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SUBJRCT: Biological Opinion, Central Arizona Project, Water Exchange Project,
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This responds to your request of Qctober 24, 1988, for formal consultation pursuant
to Section 7 of the Endangered Species Act (Act) of 1973, as amended, on your.
impiementation of the Central Arizona Project {CAP) Water Ixchanges on the Verde.
River in Yavapal County, Arizona. The species of concern is the threatened spikeda
(Meda fulgida). Your consultation request indicated that project impacts to the
bald eagle (Hallaeetus leucocephalus) and the experimental nonessential populaticn
of Colorado squawfish (Ptychocheilus lucius) would be addressed at a later date.

Because of the length and complexity of this biological opinion. the following table
of contents and list of figures and tables have been included.
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CONSULTATIONVHISTORY

The 90-dav consultation period for the spikedace began on October 26, 1983,
the date your request was received in our office. A 15-day extension of

rhe consultation period was requested by the Fish and Wildlife Service
(Service} and was agreed to by the Bureau of Reclamation (Reclamation) on
January 24, 1989. On Yarch 7, 1989, the consultation was placed on indefinite
suspension to allow the City of Prescott (Prescott) and Reclamation to develop
additional alternatives. On Januarv 4, 1990, the Service received vour
revised biological assessment containing the additional alternative and
requesting recpening of consultation. Mutual agreement between Reclamation
and the Service sgtablished a new consultation end-date of April 9, 1990.

3 draft biological opinion was sent to Reclamation on March 16, 1990 for
review of the reasonable and prudent iiternatives as requested by Reclamation.
Your comments on that draft were received by the cervice om April 16, 199C.

By additicnal agreement between neclamation and the Service, this biological
opinion is due on or before May 31, 1990.

On April 14, 1986, the Service provided Reclamation with a conference report,
under Section 7(a) {4} of the Act, addressing impacts of the Verde River
CAP Water Exchanges on the spikedace, which was then proposed as threatened,
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and to its propesed critical habitat. That report found that the project wouid
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(Figure 1). That proposal s silll pending.

m™4e spikedace is 3 menotypic genus ancamic to the Gila River basin., It is a
small silvery minnew, reachling a maximum size of abous 2.5 inches. I[ts Ristoric

i

disz~sution included the mainstresam and moderate aradient perennial tributaries
of =me Gila River ugstream from e sit2 of sresent-day Phoenix {Mincitley 1973)

Flgure 2). Zasitat destriction and/or comperition and pradatica 3¥ ntroduced
qon=-nazive 7ish have reduced Rhat range By abous 34 percent. The spikedacs
~ow 2vists ‘n limitad sortions of the upper Gila River in New Mexico, and

Lo rray i Amaals T30'a Creek and <k nnar Verd iver in iy
,43. il TT - P bath was ._p:.a - Fag XAV eD Ll MuiaalWnises

Pan YRS - *

‘n Yavapal Couniy, exzanding Trom the mest ugstream end

Yelow Sullivan Dam (NZ 174 of the NW l/+ Secilon 13, .

downscream to siighily selow the conlluence with Sycamors Craex
a { I

"~ -ug uppaer Varde Xiver, spikedace are LTOWR IO oCtuTY a
9

) .
ol
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where rapid flow borders slower flow, areas of sheet flow at rhe upper ends
of mid-channel, sand/gravel bars, and eddies at downstream riffle edges.
However, habitat use varies geocqgraphicaliv, seasonally,. and antoyeneticallv.
studies indicate that in gqeneral adult spikedace primarily use water
velocities of about O to 3 feet per second in depths of about 0.1 tn 1.25
feet, while juveniles generallv use slightly slower water (0 to 2 feet per
second) and a wider range of depths (0.1 to 2.25 feet), and larvae use much
slower (0 to 1 feet per second) and slightly shallower watler (0.1 to 1 feet)
(Anderson 1978, Barber and Mincklev 1966, Propst et al. 1986, Turner and

Tafanelli 1983, USFWS 1988, USFWS 1989) .

some differences have been noted in habitat use between geographical

portions of remaining spikedace trange. Propst et al. (1986) found that
spikedace in the Gila River used slower and deeper water in the Forks area

than in the Cliff/Gila Vallev area. Comparison of habitat preference curves
developed for the upper verde River spikedace population (USFWS 1989} and

the Cliff/Gila Valley population of Gila River spikedace (USFWS 1988) indicates
that adult spikedace in the verde River use slightly shallower water than

in the Gila River, that juvenile spikedace in the Verde River use slightly
faster and deeper water than in the Gila River, and that spikedace larvae

in the Verde River use shallower and slower water than in the Gila River.

propst et al. (1986) also noted shifts inm spikedace habitat use between
seasons. In the Gila River in the Cliff/Gila vallev, spikedace moved to
siower velocities during cold periods, although those velocities were still
higher than those generally occupisd by spikedace 1in the Forks portion of

the Gila River. However, they found that in the forks area, the fish moved
to shallower water during cold periocds, thus occupving slower water of about
the same depth 3s spikedace in the Cliff/Gila population. The differing
responges to cold temperaturss appear to be due 0 Jifferences in thermal
cover offered by the two areas; gslow-velocity areas in the lee of sand/gravel
nars in the Cliff/Gila vailev and cobbled banks in the Forks area.

spikedace spawn from varch through Mav w%ith some vearly and geographic
variation (Anderson 1978, Barber =t al. 1970, Propst et al. 1986), based

on studies of 249 development and observation of males in breeding coloration.
Actual spawning has not vet heen observed in spikedace, but spawning behavior
has been observed and it is presumed that the eggs are lajd over gravel and
cobble where thev adhere to the substrate. No data are available on incubation
and hatching times or needs. Both Barber et al. (1970) 1in Aravaipa Creek

and Anderson (1978} in the Gila River found that spawning appeared to occur
when maximum davtime water temperatures reached 19° C. Both of those studies
also indicated that some spikedace spawn a second time in Mav. Propst et

al. (1986) 4id not find any evidence of such a second spawning in their
studies in the Gila River. Spikedace in breeding conditicn have been noted

in the Verde River at Forest road 638 on March 7, 1986 in water 22¢ ¢, on
April 23, 1986 just upstream from Svcamore Creek in waler 19° C, and on May

5, 1987 at Forest Road 638 in water 23° C (USFWS unpublished data). Arizona
Game and Fish Department (AGFD) personnel have observed spikedace in spawning
coloration in the Verde River only at Forest Road 638 (D. Hendrickson, AGFD,
pers. com., February 9, 1989). Forest Road 638 is onlv a few miles below one
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of the alternative diversion sites and is in the portion of the Verde River
which would be most seversly impacted by that diversionm.

Temperature regquirements of spikedace are poovly Xnown. studies have shown
spikedace to oCCur in temperatures irom 5.5 0 16.7° ¢ with gsignificant
seasonal and geographical variation (Barber and Minckley 1966, Propst et

al. 1986). Sspikedace live about two vears 4ith reproduction occurring
primarily in ome-vear old fish. ©Spikedace tend to move in aggregations

but do not appear to move large distances. They drift only when discharge
volumes are verv high. They feed primarily on aquatic and terrestrial insects

(Anderson 1978, Barber and Minckley 1983, Propst et al. 1986).

Project Description

In 1983, the Secretary of Interior aliocated water from the CAP to 120 Arizona
users. Eight of those users are located on the upper Verde River in central
iArizona. Those eight users plan to exchange their CAP water allocations

with downstream holders of state-permitted Verde River basin water rights.
Thig would allow them to divert their allocations directly from the Yerde
River (Gookin and issoc. 1983). Diversions of two of those users are expected
to affect spikedace; the Prescott allocation of 7,127 acre—feet per vear
{af/vr), and the vavapai-Prescott allocation of 500 af/vr (7,627 af/vr total
diversion). These two entities have submitted a joint proposal to Reclamation
to divert their allocation from the Verde River near the upstream end of
spikedace range. TwoO alternative diversion sites and water withdrawal
schedules have been proposed and are analvzed here: 1) as proposed in the
March 1988 hiological assessment; and, 2) as proposed in the January 2,

1990 revised biological assessment and Februarv 2, 1990 supplement.
1lternative 1 would divert water from the Verde River in T.17N., R.2W., SW

1/4 Section 12, Yavapal County, Arizona (Figurs 3), approximately 2 miles
downstream from the beginning of perenmnial flow at Sullivan Dam. The water
would be removed from the river by an infiltration gallery buried in the
streambed (also known as a French drain) (Figure 4). The subsurface flow
would be partially blocked downstream from the gallery with sheet piling to
aid in water capture. “Water would be piped from the river up the north

side of the canvon, west to the santa Fe railrocad, and south along the
railroad to a point near the Little Chino Valley well field (Figure 3}.
Existing pipelines would then be used to transport the water to the City of
Prescott and Yavapai-Prescott Reservation. The diversion schedule proposed
for alternative 1 is based on seasonal demand with the highest demand during

June and July (Table 1). The maxlimum instantaneous diversion capacity of

the system would be 15.05 cubic feet per second (cfs). The proposed monthly
diversion rates are those which would normallv occur and actual diversion

for anv given month may be substantially different, potentially ranging

from O up to the 15 cfs maximum diversion capacity. Several important aspects
of the construction and operation of the alternative 1 diversion were not
gpecified in the biological assessment or otner supporting documents.
Therefore, for the purposes of this analysis we have made several assumptions
regarding alternative 1. 1If further development of this proposal makes

these assumptions invalid, then additional analysis of impacts and reinitiation
of consultation would be necessary. Assumptions are as follows:
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1. Gookin and ssoc. {1983) indicate that the sheet piling may be
installed to block all subsurface flcw; or, may either be perforated or
raiced above bedrock to allow some subsurrace fiow to rontinue downstream.
Wo have assumed that a1 substantial amount of the existing subsurface

t1ow would be nassed by the sheet piling.

