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INTRODUCTION

Three objectives for the overall study which encompassed the time period of
the contact were addressed for the study:

1) Define:

a) the short-term (5-year) picture of annual size structure of fish

populations and

b) the relative abundance of each species (native versus nonnative) in the

upper Verde River fish community.

2) Characterize and determine the utilization of aquatic macrohabitat types

by respective species of fishes.

3) Provide a preliminary analysis of effects of discharge and flow

patterns on aquatic macrohabitat dvnamics, and fish populations.

Two null hypothesis were proposed to be tested:

) Natural hydrographs of the upper Verde River have no effect on

sustainability of native fishes.

I} Introduced species of fish have no effect on sustainability of native

fishes.




The first null hypothesis was tested based on data collected through Spring
1998. The upper Verde River hydrograph was analyzed to delineate its effects on
aquatic habitat, species abundance, fish population structure, and fish community
dynamics. The second null hypothesis was tested based on: 1) relative numbers of
native and nonnative species in the total fish community, 2) possible overiap of
resource use by native and nonnative fishes, and 3) whether nonnative fishes are
competing with and perhaps displacing native fishes from aquatic macrohabitats.

To date, 9 papers (7 published and 2 in press) have resulted from studies on
the upper Verde River and its fish community. Most of these papers are appended
(see Appendix | ) and wili be used to both draft and complement this final report.
In addition, raw data that has been collected during the study period but has not
been analyzed thoroughly or drafted for publication, will supplement existing
publications and this report. Figures and tables from publications are enclosed in
érackets following the respective paper cited. Non-bracketed figures and tabiles

are original to this report and are presented after the text component of the report.

RATIONALE AND SCOPE FOR STUDY

Two factors appear to interact to affect stability and integrity of native fish
populations in southwestern North America: 1) alteration of the natural
hydrograph through dams, diversions, or pumping, and 2) introduction of nonnative

species of fish. In all but a few streams, these factors have eliminated native fish




species and modified community structure and dynamics, often within a few years
after the action. Streams where the native fauna remains predominant are a rarity
INn the Southwest. The exact mechanism that sustains native species in the
presence of nonnative fishes is not understood, however, is thought reiated, in
part, to cycles of drought and flood flows that characterize streams in the
southwestern region of the United States. Because of the ever-increasing demand
for water for a growing populace, and the generally imperiled status of Arizona’s
native fish fauna, clarification of this question is important at this time.

The Verde River between Sullivan Lake and Sycamore Creek (Figure 1),
retains a native fish fauna that is largely intact; six of the eight native species are
present in viable numbers, and the two extirpated species have been reintroduced
(Stefferud and Rinne 1995). It is the only reach of major desert river in Arizona
where flows are minimaily aitered by dams or diversions. However, an array of
::onnative fish are established in the reach, including red shiner, fathead minnow.
common carp, green sunfish, smallmouth and largemouth bass, yellow bulihead,
and channel and flathead catfish (Stefferud and Rinne 1995 [Tables 1 - 2]). Itis
undetermined whether the native species are maintaining their populations in the
presence of nonnative species, or whether the nonnative species are unable to
become dominant because of flow regimes.

In 1994, the Rocky Mountain Research Station in collaboration with the

Tonto and Prescott National Forests initiated research to define the relative roles

and influence of physical (hydrology, geomorphology) and biological (nonnative




fish, fish popuiation and community dynamics, fish mobility) factors on the
sustainability of native fishes in time (10 years) and through space (7 localities
over 37 river miles) in the upper Verde River (Fig. 1). Years one to three of the
study were compiete upon initiation (July 1996) of Heritage Project 196002.
Heritage funding greatly enhanced ongoing Forest Service research studies during

years four and five of this long-term, 10-year research effort.

