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Although much attention nas been ziven to the
erfects or stormflows on native fish in Arizona's
rnvers (Mincxiev 1973, Rinne and Minckiev 1991),
it 1s munimum basetlows that are most critical for
fish survival. Concerns have been raised about the
potentially negative ettects or drougnt, consump-
five water use. watersned management, and water
diversion on naunve fish populations. but signifi-
cantly reaucea baseriows couid also put these rish
populiations at risk. Because of the controversy
over threatened and endangered fish such as the
spikedace (.Meda fulgida) in the upper Verde River,
it 1s :Lmrmnam to examune recent trends in muini-
mum baseflows on this river.

Because or the vagarnes of climate (Green and
Sellers 1964). characteristic to the Basin and Range
physiograpny of the Southwest (Nations and
Stump 1981), and its aridity (Jaeger 1957, Dunbier
1968), patterns ot streamtiow are highly variable.
An alternating pattern of floods and drought are
the norm. The mteractions or these ractors result in
definition or aguatic habitat or the lack of it in the
region (Rinne 1995a). Because of the Southwest's
ciimate pattern and frequent water shortages,
damming or JMalor I1Vers was extensive during the
tirst 60 vears of this centurv. Commencing with
the compietion of Rooseveit Dam, the first Bureau
of Reclamation dam on the Salt River basin of Ari-
zona in 1911, modification or rivers in this region
and througnout the West has been widespread.
Rinne (1994) reported that 70 percent of the main-
stream rivers in Arizona have been modified bv
dams. Such modifications combined with rapid
growth In population and economuc activities have
resuited in ioss of surface flow and changes in the
quantity ana qualtv or streamrlow across the
landscape. rree tlowing, un-dammea rivers are a
raritv in this region.

The uprer Verde River i1s one of the few re-
malning reacnes of wild, {ree-rlowing rivers in Ari-

‘Rockv Mountain Research Station, USDA Forest Service. Flag-
statt, AZ.

zona. rurthermore, this reach of river is a rarity in
the Southwest because it supports a native fish
community (Stefferua and Rinne 1995). Studies of
the reacn or river upstream trom Svcamore Creek
began in 1994 following major flooding events on
the Verde in the winter of 1992-93. The main
study objecuve 1s to examine the sustainability of
the nanve rish fauna reiative to abiotic and biotic
ractors, speciricaily the role of the changing hy-
drograph with time and space, and the effect of
Introduced fishes on the sustainability of the
native fish fauna (Stefferud and Rinne 1995, Rinne
and Stefferua 1996). Other components of the
overall study effort are the definition of aquatic
macrohabitats and their utilization bv fishes
(Rinne and Stefferud 1996, Neary et al. 1996, Rinne
and Neary 1997, Sponholtz and Rinne 1998).
Southwestern fishes are highly adapted to the
varyving cycles of water feast and famine (Minckley
1973, Deacon and Mincklev 1974, Rinne and
Minckley 1921). However, thev are not able to
adapt to the compiete loss of surface flow, the
opbvious, critical component to their survival
‘Rinne 199501,

Examination or paserlow hvdroiogy in the
Japper Verde River pasin was undertaken in the
study reported here to determine the trends in
muinimum pasetiows over the past three decades.
Because of recent droughts and the extensive,
rapidly increasing urban development in Chino
Valley, the headwater or the Verde River drainage
svstem, concerns have arisen over the ability of the
river to sustain its nanve fish population. Under-
standing this trend is very important tor resource
managers, \wNo must arrive at decisions regarding
.and use acuvities and sustainability of the Verde
River spikedace and other native fisn. This paper
delineates tne trenas in the upper Verde River
Jurumum mean dauy flow, suggests probable
mecnanusms ror the coserved changes, and empha -
sizes the imporrance and signiticance of changmg
TUrumum fiows to the nauve tish fauna.
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=freamurlow recoras were crrainea rom e U.S.
Geological Survev. ‘Water Resources Division.
Arizona Listrict :or the Paulden gage (number
~e Clarkdale
zage (numcer $304000) from 1265 througn 1995,
ana the Camp Verae gage (number ¥>06000). The
Paulden gage is located on the Verae River (peren-
nial flow) between the conriuence ot Gramte Creek
iephemeral flow) and Hell Canvon (epnemeral
flow), abour 14 km pelow the beginmung or peren-
nial streamriow. Its contributing drainage is about
5,568 km =, cr 40 percent of the Verde s 14,000 km =
basin area (House et al. 1995). The Clarkdale gage
is located Eelow the Verde’'s contiuence with Svca-
more Creek. about 42 km downstream of the Paul-
den gage. Its flow-contributing area is 8,148 km~-,
or 60 percent of the total nver drainage pasin. The
Camp Verde gage 1s located downstream or Camp
Verde, with a drainage area ot 12,028 km-=, or 85%
of the total basin area. Flow data are avaiiable on
the Verde River Watershed Association webp site at
http:/ /www.verde.org. Monthiy and annuai dis-
charge data were taken from U.S. Geological Sur-
vey gage summary tables. Mean daily flows were
analyzed to determuine the minimum mean daily
flow on an annual basis.