~.  The sheet piling would extend a short distance above the existing
channel surface. We have assumed that this would not result in any
significant pooling of water behind the sheet piling.

3. The temporar  coffer dam used during construction would not result

in significant impoundment of water and would not alter the downstream
flow regime.

4. The size of the infiltration gallery would be similar to that
outlined in Gookin and Assoc. (1983).

5. The monthly diversion rate would remain constant throughout the month
and would not fluctuate on a hourly, daily, or weeklv basis.

Alternative 2 would divert water from the Verde River at the site of the
U.S. Geologic Survey (USGS) Paulden gaging station, approximately 10 miles
downstream from Sullivam Dam in T.18N., R.1W., SE 1/4 Section 34 (T.138N.,
R.1W., Section 239), Yavapal County, Arizona (Figure 5). The water would
be removed from the river bv the same method as in alternative 1 (Figure
4). Water would be piped ifrom the river up the south side of the canvon and
would follow existing Forest Service roads to U.3. dighwavy 89. It would
then follow the highwav to the Little Chino Yallev well field where it would
merge with the existing water transport svstem., The proposed diversion
schedule for alternative 2 1is oriented roward accommodating some of the
biological needs of the spikedace 4ith no #ater being diverted during the
spawning and larval periecds and the highest diversions occurring in the
£a1l and winter (Table 1). Although rhis schedule would withdraw higher
amounts of water during the months oI lowest demand, no storage facilities
would he necessarvy orher than a minor amount to be accommedated by storage
ranks within the town of Prescott. Monthlv diversion rates would vary from
those on Table 1 according to conditions; however, only flows greater than
the "guaranteed minimum" flow would be diverted. The maximum instantaneous
diversion capacity of the system has not been determined. 3issumptions made
regarding unspecified aspects of the alternative 2 diversion are as follows:
1. Assumptions one through four under alternative 1 also apply to .

alternative 2.
2 The maximum instantanecus diversion capacity of the svstem would not

exceed 25 cis.
3. Specified minimum flowe would remain constant throughout the month
and would not fluctuate on a hourly, dailv, or weekly basis. When natural
flows exceed 25 cfs maximum instantaneous diversion capacity, then hourly,
dailv, and weekly fluctuations would reflect the pre-project hydrograph.
1. The instantaneous instream flow rate below the Jdiversion would not
be allowed to drop below the specified minimum flow at any time during
the month. If the natural flow of the river at the diversion site is
legs than the guaranteed minimum then the guaranteed minimum flow
downstream from the diversion would equal the natural flow and no
diversion would take place.
Invalidation of any one of the above assumptions due to additional project
development would require addition Section 7 consultation.
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TMPACTS OF THE ACTION

The proposed 1P Water txchange project would seversly reduce OT eliminate
rhe spikedace population in the Verde River ynder sither alternative. This
would occur as 4 result of direct and indirect impacts and through cumnliative
effects of this and other ongolng or Euture actions. sdverse impacts of

the proposed action wcould result from two facets of the project, the
construction and operation of the diversion facility ind the changes in
volume and timing of water flow in the river within the range of the spikedace.
inalysis of these impacts must be based on the change from the existing
situation (environmental bageline) which may differ significantly from the
conditions which existed in the upper verde River prior to gettlement of

the area by people of European descent.

Fnvironmental Baseline

Although all streams in the American southwest have been affected to some
extent bV nhuman-caused disturbances, the existing spikedace hapitat in the
upper Verde River remains comparatively animpacted. hLands adjacent to the
upper Verde River are rugged and are primarily managed by the pregcott National
Forest, thus 1imiting access and development. It 1s the relativelV undisturbed
character of the aquatic and riparian ecosystems in this area that has enabled
the majority of the historic native fish species tO survive. ©Of the ten

£igh species known to historically innabit this portion of the Verde River,

six remain. In the entire Gila River vasin, only four other areas still
mainfain that many native fishes; the Zan Francisco/Blue Rivers in Arizona/New
Mexico, the Forks area and Cliff/Gila Valley af rhe Gila River in New Mexico,
and Aravaipa creek in Arizoena. The commcn factor netween the five areas,

four of which support spikedace, 18 sha relatively intact, unaltered nature

of the streams, their channels, and the aquatic and riparian nabitat.

Yowever, Che upper verde River and its watershed have not heen entirelv

exempt from human uses that cause direct or indirect negative effects on

the spikedace and othem native fish species. These impacts are cumulative,
noth spatially and temporally, and nave collectively resulted in the
elimination of four of the original native fish species from the river. This
portion of the proposed critical hapitat of the spikedace has alreadyv been
subjected to adverse alterations and it is 1ikelv that rhe remaining gpikedace
population now persists under less than optimal nabitat conditions with
gubgtantial stress due to various human-caused habitat alterations. Historic
and current 1ivestock grazing, mining, road construction, railroad
construction, of f-road vehicle (ORV) nuse, recreation, agriculture, groundwater
pumping, apd urban development within the watershed have altered runoff
patterns, 30il erosion patterns. and riparian and upiand vegetation; thus
affecting river sediment loads, water temperatures, nutrient loads, substrate,
water chemistry. channel morphology. and volume and timing of flows. Present
patterns of rapid growth in the communities of the watershed threaten to
impact the river indirectly through increased groundwater pumping, increased
upstream watershed disturbances and pollution, and increased recreational

use of the river and riparian zone.
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yon-native fish species have been introduced bv man into the Verde River
system and have adverselv affected spikedace and other native fish populations
through competition and predation. Yon-native species currently reported

to exist within the npper vVerde River spikedace range include red shiner
(Cvprineila [formerly Yotropis] lutvensis!, mosquitofish (Gambusia affinis),
vellow builhead {Ictalurus naralis), carp (Cvprinus carpio), channel catfish
Teralurus punctatus), smallmouth bass {(Micropterus dolomieui), green sunfish
(Lenomis cvanellus), and flathead catfish (Pvlodictis olivaris). ¥hile

native species form the majority of the fish community in the headwaters

of the Verde River above Svcamore Creek, non-native fish now predominate in
the Verde River downstream from the head of the Verde Valley. Native and

non-native fishes maintain an unstable ratio in the stretch of river between
the upper end of the Verde Vallev and the mouth of Sycamore Creek. During

1986 sampling, native species formed only 61 percent of the population in

that stretch. However, in 1988-39 native species were much more prevalent
than non-native species, (D. Hendrickson, AGFD, pers. com., February 9,

1989). This resurgence in native species is thought to be a resnlt of several

heavy floods which had disproportionately higher adverse impacts on non-native
fishes. Upstream from Svcamore Creek, in the area still occupied by spikedace,
the habitat retains enough of its nistorie condition and natural hydrograph

to keep non-native species to a iow level and allow native species to remain

dominant. The habitat is relatively unsuitable for non-native fish and

they are generally confined to backwater areas. Anyv further changes to the
river and the habitat of the native species may create conditions which are

more favorable to the non-native species and would thus be detrimental to

the survival of the natives, inciuding the spikedace.

ilthough wost »f vThe qon-native fish have some negative 1lmpacts upon the
spikedace, it I3 carticularlv the red shiner that may pose a significant
threat (Marsh :7 3i. 1989). Red shiner have been implicated in the decline
of spikedace in other portions of its range, and the upper Verde River is the
onily known site at which red shiner and spikedace have been able to coexist
for more than a few vears. Red shiner were first found in the Verde River

in 1963, although the population was well established at that time and had
likely been introduced as bait several vears previously (Arizona State
University fish collection). study of the mechanisms which allow coexistence
of the two species ig vital to the survival and recovery of the spikedace

as a whole. The Verde River population may be the kev to discovering that
mechanism.

