertine deposition occur.

11 Along with G. c1ryha, the LCR fish assemblage is dominated by
I' three other native species, speckled dace (Rhinichthys

I osculus), flannelmouth (Catostomus Tatipinnis) and bluehead
I
r sucker (c. diseobolus). Although Kaeding and Zimmerman

I
f (rgg3) collected specimens from ten nonnative species in the

I LCR, they reported t,hat only the four natj-ve species were

t found in large numbers. We found that many of these

r nonnative fish were mainly restricted to the mouth or were
r

extremely rare, while the others appeared and disappeared in
T
I cyclic patterns in this unpredictable river system. GiTa

- clpha and the two native suckers were restricted to below

f Chute Fal-Is, a travertine dam l-ocated -L4.2 km upstream of

I the mouth (Kaeding and Zimmerman L983; Mattes 1-993; Minckley
I

L995). .

r Two separate study reaches, each divided into two 500 mI

-\ 
study sites, were established within the terminal 14 km of

I the LCR (Figure 1). The Powell Canyon reach was located

I
ls8
t
f
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I approximately 2.3-3.8 km upstream of the confluence with the
I Colorado River (35o1L'45'N, 11Lo45'0'rw) and the Salt Canyon
I

reach was located further upriver at approximately l-0.5-11".9

- km (35o10,42nN, ]-]-lo42,15"W) . These combined reaches
I

I constituted 14t of the LCR corridor occupied by G. c1ryha.

I Because of greater travertine deposition in upriver

locations (Cooley L975), the Salt reach contained a greater
t 

abundance of large travertine dams, deeper pools, and a
It broader array of habitat types than the Powe1l reach.

r Fish Eamplincr.-Cross-channel transects were permanently

r established at 20 m intervals throughout the study reaches.

I In each study reach, the 500 m sites were sampled
I 

alternately between sampling trips. Transects selected for
-Ir sampling were staggered (eg., fish two, skip one etc.) to

cover each sj-te in 10 days; on subsequent trips, transects

! that were noL selected previously were sampled by offsetting

I the starting transects. Ropes were tied to opposite stream
I banks at selected transect Locations. Miniature hoopnets
I
I (SO cm diameter X 1-00 cm length, 10 cm throat, 5 mm nylon

t ,".::"::",:;::::,:" 
transect ropes at 3-4 m rateral
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Figure l. Map of the lower Little Colorado River (LGR) from Blue Spring to the
confluence with the Colorado River (CR), Coconino County, Arizona. The perennial
flows in this lower portion of the LGR are maintained by Blue Spring. Powell
Ganyon study reach (A) was located -2.3-3.8 km upstream of the confluence with
the CR and Salt Ganyon study reach (B) was located further upriver at -10.5-11.9
km. In the majority of -10 day duration research trips, both study reaches were
worked simuftaneously, Gita cypha, Catostomus discobolus and C.latipinniswere
restricted to below the travertine dam, Ghute Falls. The GR reach between 57-65.5
river mifes (rm) downstream from Lees Ferry is where 87o/o of adult G. cypha were
captured in a separate CR research project; smaller ontogentic stages were most
frequently captured in the section belowthe LGR (see Valdez and Ryel 1995).
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Figure 2. Fish sampling grid used in the Little Colorado River, Arizona from
1 991 -1 995. Gross-channel transects were spaced 20 m apart. Transects selected for
fish sampling were staggered to cover each 500 m study site in 10 days. Miniature
hoopnets (Net) were fastened at 34 m intervals along ropes located at the selected
transects. Habitat measurements were made at 20 points focated over a 1.5 X 2.0
meter grid around each net.
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Nets were set to sample day and night over a 24}:, period

and then relocated to the next upstream transect. To assess

fish habitat use during the day and night, nets were checked

during daylight within two hours of sunset and sunrise. A11

fish captured were identified to species, measured to total
Iength (Ti,) in mm, weighed to nearest g, and sexed when

possible. The physical condition of each fish was noted by

recording scars, parasites, abrasions, and reproductive

condition. The G. clpha capture data used in this paper

were collected during twelve separate sampling trips between

L992-L9g5 (Table 1). During each -10 d sampling trip, daLa

were collected from both study reaches simultaneously,

except for the trips of 4/95 s, 5/95 when only the Salt reach

was sampled.

Ilabitat measurementE. -Habitat measurements were conducted at

20 points, each spaced 50 cm from the adjacent point.s,

l-ocat,ed over a l-.5 X 2.0 m grid around each net (figure 2;

Gorman and Stone 1-999). Depth, velocity, and substrate were

measured at these points using the method of Gorman and Karr

(1978). The measuring pole was constructed with 1-.9 cm

diameter PVC pipe and marked at 5 cm increments. The pole

was placed at each point and habitat variables were

measured. Later, net statistics were calculated for habitat

variables using data collected from the 20 sampling point

grid.
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Depth was measured directly. Point measurements for

depths were analyzed as mean depth (cm) per net set (MDPH).

Standard deviation of depths (cm) (SDDPH) per net provided a

measure of bottom roughness profile for each net set, sensu

Gore (1978). The angle from each point to the next highest

point, located adjacent to it on the sampling grid or to an

emergent edge located <1-00 cm away, were calculated and

summarized as mean positive vertical angles (MPVA; Gorman

and Stone 1999). In this manner, MPVA couLd use information

t from poJ-nts not confined to the net grid and provided a
II 

measure of angular variation associated with bottom contours

I underlying each net set.

t Current meters were only indirectly used because they
II were time consuming,, difficult to use in deep habitats, and

were subject to malfunction. fnstead, current velocity was
I,
- quantified by observing the flow of water around the

measuring po1e. Six major cat,egories of current velocity
I

were recognized (0-5), each of which, except zero, was

t subdivided into three subcategories. By simultaneously

- comparing the velocity readings (m/s) from a Marsh-McBirney
I
l (Model zoL) portable water flow meter to all L6 current
l' cat,egories, we d.eveloped conversion factors. A11 current
l\I

flow categorical data collected in the field were later

t translated to (m/s) velocities using these conversions.

t 
Mean current velocity (MCURV) and standard deviation of

Ir current velocity (SDCURV) surrounding each net were

Ir53I
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calculated. SDCURV measures the degree of current velocity

variation around t.he net. Points where the direction of

flow was upstream were recorded as eddy currents. Eddy

freguency (FEDDY) was tabulaEed as the number of eddy points

per net.

Substrates were categorized at each of the 20 sampling

points as fines (s0.1 mm) which contained predominately silt

but also f ine precipitate of CaCo, (marI) ; sand (0.11-2.a

mm); gravel and small rocks Q.t-100 mm); cobble (101-255

mm); and boulders (>zse mm). Substrate frequencies (rrtxes,

FGRAVL, FCOBBI-,, FBOULD) for each net represented the number

of points each substrate category occurred within the 20

point grid.

Mean l-ateral position (MLATP) of each net set was

calculated as the mean distance (cm) of the sample points to

the nearesL emergent edge (boulder, shoreline, travertine

dam, sand bars). Lateral distance (LATDS) was the distance

(cm) of the net to the nearest shoreline. MLATP and LATDS

were viewed as separate variables because the LCR contained

many large boulders and travertine dams in the midsection of

the river.

The t2 habitat variables just described were cal-culated

for each of 2,495 net sets. Habitat associations of L]-,406

G. c1ryha were generated by linking each individual fish to

the corresponding net, from which it was captured.
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Sa.nplincr periods and river conditione.-Turbidities above and

below 30 nephelometric turbidity units (NtUs) have been

found to alter G. cygsha diel activity patLerns (Chapter 2;

Valdez and Ryel 1995) , diel movements (Chapter 4), and

utilization of shoreline habitats (Valdez and Ryel L995; Tim

Hoffnagle AZGFD, unpub. data). Therefore, data collected in

different sampling trips were divided between those where

the median water turbidities were <30 NTUs (cIear water) and

>30 NTUs (turbid water; Tab1e 1). During each sampling

trip, except 'June L992, turbidity was measured with a Hach

Model 1-5800 Portalab Turbidimeter or a Hach 2100P

Turbidimeter. The 'June ]-992 trip contained clear water

conditions based on observations in trip reports and

photographs. Because of reduced sampling efficiency during

flood.s, data from trips with discharges >19 m3/s were

omitted from the analyses.

Univariate Analwses.-To determine if different G. c1ryha

ontogenetic stages used habitat randomly or showed shifts in

habitat use, Friedman Test Statistic-Kendall' s Coefficient

of Concordance (f'fs and KCC. respectively) were conducted

with SYSTAT v 7.0 (L997) . GiTa cypha were divided into

three different size classes based on total length. Fish

s90 mm were classified as young-of-the-year (YOY), although

some were actually yearlings. GiTa cyryha between 91--179 mm

were classified as juveniles and those >180 mm were

classified as adults. AIt previously described habitat
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variables were examined. Medians for each habitat. vari-able

used by each size class (YOY, juveniles and adults) were

calculated separately from capture daLa collected during day

and night sampling periods, dt each study reach, during each

sampling trip. Because the two study reaches were separated

by -seven km, they were treated independently. This not

only increased the number of sampling blocks, but it tested

concordance using different areas in which G. cyrpha reside.

The habitat use data were separated into four categories

depending on the river condition and sampling period.

During May and June 1993, captures of small G. clpha

(s90 mm) were negligible because of low survivorship of 1-992

cohort fish (USFWS unpub. data), while 1993 cohort fish were

too smal1 to be contained by the nets' 5 mm mesh.

Therefore, data collected during May 1-993 at both study

reaches and during the nighttime of 'June t993 at Powell

study reach were not included in the FTS-KCC clear water

analyses, but. were used in the "a11" G. cypha regressions,

described subsequently. Because FTS-KCC cannot compensate

for missing groups, we omitted any data set containing a

missing size class from our analyses. Thus, each t.est

consisted of three treatments (g size classes), while the

number of blocks varied, depending on the number of sampling

trips, which study reaches were occupied, and if all three

size classes contained capture data. In clear water, the
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Table 1: Ir.ubers of )orng-of-the-year (YoY), juvenile, ard adrtt G. odra captured in rrts. Data
are divided W sryling readres (Salt vs Ponel[), sarpting periods (night vs day) & xater clarity
(clear vs turbid)- Because no YoY size ctass fish rere captured diring 5193 or the nig[tttire period
drring 6tll3 at Poletl stuf reach, these data could not be used in the Friedsn test-Kendalt's
Coefficient of Corrcor&nce (FTS-XCC) anatyses, but rere iml.uded in the tralltr G. cylha ruttipl'e
regressicr- Total g=g@ used in the FTs-KcC anatyrses is broken donn for the diet sapting
periods in ctear ard turbid mter clarities.

DATE REACH # NETS TURB
( NTUs )

# YOY

( s9Orrm TL )
# JUVEN I LE

(91 -179rrn TL)
# ADULT

( u 180rm TL )

ni ght daydayI
I
I
I
I
I
I
I

ni ght day night

a692

4692

0593

0593

0693

0693

0793

0793

0893

0893

0694

0694

0894

4894

82

90

75

105

118

104

97

133

110

146

104

99

113

114

1 488

1310

19

13

0

0

48

0

554

248

1932

182

1?2

86

172

245

3621

3621

?7

28

0

0

34

2

871

375

1512

192

55

122

195

333

3746

3746

141

50

13

42

40

38

?0

17

?1

15

211

74

119

29

830

737

100

57

9

39

5

15

4

I

4

11

54

72

80

31

489

441

40

18

52

22

34

11

57

9

48

3

61

5

21

?

383

298

11

6

13

11

4

5

6

2

4

7

3

4

10

2

88

64

SALT

POWE L L

SALT

POIIELL

SALT

POI.IE L L

SALT

POT.'E L L

SALT

POI,IE L L

SALT

POWE L L

SALT

POIJE L L

17

17

3

3

4

4

5

5

3

3

13

13

CLEAR

CLEAR

TOTAL

USED FTS-KCC

I
I
I
I
I

0995

0993

0494

a494

0594

0594

0495

0595

SALT

POI.JE L L

SALT

POI.,E L L

SAL T

POT.IE L L

SALT

SALT

69

88

125

94

130

124

191

186

1 007

1AO7

967

967

180

180

379

379

37

129

TURB

TURB

109

69

76

?9

?4

27

46

11

391

391

84

81

122

16

40

23

65

z0

451

451

4

5

126

15

100

41

65

95

451

451

2

2

164

I

130

25

89

87

507

507

16

4

36

10

47

44

89

50

306

305

12

3

26

13

34

11

18

26

143

143

TOTAL

USED FTS.KCC

I
I
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I
total sampling effort included L,488 net sets, of which

I l-,31-0 were used in the FTS-KCC analyses. In turbid water,

all data collected from a total- sampling effort of 1-,007 net

I sets were used in the FTS-KCC analyses (table f-) .