HYDROLOGICAL AND BIOLOGICAL EFFECTS

Monitoring the fish community following floods in 1993 and 1995 (100-year
and 10-year recurrence events, respectively) indicated that fish population and
community structure and aquatic habitat were affected by these natural
perturbations. Total numbers of fish were considerably reduced, but in general,
the native species appeared to benefit from the flood, whereas nonnative species
were negatively impacted (Stefferud and Rinne 1995, Rinne and Stefferud 1996a).
For exampie, based on 1993 data, roundtail chub produced a large year-class that
is still evident in the population, and relative abundance of red shiner decreased
following the 1995 flood (Fig. 5).

Stream channel morphology and aquatic habitats likewise were affected
dramatically by flood events in winter 1993-94. Bed material was resorted, the
active channel moved extensively Iateraﬂy In some reaches, and the stream

channel was reconstituted through removal of encroaching riparian vegetation. In




general, floods appear to re-invigorate aquatic habitats of the upper Verde River by
facilitating optimai spawning conditions (Rinne and Stefferud 1396a). Reduction
of the numbers of nonnative species of fishes, post-flood, also appears to have
enhanced the native species of fishes. However, these were short-term
observations. The critical need is to examine what the long-term effect of these
floods and ensuing hydrological regime may have on fish community structure and
native/nonnative interactions.

Long-term (> 5 years) studies of native fish populations in low, desert rivers
similar in size to the Verde are non-existent. Several long-term studies in smaller
streams are ongoing. Aravaipa Creek in southeastern Arizona has 3 25-year record
of fish community dynamics. Similarly, there are 10-year records of native fishes
and habitat associations for several streams in the upper San Francisco gnd Gila
River drainages in New Mexico. Whereas these existing data sets may be useful
i‘nr comparing effects of floods and droughts on native species, and perhaps for
defining aquatic macrohabitat associations, none of the studies are in stream
reaches that have a significant nonnative fish component.

Although precipitation and stream hydrographs are stochastic and
unpredictable, floods in the upper Verde River appear to occur on about 7 to 10-
year cycles (Stefferud and Rinne 1995). Thus, ensuing years (i.e. post i1995) of
low flows and drought conditions become more probable and indeed have occurred

(1996-98). Such increased pr.:oability of low, base flows provides an excellent

opportunity to study native versus nonnative fish interactions during reduced




flooding and low flow conditions. These data can then be compared with
measurements taken during periods of higher flows and flooding that probably will
occur In the next four to six years. As designed, the Verde River research effort
presents a unique opportunity to study the relative influences of abiotic

(hydrograph and habitat) and biotic (nonnative species) factors on native fish

populations.
STUDY AREA AND METHODOLOGY

General location of study sites were chosen based primarily on reasonable
access and linear disposition over the 37-mile reach. Specific location was based
on channel morphology and types of habitafc present. Seven sites (Figure 1,
circles) starting at a point 4.8 miles east of Sullivan Lake and ending at the
{:onﬂuence of Sycamore Creek were sampled during 1994 and 1995. Sites are
linearly separated by distances of 2.0 to 10.0 miies. All sites are sampled annuaily
in spring (April-May). Two sites, Burnt Ranch and Sycamore Creek, are sampled
again annually in autumn (October).

Exact length of each sample reach is dependent on habitat complexity, but
ranges from 1,000 to 2,000 linear feet of river. In general, a riffle-pool sequence

was selected, then the study site was expanded to include other significant aquatic

macrohabitats present. Macrohabitats initially were defined by subjective
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descriptions of channel shape and turbuience, substrate composition, and relative
position in the stream channel (Rinne and Stefferud 1996b).

Macrohabitats within a reach were sampled for fishes, progressing in
sequence from downstream to upstream. Standard sampling methods for riverine
fish, including backpack DC electrofishing units, seines, dipnets, and trammel nets
were used relative to macrohabitats sampled. All fish captured within a
macrohabitat were identified to species and counted. Total length of all specimens
=6 inches were thus obtained. A subsample of individuals < 6 inches were
measured, and weighed to define population demographics. Once measured, all
fish except for periodic voucher specimens of nonnatives, were returned alive to
the stream.