The sffects of historic and present perturbations in the project area and
downstream in the Verde, Salt, and Gila Rivers have resulted in the isolation
of the existing Verde River remnant nopulation of spikedace. The nearest
known extant population of spikedace, in terms of connecting river passages,
is the population in iravaipa creek: a distance of several hundred miles,
Historically, the spikedace securred in suitable habitat throughout the
intervening river reaches but have since been extirpated. The Verde River
spikedace population 1s now the only remaining remnant of the northern portion

of the historic range.
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Impacts to Spikedace from Construction and nweration of the Diversion Facility

construction and operation of the proposed iiversion facility itself would

nave adverse impacts on the spikedace under both altarnatives 1 and 2. Because
water removal would be accomplished bv means of an infiltration gallery
ombedded in the stream bottom, the actual tmpact of dailv operation of the
Adiveraion facility on the spikedace would e limited. No antrainment,
entrapment, or impingement of fish would occour, and because no impoundment

is necessarv, habitat losses would be locaiized. However, some adverse effects
would occur, primarily as a result of construction and maintenance.

Construction of the infiltration gallery would destroy a small section of

the aquatic habitat of the Verde River. The infiltration gallery is expected
to be about 100 feet wide by 100 feet long (Gookin and AssccC. 1983}. From
that we have estimated that approximately 300-500 linear feet of riverbed would
be subjected to excavation and heavy machinery traffic. This would likely
directlv destrov some spikedace habitat, although the extent of loss would
depend upon the exact siting of the structure. Because the average width

of the wetted area of the stream at base f{low at the alternative 1 diversion
site is about 12 feet and at the alternative diversion is about 30 feet,

the stream channel would need to be considearably widened at the diversion

site to accommodate the infiltration gallery. This channel restructuring
would create short-term suspended sediment as well as necessitating the
removal and dumping of dirt and rock. It would also result in removal of

the riparian vegetation at the diversion structurs and for some distance
upstream and downstream. The sediment caused bv the excavation and 7idening
would impact spikedace habitat by increased short-term turbidity and substrate
sedimentation and the raw banks created would continue to deliver sediment
into *the svstem until thev become revegetated. The extent of those impacts
would depend upon exact excavation plans and may be partially controlled
through careful planning and execution and uge of sediment catchment
mechanisms. Introduction of contaminants, such as machine nils, into the
river during construction 1s also a potencial source of adverse impacts to
spikedace; however, proper observance of state and federal laws and guidelines
regarding water quality would minimize or eliminate these impacts.

Tnfiltration galleries generally require continued long-term maintenance.
Although maintenance needs were not specified in either provposed alternative,
we have assumed that such maintenance would be periodically required to remove
fine sediments which mav clog the gallery and would probably be accomplished
through a backwashing process. Any maintenance activitv would create sediment
that woull be washed downstream and might also introduce pollutants. If

the fine sediments removed during maintenance were washed or placed into

the river downstream from the diversion or placed ontc the floodplain, the
impacts of increased river sediment load would be even yreater.

Impacts to the spikedace and its proposed critical habitat may occur as a
result of changes to the stream channel caused by the diversion facility.
whenever the stream channel and bed are altered and a structure is placed
into the river, the potential exists for radiating morphologic changes in

the adjacent channel until stabilization is reached under the new conditions.
Although such radiating changes could potentially cause major losses to Or
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extirpation of the spikedace in the Verde River, the probability of reaching
that level is low.

T™e nse of sheet piling to capture a portion of the subsurface flow may

have idverse impacts for an undeterminable distance downstream. Capture of
subsurface flow may result in loss of all or a portion of the surface flow
through increased percolation into the substrate downstream from the sheet
piling. The extent of this impact depends upon the amount ot subsurface
flow at the diversion point and upon the portiom of that flow captured by
the diversion structure. The depletion or elimination of surface flow below
the diversion structure would result in direct losses of spikedace habitat
and impede upstream movement of spikedace.

Changes in Volume ind Timing of River Flow from Proposed Diversion

The year-round flow (base flow) in the upper portion of the Verde River is
relativelv constant (Figures 6 and 7) reflecting its origin from mildly
thermal springs in the approximate 2 miles above the alternative 1 diversion
site. Several flood events occur vearly, causing isolated peaks in an
otherwise relativelv flat hydrograph. Figure 8 illustrates the vearly flow
pattern at the Paulden gage. However, Figure 8 depicts the average of all
mean daily flows throughout the period of record: therefore, the number of
floods shown per vear is greater than would normallv occur in any given
vear and the flood peaks shown are lower than manv instantaneous peaks on
record becanse thev are averaged peaks. Snowmelt runoff contributes only
partially to the flood flows and does not occur every vear. Flood events
are most likelv in February, March, and 3lugust, with winter svents having

a longer duration and generally larger volume than the thunderstorm events
of lugust. May and June have the lowest probability of flood occurrence.

The flow of the upper Verde River is composed of fwo radically different
components. The base flows, as represented by median flow data, originate
from steadv groundwater discharge through springs and exhibit vervy little

- yariability in flow; fiow at the paulden gage is between 20 and 30 cfs for
approximately 85 percent of the vear (Figure 5). The base flow provides a
relatively flat, stable hydrograph over which is superimposed the flood
events. Flood flows originate from surface runoff due to precipitation

and are highlv variable both in volume and timing; flood events at Paulden
gage vary from just over base flow up to ‘he maximum recorded historic peak

of 15,700 cifs.

The upper Verde River gains water as it prodgresses downstream. The average

of the monthlv median flows at the alternative 1 jiversion site is estimated
at 17 ofs. Moving in a downstream direction from the headwaters, little
inerease in flow occurs for the first 29 miles; the average monthly median
flow at the Paulden gage is 25 cfs. Then, shortlvy below Perkinsville,
substantial increases occur in the discharge as the river anfers 4 canvon
(Carson 1986}. These increases are apparently due to channel constriction

by bedrock which forces upwelling of subsurface flow and results in an average
monthly median flow in the lower seven miles of spikedace habitat that is

over three times the flow at the proposed alternative 1 diversion site (62
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cfs). However, the vearlv hydrograph continues to be relativelv ilat
thronghout the spikedace range.

Monthly median flows were used for most 5f the impact analvses of the proposed
diversions. Medians are representative af the "normal" stream flow, as
opposed to averages which, because nf rthe large volume of flood =svents, are
generaily much higher than the flows present the majority of rhe time.

1. Changes in monthlv median flows.

1lternative 1 - Actual percentage of the median or "normal" flow proposed
to be diverted under alternmative 1 would vary seasonally and the effects
would varv along the stream length ranging from a high of 92 percent reduction
of the monthly median flow at the alternative 1 diversion site in June, to
a low of 12 percent at the mouth of Svcamore Creek in March (Figures %, 10,
and 11, Table 2). 1In general, flow reductions would be about one-half of
the monthly median throughout the upber 79 miles of spikedace habitat. The
impact of the diversion would rapidlv diminish below Perkinsville to about
an overall one-sixth of the monthlv median in the lower seven miles of
spikedace habitat. Flow reductions would be most severe during the dry
months of the late spring and early summer.

ilternative 2 - The percentage of median flow proposed to be diverted
under alternative 2 would also vary seasonallyv and along the siream length,
although the pattern differs from that of alternative 1 with the largest
f1ow reductions occurring in mid-winter. Monthly median flow reductions
underalternative 2 would range from a high of 62 percent at the Saulden
gage in February, to a low of 20 percent at the mouth of Sycamore Creek 1in
lugust (Figures 3, 10, and 11, Table 2). Yo reduction of flow would occur
during the months of Yarch through JSune and no reduction in flow would occur
in the 10 miles of river above the alternative 7 diversion site {near the
Paulden gage). In general, overall flow reductions from July through February
would be about three-fifths of the monthly median throughout 19 miles of
spikedace habitat. The impact of the diversion would rapidly diminish below
Perkinsville to about one-fifth of the monthlv median in the lower seven
miles of spikedace habitat during July through Februarv.

n. Changes in low flows.

The above discussion considers the Impacts of the Adiversion on the monthly
median flows; flows which are representative of "normal." However, in
predicting impacts of flow reductions, the most critical flows are the
axtremes. The period of lowest flow in the river is generally the most
critical period to the survival of fish species, including spikedace, and
may serve as a limiting factor to the population. At extreme low flows,
habitat space is severely reduced, water temperatures become extreme, water
quality rapidlyv deteriorates, and major increases in predation occur. These
conditions result in fish mortalities but tend to favor survival of non-
native species over native species in southwestern streams.