I Stepwise multiple recrreEsionE on "aII" G. cr4lha. -In addition
I to the univariate FTS-KCC analyses, multivariate stepwise

I multiple regression analyses were used to model habitat

associations by different sizes of e. c7ryha. Data collected

I from both Powell and Salt study reaches during May 1993,

,-Tune 1,993, and lTune L994 were pooled to increase sample
f size. A11 three sampling trips occurred in clear water

conditions, following Spring floods, and prior to thet
greatest influx of young-of-the-year (YOY) resulting from

I the Spring G. c1ryha spawn. Stepwise multiple regressi-ons

(SPSS l-995) were conducted separately for both the daytime
I and nighttime sampling periods. Stepwise procedures were

chosen for consistency in comparing the different
I

regressions represented in this paper. A 1og(ro)

I transformation of G. eypha total length was used as the

r dependent variable to normalize the residuals from t.he

I regression. Independent variables examined included all
previously described habitat variabLes. The entry of the

I
probability of F was set at d=0.05 and removal was set at

I ct=0.l-0.

- Stepwise multiple reqreseicng cn YOY. -A. similar multipJ-e

I reqression was devised to test whether shifts in habitac use

r58
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could be detected within the same cohort of YOY. Because of

frequent flood conditions during 1-992, few or no YOY from

L992 survived into 1993 (USFWS unpub. data). During l-993

stable flow regimes led to an extremely large cohort.

Length frequency histograms showed a bimodal distribution

between L993 cohort G. cypha and the progeny prior to L992,

therefore the regressions could be conducted solely on 1993

YoY by restricting the analyses to smaller fish represented

in the lower distribution of the histogram.

Fish habitat data for Salt and Powell study reaches

were combined. We were unable to measure all YOY captured

at the Salt study reach during July and August of 1993,

therefore any nets that contained unmeasured YOY had the

entire transect of nets deleted from the analyses. A11

capture data from the Powell reach were included in the

analyses. Regressions were conducted separately for the

daytime and nighttime sampling periods for July, August, and

September L993. Both ,JuIy and August were clear water

periods while the river water was turbid during September.

The main difference between these YOY regressions and rraff rl

G. cypha regressions was that the total length dependent

variable did not require a log transformation to normaLLze

the regression error terms.
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I Habitat use between d,if ferent samplinq trips and sites. -
,r" c1ryha noE onlY use habitat

I
differently, but habitat use patterns were also concordant

I between different sampling trips and study sites. Thus,

habitat use is predictable to a certain degree. The daytime

I habitat association patterns of different size classes of G.

cypha were often similar between clear (Table 2) and turbid
I

water (Tab1e 3) conditions. During the day in both water
I ^1 ---:L.!^-f clarities, consecutively larger size class fish were further

from shoreline and emergent edges, dt greater depths and in
t faster currents than smaller fish. Except for current

velocity, which showed higher concordance during turbj-d
I water, these patterns contained higher significance and

I concordance in cl-ear than turbid water conditions. In cl-earI
water, larger size classes were also significantly

f associated with habitats containing greater variations in

current velocities.
I During the night, habitat association patterns by

I dj-fferent size classes were more variable than during theI
day. During night j-n clear water, YOY fish were most often

I captured closer t,o shorelines, emergent edges and in
shallower water than larger fish (Table 4). However, adults

I
_ 

also use shorel-ine habitats at night in clear water (see

rank sums). Compared to both YOY and juveniles, adults were
I

70
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captured closer to shores and emergent edges in 27t of the

sampling trips and in shallower water in 18? of sampling the

sampl-ing trips. In contrast, during the night in turbid

waLer, adults were usually captured further from shorelines,

at greater depths and in faster currents than either YOY or

juveniles (Table 5). Adults were also captured more

frequently around. cobbl-e and boulder substrates, while YOY

were collected least around these substrates.

Nighttime habitat use by juveniles also varied between

cLear and turbid water conditions. During the night in

clear water, juveniles were associated further midchannel

than adults in 54.5? of sampling trips, a pattern also

evident in the rank sums (Tab1e 4). fn contrast, during the

night in turbid wat.er, juveniles were usually captured more

inshore than adults (rable 5) . In fact, the data showed

that 37.5t of the sampling trips captured the majority of

juveniles at shallower depths and closer to shorelines and

emergent edges than even the YOY.
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Tab1e 2: Friednan TeaLs (FTS) and Kendall'E Coefficient of Concordance
(w) results of G- clpha (HBCI habitat uaage during daytime in clear
water condit,ions. These tests conpared nedians for eaeh habitat
variable (Irv) where YoY (s90nur TL), JIry (91-179rur Tr,) & A (=180msr Tr.)
were captured (trealmenls=3, df=21 in each of twelve seParate earrpling
efforte (# blocke). Sampting effortE included Eix fron both Powell and
SaIt etudy reachee during 6/92, 6/93, 7/93, 8/93, 6/94 & 8/94. Habitat
variables are defined in nethods. The nunber of figh captured in each
size c1aEe during each santrrling effort are given in fable 1.

HV#WFTS PROB RAI{K STIM OF HBC SIZE CLASSESI
I
I
I
I
I
I
I
I
I

LATDS

MLATP

MDPH

MCURV

sDcuRv

FCOBBL

FBOULD

0.090

0.090

2.]-57

2.L67

L2

T2

L2

L2

L2

t2
L2

0.924 22.L67

0 . 505 L4 .542

0 .533 t2 .7 92

0.595 L4.292

0 .231 5 .542

0. 000 YOY(13 . 0) :JUV (23. 0) :A(35. 0)

0. 001 YoY (L5 . 5) :rrtrv Q2. 5) :A(34. 0)

0. 002 YOY (15. 5) :J(ry (23. 5) :A(33 . 0)

0. 001 YOY (14.5) :JIry Q4.5) :A(33 . 0)

0. 053 YOY (18, 0) sJIIV Q4. 5) :A(29. 5)

O. 338 YOY (Zt. 0) 3'J[fV Qg. 0) :A(28. 0)

0.338 YOY (2t.0) :\TIIV (22.0) :A(28. O)

Table 3: Friedman Teste (Ffs) and Kendall's CoefficLent of Concordance
(W) resulte of G- clpha (HBC) habitat uEage during daytime in turbid
water conditions. These test,E conpared nedlans of each habitat variable
(Irv) where yoY (s90mr TIJ), inw (91-179uun TL) & A (:180lsn TL) were
captured (treatmentB=3, df=2) in each of eight Eeparate sa.mpling effortE
(# blocke). Sarpling effortE included three from both Powell and Salt
etsudy reaches during 9/93, 4/94 &,5/94 and two from the SaIt reach
during 4/95 a 5/95. Habitat variables are defined in methods. The
number of figh captured in each size claes during each sanpling effort
are given in Table 1.

H\I # W FTS PROB FUAI{K St'M OF HBC SIZE CTASSES

I
I
I
I
I

LATDS

MLATP

MDPH

MCURV

FCOBBL 8

FBOULD 8

SDCI]RV 8 O .027

g 0.824

I 0.552

8 0 .494

8 4.754

0.082

0.141

L3.188 0.001 YOY(8.50) :JIry(16.5) 3A(23.0)

9.000 0,011 yoY(10.0) 3'firy(16.0) :A(22.O',)

7 .75A 0.021 YOY(11.0) 3ifUV(15.0) :A(22.0)

L2.063 0.002 yoy(11,5) 3'rUV (L2.5) :A(24.0'
0.438

L .3L2

2 .250

0.904 yoy (t+.5) :JIIV (n.0) :A(15.5)

o. 519 YOY (rr . 5) :JIJV(18 . 0) :A(16 . 5)

0.325 YOY (r:.0) :LTIIV(r9.0) :A(l-5.0)
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Table 4: Friednan Teata (FTS) and KendaII's Coefficient of Concordance
(W) reeultg of G. qpha (IBC) habitats usage during nighttine in clear
water conditione. Theee tegtE compared nedians for each habitat
variable (lIV) where YoY (s90nm TL), JW (91-179m TL) e A (:180nm TL)
were captured (treatmenta=3, df=2) in each of eleven separate sanpling
efforts (# blocke). Santrlling efforts included five from both Powell and
Salt etudy reaches during 6/92,7/93, 8/93, 6/94 & 8/94 and one from the
Salt reaeh during 5/93. Habitat variables are defined Ln netshods. The
ngrnber of fiEh captured in each size cl.ase during each eartrrling effort
are given in Table 1.

Iry#WFTS PROB RAIIK ST'M OF HBC STZ,E CLASSES

I
I
I
I
I
I
I
I
I

LATDS

MLATP

MDPH

MCURV

SDCI]RV

FCOBBL

FBOULD

0.390

0.231

0 .256

0 .l_53

0.025

0.099

0.107

0.545

) 19,)

2 .364

o.76L

0.336

0.307

11

11

11

11

11

11

L1

8.591 0 .014

5.091 0.078

5.535 0.050

3-591 0.165

YOY (14.5)

YOY(15.0)

YOY(15.0)

YOY(tZ.o)

YOY (Zt. 0 )

YOY QA. 0 )

YOY (Zt. o )

3JIry(2E.O)

: JIry (26. 0 )

:JIry( J3.O)

: .Iuv (zz. 5 )

: iruv (zt. 0 )

: inrv Q0. 0 )

:TJIJV(f9.0)

sA(23.5)

:A(24.01

:A ( 27 .01

:A(25.5)

:A(24.01

:A(20.0)

:A(25.0')

Table 5: Friedsran Teste (FTS) and Kendall's Coefficient of Concordanee
(w) reeults of G. cytrrha (HBC) habitats usage during nighttime in turbid
water conditions. These teetse eompared nediane for each habitat
varLable (II\r) where YOY (s90urn Tt), ffi (91-179rm Tr,) & A (E180mr TL)
were captured (Ereaurente=3, df=Z) in each of eights Eeparate sampling
efforts (# blocks). Sampling efforte included tshree frosr botsh Powell
and Salt study reacheE during 9/93, 4/94 & 5/94 and two from the Salt
reach during 4/95 & 5/95. Habitat variablee are defj.ned in nethode.
The number of fish eaptured in each gize clase during each earqrling
effort are given in Tab1e 1.

H\T#WFTSPROB RAI{K StnI OF HBC STZE CLASSES

I
I
I
I
I

LATDS I 0.328 5.250 0.072 YOY (L2.0) :JUV(15.0) :A(21.0)

MI,ATP I 0.109 1.750 0.4L7 YOY(13.0):.IUV(17.0):A(18.0)
MDPH 8 0 .293 4.687 0.095 YOY(13.5) :Jtry(13.5) 3A(21.0)

7 .562 0.023 YOY(10.5) 3JUV(15.0) 3A(2L-5)MCT'RV 8

SDCI'RV 8

FCOBBL 8

FBOULD 8

0.473

0.109 1.750

0.543 8.588

0 .402 6 .437

O -4L7 YOY(fg . 0) :.r(fv(fe' 0) :A(17' 0)

0 . 013 YOY (11. 0) 3JIry(14 . 5) 3A(22 -51

0. 040 YOY(10.5) :Jtry (L7. 0) :A(20. 5)
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Habitat use acroes all size claEses.-Linear relationships

modelled in the separate daytime and nighttime stepwise

multipte regressions (Table 6) support the habitat use

patterns depicted by the FTS-KCC analyses (Tab1es 2-5).

Both regressions met the assumptions of normality,

Iinearity, homoscedasticity, and independence that are

required to conduct parametric tests (See Appendix 1).

The daytime regression modelled a Linear progression

further from emergent edges, to greater depths, and more

variable current velocities with increasing fish length.

