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INTRODUCTION

Patterns of stream discharge and the presence of introduced
fishes have been suggested to interact to influence narive fishes
and their sustainabilicy in streams of cthe arid American
southwest (Minckley and Meffe 1987: Rinnee and Minckley
1991 Rinne 1993, 1995a; and Stefferud and Rinne 1995).
Commencing with the water reclamation era in the eariv 1900s,
dams have been ubiquitously imposed on most rivers in this
region (Rinne 1991, 1993, 1995b), drasticallv and irreversibly
aitering aquatc habitats (Miller 1960: Rinne and Minckley
1991). Non-nauve fish introducrions commenced before 1900

and have steadily escaiated (Rinne 1991, 1993, 1995a). The
combination of these rwo impacts has markedly reduced both
the range and numbers or all native species of fishes, rendering
some extinct (Minckley and Douglas 1991), yer nartive fishes
persist in most drainage basins in the Southwest. However.
where both altered. unnarural stream hvdrography and non-
native rish exist. natve fish generally are either reduced from
historic levels or are absent ( Minckley and Deacon 1968).

[n all bur a few streams. these two facrors. when combined, have

climinated nanve f1sh species and modified communicy
structure and dvnamuics. orten wichin a few vears after the acton.
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treams where the natve fauna remains predomInant are a rariey
in the Southwest. The exact mechanism that sustains native
specles in the presence of non-nauve species is not understood.
but is hypothesized to be reiared to cvcies or extreme droughts
and tloods that characterize streams in this region. Because or
the ever-increasing demand for water for a growing populace.
and the generailv imperilled status or the soutnwestern narive
risn fauna (Rinne and Mincklev 1991), clanfication of this
question Is Imporrant at this tume.,

The upper Verde River. central Arizona, from its source at
Sullivan Lake to the mouth of Sycamore Creek 60 km
downstream is a rarity among southwestern rivers. [t is the onlv
reach of large (1.3-7.0 m’ sec™ ainnual mean discharge;
perennial desert river in Arizona where surrace flows are not
altered bv dams or diversions. Further. this reach of river rerains
a native tish tauna that is largely inract. Six of the eight nartive
species idesert sucker. Curostomus clarkr Sonora sucker.
Carostomus insignts. roundrail chub. Gila roousta longhin dace.
Agosia chrysogaster. spikedace. Meda rulgiaa and speckled dace.
Rhintcnthys osculus) are present in viable numboers (Stetferud and
Rinne 1995); all are eicher state or rederailv-listed species. Two
species (Colorado squawrtish, Prychocnerius lucius and razorback
sucker. .\vraucnen rexanusi, which have been documented in
archaeological sites along the Verde (Mincklev and Alger 1968)
bur are no longer to be tound. are currentiv objects of re-
introduction  and restoration  etforts.  Nevertheless. an
assemblage of non-nauve fish occurs in this reach of river.
including red shiner (Cyprinella [utrensis), fathead minnow
(Pimepnales promelas), common carp (Cyprinis carpio), green
sunfish (Lepomis cyanellus), smallmouth bass (Microprerus
dolomieus), vellow bullhead (Amertus naralis), and channel
cattish (/ctalurus puncruasus). Reasons ror complete retention of
the nanve fish are unclear. Whether the native species are
maintaining their populations in the presence of non-native
species. or whether the non-native species are unable to become
domunant due to hvdroiogic conditions (water quantry and
quality) and stream gradienr is not known. Few published data
are available to document either the historv of encroachmenr by
non-narive species or trends in the dvnamics ot southwestern
fish communuities.

Although a number of studies on fishes and their habitats have
been underraken in the Verde River. none have investigated the
long-term interrefationships of the narive and non-native fish
communities relative to tlood disturbance events and to each
other. The relationship of base and flood flows to sustainabiliry
of native tishes in the upper Verde River needs to be derermined
in order ro provide inpur to water management plans for the
svstem. [he headwarer Big Chino Vallev aquifer is a major
source ot basetlow for the Verde River above Svcamore Creek:
and there are proposals to extract its water to supply municipal
needs to towns in the watershed. Deplerion of discharge from
the aquifer could alter basetlow in the river and affect
sustatnabilicy of nauve tish. Other proposals to divert water
directly trom the Verde River and construction of mainstream
dams have been made. However.. the unresoived question of
their etfects on the nauve fish has deferred approval bv resource
igencies. Conunued growen in the region wiil probably increase

I;g

pressure ror water development and diversion from the upper
\'erde. Resource management agencies need to have retiable

:n tme and space o chart a course of action that wiil co
native risn in tne river.