Historic low flow records exist for two USGS gaging stations on the Verde
River (Paulden and Clarkdale) in and near the spikedace habitat. Im additionm,
estimated monthly median flows have Dbeen modeled for various other points
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on the Verde River (Carson, 1986). The ratio of monthly median flows between
the gaging stations and ungaged points, such as the upper diversion site and
the mouth of Svcamore Creek, can be applied to the recorded historlec lows at
the gaging stations to give an 2stimate of what the aistoric lows may have
been at those points (Table 2). The minimum historic low for the Paulden
gage {toward the upper end of the spikedace range) was 15 cfs recorded on

Mav 13-23, 1964. The minimum historic low flow for :he Clarkdale gage (located
below the downstream end of known spikedace distribution) was 55 cfs recorded
on August 31-September 1, 1920. Recorded monthily historic low flows for

the Paulden gage and estimated monthly historic low ilows for the upper
diversion site and for near the mouth of Svcamore Creek are presented in

Table 2.

The above information on recorded and estimated histuric low flows must be
used with caution. Both USGS gages in the upper Verde River have a relatively
short period of record. Paulden gage records used include July 1963 to
September 1986; a period of just aver 23 vears. Clarkdale gage records
inciude June 1915 to October 1916, Mav 1917 to July 1921, and April 1965 to
jeptember 1986; a total of 27 years. Use of such a short period of record

to predict future low flows leaves a high probability that drought flows

lower than the recorded historic lows may occur during the life of the proposed
diversion project. In addition, the period of record for both gages spans

a time of relativelv high rainfall. Earlier periods of lower rainfall,

such as the severe drought of the 1940's and 50's, mav have resulted in low
flows in the Verde River that were significantly lower than recorded lows.

ilternative 1 - The proposed maximum instantaneous withdrawal rate for
alternative I of the Prescott/Yavapai-Prescott diversion is 15.05 cfs during
June, although that maximum could also be withdrawn at other times dependent
npon need. As can be seen on Table 2, during drougnt conditions at or below
the range of the historic low the diversion schedule proposed in alternative
1 has the potential to totally remove all summer flow at the point of
diversion during four months of the vear. This total loss of flow would
extend for about 6 miles downstream. Flow would then be reduced to below 5
cfs for an additional 21 miles, but would rapidly increase in the next 7
miles to reach about 3O cfs at the mouth of Sycamore Creek. The preceding
scenario assumes diversion at the proposed schedule rate. However, if Prescott
water demand during such drought conditions resulted in diversion at the
maximum instantanecus capacity planned, the dewatering would be even more
severe, involving total loss of flow throughout abeut 16 miles of river (44
percent of spikedace hahitat in Verde River).

ilternative 2 - The alternmative 2 diversion schedule was designed to
avoid some of the low flow impacts of alternative 1. Yo maxlimum instantaneous
diversion capacity has vet been determined for tiuis alternative,; however,
a quaranteed minimum streamflow, calculated on an instantaneous bhasis, has
been proposed for each month. That minimum flow would be continucusly
maintained throughout the month as part of the proposed diversion schedule
(Table 1). When natural river flow at the diversion fell below the minimum
guaranteed, no diversion would occur and the flow downstream from the diversion
would equal the natural flow. The diversion schedule assumes that all water
over the minimum guaranteed flow would be diverted, except during flood
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events. Because the proposed alternative 2 diversion site 1is downstream

from the alternative 1 diversion site, the low flow impacts would be avoided

in eight miles of the area to be most severely impacted under alternative

1. Ip idditicn, the guaranteed minimum flows in alternative 2 would prevent
rhe severe flow losses of alternative 1. Under alternative 2, no total

ioss of flow would sccur. During drought conditions meeting or exceeding the
nistoric iow, the proposed 1lternative 7 diversion schedule would never

allow the stream flow to drop below 10 ofs or the total natural f[low, whichever
was less.

1. Changes in flood flows.

Flood flows plav an important part in the biology and habitat of fishes.
Flooding occurs several times each vear in the upper Verde River and flcod
flows are often of 2 or more orders of magnitude larger than the base flow.
Flood flows peak and decline rapidly. Channel size and morphology, riparian
vegetation composition and configuration, fish habitat distribution, and
fish behavior and community composition are all directly related to the

size, frequency, and timing of flood events.

Alternative 1 - Alternative 1 is not expected to significantly affect
the flood fiows of the upper Verde River. The maximum instantaneons diversion
capacity of 15.05 cfs is a small amount compared to flood flows: USGS records
show the 2-vear peak flow event at the Paulden gage to be 1,638 cfs and the

100-vear peak flow to be 29,102 cfs.

ilternative 2 - Because no maximum instantaneous diversion capacity has
vet been gpecified for this alternative, it is not possible to determine
the specific effects of the alternative on flood flows. However, it has
been specified in this alternative that no major storage of water is necessarv.
We hava, therafore, assumed that this alternative would not be constructed
with a capacity to divert at an instantaneous rate larger than 25 cfs.
that diversion rate would have no significant impact on flood flows. If
this assumption becomes incorrect due to further development of proposed
diversion plans, then additional analysis of impacts to spikedace and

reinitiation of consultatiom would be necessary.

4. Changes in flow patterns.

In addition to analysis of project impacts to median, low, and flood flow
events, potential changes to the timing and interrelation of those flows
must also be analvzed. Those factors are very important to spikedace bioleogy.
The life historvy of a species is based upon cyclical patterns in its
environment which act as stimuli for various biological responses in the
species. To comserve the spikedace in the upper Verde River it is necessary
to preserve the integrity of the flow regime, including the hourly, daily,
weeklv, monthly, and multi-vear patterns of variation. The upper Verde
River naturallv has a relativelv constant invariable flow punctuated by
abrupt, short-lived floods; lirtle variation occurs in the median flow over
the course of the vear or between vears. The spikedace which inhabit the
upper Verde River are likelv adapted to that patternm.

Multi-vear variability, which is primarily a function of the highs (floods)
and lows (droughts), is not expected to be substantiallv affected by either
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proposed diversion schedule. Neither alternative would substantially affect
the flood flows and under both alternatives the affect on low flows would

be consistent from vear fo vear. However, because of the disparity between
diversion amounts proposed for different months, there would be a substantial
change in the month to month variability of flows in the upper vYerde River
under both proposed diversion alternatives.

i1lternative 1 - Water diversion from the upper Verde River in accordance
with the schedule proposed in alternative 1 would result in substantial
alteration of the monthly flow pattern from the existing condition. This
can be readilv seen in the hydrographs in Figures 9, 10, and 1l. The
coefficient of variation of the recorded monthly median flows of the upper
Verde River would increase under alternative 1 from the present 3.7 percent
at the upper diversion site to 45 percent; at Paulden gage from 3.4 percent
to 22 percent; and at Sycamore Creek from 1.5 percent to 6.2 percent (Table
7). This measure of the variation of the monthly medians around their average
ig an indicator of the monthlv or within-year variability of the streamflow.
The existing upper Verde River values indicate that such variability is
presently verv low. Variabilitv nnder alternative 1 would be substantially
larger. The lessening impact of the diversion at the downstream sites is a
function of the larger amount of median flow relative to the diverted amount.
The increase in variabilitv in streamflow under this alternative is due to
the proposed diversicn of a larger proportion of the median flow in the
months of April through July to meet demand.

Under the naturally existing flows in the upper Verde River the only
significant dailv, hourly, cor weekly fluctuatiocns which occur are those

caused bv flood events. The diversion schedule for alternative 1 proposes
one diversion rate per month and indicates nc anticipated daily, hourlv, or
weeklv fluctuations. We have, therefore, assumed that *he diversion rate
would be constant throughout the month and that all within-month variation
woiuld result from natural occurrences and reflect the pre-project avdrograph.
A diversion schedule which would allow for large daily, hourly, or wveekly
fluctuations in flow could result in various adverse impacts to the spikedace.

llternative 2 - Alteration of the streamflow pattern, through increased
monthly flow variability, is even mores striking under thig alternative and
can also be readilv seen in Figures 9, 10, and 11. Diversion under the
alternative 2 schedule would increase the coefficient of variation at Paulden
gage from the existing 3.1 percent to 46 percent, and at Svcamore Creek
from 1.5 percent to 14 percent (Table Z). The flow pattern at the upper
diversion site falternative 1) would not be affected under this alternative,
which would divert at Paulden gage. The increased variability of streamflow
under this alternative would primarily result from the proposed overall
high rates of diversion contrasted with the complete cessation of diversion
during the months of March through June.

Under the assumptions made regarding the inviolate nature of the guaranteed
minimum flows and the maximum instantaneous diversion capacity under
alternative 2, this alternative would slightly alter the daily, hourlv, and
weekly variation. At flow levels naturally falling below the guaranteed
minimum, no change in natural pattern would cccur. At flow levels between
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the quaranteed minimum and the total of the guaranteed minimum plus the
maximum diversion capacitv, the flow pattern would become invariable. And,
at “low levels above maximum diversion wvapacity plus guaranteed minimum the
natural pattarn would be rastorad.