This regression also found smaller fish associated with

habitats containing significantly more boulder, fine, and

gravel substrates t.han adults. The nighttime regression

showed smaller fish in slower currents, shallower depths,

and areas containing higher bottom angular variation, but

less cobble than larger fish.
The adjusted coefficient. of multiple determinati-on

(adj. R2) during the daytime was more than twice the

nighttime regression's, indicating a much strongler linear

relationship. When considered, along with the higher

significance and concordance found during the daytime than

nighttime FTS-KCC analyses, seems to suggest that different

sizes of G. cypha were more segregated during the day than

at night.
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Tabl,e 6. SteF.ise rul,tiple regressim analyses for both daytim ard nighttim habitat use by trallr
l,engths of G.-crnha. Logrrnr of total f ish tengths for !4!g is used as the dePendent wriable
frqn carbined ponelt and $5t( Canyon study reaches in the Littte Golorado River drring colbined
5fy3, 6193 & 6191.clear rater research trips- Ircttrded is the ruber of Q=4@ ard their
correspording rreans, standard deviatiors, coefficient of wriation and rarBe of total lengths used
in each anallais. Att habitat nariables defined in rrthods rere testd as indeperdenl rpredictorrr
variables. 1;rty habitat yariabtes that r,ere c-lrosen in either the daytilE or nighttire regressions
rere shonn. The partiat regression coefficiggfs ard Strdent's 3 significarrce [evets of the
independent variaLles irrcLuded are nrbered (*' in the order that they rere_selecfed-lp util' the
rrxt- wriabte eqtered noutd irrrease the coeff icient of Etl.tipte deternination (R') tess than lZ.
The wh,rcs of Rz at the first step, final adj. Rt and first variabte entered are given. Littiefors
Kohpgoroy-gnirnov (K-S) tests and nr.aber of residrat drttiers are given for diagrnostics of
assumtions.
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I
I
I
I
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I
I

SAMPLING PERIOD

# G. cvpha

MEAN LENGTH

SD LENGTH

CV

LENGTH RANGE (TTm)

ADJ. R2

F

SIG F

# OUTL I ERS

K-S (Li t I iefors)

lST Variabte entered

R2 at f i rst step

I ndependent Vari abtes

Y - I NTERCEPT

MLATP

MDPH

MPVA

MCURV

SDCURV

FFINES

FGRAVL

FCOBBL

FBOULD

Dayt i me

422

106.128

66.992

63.1%

?7 - 4A1

0.42593

55 .05983

0.0000

2

>0.2000

},ILATP

0.1724

1 .973449

2.0?07?E'04 P=0.0000 
( 1 )

8. 15078E'04 P=0.0000 
(4)

*

*

O.968192 P=0.0000 
(5)

-0.018834 P=0.0000 
(2>

-0.025007 P=0.0000 
(3)

*

-0.010312 P=0.0000 
(5)

Nighttime

79?

141 .090

93.844

59.4%

2?- 445

0.19618

49.26230

0.0000

1

0.0009

MLATP (Dropped after MDPH)

0. 1081

?.014310

*

6.70786E - 04 P=0.0000 
(3 )

- 0.005859 P=0.0000 (2'

0.469883 P=0.0000 
(1)

*

*

*

0.010650 P=0.0000 
(4)

*

I
I
I
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Habitat use across YOY Eize clagses. -Regressions on the 1-993

YOY cohort d.etected size related differences in habitat use.

The regression results for l/g3, B/93 and 9/93 are presented

separately for the daytime (Tab1e 7) and nighttime (table 8)

sampling period results. All YOY regressions appeared to

have met the assumptions of normality, linearity,

homoscedasticity, and independence (See appendix 2).

fn both daytime and nighttime YOY regressions, the

st,andard deviation of YOY TL, coefficient of variation, and

adjust.ed R2 increased during each subsequent month from July

through September 1993. The adj . R2 increase f rom 'July to

September was elevenfold during the daytime and threefold

during the nighttime regressions. Whether the adj. R2 was

influenced by el-evated turbidities during 9/93 is unknown.

However, in similar clear water clarities, both August

regressions resulted in higher adj. R2's than those from

iluty; this pat.tern suggest that adj. R2's would have

increased irrespective of water clarity.

There were many similarities between the daytime and

nighttime regressions that may suggest YOY remain in the

same general habitats throughout the diet cycIe. Although

the first variable to enter the regression model differed

between the different months, it was the same for day and

night sampling periods within each month. In al1

regressions the most frequently selected predictor variabl-es

were related to currenL and substrate. A difference in
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I
I lateral distance from shoreline was only found in the
II September daytime regression, while differences in depth andI

Iateral distances from emergenL edges were never selected.
I
I

I AII regressions showed a pattern of increasing

associations with increasing YOY length t'o areas containing
I either larger and/or more heterogeneous substrat,es. For

I example, both iluly regressions showed a linear reduction in
Ir

the use of sandy habitats by increasingly larger fish.

t Patterns of increasing use of cobbLe substrates with

I increasing fish size were found in the 'Ju1y nighttime and

t September daytime regressions. During the daytime of

r August., and both periods of September, largier YOY showed
I

higher associations to areas of gravel. A11 August and
I
I September regressions showed an increasing use of boulder

I substrates by larger YOY.

I During the nighttime of ,July and both periods during

August, smaller YOY showed gfreater associations to eddies
I

than larger YOY. Increasing associations of larger fish to

I more variable current velocities were found during the

I daytime of ,July and nighttime of September. A switch in
r habitat use was found whereby larger YOY used faster current

velocities than smaller fish during both day (it later
I

dropped out) and night sampling periods in August, then

I sl-ower currents during both September periods.

Ir
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Table 7. Step.ise ruttipte regressim analyses for daytilp habitat use bt YOY G. 9!rDh?. Total
l,engths for VbY G. cypha is used as the deF|erdent variable fr<rn conbined Porel't ard Salt Caf|tton

stndy reaches in-If,E tittte Colorado Riverdrring daytim saqting period_s for-each ol-the7lqB,
SllB clear rater & 9/95 turbid rater research trips. Included is the rufter of G. crmha ard their
corresponding lEans, standard deviatims, coefficient of variatim and rarrge of total tengths used
in eacir anatysis. itt haUitat wriables defined in nethods rere testd as indeperdent npredictort
variables. 6nly habitat variabtes that rere chosen in either the nighttire (Tabte 6) or daytinn 

-
regressions are shorn. The partiat regressim cgg{ficients ard student's ! significance levels of
th- independem wriabtes i*tUea are nu$ered (*' in the order thatthey tere_setected.r+ ultit
the next variabte entered rqrtd ircrease the coefficiqnt of rrrl,tiple deternination (R') tess than
11,,- The values of Rz at the first step, final. dj- tt and first variabte enterd are given-
Liltiefors Kolnnrgorov-$rirrw (K-S, tests ard rr.trber of residral outtiers are giwr for
diagnostics of

CLEAR I.JATER CLEAR IJATER TURBID WATER

I
t
I
I
t
I
I
I
I
I
I

SAMPL I NG DATES

# G. cvpha

MEAN LENGTH

SD LENGTH

CV

LENGTH RANGE (Tm)

ADJ. R2

F

SIG F

# OUTL I ERS

K-s (Littiefors)

1 ST Var i abI e entered

RZ at f i rst step

I ndependent Vari ables

Y - I NTERCEPT

LATD S

MCURV

SDCURV

F EDDY

F SAND

FGRAVL

F COBB L

FBOULD

JULY 12-21 , 1993

436

49.394

5 .630

11 .4%

32-66

0.03755

9.49502

0.0001

2

0 .1244

FSAND

0.0308

49.643238

*

*

12.819453 P=0. 0254

*

-0. 1 A1725 P=0.0029

*

*

*

AUGUST 9-17, 1993

?40

54.A42

8.694

16.1%

35-91

0.13805

13.75918

0.0000

I

>0.2000

MCURV (DROPPED OUT}

0.0763

51 .965873

*

*

*

-O .260736 P=0 , 01 09 ( 3 )

*

1 .125882 P=0.0001 
( I )

*

0,309456 P=0.0009 
(2>

SEPTEMBER 10- 18, 1993

166

62.199

1 0.960

17.6%

39-93

0.42147

25.0413?

0. 0000

0

>0.2000

FBOULD

a.?690

55.464263

0.008071 P=0. 0000 Q>

-?3.425351 P=0.0040 
(4)

*

*

*

0.499845 P=0.0210 
(5)

0.65453? P=0.0000 
(5 )

0.850845 P=0.0000 
(i)

(2)

(1)

I
I
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Tabte 8. Steplise rul.tipl.e regressim analyses for nighttim habitat use by YOY G., cEha. Total
l,engths for YbV G. crolra is used as the depnrtfuit variable frm conbined Porett ard Satt Canyon
stndy reaches in-If,E-IiEtte Gotor* River-dring nighttirrc sarptirg periods for each of the 719t.
E/93, ctear rater & 9/9i turbid later research triF- Inctr.rded is the rrrfrer oJ G. 94ha ard their
corrispondirxg rEats, standard dwiaticrs, coefficiLnt of wriatim ard rarpe of total teqgths used
in eadi anallrsis- itt traUitat variabtes defined in nnthods r.ere tested as indeperdent iPrr€dictorr
variabtes. 6nly habitat variabtes that ner€ chosen in either the nigftttirE or daytire (table 7)
regressiors are shorn. rhe partiat regression cgSfficients and stldent's ! significance lmts of
th- independent variabtes i*hded are nrbered (ft in the order that they rere setecled lp mtit
the next variable entered routd irrrease the coefficient of mrttipl,e deternination (R') less than
17,. The valr.res of tz at the first step, finat adj- Rt ard first variabte entered are given-
Litliefors Kolnogprov-$nirrpv (K-S) tests and rrnter of residrat outliers are given for diagnostics
of assurptiors-

CLEAR WATER CLEAR WATER TURB I D I.'ATER

I
I
I
t
I
I
I
I
I
I

SAMPLING DATES

# G. cvpha

MEAN LENGTH

SD LENGTH

CV

LENGTH RANGE (TTn)

)
ADJ. R-

F

SIC F

# OUTL I ERS

K-S (LiLLiefors)

1ST Variabte entered

RZ at f i rst step

I ndependent
Variabtes

Y - I NTERCEPT

LATDS

MCURV

sDcuRv

FEDDY

F SAND

ENOA\'I
! vt\ntb

F COBB L

FBOULD

JULY 12-21 , 1993

333

51 .174

6.170

12.1%

32-67

0.07221

9.61359

0.0000

3

0.01 50

F SAND

0.0456

51 .724233

*

*

*

-0 .?00479 P=0.0330

- 0. I 81 556 P=0.0002

*

A.122248 P=0.0250

*

AUGUST 9- 17 , 1993

271

54.764

9.?02

16.8y,

36-9?

0.18839

21.89082

0.0000

2

0.0044

MCURV

0. 1410

50.65763?

*

17.081 679 P=0.0000

*

-0.310285 P=0.0034

*

*

*

0 .?3?121 P=0.0075

SEPTEMBER 10- 18, 1993

178

64.?08

10.922

17 .0Yi

37 -89

0.24876

15.65?59

0.0000

0

>.2000

FBOTJLD

0. 1 808

62.24A998

*

-33. 338725 P=0.0019 
(3)

55 .?25696 P=0. 01?6 
( 4 )

*

*

A ,89gh31 P=0 . 0013 ( 2 )

*

1.045018 P=0.0000 
(1)

(1)

(2>(3)

(1)

(2)

(3)

I
I
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In the Little Colorado River (LCR), G. elpha

I demonstrated a general pattern of habitat use where

I consecutively larger fish were associated with greater
t

depths, faster current velocities, and areas further from

I shorelines and emergent edges. This pattern was most

- 
significant and concordant during the daytime in clear

t water, followed by the daytime in turbid water, and least

I distinctive during the nighttime irrespective of different
I water clarities.

I Both the general habitat use pattern and departures
I

I 
from this pattern may be driven by competitive and predatory

! interaction between larger and smaller G. cygsha. Piscivory

r by adult G. clpha has been documented and may be a major
I component of their feeding ecology (Chapter 4). Other than

f 
adult G. c1ryha, the LCR contains only one fairLy common

predatory fish, the channel catfish (Ictaluris punctatus).

I However, of fish resident to the LCR. G. clpha are the

I 
","-"== 

";,::-::?;:T:::.::",::-:"::",:: ff::":,il;
I influenced by intraspecific competition and predator-prey
r 

interactions.
If Sogard (1,994) Iisted physical limitations, competitive

I 
interactions, and predator avoidance as major factors in the

t restriction of smaller fish to specific habitats. Adult. G.

I 80
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cpha used wider ranges of lateral distances, depths, and

current velocities than the smaller conspecifics. In

contrast, the FTS-KCC analyses showed that the majority of

YOY G. cypha were in nearshore habitats. We found that

shoreline occupancy by YOY fish was maintained even at

extremely high fish densities. For example, in spite of the

targe numbers of YOY captured in nets (N=3, 444) duri-ng

August 1993 in the Salt study reach, the majority of YOY

were still located closer to shorelines than larger

conspecifics. In other analyses YOY demonstrated various

diel movements, but shifts away from shorelines were never

signifj-cant (see Chapter 4). Nearshore habitats often

contain shallow depths or cover Lhat may function as refuges

from predators (Sogard L994).

