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ABSTRACT

I found significant differences in the use of substrate

and cover use by smallmouth bass over 24-hour periods.

Juvenile and adult fish used cobble during crepuscular

periods and boulders during nocturnal periods. Cover was

used less frequently by juvenile and adult fish during

crepuscular periods and more frequently by adults during

nocturnal periods.

I found significant diel and seasonal differences in

depth and velocity use by smallmouth bass. Fish typically

used faster water during the crepuscular period and slower

water during the nocturnal period. In general, fish used

shallower and slower water during the fall than the summer.

Differential uses of habitats over the diel period may be

indicative of predator avoidance strategies or prey

availability.

Changes in potential habitat area were insignificant

within the flow variation tested by PHABSIM. Habitat area

available increased with a decreased flow for early life

stages and nocturnal habitats.
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INTRODUCTION

Smallmouth bass, (Micropterus dolomieui) , are endemic

to the upper Mississippi River drainage and the Great Lakes

basin. Populations have been naturalized throughout the

U.S. and in 31 countries worldwide (Robbins and MacCrimmon

1974). The first known stocking in Arizona occurred in the

early 1940's (Leach et al. 1941). Smallmouth bass were

introduced into the Black River in Arizona by the U. S. Fish

and Wildlife Service in 1964 (Navarre 1965) and an immediate

"population explosion" ensued (Minckley 1973).

In stream environments smallmouth bass typically

utilize habitats with coarse substrates (Fajen 1962; Munther

1970; Paragamian 1981; Edwards et al. 1983), moderate

gradient (Trautman 1981) and low turbidity (Todd and Rabeni

1989). Velocities selected are usually less than 0.50

ft/sec (Probst 1983; Rankin 1986) and fish are generally

found at depths from 1.3 - 5.2 ft in pools (Robbins and

MacCrimmon 1974; Probst 1983). Smallmouth bass require a

thermal regime that is slightly cooler than that required by

largemouth bass (Micropterus salmoides) but they are still

considered a warmwater species (Armour 1991). Water

temperature is probably the single-most common factor

limiting the distribution of smallmouth bass (Countant

1975).

Smallmouth bass tend to use the environment in
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different ways during day and night in lakes (Emery 1973;

Helfman 1981), streams (Probst 1983; Todd and Rabeni 1989)

and laboratory settings (Reynolds and Casterline 1976).

However, despite the available information on habitat use by

smallmouth bass, there are severe limitations in our

understanding. For example, previous profiles of habitat

use have typically been developed with data taken from

restricted life stages over limited time periods. Probst

(1984) used underwater observation to define habitat use for

all life stages of smallmouth bass but did not separate the

diel cycle into distinct intervals (crepuscular, diurnal,

and nocturnal). His results were weighted towards daytime

observations. Rankin (1986) observed habitat use patterns

for different life stages of smallmouth bass but collected

his data only within summer daylight hours. Beam (1990) and

Todd and Rabeni (1989) investigated seasonal habitat use but

limited their observations to radio-equipped adults.

Habitat use by adult smallmouth bass has also been studied

in laboratory settings (Munther 1970; Reynolds and Casterlin

1976, Sechnick et al. 1986). Habitat use by juvenile

smallmouth bass was investigated by MacCrimmon and Robbins

(1981) and that of young of the year (YOY) was studied by

Haines and Butler (1969). However, both of these studies

were conducted in simulated streams.

Despite the numerous studies, there has not been a
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comprehensive investigation of habitat use by individual

life stages of smallmouth bass during various seasons and

portions of the diel cycle in a natural setting. Definition

of the temporal variation in habitat use is important when

determining how to manage smallmouth bass habitat and how to

evaluate the effects of proposed habitat changes. Variation

in flow is one of the most common habitat features that

fishery managers must evaluate. Often these evaluations are

developed from data collected from confined time periods or

restricted life stages.

The evaluation of the effects of flow changes on fish

habitat can be quantified using the Instream Flow

Incremental Methodology (IFIM). IFIM is a technique

developed by the U.S. Fish and Wildlife Service for making

stream flow recommendations to protect aquatic resources

(Bovee 1982). The procedure provides for the quantification

of the relative value of potential fish habitat at varying

flow levels and is well suited for site-specific

investigations (Burton et al. 1987). IFIM is based

primarily on the assumptions that aquatic organisms are

limited by physical habitat and the amount of physical

habitat extant is a function of stream discharge (Maughan

and Barrett 1991). The methodology estimates the areal

amount of potential fish habitat per reach of stream at a

designated flow. Judgement as to the impact of altered flow
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on fish habitat is then possible and flow recommendations

can be made.

The basic assumptions of IFIM are; 1) fish distribution

and abundance are most influenced by depth, velocity, and

substrate, 2) channel morphology is unchanged by altered

streamflow, 3) fish select for depth, velocity, and

substrate with equal and independent effort, and 4) a

positive linear relationship exists between biomass of fish

and weighted useable area (WUA). These assumptions cannot

be entirely validated with existing data.

There is no completely satisfactory validation of the

assumed positive linear relationship between biomass of fish

and WUA. Without such validation, there is an implication

that factors other than depth, velocity, and substrate limit

fish populations (Orth and Maughan 1982; Mathur et al. 1984;

Shrivell 1986; Burton et al. 1987).

Fish populations in some streams could be limited by

abiotic factors such as severe floods and dewatering events

rather than general flow related characteristics such as

depth, velocity, and substrate. Biotic elements such as

predation and competition may also be important limiting

factors. Though recognized as being consequential,

competition and predation are not taken into consideration

in IFIM (Mathur et al. 1984).

The assumption that channel morphology is unchanging
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may not be valid because stream systems are nearly always

subject to aggradation and degradation with various flows

(Bovee and Milhous 1978). The changing physical nature of

channel morphology is not considered in IFIM.