[n Spring 1994, we initiated a study to define the roles ana
relative influence of phvsical (hydrology, geomorphology) ana
biological (non-native fish population and communicy
dynamics) factors on the sustainability of nartive fishes in time
(10 vears) and space (seven localities over 60 km of river) in this
reach of free-flowing river. Initiation of the study immediateiy
followed a 50+ vear flood event in this reach of river. Althougn
onlv in the third vear of study, the intenr of this paper is to
provide baseiine data and to discuss the role of these two factors
in the collapse. re-establishment. and sustainability of the nauve
fish communiry in a large, perenniaily-flowing desert river.

METHODS

Studv sites were located primariiv on reasonable access ana
linear disposition over the 60 km reach. Specific location was
based on channel morphology and rvpes of habitat present
(Stefferud and Rinne 1995; Rinne and Stefferud 1996). Seven
sites were chosen commencing at a point 7.6 km east of Sullivan
Lake and ending at the confluence ot Sycamore Creek (Fig. 1).
Sites were linearly separated by distances of 3.3-16.2 km.

[nitiallv, we proposed o sample 250-300 m of stream at each
site; however. exacr length was dependent on habita: comp!

at the site. In general. a riffle-pool sequence was selecred.

the study site was expanded to include other significant ha.
rvpes present (Rinne and Stefferud in press). Habitat types were
sampled for fish with backpack DC electro-fish units. seines
(3.2 mm mesh), dip-nets. and trammel nets progressing from
downstream to upstream. All fish caprured within a habirat tvpe
were identified ro species. enumerated and returned alive to the
stream. All sites were sampled in Spring: however. only the
upper- (Burnt Ranch) and lower-most (Sycamore) sites were

sampled in Autumn. Reduced (seven to two) sampling protocol

Fig. I. The upper Verde River indicaung the seven sites sampled
berween 1993 ana 1996. Triangies indicate locauon of the Pauiden ana
Clarkdale stream gauges.
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Table |. Fish community dynamics in the upper Yerde River. Spring 1 994-96.Values in ( ) and [ ] are percent change from previous

Spring, and boid numpers are native : non-native proportions. Species abbreviations are sNOwn ana are the same for

Tables 2 and 3
ipecies Spring 1994 Spring 1995 (%) Spring {996 (%)
Nauve species
Desert sucker (CACL) 1644 247 (-90) 471 (+90)
Sonoran sucker (CAIN) 1810 322 (-82) 654 (+103)
Roundtail chub (GIRQ) 776 341 (=56) 259 (-24)
Longfin dace (AGCH) 1319 12 (-99) 282 (+2250)
Spikedace (MEFU) 428 72 (—83) |40 (+94)
Speckled dace (RHOS) 171 25 (-85) 68 (+172)
Total (%) [%change] 7148 (82) 1019 (85) [-86] 1874 (85) [+714]
Introduced Species
Red shiner (CYLU) | 473 97 (-93) 275 (+183)
Common carp (CYCA) 23 6 (=74) 13 (+117)
Smalimouth bass (MIDO) 1 4 10 (-28) 32 (+220)
Green sunfish (LECY) 3 29 (+480) 6 (=79)
Yellow bullhead (AMNA) 16 32 (=11) 5 (—84)
Fathead minnow (PIPR) 6 0 (~100) 0 (—)
Total (%) [% change] 1558 (18) 174 (15) [-89] 332 (15) [+71]

was based on both considerarion of impact to fishes and to
address the potential relative influences of summer monsoon
versus winter flood events.