The range of habitats used by YOY and juvenile G. e1ryha

may have been restricted during periods when adult G- cyryha

were active. The majority of fish from each of the three

size classes were sequentiatly further from shoreLines

during the daytime in clear water, compared to turbid water

conditions. When considering that adults were least

diurnally active in clear water (Chapter 2,' Valdez and Ryel

L995), these patterns may suggest that smaller, diurnally

active G. c1ryha may venture further midchannel when adult

activity levels are most reduced. Harvey and Stewart (1991)

found a simiLar linear rel at.ionship between the length of

fish and the depth of pools; they speculated that the
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manner, adults may h

deep habitats, while

al lowed j uveni les t,

the adults and YOY.

a minnow assemblage

Adult G. eypha

night (Chapter 4) w

habitat use pattern

significance and co

regression result,ed

nightt, ime than dayt

waLer, as adult,s mo

moved further into

to emergent. edges a

vertical angles wit

The nighttime tf aII rt

great,er associat ion

higher mean positiv

positive vertical a

Iarge boulders , oY

t,hese areas provide

cl-ear water, adul-ts

YOY, while juvenile

deepest pools allowed the inhabitants to avoid predation

from terrestrial predators, but a certain size had to be

attained to not be vulnerable to other fish. In this

ave maintained the optimal midchannel

a competitive "pecking order'f may have

maintain intermediat,e habitat,s bet,ween

Similar patterns were also observed in

in an Ozark stream (Gorman 1917 ) .

show a distinct ive inshore movement, at

icLr departs sharply from the general

. The FTS-KCC analyses showed lower

cordance, and the tt4fJtt G. cYPha

in a much lower adj . R2 during the

Lme sampling periods. At night in clear

ed into nearshore habitats, juveniles

idchannel habitats, and YOY rnoved closer

d areas cont.aining great,er mean positive

in the nearshore habitats (Chapter 4) .

G. cypha regression also showed a

of smaller fish to areas containing

vert,ical angles. Because high mean

gles result. from undercut stream banks,

ery heterogeneous bott.om substrat€s,

cover f or f ish. During t,he night in

were of ten cl-oser t,o shore I ines than

were ofLen captured in midchannel
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habitats. In contrast, duringr the night in turbid water,

juveniles were often captured closer inshore than YOY;

although adults shifted into nearshore habitats, they were

captured further from shorelines than smaller conspecifics.

These paLterns suggest an avoidance of adults by YOY and

juveniles.

In a study of two small Michigan lakes, Werner et aI.

(1-977) found that predation pressure confined smaII fish to

particular habitat t)pes, while competition determines

spatial relations among species within these habitat t1pes.

In our study, although YOY appear to be restricted to

nearshore habitats, they still demonstrated differences in

habitat use within the same YOY cohort. The YOY regressions

showed a predictable range of habitat use patterns as the

range of lengths of YOY fish expanded in the late Summer-

Whether the linear relationships reflected a noncompetitive

habitat expansion resulting from morphological and dietary

changes, or from a sequential "pecking order'r of G. cyryha

competing for more optimal habitats, needs further

investigation.

Regardless of the cause, differential habitat use by G.

cypha apparently begins in very early life stages. Childs

et al. (1998) found that G. c1ryha metalarvae 65-26 mm TL)

used slower current vel-ocities than mesolarvae stages (10-15

mm TL), a pattern consistent with our September 1-993 YOY

regressions. Regressions of habitat association showed that
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larger YOY used areas containing larger and/or more

heterogeneous substrates, more variable water velocities,

but fewer eddies than smaller conspecifics. It is unclear

if these habitats were selected because of food resources,

predator refuge, or some other purpose.

These patterns of ontogenetic shifts in habitat use

obserwed in G. c1ryha are not restricted to the LCR. Valdez

and RyeI (1995) observed similar Eransitions of habitat use

by d.ifferent size classes of G. clpha in the mainstem

Colorado River in Grand Canyon National Park. They found

subadult G. clpha <2OO mm TL used shorelines while adults

>2OO mm TL utilized offshore habitats; G. cypha <1oo mm TL

were never captured offshore. They perceived the transition

from shoreline t.o offshore taking place after the fish were

one year old (-l-00 mm) and ending at 3 years o1d (>20Omm).

They also found that adults used shorelines during the night

or in the daytime in elevated turbidities (>30 NTU). Also

during the nighttime, significantly higher densities of

subadutt G. clpha (<200 mm) were located near shoreline

habitats that contained cover, including vegetated banks,

talus and debris f ans (Vald.ez and Ryel 1995; Converse et al .

1-998). Although the G. c1ryha habitat use patterns between

the LCR and Colorado River were very similar, the systems

were very different with respect to discharge' water

chemistry, and fish fauna. Therefore, the similarities of

G. cyryha habitat use between the two systems may be
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evolutionarily derived rather than learned behavioral

traits.
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Appendix 1A.-Diaqnostics sumnarv of assumptions for the

,,aII', G- cJ4rha multiple recrressions.-Both the nighttime and

daytime regressions for rtalf " G. cpha (Tab1e 5) appears to

meet all the major assumptions of normality, linearity,

homoscedasticity, and independence. Although the

Lilliefors modified K-S test for the nighttime sampling

period (P=O.OO09) brings the assumption of normality into

question (Tab1e 6'1, both the frequency histogram and normal

P-P plot of regression standardized residuals (Appendix 1-B)

show the error terms to be very close to a normal

distribution. Because perfectly normal distributions are

exceedingly rare, when the sample sizes are large almost any

goodness-of-fit test will result in rejection of the nuII

hlpothesis (SPSS 1995). The sample size (n=792) included in

the nighttime sampling period would be considered a large

sample. The question of normality for the daytime sampling

period should not arise as the large sample size (n= 422)

passed the Lilliefors test with p>0.2000.

Though both scatterplots show the standardized

residuals randomly scattered, there is an apparent downward

trend (Appendix 18). Rather than a violation

homoscedasticity or linearity, this is more likely to be a

result of an important wariable missing from the model (Zar

l-984). Certainl-y there are many more variables that are not

included in this model, such as biotic components of aquatic

and t,errestrial vegetation t1pes, macroinvertebrates, and
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other possible food items. Also, the adj . R2 of <0.50 show

that there is sti1l much variation that i-s not accounted for

by the model (Tab1e 5).

The time sequence plots do not seem to show any major

vj-olations of independence (Appendix l-B) . Both nighttime

and daytime plot.s appear to be highly random with no

apparent pattern. The 5/gl portion of the nighttime

sampling period shows reduced numbers of negative residuals.

This pattern may reflect the inability of nets to catch very

small YOY during that time.
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Regression Standardized Residual

Regression
Standardized
Residua!

Regression Standardized Predicted Value

Normal P-P Plots of Regression Standardized Residuals

Expected
Gumulative
Probabilities

Observed Gumulative Probabilities

Time Sequences of Unstandarized Residuals

Residuals

Time Sequences
Appendix 1B. Graphic Diagnostics for Multiple Regressions of all HBG log(10) total lengths (mm)

captured from both Powell and Salt Ganyon study reaches of the Little Golorado River during 5193,

6/93 & 6/94. Diagrams are seperatd behseen nighttime and daytime sampting periods and include:
1) frequency histograms of regression standarized residuals, 2) scatter plots of regression
standardized residuals vs. predicted values, 3) normal P-P plots of expected vs observed
cumulative probabilites of regression standardized residuals, & 4) time sequences of
unstandardized residuals.
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Appendix 2A. -DiaanoEtic surunarv of assumptions for multiple

reqreEsionE on YOY.-Overal1, it appears that there were no

major violations of the assumptions of normality, linearity,

homoscedasticity, and independence for the three daytime

(Table 7) and three nighttime (Tab1e 8) YOY regressions.

The assumption of independence is not relevant because

regressions were conducted separately for each consecutive

sampling trip. The histograms (Appendix 2B), scatter plots

(Appendix 2C), and P-P plots (Appendix 2D) of the

standardi-zed residuars for each of these regrressions do not

refLect any major violations of normality, linearity, or

homoscedasticity. of these six regressions, only the

nighttime analyses during iluly (P=0.0150) and August

(P=0. OO44) failed the Lilliefors modified K-S test (Table

8) . Both of these regressions had high sample sizes,

therefore making it difficult to pass any test of normality

(SPSS 1995) . The ,July regression just barely failed the

Lilliefors modified K-S test and both the frequency

histogram and normal P-P plot for this regression appear

quite normal. The nighttime histogram from August was the

Ieast normal appearing regression of the group, but it still

contains the basic shape of normality. In support, the

residuals in the normal P-P plot for August resided closely

to the Iine.
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Regression Standaridized Residuals

Appendix 28. Frequency histogram diagnostics from multiple regressions
of YOY HBG captured at both the Powell and Salt Ganyon Study Reaches in
the Little Gotorado River. Figures are seperated between nighttime and
daytime sampling periods for each of the 7/93, 8/93 & 9193 research trips.
Axes represent frequency vs the standardized residuals of total fish lengths
(mm).
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Scatterplots
Nighttime Daytime

July 1993

Regression
Standardized
Residuals

Regression Standard ized Predicted Values

Appendix 2C. Scatterplot diagnostics from multiple regressions of YOY

HBG captured at both the Powell and Salt Ganyon Study Reaches in the
Liftle Colorado River. Figures are seperated between nighttime and daytime
sampling periods for each of the 7/93, 8/93 &9/93 research trips. Axes
represent the regression vs. predicted standardized residuals of total fish
lengths (mm).
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Normal P-P Plots of Regression Standardized Residuals

July 1993

August 1993

Expected
Gumulative
Probabilities

1.O

September 1993

Observed Cumulative Probabilities
Appendix 2D. Normal P-P plot diagnostics from multiple regressions of
YOY HBC captured at both the Powell and Salt Canyon Study Reaches in
the Liftle Colorado River. Figures are seperated between nighttime and
daytime sampling periods for each of the 7/93, 8/93 & 9193 research trips.
Axes represent the expected vs. observed cumulative probabilites of the
regression standarized residuals of total fish lengths (mm).
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CHAPTER 4

Diel Shifts in llabitat use by speckled Dace and Three

Different Size ClaEEee of Humpback Chub in the Lrittle

Col-orado River, AZz Evidence of Predator-Prey InteractionE?

Abstraet. -Our investigations, conducted in Ehe lower 14 km

of L,ittte Colorado River (L992-1995), showed that piscivory

by adult hrurpback chub (GiIa cyphai =180 urrr TL) rnay be more

than incidental, and in fact nay structure the life history

traits of smaller fiEh in that system. Although thig was a

habitat and not a dietary study, we observed six caees of

chubs between L66-280 uun TL either regurgitating whole fish

or defecat,ing fish scales and bones wtrile being lightly

handled. In addition we found daylnight shiftE in habitat

use that were consiEtent with predator-prey interactions

reported from other fiEh aseemblageg. During the night in

cLear water (<30 Mfu), adult G- cypha shifted fron

reLatively deep channelE to shaLlout nearghore trabitate.

Young-of -the-year G. cypha (YOY; =90 ursr TL) Etayed near

shore but shifted from exposed sandy areaE to edge habitats

with greater cover, charaeterized by high angular Etructure

and heterogenoue bottoms of boulders and cobble- In

contrast to YOY, both juvenile G. cyrpha (110-150 rrur) and

speekl-ed dace (Rhiniehthys osculusl shifted away from

shorelines to ur.ore midchannel habitats. During the night in

turbid water (=30 NTU), adult G- cwha were again inEhore
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and R. osculus offshore, but the juvenile chubs occupied

nearghore habitate with YOY G. e7pha. The inshore ehifts at

night of adult chubs may refleet a predator Eearch behavior'

while potential prey Eeem to be shifting either away from

adulte or to cover. Aleo at night in turbid water, YOY and

juvenil.e chubE, and R. osculus showed simiLar Ehifts away

from areaE containing high angular structure, variable

current velocities, and gravel deposition. Because these

habitats contained eiEmificantly higher densities of ripe

adults, espeeiaLly during crepuscular or nighttime periods,

these shiftss may reflect an avoidance of adult chub spawning

aggregations. Other evidence supporting htgh adult G. clpha

piseivory includes: 1) opposing diel activity patterns

between adult chubE and smalLer fiEh, 2) nortalities of

emaIl fish, many which appeared partially digeeted, in netE

which often contained adult chubs, and 3) declines in the

deneitiee of smaLl fish during Spring sampLing periods

(1993-1995) when denEitieE of adult G. clpha were greatest.

Furthermore, our analyseE suggests that piecivory by adult

chubs is highest during the night in clear water, but may

occur throughout the dieL cycle in turbid water.

Key Wordsz elprinidae; GiTa clpha; Rhinichthys osculus;

piscivory; ecoLogry; habitat; endangered species; Grand

Canyon; Litstle Colorado River; Arizona
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Tn 1967, only 21 years after Miller (1-946) described

I humpback chub (Gi7a cypha) as a species, G. c1ryha were

I listed as endangered (Federal Register 32:4001) by the U.S.
I Fish and Wild1ife Service (USFWS). This listing prompted

I surveys and studies of G. c1ryha in both the upper and lower
I

Colorado River basins. The largest e. clpha population

I exists in the Colorado River within Grand Canyon National

I Park and lower t4 km of the Little Colorado River (LCR)

I (Va1d.ez and Ryel L995; uSFWS 1990) .