Though the questions raised above are legitimate

reasons to question the assumptions and limitations of IFIM,

it is the most widely used tool for litigating water rights

and quantifying losses of aquatic resources (Burton et al.

1987).

The IFIM consists of two basic parts, a description of

the hydraulic conditions such as depth, velocity and

substrate composition over a specific area and the

quantification of microhabitat utilization by the target

species. These two components are integrated into a model

using the computer system, Physical Habitat Simulation

(PHABSIM) (Milhous 1979).

Smallmouth bass are a highly sought sportfish

throughout most of their current range (Robbins and

MacCrimmon 1974). This fishery in the Black River is

especially important because of the economic benefits that

accrue to the San Carlos Apache Tribe from the sale of

special use permits for angling. Expenditures by anglers

may help the local economy if a quality fishery can be

maintained.
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Objectives

The goal of my investigation was to determine the

effects of flow reduction or augmentation on smallmouth bass

habitat in the Black River. Habitat use information of

smallmouth bass has been developed from limited time

periods, typically during summer daylight hours. Producing

flow recommendations with habitat use data not inclusive of

time periods where significant diel changes in habitat use

occur may be insensitive to flow needs of fish at other

times of day. Therefore, the objectives of my study were

two-fold. My first objective was to quantify temporal

variation in habitat use of smallmouth bass by developing

age- and time-specific habitat use information. Secondly, I

incorporated these habitat use profiles into a PHABSIM model

to determine the influence of such temporal variation on

flow levels recommended by the model.

Study Area

The Black River is a sub-basin of the Gila River and is

a tributary to the Salt River. The river is a natural

boundary between the White Mountain Apache Nation and the

San Carlos Apache Nation (Figure 1). The study area is

located about 63 mi upstream from the confluence with the

White River and is about 5725 ft above sea level. The
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stream at this point drains 560 mi2 (Boner et al. 1991) and

has an annual mean flow of 226 ft 3/sec (Baldys and Bayles

1990). Flows above 20 ft3/sec are exceeded at least 99.9 56

of the time (Garrett and Gellenbeck 1991). The basin

receives an average of 25.3 in of precipitation annually

(Sellers et al. 1984).
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The study area is an order 3 stream, typified by

extensive runs and pools separated by short riffles. Pools

and runs are frequently interspersed with large boulders (>

3 ft in diameter), originating from the precipitous canyon

walls. Local relief is montane and there are no perennial

tributaries in the immediate vicinity.

There is a transbasin flow diversion upstream of the

study area. This structure diverts a mean annual flow of

11.5 ft 3/sec (Smith et al. 1992). Flows of 66 ft 3/sec or

greater are exceeded 1% of the time (Table 1) (Garrett and

Gellenbeck 1991).

Table 1. Flow duration tables of daily mean flow for the
Black River below pump station and for diverted flow.

Discharge, in ft 3/sec, which was equaled or exceeded for
the indicated percent of the time

Percent
1 	5	 10 15 20 30 40 50 60 70 80 90 95 98 99.5 99.9

Black River
2,180 996 566 359 258 152 100 73 58 49 43 36 31 26 24 23 20

Diversion
66	 24	 20 18 17 15 13 10 6.3 .49 .07 .04 .02 .01 0 0 0

METHODS

Habitat Use

English units of measurement were used throughout this

investigation because of the convention of reporting
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streamflow information in these units and because PHABSIM

requires English units.

Data collection on habitat use was stratified by time

and life stage. The temporal strata were divided by season

and diel cycle. Seasons sampled were summer (June-August)

and fall (September-November). Habitat availability was not

measured. I assumed that smallmouth bass were constrained

by the same availability of environmental characteristics

over the diel period and over seasons. Winter sampling was

precluded because of ice cover and prolonged high-water.

The diel cycle was partitioned into crepuscular,

diurnal, and nocturnal periods. The crepuscular period was

defined as the time between when the sun rose or set and was

6° on the horizon (Foltz 1992). The diurnal period was

generally between 0800-1600 h. The nocturnal period was

defined as times of full darkness regardless of the lunar

phase.

Life stages of smallmouth bass were determined based on

estimated total length. Adults were > 7.9 in, juveniles

4.0 - 7.9 in (Lee et al. 1980), and YOY were < 4.0 in. YOY

were further sub-divided into fingerlings 2.4-3.9 in and fry

< 2.4 in (Adaland et al. 1991).

I used direct underwater observation to locate fish and

subsequently measured their microhabitat use. Microhabitat

was defined as the immediate physical attributes of the
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medium a fish occupied at a point in time (Baltz et al.

1987). Observational techniques often yield data that are

more representative of habitat use than passive capture

techniques such as traps or gill nets or active techniques

such as electrofishing and seining (Northcote and Wilke

1963, Boyce 1986, Hampton and Aceituno 1988, Baltz 1990).

To the human eye, objects underwater appear magnified by 33%

(Helfman 1985). To validate my underwater size estimate, I

compared a known-sized object (my hands or dive satchel) to

the estimated size of each fish.	 The nighttime sampling

was performed with the aid of a halogen dive lamp. The lamp

had no apparent affect on fish behavior.

Much of the drainage area of the Black River is

inaccessible. Consequently, logistical constraints

precluded randomized selection of study sites. Study sites

were located 2.4 and 3.0 mi downstream of the water

diversion and the nearest access point. These sites were

far enough away from an access point to ensure that there

was limited angling pressure. I saw a limited number of

anglers at the study sites and there was no visible footpath

at river's edge. Each site was composed of a contiguous

run-riffle-pool complex. One site was sampled in summer and

an additional site was sampled in the fall.

Smallmouth bass are negatively rheotactic and go to the

bottom if frightened. To reduce the likelihood of fright
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bias (Bain 1988, Bain and Finn 1990), I swam upstream when

observing fish and systematically covered all available

environmental conditions within the study sites.

I marked each location where I saw an unperturbed fish.