ARESULTS

Numbers of most fish species decreased markedly berween
Spring 1994 and 1995 sampling; oniv green sunfish increased
(Table 1). Narive nish decreased by berween 56 and 99% (mean.,
839%) non-natives bv 11 to 100%. Yellow builhead was reduced
oniv 11% and smallmouth bass 28%. Red shiner decreased by
939%, and no fathead minnows were round 1n dpring 1995,

Bi-annual sampling at the upper- and lower-most sites in the
river offers a more derailed picture of population dynamics
(Table 2). All native species. except roundrail chub. deciined
from Spring 1994 to Autumn 1994 at the Burnt Ranch site,
decreased further by Spring 1995 betore increasing in Autumn
1995 and Spring 1996. Most non-native species varied little
between samples. The introduced red shiner population ar
Burnt Ranch held stable berween Spring and Autumn 1994
sampling and then declined markedly (>80%) by Spring 1995
onlv o then increase markedly (95%) by Autumn 1995. By
comparison. at the Sycamore site. red shiner increased over 100-
fold berween Spring and Autumn 1994 oniy ro collapse (-99%)
to very low population levels in 1995 and 1996. At Sycamore,
common carp numbers were low from Spring 1994 to Spring
1996. Similiarly, smallmouth bass numbers remained low during
ill sample periods, disappeared at Svcamore in Spring 1995,
oniv to increase slightly by Autumn 1995 at this site. Green
sunfish were absent at these two sites in 1994. increasing at the
Burnt Ranch site by Autumn 1995. Numbers or yellow builhead
were generally low and declined steadily from Spring 1994 to

Spring 1995 before increasing in Autumn 1995. Fathead
minnows were essentially absent rrom all sampiing.

At all seven sites. native fishes predominated (82 to 85%) in
numbers over the non-narive species (15 to 18%) (Table 1:
Fig. 2). However. such predominance of native species was
variable. comprising 54% of the fish communiry in Autumn
1994 and increasing to 85% over the entire study area by Spring
1995. By Autumn 1995 the narve fish community had
increased to comprise 88% of the roral fish community. Fish
population dara collected in an independent study of the Verde
River in 1986 (USFWS 1989) indicated that nauve species
comprised 88% of the fish communiry (Table 3). Sampling oV
the Arizona Game and Fish Department immediateiy atrer the
SO+vear flood event in Spring 1993 (Fig. 3) indicared natives
were the dominant component (96%) of the fish community by

Autumn 1993 (Table 3).
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Fig. 2. Proporuonal numbers of nauve to non-natve SDecies of fishes
in the upper Verde River. | 986~1996. Rauos for 1993 througn 1995 are
for Spring (S) ana autumn (A). respecuvely.
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~ Table 2. Fish community dynamics based on Spring 1994, Autumn (994, Spring | 995, Autumn 1995, and Soring 1996 sampling at
Burnt Ranch (BR) ana Sycamore Creek (SC) study sites. The totali numper at the two sites is indicated. Order of species

as in Table |
Spring 94 Autumn 94 - Spring 95
Species BR sC Total BR SC Total BR SC ___Tﬂtll
Native species
CACL 339 379 718 3] 93 | 24 15 29 44
CAIN 278 223 551 214 25 239 60 37 97
GIRO 1S 165 180 50 |7 67 | 04 107
AGCH 1072 | 1073 94 0 94 0 0 0
MEFU 257 92 349 93 0 93 33 |7 S0
RHOS 0 |19 19 0 I I 0 0 0
Introduced species
cYLU 39 3 42 50 195 445 7 5 12
CYCA | 4 5 67 I 68 0 2 2
MIDO 2 3 5 2 3 5 3 0 3
LECY 0 0 0 Q 0 0 0 2 2
AMNA Pl 10 12 | 6 / 2 I 3
PIPR 0 0 0 S 0 5 0 0 0
Autumn 95 Spring 96 o

Species BR SC Total BC sC Total
Native species
CACL 44 77 121 79 38 |17
CAIN 103 93 196 92 41 133
GIRO 40 6 46 23 25 48
AGCH 397 0 397 91 I 92
MEFU 250 0 250 33 Si &4
RHOS 0 12 12 0 0 0
Introduced species
CYLU 151 7 [58 88 9 97
CYCA 3 0 3 | | 2
MIDO 0 9 9 5 0 5