Each aquatic macrohabitat within a sample reach was numbered in sequence
and named (e.g., lateral scour pool, mid-channel pool, backwater pool, glide, run,
l‘ow and high gradient riffles, and edgewatef (Rinne and Stefferud 1996b). Length,
width, depth, velocity, and substrate for each macrohabitat were estimated and
recorded. Gradients were measured with a laser level, substrates using
methodology outlined in Bevenger and King (1995), and velocity with a direct
readout digital current meter. For future reference and to enable estimates of
habitat dynamics within a study reach, a map of the entire site is sketched
annually and location of macrohabitats noted.

Stream gages operated by the US Geological Survey at Paulden and

Clarkdale (Figure 1, triangles) continuously record discharge. These data were




used to relate discharge and annual streamflow 10 the dynamics of the fish
community.

Our sampling is designed to expeditiously gather data that wiil describe the
fish community and characterize the aquatic habitats. With these data, we were
able to initially delineate relative, qualitative macrohabitats (mean length, width,
depth, velocity, and substrate). Refinement of definition of aquatic macrohabitats
was considered necessary. Accordingly, increased sampling intensity and rigorous
statistical analyses have resulted in greater accuracy in classifying aquatic

macrohabitats in the upper Verde River (Sponholitz and Rinne 1997).

RESULTS OF STUDY

Objective 1. Define the short-term (5-year), annual size structure of fish

populations and relative abundance of species in the total fish community.

Year Class Structure of Species

Size structure of the two suckers and roundtail chub during 1995-97 are in
Figures 2-4. Histograms illustrate the abundance of small-sized individuals of both
Sonora and desert sucker and roundtail chub immediately (Spring 1994) after the
1993 flood (Stefferud and Rinne 1995). Respective size classes or cohorts are

evident based on annual spring sampling. Low year class strength for all three of




the large-sized native cypriniforms in successive years (1996 and 1997) are
attributed to poor reproductive success in those years, increased influence of non-
native species, or both.

In Spring 1994, the modal size of 38 spikedace was 60 mm (mean =54
mm). Modal size of 72 spikedace in Spring 1995 was again 60 mm (mean = 58
mm). Autumn 1995 sampling reveals that successful reproduction occurred based
on modal size of 71 spikedace collected (45 cm: mean size, 43 mm). Of 138
spikedace collected in Spring 1996, modal size again was near 55 mm (mean size
=56 mm). Only six spikedace (mean size 52 mm) were taken in Autumn 1996
and none have been collected since at any of the established sampling sites.
Longitui:ﬁnal sampling of the entire upper river in May 1995 and again in 1997
iurther document the reduction in the spikedace population in the upper Verde.
Only 15 spikedace were collected in the total sampling effort in the upper river in
May 1997 compared to almost 140 in May 1995. No sptkedace were captured in
spring 1998 sampling at the seven established sites or in a survey of the entire
upper river. Although the species is noted for these characteristic cycles in
abundance, continued and intensified monitoring of this population is

recommended.
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Fish community structure.

The three large-sized, cypriniform species comprised a major component
(60%) of the total fish community and 73% of the native fish fauna in spring 1994
(Stefferud and Rinne 1995 [Table 1], Rinne and Stefferud 1996a, Figure 5). By
spring 1995, these three species comprised almost 80% of the native fish fauna
before dropping down to 60% of the native fish community in Spring 1996. By
spring 1997, these three species coﬁnprised 92% of the native fish fauna.
Speckled dace were essentially absent and spikedace were absent in samples from
established sample reaches. Overall, natives comprised greater than 80% of the
total fish community between 1994 and 1996 (Rinne and Stefferud 1996a [Table
1, Fig. 1]). However, by spring 1997 the native component of the total fish
community had declined markedly to 19% (Table 1).
ij A dramatic increase in the number of red shiners in spring 1997 sampling
was largely responsibile for the inversion of relative numbers of natives to
nonnatives from spring 1996 to 1997 (Fig. 5). We predicted that 1998 spring
(Aprii) sampling would reveal similar population structure of natives and non-native
species if no significant flow events occur before that time. By contrast, if a
significant (5 +-year) flow event occurs, we predicted overall fish numbers will be

vet be low, but proportions will shift again to favor the native fish component of

the total fish community. The former occurred and our predictions were correct.
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Spikedace numbers were greatest in spring 1284, dropped in 1995, elevated
again in 1996, and disappear from the seven established sampling sites in Spring
1987 and 1998 (Table 1). Sampiing optimum habitats in the entire upper river
from Burnt Ranch to Sycamore Creek in 1995 resuited in 140 spikedace being
taken. Similar sampling was not achieved in spring 1996, however, the same
sampling regimen in spring 1997 resulted in only 15 spikedace being collected in

the entire 60-km reach of river.