Tmpacts to Toivedace from Thanges in Volume and Timing of River Flow

Available infcrmation on spikedace biology and habitat needs, particularly

in the upper Verde River, is inadequate to make an accurate assessment of

the impact of small incremental changes 1in median flow in the Verde River

on the species and its propesed critical habitat. Little or no data are
available on reprcductive requirements, interspecific interactions, temperature
tolerances, seasonal and diurnal habitat usage, genetics, population sizes

for viabilitv, and manv other factors. Therefore, this assessment focuses
primarilv upon a worst case analvsis.

1. Impacts of changes in low flows.

The most severe impacts of the proposed project to spikedace in the Verde

River would result from diversion of water during periods of low flow.

These impacts would be most damaging under alternative 1 due to the guaranteed
minimum flow of alternative T. However, at Paulden gage the guaranteed minimum
flow is lower than the recorded historic low and many of the adverse impacts

of low flows wounld occur. The spikedace needs flowing water with relatively
high oxvgen levels and cannot survive more than a few hours of severely
depleted or total loss of flow even if isolated pools remain. Total loss

of flow is a probable impact of the proposed alternative 1 diversion throughout
at least 14 percent of the existing spikedace habitat during drought periods
when flows drop to near »r below the historic low. Such drought flows may '
extend over i manv Jdavs; the recorded historic low at Panlden gage of 15 cfs
lasred for 11 davs. Complete loss of [low would most likelv result in total
elimination »f the spikedace throughout the dewaterad section of river.
gpikedace would be killed by desiccation, decreased oxvgen levels, increased
water temperatures, and increased predation.

Long-term maintenance of the flows below the level of the historic low flow
could also severelv impact the spikedace. Under alternative 1 this would
occur vear-round in the upper 29 miles of river and under alternative 2
would occur in Julv through February in the upper 19 miles of river. These
impacts are discussed further in the later analvsis of changes in median
flow.

Extreme low flow would have long-term effects on the spikedace population.

In a natural svstem, populations which are extirpated or depleted due to a
random event, such as extreme drought, are reestablished by immigration

from adjnining populaticns. No such source of immigrants exists for the

upper Verde River population of spikedace. Although spikedace in the lower

7 miles of existing habitat below Perkinsville would likely survive a project-
amplified drought, their ability to repopulate the upper 29 miles would be
severely limited. The 7-mile stretch dces not appear to support a large
proportion of the spikedace population (USFWS 1989) and spikedace do not

move readilv upstream for long distances (Propst et al. 1986) .



12

Combined with the proposed alternative 1 diversion, even a moderate drought,
especially one nccurring in early summer vhen voung fish are still in the
larval stage, could potentially eliminate an entire vear--lass from the
spikedace popnlation, particnlarly if most reproduction occurs in the upper
and of the range as mav be indicated by the 1986 sampiing data and AGED
observations (D. Hendrickson, AGFD, pers. com., February 3, 1989). Loss of
a vear class in itself would not likelv be fatal to this population, but may
reduce the population below minimum viable size. Spikedace are a short-
lived fish and the bulk of the reproduction is from one-vear old fish.
Therafore, 1oss of an age-class would cause a significant loss in reproductien.
A project-amplified drought for two consecutive summers could potentially
eliminate two age-classes. Without a source of immigration, logs of two
consecutive age-classes would result in extirpation of the population.

The adverse impacts of extremely low flows or total loss of flow would be
intensified by the presence of non-native fish. As the riffles and other
shallow waters drv, spikedace along with other fish would be crowded into
the remaining pools where predation would become intanse with little or no
escape possible. Drought in combination with establishment of non-native
predacious and competitive fish appears to have heen responsible for the
1oss of zpikedace and two other native species in the San Francisco River
in eastern Arizona and western New Mexico (D. Propst, New Mexico Game and
Fish Devartment, pers. com., Febrnary 12, 1990). Prior to the drought of
the 1940's and 50's, spikedace, Gila topminnow (Poeciliopsis ocgidentalis),
and roundtail chub (Gila robusta) were found in the San rrancisco River,
Roundtail chub were abundant enough to be a popular sport Fish. Coincident
with the drought was the establishment of several non-native fish and by
the 2arlv 1950's the three native fish were no longer found in the river.

Many of the non-native fish present in the Verde River would survive total
cessation of flow with only minor lesses and some would jctually benefit

from rhe resulting depletion of the native species. studies indicate (Marsh
et al. 1989) that the presence of red shiner mav resul: in displacement of
spikedace into faster velocity water than thev normally inhabit. Diversion
of water from the Verde River would result in decreased average current
velocities and mav faver the survival of red shiner over spikedace. Red
shiner c¢an survive for long pericds of time in isolated pools. Smallmouth
bass, channel catfish, and other predatory non-natives could also survive
periods of antrapment in isolated pools and would feed extensively on the
smaller fish crowded into the increasingly limited water. As flows rise,

the vacant habitat created by extensive losses of native fish would quickly
be filled bv non-natives. The surviving population of non-natives available
to provide recruitment for the vacant habitat would be much larger than

that of native species. While spikedace and manv of the other native species
are limited to spawning only in the sporing, the red shiner has the ability

to reproduce throughout much of the vear. Following a mid-summer drought,
red shiner could still produce large numbers of young L0 £i11l vacant habitat.
When the small numbers of surviving spikedace spawned the following spring,
the larvae would face intense competition for food and space along with heavy
predation.
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7. Tmopacts of ~hanges in flood flows.

Loss of flood flows would result in changes to the stream channel and
substrate (Bovee 1982) and would likelv exacerbate the sroliferation of
exotic fish (Mincklev and ¥effe 1387). Although the project, under either
nroposed alternative, 1s not expected %o affect axisting flood flows; other
possible methods for obtaining the needed water from the river may have the
potential to reduce or eliminate those flows. Reduced flood flows,
particularly loss of the bankfull or approximately 2-vear flood event, would
result in an aggrading stream with a narrower, shallower channel, a higher
width to depth ratio and a smaller substrate size. These changes would

most likely result in large losses of available spikedace habitat and could
result in the extirpation of the population. Nom-native fishes, om the
other hand, would benefit from the loss of flood flows. Large floods, such
as those at and above the 10-year event, are important in keeping non-native
fish populations in check. While native fish are adapted to surviving the
large volume, short duration floods which are tvpical of southwestern streams,
non-native fish in general suffer heavy mortality during such floods. 1In
addition, changes in channel morphology would likely create habitat that is
more suitable to habitat generalistic non-native species than to habitat
specific native species. Flooding is considered to be important in the
rejuvenation of spikedace habitat (Propst et al. 1986) . Maintenance of
flood avents is therefore essential in preserving native tish species and
their habitat.

1. Imbacts of changes in median flows.

The Service believes that overall reduction of median flows under either

the proposed alternative 1 or 2 withdrawal schedules would have adverse
impacts to the spikedace resulting in substantial habitat alterations,
population reductions, and/or extirpation. Expected results of reduction

of median flows, as proposed, would include a reduction in wetted area:
direct reduction in spikedace habitat availability; more extreme water
temperatures; increased numbers of non-native predacious and competitive
fish apecies; reduction in water quality through changes in water chemistry;
alteration of nutrient levels; reduction in food availability; and reduced
sediment transport capability resulting in increased substrate embeddedness
and a tendency toward & braided channel. The specific mechanisms and levels
of impact cannot be quantified at this time due to the lack of adequate

1ife historv, population, genetic, habitat, hydrolegic, hydraulic, and water
quality data. .

Under alternative 1, median flow reductions would average 53 percent of

the monthlv median flow in the upper 27 miles of spikedace habitat and 17
percent in the lower 7 miles; no reduction would occur in the 2 miles of
river above the diversion site. Alternative 2 would cause no flow reduction
in the uppermost 10 miles of river and no reductions at all during the months
of March through June. During July through February, alternative 2 would
average 57 percent reduction of median flow for 19 miles below Paulden gage
and 23 percent reduction in the lower 7 miles of spikedace habitat. Such major
reductions in the median flow would create a significant risk to the survival
of the spikedace population and to its proposed critical habitat. 3lthough
1osses cannot be quantified at this time due to lack of adequate biological
and hydrologic information, comparison of portions of the historic spikedace
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range where the species is now extirpated, with portions of the range where
the species has persisted, shows that the extirpated pertions have all
undergone extansive reduction and/or alteration of the river flow while
axtant portions have experienced only minor or no reduction/alteration in
f1ow. Tt iy alsoc known that spikedace do not occupy small tributary streams
‘e.y. Mogollon, Yangas, and Capillo Creeks on the upper Gila River, and
Svcamora and Wet Beaver Creeks on the upper verde River), indicating that
there mav be a lower limit on the size of stream necessary to support
spikedace. The upper Verde River 1is naturally a rather small stream and
the size threshold below which it would no longer sustain spikedace mav be
rather close to the existing median.