=CY 7 0 7 | 0 I

-MNA 5 8 | 3 | 0 |
PIPR 0 0 0 0 0 0
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Fig. 3. Annual peak and mean annual
discnarge at Pauiden and Clarkdale gauges
during water years |976 to 1995 (US
Geological Survey records).
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Table 3. Relative percentages of the fish community collected in the Yerde River | 986~96. Species aesignation as in previous tables
except for ICPU, channei catfish: species ratios (%) are inaicated by season

Aut 95

Species Spr 86 Spr 93 Aut 93 Spr 94 Aut 94 Spr 95 Spr 96
Native species
CACL | 8.7 26.2 20.9 30.4 10.8 25.7 |1 4.7 21.3
CAIN 13.0 17.9 27.8 20.8 20.8 25.3 16.8 29.6
GIRO 1 1.0 |.8 .6 8.9 5.8 26.8 4.3 1 1.7
AGCH 25.1 25.5 34.4 5.2 8.2 0.9 26.6 o
MEFU 19.1 3.7 2.5 49 8.1 5.7 20.1 6.3
RHQOS 0.8 10.0 8.6 2.0 0.1 2.0 4.7 3.0
% 88.0 85.0 96.0 82.0 54.0 85.0 88.0 85.0
Non-native Species
CYLU 6.6 7.4 2.9 6.9 38.8 7.6 10.6 | 2.4
CYCA 0.1 [.3 0.4 0.3 5.9 0.5 0.2 0.6
MIDO 0.6 1.5 0.0 0.0 0.0 3 0.5 0.3
AMNA 3.3 .1 0.6 0.4 0.6 2.3 1.0 0.3
ICPU 0.4 0.4 0.0 0.1 0.0 0.2 0.0 0.0
PIPR 0.0 3.l 0.1 0.1 0.4 0.0 0.0 0.0
4 12.0 15.0 4.0 18.0 46.0 15.0 12.0 15.0
DiscussIiON interactions and control or the natuve and non-native fish

Mincklev and Meffe (1987) contrasted differences in flood
hydrology between southwestern and lands and those of lowland
mesic regions of the central and eastern USA. They reported thar
most of the annual warter vield in southwestern svstems was
produced during high discharges in brief periods of time, whereas
low discharges produced a far greater proportion of roral yield
from mesic svstems. They suggested the differential effects of
these patterns on fishes was significant to the native: non-native
mix of species now present in the Southwest. Minckley and
Meffe (1987) conciuded that native southwestern fishes were
betrer adapred to withstand the effects of large rloods than non-
nauve fishes. During severe tloods, non-native species were either
displaced or killed, wnereas nauve species maintained position in
or adjacent to channel habirats, persisted in micro-refuges, or
rapidly recolonized if displaced. Based on our data from the
Verde River following 50+ and 7-vear tlood events. it appears that
floods of this magnitude negativelv impact and dramatically
reduce both narive and non-native fish communities. The 7-year
event in Winter (March) 1995 reduced the native fishes in the
upper Verde by 86% and the non-native communiry by 89%.
However. the native: non-native community COMPOSITION rario
remained almost identical berween years, respectively (82:18 and
85:15). Further. by Spring 1996 the native fish component had
increased, on average, over 700%; non-natives. despite marked
increases in red shiner and smallmouth bass. increased by an
average of only 71%.

Dara from work previous to our srudy indicated that following
almost a decade (1984-92) of drought and low flows. non-
natives onlv comprised 12% of the toral fish community (Marty
Jackle, US Bureau or Reclamarion, pers. comm.; USFWS 1989).
Following the massive flooding in 1993, non-nauves were
reduced to only 4% of the rotal fish communirv. Theretore,
Minckley and Meffes hypotheses on the mechanism of

communiry in the Southwest may be paruallv correct. First. not
only the non-narives are impacted by flooding, burt the nauves as
well. Immediarelv post-flood. nartive fish rebound rapidlv: non-
natives also increase bur more slowly, and some ratio of the two
is established. The rario appears. in parrt, to be dependent on the
subsequent annual hvdrographs, butr has been consistently
85:15, native to non-narive species. However. the fact that non-
natives comprised only 12% of the total fish communirty in the
late 1980s (see above) arrer a four-vear period of low flow
suggests other mechanisms may influence the nauve: non-narive
ratio in the Verde River.