Precipitation data were taken from the Prescott
precipitation station (number 026796) for the pen-
od 1931 through 1994. The rain gage is about 46
km south of the Paulden streamflow gage.

This preiiminary analysis investigates trends in
water flow data to guide a more complete anaivsis
of water rlow parameters at a later cate. It consid-
ers onlv annual minimum aailv paseriows and
annual maximum aaily peaxtlows.

Baserlow Irends

Mean monthly discharges at Paulden range from
0.67 to 3.62 m°/s. The mean maximum discharge
of 40.77 m*/s normally occurs in Februarv, and
the mean minimum discharge of 0.43 m~ /s occurs
in May. During the period of record (1963-1995),
the maximum mean daily flow was 387.85 m=/s in
1993. An instantaneous peakflow of 657 m>~/s oc-
curred during the 20 February 1993 storm (House
et al. 1995). The munimum mean daiy flow was
0.42m*/s in 1964.

The annual minimum daily flows ror the period
of record t~at represent the lowest baserlow dur-
ing each vear are snown 1n Figure 1. They range
from a low of 0.42 m*/s in 1964 to a nign ot 0.71
m3/s in 1585, 1986, 1994, and 1995. There 1s a trend
of increasing annual minimum dauyv rlows over
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IS period. [nie 2-vear running average rose rrom
132 meysin 1967 tc U.67 m® /s in 1995, a 29 percent
ncrease. As or 1892, there does not appear to be
iny evidence o indicate that water use in the
-pper Verde River watersnea over the past three
Zecades has arfectea the annuai minimum dailv
low.

Mean montnly cischarges at Clarkdale range
‘rom 1.81 to 14.64 m~/s. The mean maximum dis-
-narge or 98.80 m~ - s normally occurs in February,
and the mean mimumum discharge of 1.76 m3/s
occurs I june. During the period of record (1965-
2995), the maximum mean daily flow was 849.30
m°/s in 1993. An mnstantaneous peakflow ot 1,507
m°/s occurred during the 20 February 1993 storm
'House et al. 1995). The annual minimum mean
dailv flow was 1.70 m®/s in 1978.

The annual munumum dailv flows at the Clark-
iale gage for the reriod of record are snown in
Figure 2. Thev range rrom a low of 1.81 m>/s in
1966, 1967, 1972. ana 1981 to a high of 2.32 m>/s in
1993. Similar to the trend higher up the Verde
River at Paulden. there is also a trend of increasing
annual minimum daily flows over this period. The
-year running average rose from 1.88 m*®/s in
1969 to 2.18 m~/s in 1995, a 16 percent increase.

As streamitlow gaging at Paulden and Clark-
dale did not start until 1963, it is difficuit to deter-
mine where the current trends in munimum daily
baseflow fit in the long-term pattern or minimum
daily baseflow. Data from the incompilete stream-
flow record at Camp Verde (Figure 3) indicate that
annual minimum daily flows in recent times
'1989-1994) have teen less than those auring the
-334-1645 perioa. It is also interestng to note that
the annual minimum dailv basetlow decreases
between the Clarkdale gage and the Camp Verde
gage. This decline is indicative of not only the
water diversions that occur in the Clarkdale-
Camp Verde reacn, but also water surrace evapo-
ration, transpiraton by riparian vegetation, and
:eepage mto the ailuvium of the niver.

Mechanisms
The trend of increasing annual minimum daily
‘lows at both the FPaulden and Clarkdale stream
zagmng sites suggests that baseflows in the upper
Verae River watersned are imncreasing in response
‘0 either increases in precipitation or reductions in
svapotranspirational losses. There 1s no evidence
of the latter, and no major vegetation management
programs have occurred in the past three decades
-hat would reduce ranspiradonai losses of water.
The remaining —ecnanism that mignt explain
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Figure 1. Annual minimum daily baseflows on the Verde River at the Paulden streamflow gage (1963
1995).
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Figure 2. Annual minimum daiuy baseflows on the Verde River at the Clarkdale streamflow gage (1965-
1995).