Because each life stage of spikedace has differing habitat needs, the impact
of a given flow reduction would vary depending upon the life stages present
in the river at the time of the diversiom. Little data exist on the needs

of spawning spikedace, and no information is available to indicate what
environmental factor or factors cause initiation of spikedace spawning.
Rising water temperature and declining flows have been suggested as probable
causes of spawning initiation in iravaipa Creek and the upper Gila River
(Barber et al. 1970, Propst et al. 1986). Althcugh no long-term temperature
data are available, it appears that due to the spring origin of its headwater
base flow the upper Verde River has a smaller variation in temperature and
flow than other streams where the spikedace exist. Although flood flows

are likelv in February and March in the upper Verde River, vears without a
significantly higher flow in those months are nol uncommon. Therefore, if
temperature and/or change in amount of flow are initiators of spikedace
spawning here, the cue is likely to be a change of relatively small magnitude
vuinerable to disruprion by human-caused changes of relatively small magnitude.
1lternative 1 would divert relativelv large amouats of water during the
spring when spawning is occurring. Cpawning may be disruptad due to the
alterad flow patterns, reduction in available habitat, altered water
temperatures, and increased sedimentation. Alternative Z would not divert
vater during the spawning months of March, April, and May but would divert

62 percent of the median flow in February. The low flow in Februarv may
result in spawning disruption by raising water temperatures and lowering
flows prematurely or otherwise disrupting spawning stimuli.

The greatest impacts of alternative 1 are expected to larval spikedace.
Larvai spikedace have a much more limited thermal range than do adults and
axhibit subtle habitat use shifts to accomplish thermal regulation. The
larvae generally use the warm, shallow, slow velocity stream edges. GSeveral
possible sceparios resulting from water diversion could potentially have
heavv impacts to larval spikedace. The shallow edges warm and cool rapidly
on a diurnal basis and in response to certain outside factors. The cooling
of these shallows adges causes larval spikedace to move outward seeking the
relatively warmer water of the slower-cooling main channel. However, if larval
fish move too far out into the current, thev become entrained and are swept
downstream. Narrowing of the shallow edges due to diversion could result

in a larger proportion of the larvae becoming entrained in the current. This
drift of larval fish downstream is a natural phenomena that comtributes to
migration and colonization, however, if the proportion of larvae entering

the drift becomes too large, it is detrimental to the local population. In
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the upper Verde River where downstream habitat is unsuitable, larvae which
drift below the suitable habitat die and the population is depleted. Yhen

rhe need for thermal regulation or the drying up or silting in of the shallaows
foree larval spikedace to move out into faster, deener water thev also more
vilinerable to thermal shock, predation, and other problems.

Spikedace feed primarily upcn aquatic insects and are known to consume
mavflies, caddisflies, flies, stoneflies, dragonflies, beetles, true bugs,
and wasps (Barber and Minckley 1983, Propst et al. 1986, Marsh =f al. 1989).
The breadth of this food supplv should buffer the spikedace against shortages
of food due to changes in the stream caused by the proposed diversion.
However, the primary food groups, such as mavflies, caddisflies, and
stoneflies, in general are relatively intolerant of habitat alterations.
severe flow reductions, total loss of flow, sedimentation, channel narrowing,
warmer Water temperatures, and various other potential changes may result

in decreased availability of food for spikedace.

The diversions vroposed in both alternatives 1 and 2 would be oxpected to
create major changes in the existing balance of habitat partitioning between
red shiner and spikedace. Red shiner are habifat generalists; thev can

live in a large varietv of currents, substrates, depths, water temperatures,
and water chemistries {Deacom et al. 1987, Matthews and Hill 1979). They
can survive in non-flowing pcols for long pericds of time. Red shiner spawn
from earlv spring through fall (Farringer et al. 1979), allowing them toO
exploit short periods of favorable conditions to rapidly expand their
nopulations throughout most of the vear. Alteration of natural conditions
usnally causes changes 1in habitat that are unfavorable to the spikedace,
which i5 a habitat specialist and is, therefore, tied to a narrow setl of
spacific habita: needs. On the other hand, alteration of the natural
ronditions usually results in habitat changes that are quite acceptable to
the rad shiner, i habitat generalist. For example, reduction of flows would
disrupt the present stable nature of the river channel and mav result in an
aggrading stream with a shifting bottom yf fine sediments. This disturbance
of the sysiem would be favorable to red shiner which is a pioneer species
and is often one of the first {ish species to recolonize disturbed channels.
The warmer summer water temperatures, which are a potential result of reduced
summer flows, would probably increase red shiner spawning. 1s a result,

the red shiner oroliferates and either replaces spikedace in habitats that
can ne longer support spikedace, or displaces the spikedace through increased
comperition in habitat which has become marginal for spikedace and more
favorable for red shiner (Bestgen and Propst 1986, Marsh a2f al. 1989},

1. TImpacts of chances in flow patterns.

Because of the inherent steadiness of the base flow, the upper Yerde River

and its fish community are particularly vulnerable to impacts from activities
which would alter the flow regime. Both alternatives 1 and 2 of the proposed
diversion would result in substantial changes in the variability of flow

and in the pattern of flow within the vearly cycle. Too little is known about
the life historv and ecology of the spikedace to make precise predictions

of the effects of small changes in the flow patiern on the population, and

the unusual nature of the flow regime of the upper Verde River precludes

the use of data from other populations of spikedace to predict the impact
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of altering the flow regime. However, because of the low variabilitv of

the base flow, even small alterations in the regime would be expected to

have greater consequences than small alterations wonld in a highly fluctuating
gnvironment.

3lternative 1 would result in a vearly base flow in the Verde River with much
qreater variabilitv than existing conditions. The existing flow regime

has the 1ighest flows in late winter, followed by slightly lower flows in late
spring and =2arlv summer that are broken by a slightlv higher late summer

flow and then resumed in an egquallv low autumn flow (Figures 9, 10, and

11). Post-diversion flows would be characterized by a winter flow that 1is
the highest of the vear followed by a rapid drop in late spring and summer
flows to a substantially lower level with a relatively strong rise to late
summer and an additionmal rise in autumn. Predictable potential adverse
impacts from this altered regime are primarily associated with the strong
reductions in spring and summer flow and their affect on spawning and larval
spikedace. However, it is likely that other impacts may occur, particularly
in the relationship between spikedace and ncn-native fish. Sufficient data
are not available to predict the tvpe and mechanism of such impacts.

Under alternative 2 the flow regime of the upper Verde River would have much
more variabilitv on a monthlv basis and the vearly cvcle would essentially

be reversed from the existing pattern (Figures 10 and 11). The naturally
declining hydrograph from winter through spring would be replaced by a low
winter flow that would increase by a factor of 2.5 in a matter of davs to a
nigh spring and early summer f£flow. A subsequent rapid drop in flow would occur
in late June to summer flows that are slightlv higher than winter flows.
Wwhile this regime was designed to protect flows during spring spawning and
larval periods and reduce the impact of diversions during the dry summer
period, the magnitude of difference between diversion and non-diversicon
neriods and the total disruption of normal flow patterns is expected to

have adverse impacts that are almost as large as those they were designed

to mitigate. If spawning is initiated by any factor related to flow, water
temperature, or other instream factor (as opposed to photoperiod or other
external factor not affected by streamflow) this reversed regime is likely

to disrupt the initiation of spawning. cpikedace that may be cued to spawn
bv small but consistent changes in water temperature and declining flow

level would likely react inappropriately to the substitution of a dramatically
higher sustained flow and the consequent colder water temperatures. The
subsequent rapid drop in late June would likelv result in death to a large
number of larval and iuvenile spikedace as their habitat shrinks rapidly to

a substantiallyv smaller size. It is also likely that this substantial change
in flow regime would disrupt the balance between spikedace and the non-native
fish species.

5. Indirect efiects,

Changes in flow regime, low flows, median flows, and loss of flood events

all have the potential to cause loss of or alteration to the riparian
vegetation. Riparian vegetation provides sediment control, bank stabilization,
instream cover, nutrient input, thermal regulaticn, and various other factors
to the stream ecosvstem. Loss or alteration of any of those factors may be
detrimental to spikedace survival. Changes in density or species composition
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of riparian vegetation have the potential to create changes in stream channel
morphology and spikedace habitat. Reduction of median flows and severe
dewatering from diversion of low flows may result in death of riparian plants
and long-term narrowing of the ripariar zone. Changes in the flow regime

mav disrupr reproduction of riparian specles which are dependent upon
astablished flow cvcles to distribute seeds, initiate germination, or support
seedling survival. The alternative 2 diversion schedule may result in a
strip of unvegetated lower bank due to the inundation of riparian during

the high spring and earlv summer flows followed bv the abnormally lowered
late summer flows. On the other hand, the alternative 1 schedule may allow
excesgive silt accumulation in the channel and resulting vegetation
encroachment due to the abnormally lowered spring and summer flows. These
impacts to the riparian vegetation and stream channel would occur over a
long-term and would be cumulative among themselves and with other more direct
effects to the spikedace. Accumulative and synergistic effects of project-
related riparian vegetation and channel changes may be the ultimate cause

of the extirpation of the spikedace, if more direct effects do not result

in proximate extirpation.