At each focal point (point at which fish was observed) I

recorded the following environmental measurements: total

depth of the water column to the nearest 0.1 ft, and mean-

column water velocity (Marsh McBirney flow meter, Model #

201D, and a top setting wading rod) to the nearest 0.01

ft/sec. Velocity was recorded at 0.6 of the depth from the

top down for depths � 3.3 ft and at 0.2 and 0.8 of the depth

from the top down for depths > 3.3 ft.

Substrate and cover use were estimated over a 10-ft 2

area around the focal point. Dominant substrate was

estimated using the modified (Adapted from Bovee and Milhous

1978) Wentworth particle size scale (Table 2).

Table 2. Substrate particle size scale used to define
habitat use by smallmouth bass. (Adapted from Bovee
and Milhous 1979).

Category	 Description/Dimensions
(in)

Detritus	 Debris/muck
Sand/silt	 < 0.08
Gravel	 0.08-2.50
Cobble	 2.50-10.00
Boulder	 >10.00
Bedrock	 Parent material
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I used four cover categories: 1) no cover, 2) velocity

shelter, 3) visual shelter and 4) combined velocity/visual

(combination) cover. Velocity shelter provided protection

from the current but not escape cover. Visual shelter

provided escape cover but had no protection from current.

Combination cover provided both visual and velocity shelter.

Data analysis

I used chi-square contingency tables (Ott 1988) to test

for associations between cover use and time of day and

substrate use and time of day within each season and size

class. In addition, a chi-square analysis was used to test

for an association between substrate and cover use within

specific size classes and time strata. Substrate and/or

cover categories were collapsed to obtain adequate sample

sizes for some analyses.

I used a three-way unbalanced factorial ANOVA (Ott

1988) to evaluate the influence of substrate, cover, and

time of day on depth and velocity use during both seasons.

Depth and velocity variables were log transformed to meet

homogeneity assumptions of ANOVA. The analysis was

performed for both juvenile and adult smallmouth bass. Data

for YOY were not analyzed because of insufficient sample

sizes.	 Substrate was treated as a categorical variable

throughout the statistical analysis. Detritus and sand
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substrate classes were combined into a single category

because use of detritus was rare.

When the data were partitioned by size class and

season, the variables that potentially influenced depth and

velocity use were substrate, cover and time of day. The

most complex model would evaluate depth or velocity use

using all three explanatory variables. Each combination of

the three variables would have an independent mean, and

there would be no consistent patterns across any of the

variables. For example, the category depth over boulders,

out of cover, during day would be distinct from that of

depth over boulders, out of cover, during night, and the

relationship of these two categories would not be the same

as depth over cobble out of cover during day and night. If

all three explanatory variables formed a significant

interaction, I did not discuss each variable independently.

However, if a three-way interaction was significant, the

remaining two-way interactions and the three main effects

were included in the model. Where there were two-way

interactions, for example, if mean depth used in velocity

cover varied over time of day, and mean depth used in visual

cover varied in a different way over time of day, but both

patterns remained the same over all substrates, I reported a

two-way interaction between cover and time of day. In this

example, the interaction between cover and time of day would
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be consistent over substrate types, whereas it would not be

consistent if the three-way interaction had been

significant.

During ANOVA analyses, I started with the most complex

model that the data would support (three-way interaction for

summer adults and juveniles, combinations of two-way

interactions for fall adults and juveniles). If the highest

order term(s) were not significant, I removed them from the

model. Where two terms of the same order (two two-way

interactions terms, for example) were present, I eliminated

them in order beginning first with the one with the highest

'p' value. I stopped the analysis when all terms remaining

were significant or were needed to support a higher order

interaction (if the substrate by cover interaction was

significant, both substrate and cover, by themselves,

remained in the model).

In the four cases in which the three-way interaction

could be assessed (depth and velocity for adults in summer

and juveniles in summer), the three-way term only once

approached significance (summer-juvenile velocity).

Therefore, analyses began with two-way interactions for the

fall adult and juvenile models.

I performed Tukey's Studentized Range Test to determine

where the significant diel differences occurred when the

final model included only main effects. (Tukey's Studentized
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Range Test controls for experiment-wise error rates of

multiple comparisons). All of the above tests were

performed at an alpha level of 0.05.

Habitat Simulation

Two runs and one pool were studied to define hydraulic

properties and channel characteristics for Black River

sites. These sites were downstream of the diversion but

upstream of the U.S. Geological Survey gage-stage recorder

(Number 09489500, Boner et al. 1991). To obtain input data

for the hydraulic simulation portion of IFIM, 22 transects

were established perpendicular to flow, and water surface

and bed elevations were recorded across each transect

relative to an arbitrary benchmark. Mean column velocity

and substrate composition were recorded across each

transect. Dominant substrate was estimated using a modified

Wentworth particle size scale (Modified from Bovee and

Milhous 1978). Bed elevations and velocities were recorded

at breaks in the cross-sectional profile or where

significant changes in substrate occurred.

Data analysis

I used nonparametric tolerance limits (NTL) to develop

category II habitat suitability curves (Gosse 1982; Bovee

1986). The term "tolerance" refers to a given range within
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which a certain proportion of a population occurs. NTL are

free of assumptions in the distributions of data and

associated variances and is not affected by the presence of

outliers (Slauson 1988).

Data were segregated by life stage and temporal strata

(i.e., depths used by adults at night during summer). They

were then arranged in ascending order and a normalized

weighting factor ascribed according to their percentile

range. A weighting factor of 1.0 was assigned to the range

that encompassed the central 50% of the data. A weighting

factor of 0.5 was assigned to the range encompassing the

central 75% of the data, and 0.2, 0.1, and 0.02 were

assigned to the central 90, 95, and 99 percentiles of the

data. The weighting factor was computed as

NSI = 2(1-P)

where: NSI is the normalized suitability index and P is the

proportion under the suitability curve (see Appendix A).

