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RELATIONSHIPS OF NATIVE FISHES AND AQUATIC
MACROHABITATS IN THE VERDE RIVER, ARIZONA

John N. Rinnet and Jerome A. Stefferud2

There is limited information on the relative, quan-
titative and physical habitat utilization of native
fishes within large desert river systems in the
Southwest. Rinne (1992) delimited habitat for a
native fish community in a small desert stream,
Aravaipa Creek, and presented limited informa-
tion on two native species in larger southwestern
rivers (Rinne 1989, 1991). However, studies of the
fish fauna in a large river are currently in progress
on the upper Verde River, Yavapai County, Ari-
zona (Stefferud and Rinne 1995). These studies, in
part, are designed to define habitat affinities of
native fishes in this reach of yet undanuned, free -
flowing river. Six native species remain in this
reach, plus an equal number of non -native, intro-
duced species (Stefferud and Rinne 1995). All
appear to occupy habitats defined largely by
velocity, and to a lesser extent, depth of water.
Because of the paucity of information, velocity and
depths of five qualitatively defined aquatic macro-
habitats are being collected in the upper Verde
River. In part, this ongoing study is designed to
define aquatic macrohabitats in this reach of river
and to delimit fish utilization of these habitats.

This paper has three objectives. The physical
characteristics of these aquatic macrohabitats are
defined, the associations with and utilization of
these habitats by the respective species are delim-
ited, and the significance of these data and their
management implications are evaluated.

Study Area
An introduction to and a map of the general study
area can be found in Stefferud and Rinne (1995). In
brief, the upper Verde River is one of few remain-
ing undammed rivers in the Southwest. Base flows
range from 0.57 m3 /sec at the Paulden stream
gage in the upper portions of the study areas to
1.42 -1.70 m3 /sec at the Sycamore Creek site (Stef-

'USDA Forest Service, Rocky Mountain Forest & Range Experi-
ment Station, Southwest Forest Science Complex, Flagstaff, AZ.
2USDA Forest Service, Tonto National Forest, Phoenix, AZ.

ferud and Rinne 1995; Rinne and Stefferud in
press). The study of this stream reach is pro-
grammed for 10 years.

Methods
Data have been collected at seven established sam-
pling sites since spring 1994, following a 50± year
flood event in winter of 1992 -93. The data pre-
sented represent the first two years (1994 -95) of a
10 -year programmed effort. Study reaches are
sampled twice a year, in spring (April) and
autumn (October). All seven sites are sampled in
the spring; however, to reduce sampling stress on
fish populations, only the uppermost and lower-
most sites are sampled during autumn. Aquatic
macrohabitats are qualitatively defined and physi-
cal measurements are normally taken in spring
only. However, in the event of summer flooding,
which may alter physical habitat, physical meas-
urements would also be taken in autumn. We have
visually (qualitatively) designated four major lotic
or flowing water habitats: high -gradient riffles,
low- gradient riffles, runs, and glides. Almost a
dozen different pool habitats are being used in
describing lentic or still -water macrohabitats in
this paper; we classify all into one category -pool.
Length of each habitat is measured and three
equidistantly spaced transects recording width,
depth, and velocity are measured each spring.
Initially, only general categorization of stream
substrates was made.

In spring 1996, we commenced to move from
qualitatively to quantitatively defining macrohabi-
tats in the Verde River. We sampled 14 microhabi-
tats (see Neary et al. this volume) at the Burnt
Ranch site in order to more validly and unequivo-
cally define macrohabitats (see Figures 1 and 2).
Accordingly, laser survey technology was em-
ployed to more accurately and quantitatively
define gradients of the respective habitat types. In
addition, pebble counts (Bevenger and King 1995)
are being used to better define substrate composi-
tion of each habitat. Four major substrate cate-
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gories are employed in analyzing substrate: sand
(5_2 mm), gravel (3-64 mm), pebble (65 -126 mm)
and cobble /boulder ( >126 mm). Fishes in each
habitat were captured using a combination of
backpack DC electrofishing gear and seines (3-13
mm mesh). Only fishes captured in 1994 -95 sam-
pling were used to define macrohabitat use by
respective species (see Figures 3-5).