Impact of Loss of Verde River Spikedace Population to Species as a Whole

Loss of the upper Verde River spikedace population would severely compromise
the survival of the species as a whole. Loss of this population, which
comprises one-third of the existing range, would reduce the species to a

very precarions status. Threats exist to all of the remaining four other
populations which may result in eventual extirpation of one or all of those
populations. The upper Verde River population is the only remaining
reprasentative of the northern portion of the spikedace histeric range. As
such, that population may contain variations in habitat adaptation or genetic
structure that mav be vital to ensuring the survival of the species in the
¢ace of continuing inevitable alteration of its habitat. Although no genetic
work has been conducted on spikedace, substantial genetic differences between
populations at extreme ends of a species range have been documented for

other apecies (Vrijenhoek et al. 1985). The draft spikedace recovery plan
calls for reintroduction of spikedace into former historic range and specifies
that reintroduction stacks should come from local stocks with genetic and
adaptive affinities to those formerly occupying the streams identified for
reintroduction (Marsh 1988). The Verde River spikedace are the only existing
stock, under those guidelines, appropriate as a source for reintroducticns

in the northern portion of the spikedace range.

Tnstream Flow Tncremental Methodolegv (IFIM) inalvsis of Flow Reduction
Impacts to the Upper Verde River Spikedace Ponnlaticn

A joint study was conducted by AGFD, the Service, and Reclamation in 1985-87
using the IFIM (Bovee 1982) to assist in defining the impacts of the proposed
and various alternative flow reductions on habitat availability for the
spikedace and several other fish species. This methodology attempts to
predict the carryving capacity of a stream at various flows using measurements
of four habitat variables: velocity, substrate, depth, and cover. It was
developed primarily for coldwater, high gradient streams and salmonid fish.
Its use in lower gradient, warmwater, and desert streams and for cyprinid
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£ish, such as spikedace, is recent, axperimental, and has been questioned
by many biologists, conservationists, and water developers (Granholm et al.
1985, Mathur et al. 1985, Moyle and Baltz 1985, Orth and Maughan 1982).

field data gathered on the distribution and status of the upper Verde spikedace
population and its habitat during the 1985-87 upper Verde River IFIM study

wera used in the development of this biological opinion. However, the final
autput of the IFIM modeling, which estimates available habitat for spikedace

at various levels of flow, was analvzed bv a team of agency biologists and
species experts who concluded that the model does mnot accurately assess

the impacts of water depletion on the spikedace in the upper Verde River.

This conclusion was based on the failure of the spikedace population and
habitat of the Verde River to meet many of the assumptions inherent in the

1FIM model; the inability of the IFIY to consider many important factors

of spikedace biology, such as interspecific interactions, interdependent use

of various habitat variables, and seasonal habitat use changes; and on the
collective professional judgement of the team which would result in conclusions
that are substantiallv different than those of the IFIM. Detailed rationale
for the decision can be found in Appendix A.

cumulative Effects of the Proposed ictign

Cumulative effects are those impacts on threatened and endangered species
of future state or private actions that are reasonably certain to occur
within the action area. Future Federal actions would be subject to the
consultation requirements established in Section 7 and, therefore, are not
considered cumulative to the proposed action.

The propesed water Jiversions wonuld have several indirect effects upon the
verde River, its spikedace population, and the proposed critical habitat.

The human population of the Big and Little Chino Valleys at the upper end of
the Yerde River watershed is growing rapidlv. Projected population estimates
for the water service area of the Citv of Prescott predict an increase of

16 percent between 1990 and 2010 (Gookin and Assoc. 1983). Development of

the CAP allocated water would facilitate this growth. The additional
population would resull in increased land disturbance in the upper watershed
of the Verde River and conseguent increases in sediment and pollutant problems

in the river.

Increased pooulation in the area would result in more intensive use of the
upper vVerde River for recreation. Increased recreational use is also expected
to occur independent of the Prescott area population. Although most
recreational impacts to spikedace and its habitat are expected to be localized,
uses such as off-road vehicles mav have severe negative impacts to spikedace
and their habitat through bank destabilization, sedimentation, substrate
destruction, and pollution.

The proposed diversion would reduce the spikedace population and alter its
proposed critical habitat thereby making it more vulnerable to damage or
extirpation by other actions. This increased vulnerability, in comjunction
with increased human activity at the diversion site, increased recreation
along the river, and increased human occupancy of the upstiream watershed
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would result in a significantly higher risk of severe losses to or extirpatien
of the spikedace due to a major polluticn event or other human or natural
stochastic occurrence. {Unpredictable catastrophic occurrences such as disease
(black-footed ferret), dam failure (woundfin), intense storms {Attwater's
prairie chicken), floods (desert slender salamander}, and chemical spills (Gila
topminnow) have been known to cause population extirpation or near extinction
in ather svecies which were already reduced to minimum acceptable levels by
human development.

REASONABLE AND PRUDENT ALTERNATIVES

The Section 7 regulations have defined reasonable and prudent alternatives
as alternate actions identified during formal consultation that can be
implemented in a manner consistent with the intended purpose of the action,
that can be implemented consistent with the scope of the Federal agencv's
legal authoritv and jurisdiction, that are economicallv and technologically
feasible, and that the Service believes would avoid the likelihood of
jeopardizing the continued existence of listed species or of destroying or
adverselvy modifving its critical habitat.

Reasonable and prudent alternatives set forth below include several
alternatives which alone or in combination with one or more others would

allow the City of Prescott and the Yavapai-Prescott Indian Community to
fulfill the project objectives of obtaining water supplies through exchange

of CAP allocations without jeovardizing the survival of the spikedace and/or
destroving or adverselv mcdifving its proposed critical habitat. Alternatives
include:

1. Acquigition of =xisting water rights.

There are numercus =2xisting wells and state permitted water rights in areas
iearbv the Prescott/Yavapai-Prescott point of use {(Gookin and 3issoc. 1983,
Arizona Department of Water Resources [ADWR] water rights records).
Acquisition of some of those water sources and conversion, if necessary, from
agricultural or other uses to municipal and industrial use is a viable
alternative for providing all or part of the needed water supplv. The Service
is aware of recent acquisitions by Prescott of groundwater which may partially
fulfill the need. Exchange of allocated CAP water could he accomplished

with other w#ater development entities in return for water rights and/or’

other considerations in water development.

2. Developoment of additional groundwater supplies.

Both Prescott and the Yavapai-Prescott are located in the Prescott Active
Management Area {(AMA) which is subject to stringent restrictions on water
development and exploitation of groundwater supplies. However, the Big
Chino Valley, just to the north, is not located in an AMA. The Service is
aware that Prescott is already pursuing future development of groundwater
supplies in the Big Chine Valley and believes that the full amount of the
CAP allocation for the City may be obtainable from that source (Gookin and
Assoc. 1983; X. Kane Graves, City of Prescott, pers. com., Japuary 27, 1989;
William Swan, Office of the Field Solicitor, DOI, pers. com., February 20,
1990). Allocated CAP water could be exchanged with other water development
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entities in return for other water rights and/or assistance in development

of groundwater facilities. Development of this alternative must be accompanied
bv extensive studies to determine the extent af connection between groundwater
of the 3ig chino Vallev and the surface flow of the Yarde River. Those studies
are alreadv being conducted by Prescott (K. Xane Graves, City of Prescott,
pers. com., January 77, 1939). However, if anv aspect of the 3ig Chino

Vallev gqroundwater pumplng, transport, etc., nay affect the flow volume or
regime of the Verde River or the spikedace, then additional consultation

under Section 7 of the Eandangered Species ict will be required if Federal
monies, actions, or authorities are invoived.

3. Separate develooment of Yavapai-Prescott allocation.

If prescott pursues an option for water acquisition separate from that of

the Yavapai-Prescott, then additional alternatives need to be developed for
supplving the Yavapai-Prescott allocation. Alternatives exist for development
of the Yavapai-Prescott allocation in ground or surface walers of other

river basins or in headwater tributaries of the Verde River. Although those
alternatives are expected to have little to no adverse effects on the
spikedace, any alternatives developed mav be subject to further Section 7
consuitation regarding the potential for affecting spikedace and other listed
species.