Empirical water surface elevations (WSL's) were not

available above and below the calibration discharge at the

hydraulic controls. I obtained these WSL's by hydraulic

simulation with the MANSQ program of PHABSIM. Seasonal

target flow for WSL's were also predicted at the hydraulic

controls of each habitat by hydraulic simulation using the

MANSQ program of PHABSIM. WSL's for transects upstream of

the controls were predicted with the WSP program. Target
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flows were defined as the mean monthly seasonal discharges

of the season in question (Garrett and Gellenbeck 1991).

The summer season included flows from June, July, and

August. Fall included flows from September, October, and

November.	 Mean seasonal discharges in the diversion,

(gage-stage recorder Number 09445000, Garrett and Gellenbeck

1991), and in the river below the diversion were summed to

determine habitat area with and without the diversion (Table

3). Once the WSL's at discharges above and below the

calibration flow were calculated, they were imported into

the IFG4 program for velocity simulation. The amount of

habitat at each flow was determined by integrating the

habitat use data and the hydraulic output of IFG4 into the

HABTAE program. Habitat was described as WUA (surface area

in ft 2/1000 ft of stream) at each discharge of interest

Table 3. Seasonal flows modeled (ft 3/sec) for which
habitat area for smallmouth bass was predicted using
PHABSIM.

Season
	 Black	 Amount	 Augmented

River	 Diverted	 Flow

Summer 71 14 85

Fall 97 12 109
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(Milhous et al. 1989). The resultant values were weighted

by their relative frequency and then summed.

Habitat was modeled for all life stages and time

periods for which suitability curves could be developed.

WUA was determined for summer and fall discharges with and

without the diversion.

RESULTS

Habitat Use

Habitat use was based on a total of 948 observations of

smallmouth bass (Table 4). In summer, 759 fish were

observed, and 189 were observed in the fall. The majority

of fish observed were adults (44.1%). Generally, the

highest number of fish were observed during diurnal sampling

periods and the second highest number in the crepuscular

period. However, in the fall, most juveniles were observed

during the crepuscular period. Adults were observed second

most frequently during the nocturnal period. Smallmouth

bass of all sizes were invariably located near the bottom of

the water column. At night fish were in contact with the

stream bottom.

No fry were observed during the crepuscular period but

three large aggregations were observed during the nocturnal

period. In the fall, no fingerlings were observed in
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daylight, but four were detected in the crepuscular period,

and 53 were observed at night.

Water temperature during sampling periods ranged from

18-24° C in summer and 9-11° C in fall.

Substrate Use

Young of year Fry were widely separated during summer

daylight periods but tended to congregate after nightfall.

Smallmouth bass fry most frequently used boulders during the

diurnal period (Figure 2).	 During the nocturnal period, two

Table 4.	 Sample sizes of smallmouth bass by life
stage, season, and time of day.

Size Class Season Time of Day Sample Size

Fry Summer Diurnal 75
Nocturnal 3*

Fingerling Fall Crepuscular 4
Nocturnal 53

Juvenile Summer Diurnal 154
Crepuscular 79
Nocturnal 30

Fall Diurnal 4
Crepuscular 24
Nocturnal 17

Adult Summer Diurnal 271
Crepuscular 86
Nocturnal 61

Fall Diurnal 39
Crepuscular 15
Nocturnal 33

* These observations represent three large aggregations; about 450 fish.
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of the fry aggregations were associated with boulders and

one was over bedrock. At night in the fall, fingerlings

most frequently used sand and to a lesser degree gravel and

cobble (Figure 3).

Juvenile Juvenile smallmouth bass tended to use

coarse substrates during all time periods and seasons (Table

5). Cobble was used 68% of the time during the summer-

crepuscular period (Figure 4). Cobble was used 40% and

boulders 34% of the time in the diurnal period. Juveniles

used boulders 30% of the time at night. All other

substrates were used less than 20% of the time.

Table 5. Frequency of substrate use of juvenile
smallmouth bass by season and time period.

Season	 Time of Day

Summer Substrate Crepuscular Diurnal Nocturnal
Detritus	 0	 2	 1
Sand	 8	 4	 4
Gravel	 1	 12	 5
Cobble	 54	 61	 5
Boulder	 16	 52	 9
Bedrock	 0	 23	 6

Fall	 Substrate Crepuscular Diurnal	 Nocturnal
Detritus	 0	 0	 0
Sand	 2	 0	 4
Gravel	 0	 4	 0
Cobble	 16	 0	 4
Boulder	 3	 0	 8
Bedrock	 3	 0	 1
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In fall, juveniles used cobble 67% of the time during

the crepuscular periods and boulders 47% at night. All four

juveniles observed during daylight were over gravel

substrate (Figure 5).

Adult Adult smallmouth bass generally used coarser

substrates in the summer than in fall (Table 6). Cobble was

used 51% of the time and boulders 24% during the summer-

crepuscular period. Adults used boulders 40% of the time

and cobble 34% during daylight. Fish used boulders 45% of

the time at night; remaining categories were used less than

14% of the time (Figure 6).



n=78

*based on 3 aggregations

Summer

34

80

70-

e 60-

›- 50-

40-
D
0 30-
w
cc 20-

10-

0
Detritus Sand

I	 Pi	
Gravel Cobble Boulder 'Bedrock

SUBSTRATE TYPE

lM Crepuscular Diurnal	 IIIII Nocturnal 

Figure 2. Substrate use in summer by smallmouth bass
fry in the Black River.



M Crepuscular Diurnal	 1.1 Nocturnal

60

50-

n=57
*4 observations

I 
Detritus Sand Gravel Cobble Boulder 'Bedrock

SUBSTRATE TYPE

o

10-

Fall

35

Figure 3. Substrate use in fall by sMailmouth bass
fingerlings in the Black River.



Summer

36

70

60-

50-

›-
O 40-
Z

D 30-
o

LL 20-rr
10-

o

n=263

, 	 11	 ri 
Detritus Sand Gravel Cobble Boulder 'Bedrock

SUBSTRATE TYPE

M Crepuscular 	  Diurnal	 ME Nocturnal

Figure 4. Substrate use in summer by juvenile
smallmouth bass in the Black River.