Objective 2 Characterize and determine the utilization of aquatic macrohabitats by

respective species of fishes.

Characteriza rftzn of habitat types

; Initially (1994-95), aquatic habitats were visually and subjectively defined
for sampliing purposes (Stefferud and Rinne 1295). Aquatic macrohabitats in the
upper Verde were next defined based on direct physical measurement of gradient,
velocity, depth, and substrate composition by Rinne and Stefferud (1996Db).
Measurements were then made and statistically summarized by the previous, initial
subjective classifications. Gradients were first estimated 1995 with the use of a
laser level. Gradient estimates successively paralleled subjective, lotic habitat
classifications: glides < 0.3%, runs >0;3 to 5%, low gradient riffles (0.6 to 1%)

and high gradient riffles > 1% (Rinne and Stefferud 1996b [Fig. 1]).
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Pools displayed a high degree of variabili* Q)
S
averaged the same as glide habitats sugge b“’%\
N .
classifications. Pool classification difficuit, .‘9‘5” cbc?
&
‘ | ‘ o -
dozen) subjective types of pools (e.g. side char. © {\4;:;1‘3‘
22
&
were grouped in the pool category. Mean velocity a. @6,0
the lotic scale from run through high gradient riffle habita 4°

1886b (Table 1]). Similarly, substrate type changed from a g
small material (sand-gravel) in glides and runs in comparison to tha.
gradient riffles (Rinne and Stefferud 1996b [Fig. 2]).

Increased sampling intensity within study reaches was established in 'L\
sampling by placing sample transects every three meters within a habitat tyﬁe
(Sponholtz and Rinne 1997). Previously (1994-95), habitat parameters were |
measured at only three transects, irrespective of length of habitat type. Normalily,
four to six transects resulted from the more intensive, detailed, 1996 sampiing. As
a result, data points for depth and velocity increased three-fold. In addition,
gradient was measured in all habitats after initially being estimated at only 14
random habitats in 1995 (Rinne and Stefferud 1996b [Figure 1]). Qualitative
habitat descriptions in Spring 1996 were used to delineate habitat type based on
selected decriptors (Sponholtz and Rinne 1997 [Table 1]). Pebble counts were
performed in all macrohabitats, with 30 "hits" used to estimate substrate type.

Rigorous statistical analyses employing ANOVA, and Classification and Regression

tree (CART) were performed on data (Sponholtz and Rinne 1997).
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ANOVA indicated higher variability in data among transects than among
individual points, therefore data were averaged for transects prior to statistics
being calculated. Resuits of anaiysis suggested depth and velocity were not
sensitive enough to detect differences between either of the two riffle types (i.e.
high and low gradient) or between run and glide habitats. Gradient was the only
variable that most consistently (71% of the time), and clearly, defined aquatic
macrohabitat type. Further, when used with depth and velocity, it becomes an
even more powerful, descriptive variable providing greater than 80% correct

classification of aquatic macrohabitat types.

Habitat utilization by native species

Overall, the native fishes were collected in pool habitats in the upper Verde
{Hinne and Stefferud 1996b [Figure 3]). This can be attributed, in part, to the
predominance of two of the three large species (Sonora sucker and roundtail chub)
which inhabit pools and comprised 30 to 50% of the native fauna in 1994 and
1995, respectively (Rinne and Stefferud 1996b [Tabie 3]). Further, desert sucker
,Which comprised 25 to 30% of the native fauna, were captured in pools 20% of
the time (Rinne and Stefferud 1996b [Figure 4]). Finally, the great variability in
water velocity in pool habitats comprised of muitiple (i.e. a dozen) pool categories
increased the probability that individual fish would be captured in "pool habitat

types.” Longfin dace were captured primarily in low gradient riffles and runs [Fig.
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oal, spikedace in runs and glides [Fig. 5b], and speckled dace in low and high

gradient riffles [Fig. 5c] (Rinne and Stefferud Fig. 5b, see also Neary et al 19986.