Results
Based on visual (qualitative) designation, pools
and glides had the greatest mean depth and the
least mean velocity (Table 1). The range of velocity
and depth of the four lotic macrohabitats varied
widely; glides were greatest in mean and median
depth, and low -gradient riffles were least (LGR).
No trend was obvious for depth of these habitats.
Mean velocity of lotic habitats increased from
glides through high -gradient riffles (HGR).

By comparison, laser- estimated gradients at the
14 microhabitat sites parallel mean velocities of the
habitat types (Figure 1). A working hypothesis for
categorizing macrohabitats based on percent
gradient is glides = <_0.3%, runs = 0.3 -0.5 %, LGR =
0.6 -1 %, and HGR >1 %. Mean velocities also fall
within these same categories. Substrate composi-
tion estimated within the 14 microhabitat sites is
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directly legislated by velocity of water (Hynes
1972). Substrate also demonstrated patterns rela-
tive to the major habitat types in the Verde. That
is, sand and gravel decreased from glides through
HGR habitats and pebble and cobble /boulder sub-
strate increased in the same sequence (Figure 2).

Table 1. Mean velocity and depth characteristics of
aquatic macrohabitat types in the upper Verde River,
1994. Number of macrohabitats sampled is in brackets,
and medians are in parentheses.

Habitat type
Depth
(cm)

Velocity
(cm /sec)

Pool [39] 46 (40) 22 (2)
20-90 0-70

Glide [60] 55 (50) 22 (25)
25-43 15-26

Run [94] 42 (37) 48 (43)
20-80 20-80

Low -Gradient Riffle [96] 25 (25) 59 (51)
10-41 30-80

High -Gradient Riffle [98] 34 (30) 87 (90)
20-60 76-150

GLIDES RUNS LG RIF

MACROHABITATS

HG RIF

Figure 1. Comparison of laser -generated gradients at the 14 microhabitats at Burnt Ranch, upper Verde
River, spring, 1996.
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GLIDES RUNS LG RIF

MACROHABITATS

HG RIF

GLIDES RUNS LG RIF

MACROHABITATS

HG RIF

Figure 2. Comparison of (A) sand, (B) gravel, (C) pebble, and (D) cobble /boulder components in 14
aquatic microhabitats in the upper Verde River, spring 1996.
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LGR RUN GLD POOL

HABITAT TYPE

SEASON

SPRING 94

SPRING 95

°. ' AUTUMN 94

AUTUMN 95

Figure 3. Comparison of macrohabitat utilization by the native fish community in the upper Verde River,
1994 -95.

Information collected on fish numbers at the
seven sites over four sample periods gives the
appearance that, with the exception of spring 1994
sampling, the native fish community is a pool -
dwelling assemblage (Figure 3). However, this is
attributable to occupation of pool type habitats by
two of the three larger sized species, Sonora sucker
and roundtail chub (Catostomus insignis and Gila
robusta, respectively), which comprised almost half
of the total number of fish collected during the
four sampling periods (Figure 4). By comparison,
over half (56 %) of desert suckers utilized HGR and
LGR macrohabitats. Similar to desert sucker, most
(90 %) speckled dace also were collected in HGR
and LGR habitats (Figure 5). Longfin dace pre-
dominantly occupied LGR and run habitat.
Finally, most (80 %) of the federal and state -
threatened spikedace were collected in run and
glide habitat (Figure 5).

Discussion and Conclusions
Qualitatively defined aquatic macrohabitats ap-
pear to be reasonably valid based on velocity,
substrate, and gradient criteria at the 14 micro-

habitat sites. However, more data are needed. For
example, physical similarity of pools and glides
suggests that refinement is needed for these two
habitat types. Also, based on macrohabitat data
collected in 1994 -95, spikedace preferred runs and
glide habitats. Microhabitat sites suggested that
spikedace prefer runs and low- gradient riffles
(Neary et al., this volume).

A working categorization for gradients and
velocities is proposed; however, more quantitative
microhabitat data are needed to validly and un-
equivocally define the respective macrohabitats.
Depth appears to be much less of a definitive
physical characteristic than velocity or gradient for
macrohabitat designation. We acknowledge that
only limited microhabitat data (spring 1996) are
available on substrate characteristics. However,
substrate is certainly delimited by stream gradient
and velocity of water; this physical feature may be
very important both in habitat definition and in
legislating fish distribution.