Ii
Detritus Sand

111
I Gravel I Cobble Boulder Bedrock

SUBSTRATE TYPE

0

50-

40-

30-

20-

10-

Fall

M Crepuscular 	 Diurnal	 MN Nocturnal

37

Figure 5. Substrate use in fdll by javehile - smallmouth.
bass in the Black River.



38

Table 6. Frequency of substrate use of adult
smallmouth bass by season and time period.

Season	 Time of Day

Summer Substrate Crepuscular Diurnal	 Nocturnal
Detritus	 0	 1	 3
Sand	 13	 20	 8
Gravel	 7	 28	 8
Cobble	 44	 93	 7
Boulder	 21	 108	 28
Bedrock	 1	 21	 7

Fall	 Substrate Crepuscular Diurnal	 Nocturnal
Detritus	 0	 0	 0
Sand	 0	 0	 1
Gravel	 0	 12	 1
Cobble	 11	 7	 2
Boulder	 1	 11	 17
Bedrock	 3	 9	 12

During the diurnal period in the fall (Figure 7) adult

smallmouth bass used gravel 31% of the time. Boulder and

bedrock were used 28 and 23% of the time, respectively.

Cobble was used 73% of the time in the crepuscular period.

Boulders were used 52% of the time and bedrock 36% during

the nocturnal period.

There appeared to be two patterns of substrate use by

smallmouth bass. Both juveniles and adults seemed to use

cobble during the crepuscular period and boulders during the

diurnal and nocturnal periods.
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Substrate-Time of Day Associations

The Chi-square test for association indicated that

there were significant diel changes in substrate use for

juveniles in summer (X2 = 40.9, df = 6, p < 0.00001) and

adults in the summer (X2 = 35.6, df = 8, p < 0.00001) and

fall (X2 = 39.1, df = 6, p < 0.00001). Substrate use

changed according to time of day with cobble use highest in

the crepuscular period and a pronounced use of the

boulder/bedrock arrangement at night. The substrate-time of

day associations of the remaining life stages could not be

evaluated because of small sample sizes.

Cover Use

Young of year Virtually all fry observed during the

summer were associated with cover (Table 7; Figure 8). Fish

seen in daylight used combination cover 64 percent of the

time. Visual shelters were used 34% of the time. Nocturnal

concentrations of fry always used combination cover. Most

(60%) fingerlings observed in the fall were not using cover

(Figure 9); 36% of the time they used combination cover.

Three of the four individuals seen during the crepuscular

period used no cover and one used combination cover.

Juvenile Most (87%) juvenile smallmouth bass did not

use cover during the summer-crepuscular period (Table 8)
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Figure 8. Cover use in summer by smallmouth bass fry
in the Black River.
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Figure 9. Cover use in fall by fingerling smallmouth j

bass in the Black River.



44

Table 7. Frequency of cover use by fry and fingerling
smallmouth bass by season and time of day.

Season Cover Type Time of Day

Summer
Crepuscular Diurnal	 Nocturnal

(Fry) No Cover 0 0 0
Visual Shelter 0 27 0
Velocity Shelter 0 0 0
Combination 0 48 3*

Fall
(Fingerling) No Cover 3 0 32

Visual Shelter 0 0 2
Velocity Shelter 0 0 0
Combination 1 0 19

* Represents three large aggregations; a total of about 450 fish

Table 8. Frequency of cover use by juvenile smallmouth
bass by season and time of day.

Season	 Cover Type	 Time of	 Day

Crepuscular Diurnal Nocturnal
Summer

No Cover	 69	 84	 13
Visual Shelter	 4	 17	 8
Velocity Shelter	 0	 21	 3
Combination	 6	 32	 23

Fall
No Cover	 20	 0	 4
Visual Shelter	 0	 0	 1
Velocity Shelter	 1	 0	 0
Combination	 3	 4	 12
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nor during the diurnal period (54%) (Figure 10). However,

72% of juveniles were found in some type of cover at night.

Combination cover was used most frequently (49%).

Eighty-three percent of the juveniles did not use cover

during the crepuscular period in the fall. However, 70% of

fish were located in combination cover at night and 100%

were found in combination cover during the day (Figure 11).

Adult Adults seldom used cover during the crepuscular

period in the summer; only 17% were observed in cover (Table

9). However, 51% of adults were associated with some type

of cover in daylight. Velocity shelters were used most

Table 9.	 Frequency of cover use by
bass by season and time of day.

adult smallmouth

Season Cover Type Time of Day
Crepuscular Diurnal	 Nocturnal

Summer
No Cover 71 133	 10
Visual Shelter 3 19	 12
Velocity Shelter 2 62	 3
Combination 10 57	 36

Fall
No Cover 13 12	 1
Visual Shelter 0 0	 4
Velocity Shelter 0 3	 0
Combination 2 24	 28

frequently (23%). On summer nights, 84% of adults were

associated with cover. Combination cover was used 59% of

the time (Figure 12).

In the fall-crepuscular period, only 13% of adults used
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cover. (Figure 13). During the diurnal period 69% of adults

were associated with cover, primarily combination cover. In

full darkness in the fall, 97% of adults used cover; 85%

were found in combination cover.

Cover use was more common during the diurnal period in

summer than in the fall. Adult fish selected combination

cover in fall while visual and velocity shelters were used

in summer.

Juveniles used cover in the same way as adults in both

seasons. There was limited use of cover during the

crepuscular period but heavy use at night. Small sample

size precluded comparisons between seasons. Small sample

size also precluded interseasonal comparisons of cover use

by YOY.