Habitat utilization by nonnative specfes

Nonnative species primarily (29%) used glide habitat. Red shiner were taken
in 119 habitats, however, larger numbers (i.e. > 10 individuals) generally were
taken in glide habitat. Green sunfish, yellow bullhead, and smallmouth bass were
collected in 91 habitats comprised of 45% pools, 22 % glides, 20% runs and 13
% riffles. Common carp was collected in pools over haif the time. In addition,
Rinne and Neary (1997) demonstrated yellow bullhead and smallmouth bass
frequented streambank habitat, because of cover. Further, where these nonnatives
were present, native species were absent. These studies are ongoing, but suggest
p’mssible competition for habitat and/or predation effects of these two nonnative,
predatory species on the smaller native species such as longfin dace and
spikedace. Unpublished laboratory data using bullhead and smalimouth bass as
predators and red shiners as a surrogate for both the small cyprinid species and
young-of-year of the three large cyprinids suggests that predation effect on native

fish populations potentially could be substantial.
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Objective 3 Provide a preliminary anaiyses of the effects of discharge and flow

patterns on channel morphology, aquatic macrohabitat dynamics, and fish

populations.
Flow effects on habitat

Based on annual peak discharges and mean annual discharges over the past
three decades, flows in the upper Verde River, as typical of southwestern rivers
and streams, were highly variable (Stefferud and Rinne 1995, Rinne and Stefferud
1996a). Neary and Rinne (1997) documented that base flows in the upper Verde
have increased over the past two decades. Cycles of flood and drought appear to
follow a 7-10 year cycle. Although we have no specific data on channel
morphology prior to the 1993 flood, morphology was observed to change
éramatically after this 75-100 year event.

By comparison, the 10-year event in 1995 did alter aquatic habitat as
evidenced in changes in the reiative abundance of habitat types (Table 2). Based
on aquatic macrohabitat type, most of the major sample reaches do change in
relative aquatic macrohabitat from year-to-year (Table 2). Lack of significant flood
events following 1995 sampling, or ensuing low, drought flows have had
significant effects on macrohabitats (raw data). Stream channels have narrowed

and aquatic macrophytes have encroached from stream margins, reducing mean
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stream width. Depths of aquatic habitats also have been reduced because of a

lack of bankfull, or greater, scouring flows.

Flow effects on fishes

The fish community in the Verde River is very responsive to flow regime
(Stefferud and Rinne 1995, Rinne and Stefferud 1996a). In general, very large,
peak flood events such as the 1993, 100-year event, drastically reduce the total
fish community. QOur sampling did not ccmmence until 1994, but sampling by
personnel from the Arizona Game and Fish Department in Spring 1993,
immediately following massive flooding that winter, suggests all species were
drastically reduced in abundance. Spring 1994 compared to spring 1935 data B
Indicate that the fish community expanded by the former sample date and then
&ropped after the less dramatic flood events of spring 1995 (Rinne and Stefferud
1996a (Tabie 2]). Sampling in 1986 documents native species rebounding, along
with red shiner (Fig. 5). Continued low flows and lack of significant flooding in
1996, and prior to 1997 Spring sampling, resulted in a dramatic increase in red
shiner, smallmouth bass and yellow bullhead (Table 1, Rinne and Stefferud 1996a
[Table 2], Fig. 5).

In summary, the total fish community in the upper Verde definitely responds

to the hydrograph. That is, very large floods cause a marked reduction in both

native and nonnative species. Native species rebound very quickly apparently as a
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result of optimal spawning and recruitment (Figs. 2-4) and reduced numbers of
nonnatives. Nonnatives then increase reiative to natives as lack of flooding and

base or drought flows are sustained.