The LCR is very different from the Colorado River in
I

respect to discharge, water chemistry, and the biotic
I a _ ,__1_
I components (Co1e and Kubly L976). Unlike the Colorado

r River, the LCR contains no major dams controlling discharge,
II modifying the water temperature, and sediment load. High

I turbidities during elevated flows reduce photosynthesis in
I

this system. During baseflow and high water clarity

I periods, rapid travertine deposition encrusts plants and

invertebrates. The LCR's annual macroinvertebrate biomass

I is usually much lower than the mainstem Colorado River

I within Grand Canyon National Park (Dean Blinn, Northern
I

I 
Arizona University, pers.comm. i Larry Stevens, US Bureau of

I Reclamation, pers.comm.) and among the lowest of its

I 
tributaries (Oberlin et aI . 1-999) .

I
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Wit.hin the LCR, the number of invertebrate taxa, the

total- invertebrate biomass, and Chlorophyll a biomass were

significantly lower downstream, than upstream of Chute

Fa1ls, a travertine dam located 1-4.2 km upstream from the

mouth (Robinson et aI. L996). This difference may have

resulted from greater foraging pressure generated by a

larger fish biomass below t.he dam. Whereas only speckled

dace (Rhinichthys osculus) and a few nonnative fish are

resident above Chute Fa]}s, the ichthyofauna below Chute

includes all lifestages of native G. c1pha, R. osculus,

bluehead sucker (Catostomus discoboTus), flannelmouth sucker

(C. Tatipinnis) , along with other nonnative fish species

(Kaeding and Zimmerman 1983; Mattes ]-993,' Minckley L996;

Gorman and Stone l-999). In addition, the Spring spawning

migrations of large adult G. clpha up the LCR from the

Colorado River must put substantial pressure on this already

limited food base (Gorman and Stone l-999).

GiTa cyy>ha are considered food generalists consuming

such diverse foods as terrestrial and aquatic invertebrates,

snails, f ilamentous algae, seeds (Val-dez and RyeI L995;

Kaeding and Zimmerman 1983; Kubly 1990), lizards (Valdez and

Hoffnagle 1-999), and CenLroides scorpions (Dennis Stone

pers. obs.). They also eat a variety of discarded human

foods; Minckley 1996) reported that they voraciously

attacked his prepared sandwich spread, while we have

observed them consuming assorted pasta, cheeses, and meats-
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Valdez and Hoffnagle (tggg) suggested that their food

consumption is dictated by what is most available.

Because the diet of G. cyrpha is mostly constrained by

availability and the l,CR food reserves is considered

relatively poor, w€ questioned what G. elpha were primarily

eating in this system. Piscivory is not uncommon for large,

long-Iived stream cyprinids, such as the eastern creek chub

(semotiTus atromaculatus; Fraser and Cerri l.982; Magnan and

FitzGerald 1-984), and species of squawfish (PtychocheiTus

l-ucius, Vanicek and Kramer L969; P. oregonensis, Thompson

L959; P. grandis, Vondracek 1987). fn addition, Starrett
(l-950) found higher levels of piscivory by the river shiner

(Notropis bTennius), northern common shiner (IV. cotnutus)

and eastern creek chub when aquatic nymphs and larvae

decrease. In the LCR, small fishes are common, however only

two previous studies mentioned any evidence of piscivory by

G. c1ryha. Kaeding and Zimmerman (1983) found fish tn 2 of

44 (4.52') G. cypha digestive tracts collected from the

confluence of the LCR and Colorado Rivers. Kubly (1990)

reported 1- of l7 (5?) digestive tracts from adult G. clpha

(248-494 mm TL) collected at the mouth of the LCR contained

fish remains. Currently, fish are not considered a major

component of the G. c1ryha diet. and were not mentioned in the

latest Humpback Chub Recovery PIan (USf'WS 1-990).

To investigate .uhe possibility that fishes contribute

significantly to the diet of adult G. cyg>ha in the LCR, we
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I 
examined habitat use patterns, diel activity, fish
mortalities, and captures rates between adult G. cypha and.

II potential prey. rf adult e. cypha are in fact highly
piscivorous, then they may structure the life history traits

I of potential prey throughout the system.

t
I

I METHODS

Ir
I Studrr areas.-The -573 km long LCR drains a 69,g70 km2 river
I

basin encompassing much of northern Arizona and part of
T
I northwestern New Mexico (.fohnson 1975). This system often

I 
floods following Spring thaws (March and April) and after

I Summer rains (August and September). During periods of no

I runoff, baseflow between 5.14 to 6.52 m3/sec is maintained
I in the terminal- 2L km by perennial springs (,fohnson and

I sanderson L968). At baseflow, travertine deposition occursI
within this highly bicarbonated system which produces anI

I assortment of features including sluices, terraces,
r cascades, and dams. The bulk of the travertine deposition
r occurs between L2 and l-6 km upriver of the confl-uence
I
I 

(Cooley 1'976). Also during baseflow, heavy precipitation of
unconsolidated CaCO, (marl) in much of the lower portj_on of

I the rj-ver is common. The travertine dam lChute FalI"
r restricts the natives G. cypha, C. discobolus and c.
I

I 100
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I Tatipinnrs to the lower -I4.2 km of the LCR (Kaeding and
I Zimmerman l-983; Mattes t9g3; Minckley 1-996) .I

I 
Two separate study reaches, each of which were divided

I into two 500 m. study sites, were established in the LCR

t bel-ow Chute Fall-s (figure 1) . The Powell Canyon reach was

I located approximately 2.3-3.8 km upstream of the confluence

r with the colorado River (36oi_1,45 rrN, ]-i-Lo46, o "w) and the
I

Salt Canyon reach was located further upriver at
I
I approximately 10.5-11_.9 km (36010'42"N, tLao4z'15"W) . These

I 
combined samplj.ng reaches constituted l-4? of the LCR

I . corridor occupied by G. c1ryha. Because of greater

r travertine deposition in upri-ver locations (Cooley L976),
I

L.he Salt reach contained a greater abundance of large
I
I travertine dams, deeper pooIs, and a broader array of

habit.at tlpes than the Powell reach. These study reaches

I were sampled concurrently in 11 of L4 field trips between

I 1'992-1995, in 3 field trips only the SaIt reach was sampled
I

(See table i-) .

II Eh-SeI!p1:LEg. -Cross-channel transects \,{ere established atI
20 m intervals throughout the study reaches. In each study

I reach, the 500 m sites were sampled alternately between

I field trips. Transects were systematically staggered (eg-,
I fish two, skip one etc.) to cover each site in i-0 days;

I transects that were not selected initially were sampled inI
subsequent field trips. Ropes were tied to opposite streamr

I banks at. the transect locat ions t.o be sampled. Miniature

I 101

I



I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Marble
Ganyon N

Colorado
River

rm 57.0 (

Grand
Canyon

Powell
Canyon Salt

Ganyon
I

B Big
r+ t Canyon

Little
Colorado
RiverChute Falls

(14.2 km)
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Figure 1. Map of the lower Little colondo River (LcR) from Blue spring to the
confluence with the Golorado River (GR), Goconino County, Arizona. The perennial
flows in this lower portion of the LcR are maintained by Blue spring. powell
Ganyon study reach (A) was located -2.3-3,8 km upstream of the confluence with
the CR and Salt Ganyon study reach (B) was located further upriver at -l 0.5-11 .9
km. ln the majority of -{0 day duration research trips, both study reaches were
worked simultaneously. Gila cypha, Catostomus discobolus and C.latipinniswere
restricted to below the travertine dam, Ghute Falls. The CR reach between 57-65.5
river mifes (rm) downstream from Lees Ferry contains many adult G. cyphathat
migrate up the LCR during the spring to spawn (see Valdez and Ryet i99S).
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Net

Transect

Measuring
Points

r
Figure 2. Fish sampling grid used in the Little Colorado Riter, Arizona from
1991-1995. Gross-channel transects were spaced 20 m apart. Transects selected for
fish sampling were staggered to cover each 500 m study site in 10 days. Miniature
hoopnets (n-et) were fastened at 3"f, m irrtervais along ropes iocateci at ihe selected
transects. Habitat measurements were made at 20 points located over a 1.5 X 2.0
meter grid around each net.
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hoopnets (net; 50 cm diameter X l-00 cm length, l-0 cm throat,

6 mm nylon mesh) were fastened to transect ropes at 3-4 m

lateral intervals (Figure 2) . These nets were set to sample

day and night over a 24!;r period and then relocated to the

nexL upstream transect.

To assess differences of fish habitat use within the

diel cycle, nets were checked during daylight within two

hours of sunset and sunrise. AII fish captured were

identified to species, measured to total length (tl,; mm).

weighed to nearest gram, and when possible, sexed. The

physical condition of each fish was noted including scars,

parasites, abrasions, and reproductive condition.

GiTa clpha were separated into three different size

classes for analyses. Kaeding and Zimmerman (1-983) found

that G. clpha in the LCR grew to -L00 mm TL in the first
year, drr approximation that was consistent with our

findings. Therefore, fish <90 mm were classified as young-

of -the-year (YOY), al-though some may have been yearlings.

GiLa cyrpha >L80 mm were unlikely to be cannibalized (see

L'Ab6e-Lund et aI. L992) and exhibited nocturnal activity
patterns similar to larger adult,s (Chapter 2). In addition,
males of -l-80 mm in length occasionally mature sexually
(USFWS unpub. data.). Therefore, G. cypha >1-80 mm were

classified as adults. To avoid overlap in size related
behavior, the intermediate size class was separated fronn YOY

and adult.s by 20 mm (ffO-l-60 mm); these were classified as
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juvenites. Because R' oscuTus are short ]ived (-t-z years)

andmustquicklydevelop,W€includedalldaceintoasingle

sLze class for analyses '

Habitatmeasurenents.-Habitatmeasurementswereconductedat'

20points,eachspaced50cmfromtheiradjacentpoints'

located over a 1. 5 x 2' O m grid (50 cm spacing) around each

net (Figure 2; Gorman and Stone 1-999) ' Depth' current

velocity,andsubstrateweremeasuredatthesepointsusing

the method of Gorman and Karr (1978) ' The measuring pole

consisted of 1.9 cm diameter PVC pipe of various lengths and

marked at 5 cm increments' The pole was placed at each

point and habitat variables were measured' Later' netr

statisticswerecalculatedforeachhabitatvariableusing
data collected from the 20 sampling point grid'

Point' measurements for depths were analyzed as mean

depth(cm)pernetset(MDPH).Standarddeviationofdepths
(cm;SDDPH)pernetprovidedameasureofbottomprofile

heterogeneity for each net set' sensu Gore (1978) ' The

angle from each point to the next highest point' located

adjacenttroitonthegridortoanemergentedgelocated

<l-Oo cm away' were calculated and summarized as mean

positiveverticalangles(MPVA;GormanandStonelggg).In

t.hismannerMPVAcould.useinformat'ionfrompointsnot

confined t,o the net grid and provided a measure of the

angularvariationassociatedwithbottorn.contoursunderlying

each net set.
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current meters were onry indirectly used because they
were time consuming, diffieult to use in deep habitats, and

were subject to marfunction. rnstead, current velocicy was

categorized by observing how the water frowed around the
poIe. There were six major current velocity categories (o-

5) , each of which, except, zero, could. be further subdivid.ed
with a plus or minus, yielding 1G separate categories.
These current velocity categories were rater LransLated. to
numeric values (m/s) by comparison with readings taken from
a Marsh-McBirney (Model z}j-) portable water flow meter.
Mean current velocity (MCURV) and standard deviation of
current velocities (SDCURV; ) were calculated from the 20

sample points surrounding each net; sDcuRV measures the
vari-ability of current flows, MCURV is serf explanatory.
Points where the directi-on of frow was upscream were

recorded as eddy currents. Eddy frequency (FEDDY) was

expressed as the number of eddy points per net.
substrate was categorized for each of the 20 net sample

points as fines (s0.ro mm) which contained. predominatery
silt but also fine precipitate of CaCO. (mar1); sand (O.t-l__