Cover-Time of Day Association

Chi-square analysis of cover use was not feasible for

YOY because of inadequate sample sizes. However, there was

strong evidence of a relationship between cover types used

and time of day for juvenile smallmouth bass in the summer

(X2 = 57.2, df . 6, p < 0.00001). The fall analysis was

limited because the four cover categories had to be reduced

to two (no cover and cover) to meet sample size

requirements. Cover use may not be independent of the time
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Figure 10. Cover use in summer by juvenile smallmouth
bass in the Black River.
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Figure 11. Cover use. in fall by juvenile smallmouth
bass in the Black River.
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Figure 12. Cover use in summer by adult smallmouth
bass in the Black River.
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Figure 13. Cover use in fall by adult smallmouth bass
in the Black River.
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of day (X2 = 19.3, df = 2, p = 0.00006).

Adult smallmouth bass exhibited a significant

association between cover types used and time of day in both

summer (X2 = 103.177, df = 6, p < 0.00001) and fall (X2 =

34.081, df = 2, p < 0.00001). There was a pronounced rate

of open water used in twilight and heavy cover use at night.

The cover categories were reduced to no cover and cover for

the fall.

Substrate-Cover Associations

Small sample sizes precluded chi-square analysis of the

relationship between substrate and cover for YOY or for

adults at night or juveniles in the fall. The cover

categories had to be reduced to cover and no cover for

juveniles in the summer-crepuscular period. Substrate

categories were also pooled; detritus through sand in one

category and cobble through bedrock in the other. There was

no apparent relationship between substrate and cover use (X2

= 1.42, df = 1, p = 0.479). However, during the diurnal

period substrate use may not be independent of cover use (X2

= 59.884, df = 6, p < 0.00001). Cover categories did not

have to be pooled for this analysis but substrate categories

were pooled; detritus through sand in one category, boulder

through bedrock in another and cobble in a third category.
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Substrate and cover were pooled for the nocturnal data

set for juveniles in the same way as in the crepuscular data

set. A significant relationship existed between substrate

and cover during this time period (X2 = 6.429, df = 1, p =

0.04017). Juveniles used larger substrates in association

with cover at night.

For the analysis of the data for adults, substrates

were grouped into two categories; detritus through sand and

cobble through bedrock. Cover was also pooled into two

categories; no cover and cover.

Adult smallmouth bass did not exhibit a relationship

between substrate and cover use during the summer-

crepuscular (X2 = 0.297, df = 1, p = 0.8620) and nocturnal

periods (X2 = 1.5, df = 1, p = 0.4778). However, there was

a relationship between substrate used and cover types used

in the summer-diurnal period (X2 = 61.8, df = 1, p <

0.00001). There was no association between substrate and

cover use in the fall-diurnal period (X2 = 3.9, df = 1, p =

0.1421).

Depth Use

Smallmouth bass fry (summer) used depths from 0.3 - 3.0

ft and fingerlings (fall) used depths from 1.0 - 2.2 ft.

Juvenile fish used depths from 0.7 - 6.6 ft in summer and
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from 1.0 - 6.8 ft in fall. Adults used slightly deeper

water than juveniles. In summer, adults were found at

depths from 1.3 - 7.0 ft. In fall, they used depths between

1.6 - 6.8 ft (Table 10).	 Mean depths used by fish were

consistently shallower at night across all size classes and

both seasons than they were in the diurnal and crepuscular

periods (Figures 14 - 16).

An ANOVA on depths used by juvenile smallmouth bass

(Table 11) in the summer showed a marginally insignificant

interaction between time of day and substrate and a

significant relationship between depth use and cover (F =

1.92, p = 0.0664). The three-way interaction was not

significant, nor were the interactions between time of day

and cover and that between cover and substrate. The main

effects model showed all three variables contribute

significantly to the depths selected (F = 8.83, df, = 9, df 2

= 253, p = 0.0001).

The fall data for juveniles did not support a complete

three-way model. The most complex analysis showed that

interactions between substrate and cover and time of day and

cover were not significant. The final model suggested that

depth use was significantly influenced by time of day (F =

16.93, df l = 2, df 2 = 42, p = 0.0001). Tukey's Studentized

Range Test indicated that smallmouth bass used significantly
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shallower depths (df = 42, critical value = 3.436) in the

crepuscular period than during daylight or darkness (Table

12).

The final model relating summer depth use by adults

showed that time of day and substrate interactions and

substrate and cover interactions (F = 8.47, df l = 29, df 2 =

388, p = 0.10) were not significant (Table 13).
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Table 12. Influences of time of day on depths used in
fall by juveniles smallmouth bass in the Black River.
An * indicates statistical significance determined from
Tukey's Studentized Range Test.

Lower	 Difference	 Upper
Time of Day	 Confidence	 Between	 Confidence
Comparisons	 Limit	 Means	 Limit 
Crepuscular vs *

Diurnal	 1.09	 1.74	 2.78

Crepuscular vs *
Nocturnal	 0.40	 0.53	 0.70

Nocturnal vs
Diurnal	 0.57	 0.92	 1.49

The fall-adult data set did not support a full three-

way model. Depth use of adult smallmouth bass in the fall

was influenced by time of day and substrate (F = 4.87, df l =

6, df 2 = 80, p = 0.0003). Cover did not influence depth use

during this time of year. Tukey's Studentized Range Test

indicated that smallmouth bass used significantly shallower

depths (df = 80, critical value = 3.377) in the nocturnal

period than during crepuscular or diurnal periods (Table

14).

Velocity Use

Velocities used by smallmouth bass ranged from 0.00 -

2.20 ft/sec. The slowest mean velocities were used by YOY

under conditions of diminished light (Table 15). The

slowest velocities used by adults occurred at night, during
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Table 14. Influences of time of day depths used in
fall by adult smallmouth bass in the Black River. An *
indicates statistical significance determined from
Tukey's Studentized Range Test.