CONCLUSIONS

Null hypothesis | obviously has to be rejected based on the response of
fishes in the upper Verde River relative to flood and drought flows. Null hypothesis
Il also has to be rejected based on both relative community composition and the
utilization of streambanks by nonnative species and their probable predatory
effects on native fishes.

The relative influences of abiotic versus biotic (i.e. hydrological regime vs
nonnative fishes) cannot be unequivocally stated at this time. We have suggested
iRinne and Stefferud 1996a) that the abiotic factors (flows and habitat) are of
primary importance and the controlling factors in sustaining native fishes in the
upper Verde. Introduced fishes (biotic) and their interactions with native species
are of perhaps secondary significance in legislating numbers, distribution and
sustainability of native fishes in the upper Verde River. Probably the best
Interpretation is that the interactions of the two are actually the real process. That
s, flood flows reduce the overall fish community in numbers and distribution,
however, the native species appear to re;cwer and predominate the fish community

Immediately post-flood. The cessation of flood events then results in nonnative
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species becoming, steadily and Increasingly, more abundant (Rinne and Stefferud
1986aa, Table 1). Once nonnatives predominated the fish community, the biotic
factor may then become the variable that controls or delimits fish community
structure.

The size of the flow event necessary to effect a significant change in fish
community structure cannot been defined based on data collected to this point in
time. Obviously, 100-year events are more than adequate to reduce or remove
nonnative species. Ten-year events also have an effect based on our data from
the upper Verde. The threshold below which flow events have no significant
impact on the nonnative proportion of the fish community and their predominance
becomes the controlling factor on native fish populations (through more successful
reproduction, recruitment, predation, and competition for food and space) is not
offerable at this time. The stochastity of flows over the next five years may aid in

j
tefinement of this definition.

DISCLAIMER

The findings, opinions, and recommendations in this report are those of the
Investigators who have received partial funding from the Arizona Game and Fish
Department Heritage Fund. The findings, opinions, and recommendations do not

necessarily reflect those of the Arizona Game and Fish Commission or Department,
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Or necessariiy represent officiai Department policy or management practice. For

further information, please contact the Arizona Game and Fish Department.
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ing sites,

Figure 5. Abundance of fishes at seven reguiar sampl

upper Verde River, 1994-1997.
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Table 2. Relative abundance (%), number, and surface arca of

aquatic macrohabitats in time and space, upper Verde River,

1994-97.

- -

Habitatc type

Sample Reach Surface
Year Glide Run LGR HGR POOL Number area, m°
Burnt Ranch
1994 1 27 35 0 7 10 2124
1995 78 0 9 0 13 14 1712
1996 38 7 23 8 24 11 965
1997 2 . 16 22 0 47 13 828
FR 638
1994 33 14 37 11 - 11 1411
199S ¢8 30 9 11 3 12 2674
1996 32 11l 26 13 18 12 1450
1997 21 26 29 10 15 18 . 1134
Bear Siding
1994 18 19 12 11 38 10 1486
1998 16 0 27 9 48 13 8157
1996 37 5 26 13 19 13 2231
1997 S1 & 5 12 29 14 1283
puff Spring T
1994 67 6 1S 9 3 10 1913
1333 36 8 7 3 47 13 3483
1996 22 0 % 2 73 13 1554
1997 12 15 8 10 55 16 2303
Perkinsville
1994 21 30 16 25 7 10 2279
1995 36 10 10 12 33 11 3307
1996 47 7 0 39 7 U 2150
1987 47 ) 26 11 9 14 963
Black Bridge
1994 33 37 30 10 0 7 1185
1995 10 25 18 7 41 11 2390
1996 é3 19 0 23 35 11 1303
1997 6 18 26 0 49 - 3 | 812
Sycamore
1994 0 é0 27 21 11 10 2111
1995 24 i1 24 0 32 10 4970
1996 42 23 0 22 & 8 1953
1997 6 S8 26 3 7 15 766
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