NCreases In oQunimum aaily baseriows 1s precipita -
aon. ‘ _
Figure 4 shows rainraii at Prescott as a depar-
fure rrom tne 1932-1994 mean or 1933 mm. During
this time rrame there nave been wetter and drier

periods as indicated by the cumuiative departure,

curve le,g. wetter, 1932-1546; drier, 1946-1564;
wetter, 1965-1972; drier, 1573-1981; werter, 1981-
1988; drier, 1989-1994). The 1964-1994 segment
shows a general wetting trend during the period
of Increasing minimum dailv flows mn that cumu-
lative departures from the mean have become
more positive since the -2,180 mm low point in
1964. This indicates that annual minimum daily
flows still seem to generaily respond to oscillations
In precipitation and not some other hvdrologic

process such as evapotranspiration. A downward

trend in vegetation densitv in the watershed could
possibly reduce evapotranspiration and increase
basetlows. Based on photographic evidence, vege-
tative cover in the upper Verde River riparian
zone over the past 30 vears has been increasing,
not decreasing. There 1s not enough evidence on
upland areas to argue one way or the other.
During the period of time in which annual min -
imum daily baseflows at the Paulden and Clark-
-dale gages have been increasing, annual maximum
daily peakflows have aiso been increasing (Figures
5 and 6). Since peakflows have a high degree of
year-to-vear variability, thev are more indicators
of an increasingly wetter ciimate than controlling
factors in rising minimum daily flow. Peakflows
have definitely increased over the period of record
for both the Paulden ana Clarkdale gages, culmi-
nating in the high flows ot Februarv 1993 that
were esumated to have a rerurn period of 70 vears.

Significance to Fishes

Miller (1961) first reported the decline of native
southwestern fishes as a result of man’s activities.
Dam construction, diversion, and groundwater
mining were listed as major factors resulting in
aguatic habitat alteration and loss in the South-
west. Rinne and Minckiey (1991) further empha-
sized the continuing decline of the native desert
fishes in the region. The upper Verde has been
largelv spared from the first two major impacts;
the inrluence of the last, groundwater pumping,
mayv be vet to come. Nevertheless, the recorded
increase in pbaseflow on the upper Verde is not
only surprising but certainiv beneficial to the
native rish fauna. Just as rloods have been docu-
mented to be beneficial to native fishes in this
reacn of river (Rinne and Stefferud 1996), base-
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lows are critcal to sustaining the native rish
commurnury 1l times Of reduced precipitation and
runo:t. The guantity and qualitv of streamflow, in
time and space, strongly dictate fish habitat and in
turn nsh populations.

Although uneguivocable, quantitative defini-
tions or aquatic macrohabitats in the upper Verde
are vet in process (Sponholtz and Rinne 1998),
utilization or riffles versus pool habitats has been
relativelv well defined for members of the native
fish community inhabiting the upper Verde River
(Rinne 1989, 1991, 1992, Rinne and Stefferud 1996).
Shallower water, riffle-dwelling species such as
loach minnow (Rhinichthus cobitis), spikedace
(Meda fulgida), speckled dace (R. oscuius), and long-
fin dace (Agosia chyrsogaster) wouid be affected
first if streamflow is decreased. Speckled dace,
longfin dace and spikedace, a threatened species,
currently inhabit the upper Verde (Stefferud and
Rinne 1995). All three species have been demon-
strated to inhabit low-gradient riffles (Rinne 1992,
Nearv et al. 1996, Rinne and Stefferud 1996) and
would be the first to be negatively impacted if
streamtlow is decreased. Initially, a decrease in
flow would reduce reproductive potential in riffles
and ultimately would force these two species into
pools inhabited by the native predatory species,
roundtail chub (Gila robusta; Rinne 1992), and in-
troduced smallmouth bass (Micropterus dolomieu:)
and vellow bullhead (Ictalurus nebulosus; Rinne
and Neary 1997). Fortunatelyv, the increase in base-
flow can only be considered as a critical, positive
effect on populations of these two species.

Conciusions ana Recommenaations

At the USGS Paulden gage, near the beginning or
perennial flow on the Verde River, mean daily
minimums range from 0.42 to 0.71 m*/sec. The
annual minimum mean dailv flow at this gage ex-
hibits a trend of increasing minimum flows over
the past three decades. At the Clarkdale gaging
station above Cottonwood. mean daily munumums
vary from 1.70 to 2.32 m*/sec. Similarly to Paul-
den, the trend in annual minimum mean dailyv
flows at Clarkdale since 1965 is towards increasing
annual minimum daily flows. At the present time,

these increases in minimum baseriows on the up-
per Verde River appear to indicate that adequate
flows will be available in the near ruture to sustain
the Verde's fish population. This trend will require
future evaluation and monitoring to determune if
rapid urbanization of the Prescott and Chino Val-
iey areas in ruture vears will impact basetlow or
the upper Verde River.
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Figure 3. Annual minimum dailv baseflows on the Verde River at the Camp Verde stream-
flow gage (1934-1945 ana 1989-1994)).
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Arizona, precipitation gage.
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Figure 5. Annual maximum daily peakflows on the Verde River at the Paulden gage
(1963-1995).
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Figure 6. Annual maximum daily peakflows on the Verde River at the Clarkdale gage
(1965-1995).
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