Green sunfish was the oniv species to increase in absolute
numbers in the Verde River rish community berween 1994 ana
1995 (5-29). We suggest it was a resuit of a differennal
magnitude of flooding over the entire study area. The tlood in
1995, in contrast to that in 1993, affected mostly the reach ot
river downstream from Svcamore creek (i.e. the Clarkdale
gauge). The majority (26-29 individuals) of the increase in
green sunfish numbers occurred in the upper reaches of the river
(sites 2-5). The peak discharge at these sites, as indicated by the
Paulden gauge, suggests that flows were either below the
threshold to negatively impact this species. or of the proper
magnitude to overflow ponds on the watershed and introduce
sunfish into the river, or 2 combination of both. Similariy, we
suggest that the input of fathead minnow from warershed stock
ranks may have been the reason for the appearance of this species
immediately post-flood in the Spring 1993 sample ar Burnt
Ranch. By Autumn 1993, fatheads had disappeared and the

native fish component reacned 96% of the fish communicv.

Precipitation and stream hvdrographs are stochastic and
unpredictable in the Southwest and floods of signiricance
fl.e. 400 m> sec™') in the upper Verde River appear to occur
randomiv. Cycles or flood and drought, however. are evident.
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and ensuing years of low tflow are now propable tollowing the
1993 ana 1995 floods. Accordingly, based on the historic
hydrograph. the propability for a pertod ot low rlows from now
o the vear 2000 increases. Consequentiv. in excetlent
opportunicy exists to study in detali native versus non-native risn
\nteractions during reauced flooding ana low tlow conditions.

Tvpical of deserr streams and rivers, tlooding can be signiricant
in the Verde River. Larger tloods. estimared to have recurrence
intervais of 30—60 vears \US Geological Survey 1992), appear to
‘reser’ the biological and geomorphological reference basetine.
Thar is. riparian vegerational succession was set back to a base
level. channel morphology was modified. and stream-bed
materials were sorted and rearranged. Flood events in 1993 (50+
vear) and 1995 (7-vear) altered channel morpnology and
aquatic habirats bv eroding stream banks and restructuring and
invigoraung substrate materiais.

Afrer eacn flood. rotal abundance ot fish was reduced and the
population structure of the various species altered. Basea on
dara collected in Winter 1993 ana 1995 tlood events. both 30+
and 7-vear return intervais reduced both natve and non-narnve
species. Nevertheless. natives stiil comprised 85% or more ot the
fish community. Following these events the nauves rebound
quickly in numbers in response to the restructuring or
'invigorating of substrate marerials (Mueller 1984). Spawning
success and recruitment probably contribute to the quick re-
establishment of native fish populations. Althougn non-narive
species begin to increase ar the same time (Table 2.) their
lowered numbers also would favour a rapid increase in native
fish numbers because of the lack of competition and more
probably predation (Minckley 1983: Rinne and Alexander
1995: Rinne 19954). Further. recovery rates of non-native fish
populations were variable. Red shiner were markedly reducea by
the 7-vear flood event. common carp were less reduced. and
smallmourth bass sustained their numbers.

Long-term (>3 vears) studies of natve tish populations in low,
desert rivers of similar or larger-size are non-existent. Several
long-term studies in smaller streams are ongoing: Aravaipa
Creek has a 25-year record of fish community dvnamics (W L
Minckley pers. comm.), and there are 10-vear records of native
fishes and habitar associations for several streams in the upper
San Francisco and Gila River drainages in New Mexico (D L
Propst pers. comm.). Whereas these existing data sets may be
useful for comparing effects of floods and drougnts on native
species. none of the studies are in stream reaches that have a
significant non-nauve fish component. Thus the Verde River
project is unique in the Southwest and offers an excellent
opportunity to test and refine current hypotheses relative to
native : non-native fish interactions as influenced by drought
and flooding over the long term.
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