Time of Day
Comparisons

Lower
Confidence

Limit

Difference
Between
Means

Upper
Confidence

Limit

Crepuscular vs
Diurnal 0.90 1.14 1.45

Crepuscular vs *
Nocturnal 1.15 1.46 1.85

Nocturnal vs *
Diurnal 1.06 1.27 1.53
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both seasons. The slowest velocities used by juveniles in

summer was at night (Table 16) and was during twilight in

fall (Figures 17 - 19). The three-way interaction model was

marginally insignificant (p = 0.0669). However, if this

interaction is dismissed, the final model includes a time of

day by substrate interaction and a cover by time of day

interaction (F = 10.39, df l = 16, df 2 = 246, p = 0.0001).

Tukey's Studentized Range Test indicated that juvenile

smallmouth bass used significantly shallower depths (df =

253, critical value = 3.334) during the nocturnal period

than during crepuscular or diurnal periods (Table 17).

Table 17. Influences of time of day on velocities used
in summer by juvenile smallmouth bass in the Black
River. An * indicates statistical significance
determined from Tukey's Studentized Range Test.

Time of Day
Comparisons

Lower
Confidence

Limit

Difference
Between
Means

Upper
Confidence

Limit

Crepuscular vs
Diurnal 0.81 0.90 1.01

Crepuscular vs *
Nocturnal 1.17 1.40 1.66

Nocturnal vs *
Diurnal 0.55 0.65 0.76

Only time of day had a significant affect on depth use

by juveniles in the fall (F = 7.68, df l = 2, df 2 = 42, p =
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0.0014). Tukey's Studentized Range Test indicated that

juvenile smallmouth bass used significantly shallower depths

(df = 36, critical value = 3.457) in the crepuscular period

than during daylight or darkness (Table 18).

Table 18. Influences of time of day on velocities used
in fall by juveniles smallmouth bass in the Black
River. An * indicates statistical significance
determined from Tukey's Studentized Range Test.

Lower	 Difference	 Upper
Time of Day
	

Confidence	 Between	 Confidence
Comparisons
	

Limit	 Means	 Limit

Crepuscular vs
Diurnal	 0.13	 0.32	 0.78

Crepuscular vs *
Nocturnal	 0.03	 0.14	 0.65

Nocturnal vs *
Diurnal	 0.09	 0.44	 2.13

In summer, velocity use was influenced by two two-way

interactions, time of day by substrate and substrate by

cover (F = 9.62, df, =29, df2 = 388, p = 0.0001). The data

supported a full three-way model, but the time of day by

cover interactions were not significant.

Velocities used by adult smallmouth bass in the fall

were simultaneously influenced by both substrate and cover

(F = 3.62, df l = 9, df 2 = 77, p = 0.0042). The data set did

not support a full three-way model. Time of day did not

significantly influence velocity use.
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Habitat Simulation

Within the limits tested, flow alteration generally did

not negatively impact the predicted availability of fish

habitat (Table 19). However, for certain life stages and

time strata, predicted WUA would fall with reduced

discharge. The model indicated that a summer withdrawal of

12 ft 3/sec resulted in a 1.1 6 decline in WUA for juveniles

during in daylight, and a 1.8 and 0.8% decline in WUA for

adults during the daylight and crepuscular periods.

The 14 ft 3/sec withdrawal for the fall season caused an

estimated loss of 1.8 and 0.2% in WUA, for juveniles during

the crepuscular and diurnal periods. WUA for adults was

reduced by 2.7% in both the crepuscular and diurnal periods.

Lower streamf low increased the amount of WUA for early

life stages and larger fish at night. A 12 ft 3/sec

reduction in summer discharge increased WUA for YOY during

the day by 7.8%. The same level of flow increased WUA for

juveniles during crepuscular and nocturnal periods by 6.4

and 6.9%, respectively. The amount of WUA for adults at

night also increased by 6.9%.

Reducing instream flow by 14 ft 3/sec during the fall

increased WUA by 5.0% for YOY at night. The same flow level

also increased nocturnal WUA of adults by 0.3%. Adults and

YOY usually occupied relatively shallow water and slow
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currents at night. As streamf low decreased these conditions

apparently became more prevalent.

DISCUSSION

Habitat Use

There were significant diel changes in substrate and

cover use by smallmouth bass in the Black River. There were

also significant associations between substrate and cover

use within specific time periods for certain life stages.

Sechnick (1981) suggested that substrate use values may

reflect the ability of a substrate to provide cover or food.

I think that my data support this supposition. Few juvenile

or adult fish in the Black River were associated with cover

during the crepuscular periods when fish were actively

feeding. Cobble substrates were used most often during this

period. Todd and Rabeni (1989) and Munther (1970) obtained

similar results from the Jacks Forks and Columbia Rivers of

Missouri and Washington. Smallmouth bass are essentially

crepuscular animals (Reynolds and Casterlin 1976), feeding

during waxing and waning photoperiods (Emery 1973). Their

period of active feeding overlaps with the nocturnal

activity of crayfish (Munther 1970; Stein 1977) which

smallmouth bass prefer as a food item (Mather and Stein

1991). Coarse substrates (i.e., cobbles) have more

interstitial spaces per unit area than finer substrates and
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provide more habitat per unit area for cryptic animals such

as crayfish (de March 1976). The distribution of substrate

use becomes more uniform if one removes the cobble category

from the analysis. This effect seems to indicate that the

ability of cobble to support crayfish was an important

aspect of the use of this substrate by smallmouth bass

during the crepuscular time period. The partial or total

disappearance of YOY during crepuscular periods may indicate

that YOY avoid larger smallmouth bass when the latter are

feeding (Keast and Welsh 1968; Reynolds and Casterlin 1976).

Despite the fact that cover use was highest at night,

there was no significant association between substrate and

cover. I observed smallmouth bass in a quiescent state at

night lying in contact with the stream bottom. All fish

were relatively close to the bank, and usually occupied

interstitial spaces in boulders and bedrock. These

observations were consistent with the conclusions of Munther

(1970), Emery (1973), Helfman (1981), and Gerber and Haynes

(1988). Smallmouth bass may be thigmotatic during the

night.