2.0 mm) ; gravel and smarr rocks (2.L-L00mm) ; cobble (t_01-

255mm); and boufders (>25Gmm). Substrate frequencies
(FFINES, FGRAVL, FCOBBL, FBOULD) for each net represented
the number of times each substrate category occurred over
the 20 sample point grid.
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Mean lateral_ position (MLATP) for each net was

calculated as the mean distance (cm) of the 20 sample points
to the nearest emergent edge (bouLder, shoreline, travertine
dam, sand bar). Lateral distance (LATDS) was the distance
(cm) from the center of the net sample grid to the nearest
shoreline- MLATP and LATDS were viewed as separate
variables because the LCR contained many large boulders and

travertine dams in the midsection of the river.
The i'2 habitat variabres described above were

calculated for 2,723 net sets. Habitat associations of
4,994 R- oscuLus and 10 ,299 G. c1ryha were generated by
linking each individual fish to the corresponding net from
which it was captured (Tab1e 1).
Data anarvsee.-Turbidities above and below 30 nephelometric
turbidity units (urus) have been found to alter G. cvpha
diel activity patterns (valdez and Ryel l-995; Chapter 2) and
nearshore occupancy by R. oscurus and G. cypha (Vardez and
Ryle 1995; Chapter 3). Therefore, data coLlected in
different sampling trips were divided between those where
median water turbidities were <30 NTUs (crear water) and >30

NTUs (turbid water,. Table t-) . During each sampling trip,
except during 'June L992, turbidity was measured with a Hach

Model 15800 or Model 2i-oop turbidimeter. The ,June 1-992 t.rip
was grouped with clear water conditions based on

observations in trip reports and. photographs. Because we

were unable to set a full- complement of nets during floods,
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dat,a from trips with

the analyses. Total

net sets over 51 days

5 0 days ( Tab1e 1) .

discharges >19 m3/s were omitted from

fishing effort was L,534 clear water

and 1, 189 turbid water net sets over

Table 1. sampJ-ing trips used in the wilcoxon-Mann-Irttritneytests (wMw) and Tests of Association. rncruded for eachsampling trip are dates of fish sanpling (FDATES), studyreaches eanrpled (nCn; B=both, S=SaIL onLy), median turbidityin nephelometric turbidity units (NTU), * netE deployed,, andnnmbers of GiTa cTrpha young-of-the-year (yOy; s gb oi),juwenile (ufrv; 110-1d0 rmr) and adullE (= 1g0 mn), and,Ehinichthys oseuTus (DACE) captured. Totale of nets and fiehused in clear and turbid watei condition analyseg are given.
FDATES RCH NTU # nets DACE eila cpha

YOY ,J[IV ADULT

I
I
I
I
I
I
I
I

6/15-23/92 B - L72
5/10-18/gE B L7 L78
6/A-L4/gg B 3 222

7/Lz-Le/gg B 4 230

e/9-16/93 B 5 256

46

203

13 227

Lggg 193

9 67 L57

18 0 2L9

37 9 254

37 191

i29 i85

354 87

202 0

483 84

759 2048

L248 3 818

98 189

430

507

385

945

620
50 343

L27 75

79 98

58 54

15 74

2L 62

1- L4

L47 73

109 35

558 48s

947
4 35

s0 85

85 135

L07 L07
-AELU'I U 6

4/L2-20/gs B

9/ 10-L5 /gl B

4/L2-20/g+ B

5/10-L8/g+ B

4/11-19 /gs s

5/g:L5/gs s

11/+-7/93 s 7

6/5-13/g+ B 3

8/9-16/g+ B

CLEAR WATER TOTAL 15 34 4091, 7555

276

L0L

3 04
rl -l t\L4V

9 1,3

243

LL4

111
AA5U

141_

I
I

TURBID WATER TOTAT 11_gg

L0I

3 53 495
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I DieI movenents.-Diel shifts in habitat use by adu1t,

juvenile and YOY G. cypha, and R. osculus were detecting by
f comparing habitat use between day and night sampling

periods. Analyses were conducted separately for clear and
t

turbid water conditions. Data from sampling trips and study
I
t sites that occurred in similar water clarities were grouped

I to increase sample size. Grouping data was justified
I because previous analyses showed. concordant habitat use

patterns by different G. cypha size classes from datar
collected during different, sampling trips and river reaches

-
I when water clarity and sampling periods were similar

(Chapter 3). Nighttime shifts in habitat use were

I descri-bed relative to daytime use. Because of nonnormal

I data distributions the nonparametric Wilcoxon-Mann-Whit.ney
I test (WMW) was used to detect significant shifts in habitat
I
t use. Tests were conducted using SPSS version 5.1.2 (1995)

and only those comparisons with P<0.1 were considered

f significantly different.

I Fish-habitaF aEsociations.-Tests of association were
I - conducted to provide additional- insight of fish-habitat
II relationships. Because nets were deployed -1-0 h during thet
- day and -14 h during the night, associations were

f effect.ively testing the use of similar habitats by different
r fish categories. Although these tests may reflect inter-
I

; :::=i:.:""".""'""..",::i:"::: .:":,:::".,""i"'s 
was

r
109
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We followed the methods of Ludwig and Reynolds (1988)

I
II in conducting tests of association. Associations were

I tested separately between adult G. clpha and each of the two

I smaller G. cypha size classes (YoY, juvenile) and R. osculus

I for day and night periods in both clear and turbid. water
I

conditions. Nets were treated as independent sampling
t
t units. Occupancy of nets by each G. clpha size class (YOY,

r juveniles, adults) and R. osculus was binary coded as a one

I for presence and zero for absence. There are four possible

I outcomes for each paired comparison of net captures. For
I

example, in a paired comparison of adult G. c7ryha and R.

I osculus, each net may contain: a) adult(s) but no R.

I osculus, b) no adult(s) but R. osculus, c) both adult(s) and

I R. osculus, or d) neither fish. The resulting paired

I comparisons for adult G. cyy>ha and R. osculus from all nets
I were summed in a 2X2 contingency table and significant
II associations were identified with a Chi square test ofr

independence, using one degree of freedom and significanceIt levels from Rohlf and Sokal (1981). Associations were also

I tested for juvenile G. cypha against YOY chubs and R.

- oscuTus. In addition, Ochiai, Dice and .faccard indices were

I calculated. for each separate test of association to provide
I

a measure of association between fish groups (I-,udwig and

I Reynolds 1988); these indices range from zero (no

- association) to one (maximum association). A11 three
II

II 110
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indices were presented because the preferred index differs
among researchers.

AsEoeiations with small fish mortalities.-smarl fish were

occasionally found dead in nets,. many of which appeared to
be partiarly digested. Elevated mortalities of smalr fish
during a particul-ar sampling period may be associated with
periods of elevated predator activities. The numbers and

percenL of smaII fish mort,alities were tabulated for the day

and night sampling periods in both crear and turbid water

conditions. To examine possible associations between smalr

fish mortalities and adurt G. c1ryha, the percentage of small

fish mortalities found with an adult G. cypha also present

were determined. for each sampling period in each water

crarity conditlon. For comparison, the percentage of small

live f ish (YOY G. clpha or R. osculus) capt.ured with an

adult G. clpha present were calculated as above.

rf the ratios of small- fish mortalities from different
species do not correspond to the rat,io of live fish (< 90 mm

TL) from different species captured during this study, this
may suggest higher predation on a particular species.

Mortalities for each fish species were summed separately in
both clear and turbid water conditions and the percentage of
each species found dead during the nighttime was calculated.
captures durinq the sprinq G. c\zpha spawnincr periods. -we

examined t.he capture data from spring sampri-ng trips over

three years (1993-1995) to investigate if a noticeable

11L
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reduction in smaller fish (YOY and juvenile G. cypha, and R.

osculus) was apparent when adult chubs were most plentiful

in the I-,CR. Sampling trips in 1993 included two short trips

in March and one longer trip in April,'data from May were

not used because of the appearance of new YOY fish. The

months of April and May were used for both L994 and 1995.

These Spring sampling trips occurred after flooding had

receded so consecutive sampling trips all contained stable

flows in turbid water conditions. Catch-per-unit-effort
(CPUE) was calculated for each sampling trip by dividing the

numbers of fish captured for each of YOY, juvenile, and

adult G. cyE>ha, and R. osculus by the numbers of nets

deployed.

RESULTS

DieI habitat shif ts in clear water. -During nighLtime in

clear water, adults and YOY G. clpha were often captured in

close proximity to each other within nearshore habitats
(Tab1e z). Adu1t c. clpha shifted inshore from deeper,

midchannel habitats at night, while YOY G. elpha remained

near shorelines throughout the diel cycle. Al-so during the

night, both adults and YOY shifted closer to emergent edges,

to areas of more heterogeneous bottoms with high angular

LL2
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structure containing less sand and more bourder substrates.
Because adults were shifting from midchannel habitats toward
shore, while YoY were moving within nearshore habitats, the
contrasting habitat shifts between these two size classes
with respect to depth, current velocity and cobble
substrates may have resulted in both size classes occupyi_ng

the same general vicinity. yoy also showed a significant
shift to areas conEaining more eddies during the night.

rn contrast to adult and yoy G. e1ryha, both juvenile G.

c1ryha and R. osculus shifted significantly further away from
shorelines and emergent edges at night (Table Z) . The

juveniles shifted to areas of more homogeneous bottom t)pes
containing less cobble, less variable current velocities,
but more eddies. At night, R. osculus were associated. with
greater depths and channel bottoms that were more

heterogeneous, but less angular than during the day. These

areas contained significantry ress gravel and boulder
substrates.
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Table 2. Wilcoxon-Mann-Wtritney test, results for diel ehiftE
in habitat use by Ehinichthys oseuTus and three different
size clasEee of GiTa clpha within eelected habitat variables
in clear water conditionE (<30 NTUg) in the Little colorado
River. Habitat variables are defined in the Methods. A1I
resulte are from daytime to nighttime perspective and
sigmificant EhiftE (p<0.1) are highlighted.

AIIULT G. cyrpha

=180 mm
JIry G. epha
110-160 mm

YOY G. eyryha
s90 nm

R. oseulus

SAIIPIJE
SIZE

LATDS

MIJATP

MDPH

SDDPH

MPVA

MCURV

sDcuRv

FEDDY

FFINES

FSAI{D

FGRAVT

FCOBBL

FBOULD

485

CLOSER
0.00145

CLOSER
0.00245

SHAIJLOWER
0 . 02a6

GREATER
0.0493

GREATER
0.05305

SLOWER
0.00195

LESS
0.01555

MORE-NS
0.4737

MORE
0.00005

LESS
0.0199

MORE-NS
o.4757

LESS
0 . 01915

MORE
0.0469

558

FARTHER
0.0195

FARTHER
0.0272

DEEPER-NS
0.3825

rEss
0 . 0234

LESS
0.0083

FASTER-NS
o .49675

LESS
0.00605

MORE
0.0L27

MORE-NS
0. L705

LESS -NS
0.14955

LESS -NS
a.45gg

LESS
0 .05325

MORE-NS
o .4ggg

7555

CLOSER-NS
0.15075

CLOSER
0.0034

DEEPER
<0.0000

GREATER
0.00015

GREATER
0 .00525

FASTER
0.0257

LESS -NS
0.23155

MORE
<0. 0000

LESS -NS
0.43155

LESS
0.00535

MORE-NS
0.38525

MORE
<0.0000

MORE
0.00755

4081

FARTHER
0.00055

FARTHER
<0.0000

DEEPER
<0.0000

GREATER
0. 0 637

LESS
0.00505

FASTER-NS
o .23 815

LESS -NS
o .227 45

LESS -NS
0.1302

LESS -NS
0 , 3234

MORE-NS
0.149o

LESS
0.02935

MORE-NS
0.3003

LESS
0.042L5

I
I
I
I
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Dier habitat Ehifts in turbid water. -Diel habitat shifts by

adult G. c1ryha were similar between clear (Tab1e 2) and

turbid water conditions (table 3). At night in both water

clarities, adults shifted closer to shorerines and emergent

edges, into areas of shallower depths and slower current
velocities, with channel bottoms containing higher mean

positive vertical angles. The overalL diel shifts in
habitat use were more distinctive in clear than turbid water

conditions. For example, the diel shifts expressed by eight
habitat parameLers resulted in higher significance in clear
than turbid water conditions, whereas only two habitat
parameters resulted in higher significance in turbid water.

The main contrast of nighttime habitat shifts by adults
between the two water clarities was that adults were

associated with less cobble in clear water (Tab1e 2), but

more cobble in turbid water (fab1e 3).

The nighttime habitat shifts by yOY G. cyryha differed
between turbid (Table 3) and clear water conditions (TabLe

2),. During nighttime in turbid water, yoy shifted further
away from structure, into areas of slower, less variable
current velocities. These habitats contained highly
homogeneous channel bottoms, ?s shown by the reductions of
mean positive vertical angle and standard deviation of
depth, decreased frequency of cobble and increase of sandy

bottoms.

1_ 15
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In contrast to nighttime shifts in clear water (Table
I
r 2), juvenile G. clpha did not move further midchannel at
I

night in turbid water (Tab1e 3). During the night in turbid
water, juvenile G. cypha moved into areas of shallowerI

I depth, with slower, less variable current velocities. These
I areas contaj-ned homogeneous bottoms with significantly less

I gravel and boulder substrates, and. more sand. Reductions in
I

mean positive vertical angle and standard deviation of

I current velocity were the only significant nighttime habitat.