4. Water conservation and recveling.

Dailyv per capita water usage of Prescott was 141 gallons in 1980, which 1is
low compared to the 267 gallons per capita per dav {gpcd) used in Phoenix,
the 160 gpcd used in Tucson (ADWR andated), and the average of 237 gpcd

nsed in the southwestern United States (UsGs 1976). Additional information
furnished in Reclamation's ipril 13, 1990 comments on the draft of this
biological opinion indicate that Prescott water consumption has been reduced
ta 179 gpced with a recharge program in place 0 recvcle water. Detailed
information was not furnished on those items. While preoscott's efforts are
commendable, the Service believes additional wvater conservation and recvceling
are still a feasible alternative for furnishing some portion of the water
which would otherwise be obtained via diversion of the CAP allocation from
the Verde River. Water recvcling is one of the alternatives which the ADWR
requires Active Management Areas, such as Prescott, to consider in their
development of future water supplies (ADWR undated). CAP exchange could be
accomplished bv exchange of allocated water to another entity in return for
assistance in development of conservation and/or recycling programs and
facilities. '

Two additional alternatives for water development wer: ccnsidered and rejected
as not feasible. The first ccncerned the potential for capture of flood
flows for transmittal to offstream storage. That alternative was rejected
because of the importance of the flood flows to channel maintenance and
non-native fish control, because of the limited occurrence and short duration
of flood events in the Verde River headwaters, and because 10 feasible site
for offstream storage could be identified (i. Gookin, Gookin and Assoc.,
pers. com., January 25, 1989). The second would have involved diversion of
water from the Verde River below the confluence with Svcamore Creek and the
downstream end of the spikedace range. This alternative was rejected due

to the high biological value of the aquatic and riparian ecosystem in that
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portion of the Verde River basin. The endangered bald eagle and several
candidate species inhabit that area and additional water diversion may adversely
affact one or more of those species. For those reasons, the Fish and Wildlife
Caordination Act Report (USFWS 1989) on the CAP Water Ixchange Project

in zhe Lpper Verde River recommended that no watar be diverted from the

Verde Ziver.

INCIDENTAL TAXE

Section 9 of the Endangered Species Act, as amended, prohibits any taking
(harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, or
attempt to engage in any such conduct) of listed species without a special
exemption. Under the terms of 7(b)(4) and 7(c)(2), taking that is incidental
to and not intended as part of the agency action is not considered taking
within the bounds of the Act provided that such taking is in compliance
with the incidental take statement. The Service does not anticipate that the
proposed action would result in any incidental take of the spikedace.
Accordingly, no incidental take is authorized and no incidental take statement
is provided. If during the course of the action any incidental take should
oceur, Reclamation must reinitiate formal consultation with the Service and
provide an explanation of the causes of the taking.

Because this is a jeopardy blological opinion, Reclamation is required to notif}
the Service of its final decision on the reasonable and prudent alternatives.

mwis conciudes formal consultation on this action. Reinitiation of formal
consuitaticn is required if new infermation reveals effects of the action that
mav affec: listed species or critical habitat in a manner or to an extent not
consicerad in this opinion, if the action is subsequently modified in a manner
that causes an effect to the listed species or critical habitat that was not
considered in this opinion, and/or if a new species is listed or critical habitat
designated that may be affected by this action. This formal consultation

does not include other endangered or threatened species for which Reclamation
has indicated consultatinn would be requested at a later date.
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APPENDIX A

USE OF INSTREAM rLOW INCREMENTAL METHGDOLOGY
IN ANALYSIS OF IMPACTS TO JPIKEDACE FROM
CENTRAL 3ARIZONA PRCJECT UPPER VERDE WATER EXCHANGE PROJECT

in Instream Flow Incremental Methodology (IFIM) study was conducted on the
upper Verde River in 1985-87 bv the irizona Game and Fish Department {AGFD),
the Fish and Wildlife Service (Service), and the Bureau of Reclamation
(Reclamation). The purpose of this study was to analyze the potential impacts
to target fish species of various alternative levels of diversion from the
Verde River as proposed under the Bureau of Reclamation's Central Arizona
Project (CAP) Upper Verde River Water Exchange Project. IFIM is a modeling
tooi which attempts to predict the carrving capacity of a stream for target
species at various flows using measurements of four habitat variables:
velocity, substrate, depth, and cover.

The IFIM studv and its predictions for spikedace habitat availability at
the flow levels proposed under the joint City of Prescott/Yavapai-Prescott
Indian Community CAP Water Exchange diversion were reviewed bv a team of
agencv and university biologists. The findings of that group and of the
Service is that the IFIM does not accurately assess the impacts of water
depletion on the spikedace in the upper Verde River and that the predictive
results are not valid for this species in this case.

Too little is known of spikedace biologv and habitat needs to accurately
applv TFIM to the upper Verde River population. Several of the basic
assumptions on which IFIM is based mav notf apply to spikedace in general

or to the npper Verde River population in specific. IFIM assumes a linear
correlation between the basic measure of habitat availability (Weighted
Usable Area [WUA]) and biomass of fish. There are no data available to
indicate if this is true for spikedace in the upper Verde River. Such
linearitv has been shown to exist for some species and to be nonexistent in
other species (Orth and Maughan 1982).

To predict habitat availability, and therebv population size, IFIM uses
measurements of only four habitat parameters; stream depth, velocity,
substrate, and cover, and assumes equal value for each variable. In addition,
water temperature and chemistrv mav be addressed using IFIM, although this
was not done in the upper Verde River studv. This approach ignores the
concept of limiting factors and assumes that the popnlation is always at

the carrving capacitv of the habitat. No data are available to indicate if
this assumption is true for spikedace in the upper Verde River. However,
spikedace abundances at any ome point in the upper Verde River 4are known to
undergo large fluctuations apparently independently from any obvious changes
in the four IFIM habitat parameters. This indicates that the population is
probably not limited by any simple function of one of the IFIM parameters,
but rather bv some other abiotic or biotic factor or combination of factors.
These fluctuations mav also indicate seasonal shifts in habitat use or in
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limiting factor, in which case the IFIM study may substantiallyv underestimate
the amount of habitat needed to support a population of spikedace.

IFIM alsc assumes that a species nse of each habitat variable s independent
from its use of each other variable. This again has nolt been shown fo be
rhe case for the spikedace in the upper Verde River. Studies on spirkedace
olsewhere (Propst =t al. 1986) indicate that there are intricate
interrelationships between spikedace use of velocities and substrates under
various channel configurations and in differing temperature regimes.

Use in the IFIM of only four measures of general habitat, each assumed to
act upon the population independently, may give an inaccurate assessment of
habitat availability for an intensely microhabitat specific species such as
spikedace. The areas of primary adult spikedace use are at the slow/fast
water interface or shear zone, at the upper end of mid-channel, sand/gravel
bars where the flow divides and becomes shallow, sheet flow, and in eddy
pools at the downstream end of cross-channel riffles. The IFIM model dces
not allow for incorporation of such conditional habitat needs. Therefore,
the WUA estimates produced by the IFIM model may be highly inaccurate for

spikedace.

WUA estimates depend heavily on the use of transects at "representative"
sites to gather hvdrologic and hvdraulic data. If the stream being modeled
has a high degree of variability in hvdraulic and hydrologic characteristics
along its length, or if the sites are not carefully selected, then thev may
not accuratelv represent the available habitat and the WUA esiimates would
be erroneous.

TFIM does not allow for incorporation of data on the role of interspecific
interactions among fish species. Such interspecific interactions may Le 3
major factor in habitat use by spikedace in the upper Verde River. 1In
particular, the interaction between spikedace and the red shiner may plan

an important role in actual habitat availability for spikedace in the presence
of red shiner (Marsh et al. 1989).

Many aspects of spikedace biology are poorly understood. No eggs of spikedace
have vet been found and nothing is known of incubation or hatching needs

for the species. The data gathered to define spikedace spawning habitat
preferences in the upper Verde River IFIM studv are based upon a small sample
size (n=50) of spikedace with observed secondary spawning characteristics.
Secause of lack of data, the IFIM studv does not address incubation or hatching
needs and mav not accurately assess spawning needs.

Analvsis of seasonal and diurnal habitat use changes using IFIM is difficult
and was, therefore, not addressed during the upper Verde River IFIM study.
Although the biological data collected from the upper Verde River did not
indicate occurrence of any such seasonal or diurnal habitat shifts in the
spikedace population, seasonal shifts have been shown to occur in the spikedace
population in the Gila River (Propst et al. 1986). Data from the upper

verde River study appropriate for such an analysis was very limited and was
inadequate to support an assumption that no such seasonal shifts occur there.
Anv use of WUA estimates must be modified by such considerations. Subtle
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shifts in seasonal spikedace habitat use in areas of different habitat
availability make the applicability of generalized IFIM species habitat
preference curves problematic.