Gradient may be especially important in defin-
ing habitats for the habitat specialists such as
spikedace. The importance of substrate in spike-
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Figure 4. Macrohabitat utilization of the (A) Sonora and (B) desert suckers and (C) roundtail chub in the
upper Verde River, 1994 -95.
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HGR LGR RUN GLD

MACROHABITAT TYPE

Figure 4 (concluded).

POL

HGR LGR RUN GLD
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Figure 5. Macrohabitat utilization by the (A) longfin dace, (B) spikedace, and (C) speckled dace in the
upper Verde River, 1994 -95.
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dace distribution and abundance is beginning to
be documented for this species in the Verde River
(Neary et al., this volume) and substantiates earlier
work by Barber et al. (1966) and Barber and
Mincidey (1967). This threatened species occupies
gravel to pebble substrates (Rinne 1991, 1992;
Neary et al., this volume). Both our spring 1996
data in the upper Verde River and that collected in
April 1985 (Rinne 1991) indicate that gravel /peb-
ble (3-64 mm) substrates are particularly impor-
tant for spawning habitat of spikedace.

Our data on the upper Verde River suggest that
gravel /pebble substrate habitats are concentrated
in runs and low- gradient riffle habitats (Figure 2).
In part, gradient and the resulting increase in ve-
locity are primary influencing factors, but channel
narrowing also increases velocity. That is, if the
same volume of water passes through a narrower
and deeper channel, velocity is increased and the
deposition of gravel /pebble substrate is enhanced,
whereas the deposition of sand substrate de-
creases. The process of channel narrowing requires
streambank stability. Herbaceous native aquatic
vegetation has been suggested as a very important
component contributing to streambank stability
(Medina 1995). Land -use practices that remove
vegetation can reduce streambank stability and the
channel -narrowing capacity of a stream (Neary
and Medina 1995). Studies examining the linkages
of grazing, streambank stability and morphology,
vegetation composition and density, fish habitat,
and fish populations on the upper Verde are being
initiated and will conceivably provide answers on
the linkage between grazing and spikedace habitat
and populations. Land managers conceivably can
use this information to implement grazing strat-
egies in time and space that sustain spikedace
habitat.

Our data on the upper Verde (Figure 5) and
that of other authors (Barber and Minckley 1967;
Minckley 1973) document the close relationship of
longfin dace with low- velocity, sandy bottom
habitats. The occupation of pool -type habitats by
almost 60 percent of Sonora sucker and roundtail
chub also suggests the importance of the lentic
component of the upper Verde ecosystem. The
other three species are lotic water inhabitants. In
summary, the native fish community in the Verde
River basically utilized the same relative macro -
habitats as recorded for the same community in
Aravaipa Creek (Rinne 1992). However, more data
are needed on the relative proportions of the major
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aquatic macrohabitat types in the upper Verde
river before irrefutable statements can be made on
habitat use by the respective species. That is, at
present, we are assuming that the habitats we have
sampled at the seven sites are representative of
those available in the 60-km reach of the upper
Verde.

Flood events may drastically alter extant mac -
rohabitats, resulting in a new assemblage of habi-
tats within established study reaches. The more
drastic the changes in the habitats within these
reaches, the greater the changes in the relative
composition of the fish community. Such events
and resultant changes provide the opportunity to
validate both micro and macrohabitat vs. fish
relationships. Flood events such as those in winter
1993 appear essential for creating and maintaining
pools in addition to inducing increased or success-
ful spawning and recruitment (Stefferud and
Rinne 1995; Rinne and Stefferud, in press).

There is a need for additional refinement in the
definition of the physical characteristics of the
aquatic macrohabitats in the upper Verde; how-
ever, gradient appears to be of great importance in
fish distribution. Gradient can be very precisely
defined by laser technology. Further, gradient
directly influences the velocity of water and
substrate composition. Therefore, we suggest that
this physical feature may be the controlling factor
for quantitatively delimiting macrohabitats in this
and perhaps other desert streams and rivers.
Nevertheless, additional quantitative, objective
data on macrohabitat utilization by the respective
members of the native and non -native fish com-
munity will be needed to compare with and
validate data collected to date.
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