I shifts that occurred in both turbid and clear water
r conditions. These nighttime shifts in turbid water more

I closely resembled those of YoY in respect to shifts toI
slower, less variable current velocities, and more

I
I homogeneous bottoms containing more sand and Less gravel
- substrates.
r Diel shifts in habitat by R. oscu-lus in turbid water

I (Table 3) were very similar to those in clear water (Tabler
2). During nighttime of both water clarities, they were

I
I found significantly further from shorelines and emergent

edges, and in areas of reduced mean positive vertical angles

I and less gravel. During nighttime in turbid water they

I shift.ed to areas containing less variable current
I

vel-ocities. Although many habitat parameters were
I
I nonsignificant in both clear and turbid water analyses, R.

r oscuTus habitat shifts foll-owed ihe same directionaJ- paitern
I in 1l- out of 1-3 habitat parameters (Tables 2&3).

II 115
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Because the majority of the turbid water data were

collected during the adult c. clpha Spring spawning period,

we conducted additional Wilcoxon-Mann-Whitney (WMW) tests

soleIy on habitat differences between reproductive (n=l-38;

freely expressing gametes, high tuberculation etc.) and non-

reproductj-ve adults (n=358), irrespective of sampling

period. Compared to non-reproductive adults, reproductive

adults were captured significantly (p<0.1-00) closer to
shoreline and emergent edges, in areas of greater current

velocities, and more heterogeneous and angular bottoms that
contained less fines and sand, but more gravel, cobble and

boulders. Although both reproductive and nonreproductive

adults demonstrate nocturnal inshore movements, they often

occupied different habitats. The nighttime shifts of YOY

and juvenile G. c1pha, and R. oscuTus to areas of less

angular structure, lower current variability, and less

gravel, contrasted those of reproductive adults.
To examine how reproductive fish effected our original

turbid water WMW test results for adults (table 3), we

conducted WMW tests t.hat excluded adult G. clpha in
reproductive condition. These analyses resulted in similar
diel habitat shifts of non-reproductive adults (n=358,

statist.ics not shown) as shown in Table 3, with the

exception that MPVA was nonsignificant.
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Table 3. Wilcoxon-Mann-Whitney teet results for diel shifts
in habitat use by Rhiniehthys osculus and three different
eLze classee of GiTa eypha within Eelected habitat variableE
in turbid water conditions (=30 NxUs) in the Little CoLorado
River. Habit,aE, variables are defined in the Methods. Al-1
reeults are from dayt,ime to nighttine perspective and
sigmificant shifts (P<0.1) are highlighted.

ADULT G. c:ypha
>180 nm

JIry G. cpha
110-150 nun

YOY G. eyrpha R. c.sr:ulus
( s90 mm)

SA}TPLE
SIZE

LATDS

MLATP

MDPH

SDDPH

MPVA

MCnRV

SDCI'RV

FEDDY

FFINES

FSAIID

FGRAVIJ

FCOBBL

FBOULD

496

CLOSER
0.01395

CLOSER
0.00345

STIALLOWER
0 . 0115

GREATER-NS
0.1401

GREATER
0.0429

St OI{ER
0.00925

LESS -NS
0.31-30

MORE-NS
0.17835

LESS -NS
0.1399

LESS -NS
0.1131

MORE-NS
0.1495

MORE
0.01805

MORE-NS
o .41-59

353

CLOSER-NS
0.31055

FARTHER-NS
0.3484

SIIALLOWER
0.08905

LESS -NS
0.3858

IrESS
0.05455

SLOWER
0.08925

LESS
0. 05985

MORE-NS
0.38505

MORE-NS
0 . 17 425

MORE
0.05135

LESS
0.0269

MORE -NS
o .2118 5

LESS
0.0602

84L

FARTHER-NS
0.10055

FARTHER
0.03415

DEEPER-NS
o .2721

IJESS
0.05705

LESS
0.0935

SLOWER
0.0591

IrESS
<0.0000

MORE-NS
0.31355

MORE-NS
0.20545

MORE
0.03985

I-'ESS
0.002L

LESS
0.0178

LESS -NS
0 . 12445

913

FARTHER
0.0009

FARTHER
0 " 0001

DEEPER-NS
0. L3005

LESS -NS
0 . l_51,3

LESS
<0.0000

FASTER-NS
0.166A

LESS
0. 0L42

LESS -NS
0 . l- 5255

LESS -NS
0.35095

MORE-NS
o .4457

LESS
0.0001

LESS -NS
0.42245

LESS -NS
0.3958

I
I
I
I
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Fish-habitat associations with adults G. curha. -In clear
water, adult G. eypha were significantly associated with
habitats occupied by YOY chubs and R . osculus d.uring the

nighttime. The Ochiai, Dice and ,Jaccard indices showed a

slightly higher nighttime association of adult G. clpha to
habitats containing R. oseuTus, than YOY G. cypha (Table 4) .

However, none of these indices were very high, showing that
although significant associations were found, there were

also much separations between these fish categories. The

greater nighttime association of adults with smaII fish is
Iike1y the result of nocturnal inshore habitat shifts by

adults.

During the daytime in turbid water, adult G. cypha were

significantly associated with habitats occupied by YOY

chubs. Although the nighttime Chi square only bordered on

significant habitat associations between adulEs and YOY

(f =2.587 compared to 2.706 necessary for P<0.l-) , all three

YOY association indices were higher during t.he night than

the day. During the night in turbid water, Rhiniehthys

oscuLus associations were nonsignificant.
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Table 4.-AEsociations between habitatE occupied by adult
GiTa eypha and three smaller fish categories (YOY G. cypha,
Rhinichthys oscuTus, juvenile G. eypha) in the Little
Colorado River, AZ during L992-1995. Teste were conducted
through Chi Square Test of Independence using netss ag
independent sampling units with 1 DF. Meagures of
aEEociation included Ochiai (OI) , Dice (DI) and ilaccard (,tI)
indices. Separate teEts were conducted for the daytiure and
nighttime sampling periodE of the clear (n=1,534 nets) and
turbid (n=1,189 nets) water condit,ions. Note: AI]'
significant aEsociations (P<0.1) were positive.

CLEAR

*rs
Prob

YOY G. cwha

NTGHT DAY

11.1_81 0. 0007

R. osculus

NTGHT DAY

45.7L8 0.535

'JIIV G. cwha

NIGHT DAY

69.137 53.374

<0.001 <0.001

0.320 0.250

0.320 0.238

0.190 0.135

<0.001 NS ( >0 . ggj <0 .001 NS (>0.1)

o.279 0.]-22 0.358 0 .]-47

0.315 0.087o . o77

0.040 0.187 0.046

0.255

o.L46

I
I

TURBID

*rs
Prob

2 .587

NS(>0.1)

0.204

0.204

0 . L13

4.756

<0.05

0.191

0.182

0.100

o .347

NS (>0.5)

o.t67

0.L67

0.091

0.033

NS(>0.5)

0. L50

0.141

o.076

27 .662 L2 .754

<0.001 <0.001

0.257 0.193

0 .258 0 . 193

0.148 0.107

or
DI

,JfI
I
I
I
I
I
I
I

Fish-habitat associationE with iuvenile G. cJrcha. -Juvenile

G. cypha were significantly associated with habitats

occupied by adult chubs during all sampling periods in both

water clarity conditions (Tables 4&5). In clear waLer,

juveniles were significantly associated with R. oscuTus

habitats during the nighttime and those occupied by YOY

chubs during the daytime (table 5). This likely was the

L2A
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result of nighttime shifts of juveniles and R. osculus away

from edge habitats. In turbid water, all fish categories

showed a diel habitat association with juveniles.

Table 5.-AEEoeiations between habitatE occupied by juvenile
GiTa eypha and three fish categoriee (YOY c. cyrgtha,
Rhinichthys osculus, adult G- cyg>hal in the Libtle Colorado
River, AZ during L992-1995. TestE were conducted through
Chi Square Test of Independenee using nets as independent
saurpling units with 1 DF. Meaguree of association included
Ochiai (OI), Dice (DI) and ilaccard (.rI) indices. Separate
tests were eonducted for the daytime and nighttime sanpling
periods of the clear (n=1,534 nete) and turbid (n=1,189
nets) water conditions. Note: ALI significant aEsociationE
(P<0.1) were positive.

YOY G. cwha R. osculus AduLt G. epha

I
I
I
I
I
I

NIGHT

CLEAR

* TS L.!L7

or 0.232

Dr 0.210

Prob <0.01

oI 0.L97

Dr 0.194

,JI 0.107

DAY

11. 786

0.236

0.185

30.657

<0.001

0.273

0.260

0.150

0.290

0.253

o .2t6
o .207

0.l_15

o .207

0. 155

o .2-7 4

0.255

a.L46

NIGHT

69 . L37

0.320

0.320

o .257

0.258

0.148

DAY

53.374

0.250

0.238

0.193

0.193

0 .107

NIGHT DAY

10. 810 L.755

Prob NS(>0.1) <0,001 <0.005 NS(>0.1) <0.001 <0.001

TURBTD

* TS 7.575 9.249 27 .897

<0.005 <0.001

27 .662 L2 .754

<0,001 <0.001

I
I
I
I
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Associations with small fish mortalitiee.-More than 70"< of

all fish mortalities were found during the nighttime

sampling periods in either water clarity condition (Table

5). Overa1l, adults co-occurred with -26% of these

mortalities. Except for the nighttime in clear water, the

percentages of small dead fish with an adult present were

all higher than live fish with an adult present. Although

analyses of Gee's standard minnow trap were not included in
this paper, there were no fish mortalities found in 1-,588

minnow trap sets, which captured 9,03L fish but excl-uded

Iarger fish.

Table 5.-Numbers of smalL fiEh found dead-in-tshe-net during
the different diel sampling periods of both river
conditions. Percent of mortalities are the percent of dead
fish found from the night vs. day sanrpling periode. Also
given are the percent of mortalities found with an adult
GiTa cypha aleo present in the net at the tiure that its was
run. For comparieon, the percent of live slrall fish (YOY G.
clrpha & Rhinichthys oseuTus) with an adult e. cyrg>ha present
are given.

Clear Water Turbid Water

Sampling period night day night day

# morts

Z of mort,s

47 15 7 3

74.5% 25.42 70.0t 30.0?

? of morts with an 25.5* 18.8? 28.7? 66.0t
adult G. cypha
present

? of live small- fish 27.8t 3.5t 2L.Lt 15.1?
with an adult G.clpha
present.
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From 57 to 100? of small fish mortal-ities from all
species were found dead after nighttime sampling periods

(Table 7) . YOY c. cypha were the most common fish found

dead, followed by R. oscuTus, and young C. discobolus and C.

Tatipinnis. Our data showed that the ratio of fish
mortalities from different species (54t e- clpha z 40* R.

osculusz 5t C. discoboTus z 2t C. Tatipinnis), was roughly

comparable to the ratio of live fish (<gO mm) from different
species captured during this study (50b G. clphaz 344 R.

osculus; 5* C. discobolus z 1-Z C. Tatipinnis) .

Table 7. -Nr:mbers of small fieh from each speciee that were
found dead in the nets in cLear and turbid water conditionE.
Also included are the percent of fish speciee that were
found dead from nighttirre eampling perioda (XXt Night).

Clear Wat,er Turbid Water

G. ctlpha 33 (732 Night,)

R. o,s cuf us 24 (7 5Z Night )

C. discobol-us 3 (67+ Night )

C, Tatipinnis 1 (rOOe Night)
SPP UNKNOWN 2 (rooe Night)
TOTAL 63 (7 5Z Night )

5 (57+ Night )

4 (7s% Night )

0

0

0

10 (7 0+ Night )

t
I
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In addition to small. fish mortalities found in the

nets, there were six observations of G. cygsha either

regurgitating whole fish or defecating partially digested

fish while being handled (Table 8). The bodies of many of

these c. clpha seemed abnormally swollen as if their

digestive tracts were gorged with food. Because aII fish

were lightly handled and defecated materials were not

normally inspected, this phenomenon may have been overlooked

in other G. cypha.

TabLe 8: Sr:mnrary of known piacivorous activities by Gila
c1rytha at Salt Canyon reach, LCR, AZ. Total length (tt 1 ,
weight (WGHT) and sex (S) are given for the predaceoua G.
qrpha.

Datse TL WGHT S Predatsion Account

7 /L7 /93 279rm 1559 F Regrurgitated 47 uur TL G- c2pha and was

i::ffi i:t3'iT?i"$:e' I i :;"n31.. .

7 /L7 /93 237mm 77g ? Regurgitated a R. osculus and parts of
at leagt two other fish; geemed to be
full of other fish.

1/Le/* 176m 34g ? Regurgitated a 48 sm TL G. cypha.

g/L5/93 280m 1579 F Defeeated nany fieh bones and seales.