Todd and Rabeni (1989) found increased use of boulders

by smallmouth bass at night in a Missouri stream. They

speculated that increased use resulted from feeding

activity; density of crayfish was higher in boulders than in

other substrates. I saw the same selection for boulders and
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bedrock at night but believe that this use is unrelated to

food availability. I saw no feeding activity at night and

all fish were lethargic and inactive. I believe the use of

boulders occurred primarily to obtain shelter from the

current. Most of the use of cover at night involved

velocity shelter. The energetic cost of maintaining a

position in the stream is probably reduced by utilizing

interstitial spaces in the substrate when fish are inactive.

Munther (1970) also concluded that cover was used as a

protection from high current velocity. However, Probst

(1983) found smallmouth bass moving away from cover into

open water at night in a Missouri stream. By removing the

boulder category from my analysis, there is generally no

indication of differential substrate use at night for adults

during both seasons.

I found a highly significant relationship between

substrate and cover use during the diurnal period. Fish

relied heavily upon velocity shelters and combination cover

during daytime. Previous investigators have found that

smallmouth bass used cover during the diurnal period (Hubbs

and Bailey 1938; Cleary 1956; Haines and Butler 1969). Use

of boulder substrate was high during the diurnal period but

boulders were used in a different way in the day than at

night. During daylight, fish were near the bottom but were

not in contact with the substrate. I noted they were holding
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position behind velocity shelters provided by the substrate.

The locations were usually away from the stream bank. The

occupation of areas near velocity breaks may enhance the

predation efficiency of individual fish. Prey encounters by

fish are likely to increase by lying in wait near velocity

breaks (Munther 1970; Bachman 1984).

There were diel changes in depth and velocity at which

fish were found for nearly all life stages. In summer and

fall, juvenile smallmouth bass used slower currents at

night. Areas with slower velocities were probably used to

reduce energetic costs of position-holding during this

period of inactivity.

Juvenile smallmouth bass also used significantly

shallower depths and slower velocities in the fall during

the crepuscular period than did adult fish. This habitat

segregation may be due to intraspecific competition with

larger smallmouth bass. Juveniles may be able to exploit

food items in shallower, slower velocity water that are not

available to larger fish. Such partitioning would

simultaneously lessen the likelihood of predation (Munther

1970).

Adult smallmouth bass used shallower water and slower

current velocity at night than during other times of day.

This pattern was in conjunction with increased use of cover

at night. Sechnick et al. (1986) found that substrate was
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important to smallmouth bass only if the substrate was large

enough to provide cover. My data support this conclusion;

the ANOVA indicated that both substrate and cover influenced

the depth and velocity used.

I believe that the differential diel uses of habitat

may be indicative of changes in predation strategies. In

waning photoperiods, smallmouth bass actively pursued prey.

Conversely, in full daylight fish waited for prey near

velocity and visual breaks. In contrast, nighttime habitats

were probably not selected for juxtaposition to available

food items, but for protection from velocity and potential

predators.

It has generally been reported that as temperatures

become colder, smallmouth bass tend to become more sedentary

(Klauda 1968) and congregate in deeper water (Tate 1949;

Webster 1954; Munther 1970; Paragamian 1981). My data

indicated smallmouth bass moved into deeper water and slower

velocities in fall when water temperature had decreased to

about 9°C.

Size class or life stages of smallmouth bass in the

Black River apparently segregate by habitat. Rankin (1986)

also found a change in habitat use with a change in size of

fish. Smaller fish in the Black River frequented shallower

and slower areas. Selection of such habitats allowed them

to reduce the energetic costs of maintaining position in the
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water column, to avoid detection by predators (large fish

seldom entered these areas), and/or to exploit different

food resources than adults. Habitat segregation may be

important because it allows various life stages to have

uncontested use of separate habitats that meet specific

needs of each life stage. To the extent that this is true,

a reduction in habitat heterogeneity could potentially

reduce recruitment of fry and juveniles. A study into the

effects of the availability of food resources on the use of

microhabitats by smallmouth bass may be warranted.

Habitat Simulation

The present rate of water withdrawal does not appear to

significantly reduce the amount of habitat available to

smallmouth bass during summer and fall. In general, further

reduction in discharge would result in increased habitat for

small fishes and nighttime habitats of small and large fish.

However, an additional reduction in flow during the

crepuscular and diurnal periods could cause a reduction in

potential habitat perhaps due to the desiccation of cobble

substrates or removal of adequate velocity juxtaposed at

daytime feeding stations.

I did not model winter and spring habitat use but I do

not think my conclusions would be changed by data from those

seasons. The base flow in the Black River occurs in the

summer; the seasons that were not modeled have flow rates
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well above base flow. It is probable that reduced flow

during winter and spring would increase WUA for selected

life stages/time strata and reduce it for others.

Instream flow recommendations should consider habitat

use associated with all life stages, seasons and diel

periods. If only one life stage, season, or diel period are

to be used as the basis for the recommendation, it should be

the one which limits the species in that stream location.

IFIM assumes that habitat limitation occurs when WUA is the

lowest. In my study, changes in WUA were not significant

for adults in the diurnal period at the flow rates studied.

However, habitat availability changes for juveniles and YOY

could be important during the diurnal interval. Changes in

flow level during the diurnal period could limit survival of

small fish; predators probably have the greatest impact on

small fish during the diurnal period.

Based on my habitat simulation data, I postulate that

there is no significant impact to the smallmouth bass

fishery at the present rate of water withdrawal. The

fishery could conceivably be enhanced by reduced discharge.

Stream temperatures may perhaps increase with a reduced

instream volume of water, subsequently effecting an

increased rate of growth in smallmouth bass. A future

investigation of the growth rates and population structure

of smallmouth bass in the Black River is recommended.
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Appendix A

Suitability indices of habitat used by smallmouth bass in

the Black River.
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