LL/7193 187mn 38g ? Defecated nany fish bonee and eeales.

O5/L/99 155sur 35g ? Regurgitated a 54 mn SL R. oseulus.
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CarrtureE durinq Sprinq G. cJ4)ha spawninq periods. -The

relationship between CPUE of YOY, juvenile, adult G. cypha

and R. oscuTus among sequential sampling trips during three

separate years were very similar (Figure 3). A pattern of

decline in CPUE for small fish (YOY G. clpha and R. osculus)

between early and late Spring sampling periods for three

consecutive years was apparent (Figure 3). The absence of

YOY during L993 was the result of the decimation of the !992

cohort by continuous flooding. The CPUE for juveniles was

also lower between adjacent trips in l-993 &.1994, but

slightly higher during 1995. In contrast, CPUE of adults

was higher between adjacent trips during 1993 &. L994. The

CPUE was slightly lower during May than April of L995,

possibly resulting from post-spawn migrations back Lo t.he

mainstem Colorado River.
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DISCUSSION

Fish may constitute a substantial portion of the G.

cypha diet, dt Least in the Little Colorado River. Because

of the scarce documentation of piscivory by this species,

two additional- observations are given showj-ng that adult G.

c1ryha will instinctively prey on sma11 fish. FirsE, Roger

Hamman (USFWS Dexter National Fish Hatchery and Teehnology

Center pers. comm.) was responsible for 1-5 wild caught LCR

c. cypha that were brought to Willow Beach National Fish

Hatchery in 1978 for propagation purposes. Because the

chubs refused to eat the hatchery's trout feed, feeding was

attempted using 20-30 live rainbow trout (Oncorhynehus

mykissi <75 mm TL), these trout were consumed by the chubs

in less than five minutes. TrouE were subsequently given to

t,he chubs as a daily dietary supplement, for the next four

years. Secondly, during the Summer of 'J,994 in the LCR, over

a two d"y, Van Haverbeke (USFWS biologist, pers. comm.)

witnessed adult G. cypha (300-400 mm) swim up from a 3-4 m

deep pool and attempt to prey upon YOY chubs located near

the surface. After each attack, whet,her successful or not,

the adul-ts returned to the shaded bottoms.

Adult c. cypha likely have a greater influence than

nonnative piscine predators on the general life histories of

small LCR fish. Marsh and Douglas (tggl) fisted o. mykiss

and channel catfish (Ictalurus punctatus) as the most common
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nonnative predatory fish species in the LCR. The high

percentages of trout stomachs' containing algae (47eo),

primarily CTadophora, and Gammarus Tacustris (azZ), both of

which are much more common in the mainstem Colorado River

than l-,CR (Xub1y 1-990; Oberlin et a1. 1999) , suggest that the

majority of these trout were collected near the mouth of the

LCR. Apparently water chemistry and/or elevated

temperatures must prohibit trout from est.ablishing residency

in t.he LCR because trout were seldom observed far above the

mouth in either our or Kaeding and Zimmerman (1983) research

projects. Although channel catfish are well established in

the LCR, visual observations and catch records of these fish

were infrequent in our study reaches, suggesting that their

numbers must be substantially lower than the estimated G.

cypha (>150 mm) population of 4,508-L0,444 located within

the terminal L4 km of the I-,CR (Douglas and Marsh 1995).

An analogous cyprinid to G. c1pha, in respect to

feeding ecology and life history traits, is the predaceous

eastern creek chub (SemotiTus atromaculatus). Both G. cypha

and ,9. atromaculatus grow to relatively large sizes. The

largest G. cypha captured in this study was 445 mm TL and ,S.

atromaculatus is known to reach >302 mm TL (Trautman 1981").

Sexual maturity occurs in the third and fourth year for both

species (Kaeding and Zimmerman 1-983,' Gorman and Stone 1999 ;

Etnier and SLarnes 1993). Bot.h species are tolerant to high

turbidities (Gradall and Swenson l-982) and are relatively
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Iong- l ived; the li f e span

(Ftendrickson L977), while

G. cypha is >2A years

atromaculatus live -6 Years

(Etnier and Starnes 1993). The abundance of published

literature on the S. atromaculatus make it an excellent

modeL for comparison of life history traits with G- c1ryha.

In the LCR, adult G. clpha are chiefly nocturnally

active, whj-le aII small native fish including the young-of-

the-year of G. c1ryha, C. diseobolus, C. Tatipinrtis, and all

age classes of R. osculus are diurnally active (chapter 2) .

Similar activity patt.erns were found in assemblages

containing piscivorous creek chubs; adult creek chubs were

sedentary during the daytime, whereas blacknose dace

(Rhinichthys atratulus) and young S. attomaculatus were

diurnal (Fraser and Cerri lg82; Magnan and FitzGerald L984).

In the LCR assemblage, the nighttime inshore movements

and efevated nocturnal activit.y patterns of adult G. c1pha,

coupled with the greater percentage of sma11 fish

mortalities found at night, suggests that, most piscivory by

adult G. c1ryha also occurs at night. In an analogous study,

Cerri (l-983) found that. predation by ,S. atromacuLatus on R.

atratulus was Lowest during bright light and greatest in

darkness. Because R. osculus are described as a nocturnally

active species by sigler and Sigler (L996, 1987) , their

diurnal activity in the LCR may show a behavioral, response

to nocturnal predat,ors. Whether the diurnal act,ivity of

small LCR fish resulted from undeveloped sensory abilities,

of

s.
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predator avoidance, or for some other reason needs further

investigation. Opposing activity patterns between predators

and prey have been described in other freshwater systems by

Helfman (1981-) , Schwassman (I97r) and Bourke et aI. (L995) .

The nighttime shifts away from shorelines by R.

oseul-us in both river clarities, and juvenile G. elpha Ln

clear water may have been an avoidance response to adult

chubs as they shifted inshore. Fras€r and Cerri (1-982)

observed juvenile .9. atromacuTatus (4L-65mm TL) and R.

atratufus (37-51- mm Tl,) shifting out of areas containing

predaceous adult creek chubs. Shifts away from normally

utilized habitats because of the presence of predators has

also been reported in other freshwater fish assemblages by

L'Ab6e-Lund et aI. (a992) , Tonn et al. (1"992) , Tonn and

Paskowski (l-987), Imbrock et al. (1996) , and Helfman (l-981);

see Sogard (1-994) for detailed review.

Fraser and Emmons (]-gaq) found the degree of avoidance

of S. atromacuTatus by R. atratulus was dependent on the

amounL of structure. At night in the LCR, R. oscuTus seemed

to vacate the nearshore habitats, whether their nighttime

shifts in clear water to areas containing a more convoluted

bottom profile was synonymous with seeking shelter is

uncertain. However, during the night in clear water, YOY G.

cypha shifted closer to emergent edges, in areas containing

high angular structure, and heterogeneous bottoms of

containing boulder and cobble substrates. These habitats
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definitely contained greater cover than the exposed sandy

areas occupied by YOY chubs during the day.

In the LCR, daytime piscivory by adult G. cyrpha may

increase in turbid water. Adult chubs showed less

distinctive diel habitat shifts and increased diurnal

activity levels (Chapter 2) in turbid water. fn turbid

water adult G. cyg>ha showed similar associations with

habitat,s occupied by YOY chubs between day and night, while

only night associations were found in clear water. In the

mainstem Colorado River, adults were also found to be more

active and occupy nearshore habitats more during the daytime

in turbid, than clear water conditions (Valdez and RyeI

1995) .

Because adults were active both day and night in turbid

water, spawning habitats were one of the most predictable

areas where adult chubs would aggregate during crepuscular

or nighttime periods (Gorman and Stone 1999\. The nighttime

shifts of YOY and juvenile G. cypha, and R. osculus away

from these habitats suggest that they were avoiding

reproductive adult chubs. The occupancy of smaller fish in

these habitats during the day may have been to forage on

food items stirred up or eggs deposited during nighttime

spawning activities.
Although juveniles and adults G. c1ryha were associated

in simil-ar habitat,s during both sannpling periods and in both

river cl-arities, this does not necessarily imply an
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intraspecific association. The associaEion tests show that

somewhere during -L4 h of night and -1-0 h of day sampling

the juvenj_1es and adults swam into many of the same nets'

while the order of entry is unknown. other analyses have

shown that juveniles usually occupy intermediate habitats

between YoY and adult chubs (Chapter 3) and have different

diel activity patterns than adults (Chapter 2). However if

these spatial and temporal separations are indicative of

active avoidance, it may be relat,ed more to competition

rather than risk of piscivory. Juanes (L994) collectively

analyzed the results from 32 separate studies and found a

consistent pattern of selection for sma1l-sized prey with

only a few exceptions. Also, smaller fish are often easier

predation targets because of their physiological and sensory

limitations (Sogard L994') .

,fuvenile G. cyytha may actually benefit from the

presence of piscivorous adult chubs. At night in clear

water, juvenile chubs shifted toward midchannel as the

adults moved inshore; these shifts resulted in juveniles

occupying habitats further midchannel than adults (Chapter

3) . Thus, the presence of adult G. clpha may have excluded

YoY chubs from exploiting food reserves in offshore

habitats, while an opportunity for offshore foraging by

juvenile chubs occurred at night, 6ts adults resided inshore

wit.h the YOY. A similar scenario was described by Tonn et

aI. (L992) who found that larger stages of crucian carp
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II (Carassius caralsrus) used the more optimal offshore
I

I habitats, while smaller conspecifics were restricted toI

r nearshore habitats by piscivorous Eurasian perch (Perca

I fluviatiTis\.

l In turbid water, the diel habit,at shifts of juvenile G.

I
cyg>ha more closely parallelled those of YOY chubs; often

I juveniles were closer to shorelines at night than YoYI
(Chapter 3). Because most of our turbid water data were

I
I collected during Spring G. clpha spawning periods, the adult

chub population was supplemented by mainstem Colorado River
r fish, while numbers of small fish had dwindled from the
Ir preceding year. As many juvenile G. clpha were within the
I

I 
edible range (st/3 body length of predator) of the largest

I adults (see L'Ab6e-Lund et aI. L992), the reduced numbers of
. smal1 fish may have increased the likelihood of juvenile
Ir chubs being targeted for food, forcing them to occupy safer,

I and possibly suboptimal habit.ats. An alternate hlpothesis
Ir ::",:, I;:'T^:',::.;:."::";::'.:::"'",=:,"",""=":"""I

the LCR is unknown. We observed a L66 mm G. cTrpha

I regurgitating a 54 mm R, oscuTus (Table 8), but G. cypha

I smaller than this are probably piscivorous. In the upper
r.

Col-orado River Basin, Grabowski and Hiebert (l-988, l-989)

f found that 4 of 66 GiTa digestive tracts (species unknown;l
21--80 mm TL) ccntained fish, the smallest piscivorous GiIa

I was 55 mm TL. High Ieve1s of piscivory were reported in

I 133
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I juvenile S. atromaculatus between 51-80 mm SL (Barber and

Minckley 1'971-) and between 1-00-1-50 mm TL (Fraser and Cerri
I 

a982) , which were similar size ranges of the juvenile G.

r
f clpha in our study.

Summary. -The differences in diel activity patterns and

f habitat shifts between small native fish and adult c. c1ryha,

t the inferred displacement of small fish to different
I habitats during the night, and the observations of adults

eating, regurgitating and defecating undigested fish parts
I

t 
suggest that piscivory by G. cypha may be relatively common

I in the I-,CR. Compared to other systems, the LCR supports a

& large fish biomass with relatively low food resources.I

I Lower quantity and quality of foods have been found to

I increase both piscivory (starrett L950) and cannibalism
I

(Smith and Reay 1991). During the Spring G. cypha spawning

I period, the consecutive monthly declines of CPUE for small

r fish, while aduft CPUE were reLatively stable may reflect
I large scale piscivory.

During the Spring G. clpha spawning period, piscivory
I

may increase adult survivorship and enhance recruitment.
I dnat.,*.-- *.i---r..^* 

-a*^!^^I Spawning migration, gametogenesis, and the spawning act

itself consumes energy. Standard metabolism would also
II

I increase due to warmer water temperatures and higher

t salinities found in the LCR than the mainstem Colorado River
r (Wootton 1-990) . As a food item, fish have a higher cal-oric
Jt value (Stah1 and Stein 1,994; Cummins and Wuycheck L971),I

n 
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greater assimilation efficiency (Brett and Groves 1,979) , and

larger food volume per capture compared to most

invertebrates. Ultimate1y, piscivory may increase the

longevity and fitness of adult G. cygsha. In systems that

have l-imited food reserves, such as the I-,CR, predator

reduction of prey populations results in greater food

resources for surviving fish which leads to increased growth

and recruitment of survivors (Fox 1975).
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