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DISCLAIMER

&tcovery  plans delineate reamonmble actions which are believed to be
roqulrod  to recover and/or protect the epecies. Plane are prepared by the
U;S. PAeh and Wildlife Service, l ometimea with the aseietance of recovery
teaLw , contractore, State agencies, and others. Objective0  will be
attained and any neceaeary fund6 made available subject to budgetary and
other conetrainte affecting the parties involved, ae well aa the need to
addreee other prioritieo. Recovery planm do not necessarily represent the
viewa nor the official positiona or approval of any individuals or agenciee
involved in the plan formulation, other than the U.S. Fieh Wildlife
Service. They represent the official poeition of the U.S. Fieh and
Wildlife Service & after they have been.eigned by the Regional Director
or Director ae aDDrove Approved recovery plane are subject to
modification a8 dictatei  by new findingo, changes in epeciee statue, and
the completion of recovery tamke.

Literature citations should read a8 followe:

U.S. Fieh and Wildlife Service. 1990. Spikedace Recovery Plan.
Albuquerque, New Mexico.
38 PP*

Additional copies may be purchased from:

Fieh and Wildlife Reference Service
5430 Groovenor Lane, Suite 110
Bethesda, Maryland 20814
301/429-6403
or
l-800/582-3421

Ihe fee for the plan variee depending on the number of pages in the plan.
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EXECUTIVE SU?4MARY

Current Specie8 Statue: The Bpikedace ie a threatened fish which has been
extirpated from moat of its historic range in the Cila River Basin. It
is presently found only in the upper Gila River in New Mexico, and in
Areveipa and Eagle creeks and the upper Verde River in Arizona. All
existing populations are under threat.

Habitat Requirement8 and Limiting Factore: Thie fieh inhabits riffle8 and
rune in shallow flowing waters over gravel, cobble, and eand bottoms.
The primary habitat for adults coneiete of ehear zones where fast water
meeta elow water. Hajor threat8 include dame, water diversion,
waterehed  deterioration, groundwater pumping, channeliration, and
introduction of non-native predatory and competitive fishee.

Recovery Objective: Protection of exieting populatione, reetoration of
populations in portion0 of hiBtOriC habitat, and eventual delieting, if
poaeible.

Recovery Criteria: Thie plan-sets forth mechanisme to obtain information
neceesary to determine quantitative criteria for describing a spikedace
population capable of Buetaining iteelf in perpetuity. Delieting is
dependent upon establiehment of such populations.

Actions Needed:

::
Protection of existing populations.
Monitoring of exieting populatione.

3. Studies of interactions of epikedace and non-native fishes.
4. Quantification of habitat and effects of habitat modification.
5. Enhancement of habitate of depleted populations.

. 6. Reintroduction of 'Bpikedace into historic range.
1. Quantification of characterietics of a self-euetaining  population.
8. Captive propagation.
9. Information and education.

Total Estimated COBt of Recovery: Cost of recovery estimated over a
minimum 20 year recovery period yields a minimum total cost of
$115,000.00  per year. This estimate is in 1989 dollare. The estimate
doee not include land or water acquisition. Although acquisition iB a
potential recovery action, it is not poeeible to estimate coote until
areas to be acquired, if any, are identified.

Date of Recovery: Until work ie completed to allow quantification of
delisting criteria, it is not poesible to predict a date of recovery.
However, baeed on the evaluation period of 10 yeare for determination of
success of reintroduced populations, recovery of thie species could not
occur in less than 20 years.
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I. INTRODUCTION

The l pikedace (w fulcridr) im'a rmall , stream-dwelling fimh'endemic to
the Glla River l yrtma of Arizona and New Mexico , USA (Niller and Hubbm
1960, Hinckley 1973)$ the epeciom alao likely occurred in the pamt in the
San Pedro River in Sonora, Mexico (Miller and Winn 1951). Although the
biology of thir unique, monotypic gonum ir relatively well known among
Southweetern stream fimher (Barber l t al. 1970, Aadermon 1978, Schreiber
and Minckley 1981, Barber and Xinckley 1983, Proprt et al. 1986),
eubrtantial gapr rtill exist and the baeic ecology of rpikedace remains in
need of further rtudy. The rpikedace was apparently not considered
imperiled by Miller (1961), although it had'by 1937 been locally extirpated
from much of the Salt River, Arizona , and eleewhere (Miller 1961). Marked
reduction in ite over-all range wae noted by Barber And Minckley (1966) and
widespread depletion8 were reported by Minckloy (1973). Once widely
distributed among moderato-mired, intermodiata-elevation &ream8 in the
Gila River ryrtem, at leabt upmtrmam of Phoenix, Arizona, the mpikedace is
now restricted to ocattermd papulationm in relatively short l tream reacheo.
Minckley (1985), Proprt et al. (1986) and Rhode (1980) figured historic and
recent distribution9 of the rpeclea.. . .
The epikodace was proposed (U.S. Fioh and Wildlife Service (FWS] 1985) and
euboequently lieted  (FWS 1986) am a threatened specie8 under authority of
the Endangered Species Act of 1973, au amended. Listing  was juetified on
the baeie of reductiona in habitat and range due to damming, channel
alteration, riparian deetruction, channel downcutting, water diversion, and
groundwater pumping, and continued threat6  to ita survival posed by ongoing
habitat loeees and non-native, predatory and competitive fioh epecieo (FWS
1985). Critical habitat was initially proposed (FWS 1985, Appendix), but a
aubeequent rule (FWS 1986) deferred ite designation until 18 June 1987.
Although that date ham paoeed, propoeed critical habitat ie still in force,
providing limited protection. Final deeignation of critical habitat is
under administrative review.

The spikeuace is.clarsifibd  by the State-of Arizona .a8 a thredtened
apeciea, which are thooe whose continued preoence in Arizona could be in
jeopardy in the near future (Arizona Game and Fish Department 1988) and by
the State of New Mexico ata a group 2 endangered epeciem, defined ae thoseII . . . whose proepecte of survival and recruitment within the State are
likely to become  jeopardized in the foreeeeable future" (New Mexico
Department of Game and Fieh 1988). The latter listing provide8 protection
under the :Icw Mexico Wildlife Coneervation Act. The species can be taken
only under a epecial collection permit in both Statee. Neither state
listing otherwise protects spikedace or the habitats it occupiee. Deacon
et al. (1979), Williame et al. (1985),  and Johneon (1987)‘ almo recognized
the epikedace as imperiled.

Description

The spikedace (Frontiepiece) i8 a small, sleek, etream-dwelling  member of
the minnow family (Cyprinidae]. Its following.daecription  ie eummarized
from Cirard (1857), Miller and Hubbta (1960) and Hinckley (1973):
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The body 1s slander, slmo8t l pindlo-•hapod, and l llghtly compreeeed
lrtrrally. scalem  aro promont only as l mall platoa duoply l mboddod In
tllo rkln. Thoro are two l plnosti raym at the loadlrq edgo of ttro doruai
fin, the firmt being obviously the strongest, mharp-pointed, and
nearly ao long as the second. The eyes and mouth both are large.
Barbel8 are absent. There are seven rays in the dorsal fin, and the
anal fin usually ham nine. Pharynyctal teeth are in two rows, with the
formula 1,4-4,l.

Coloration is bright silvery on the aides of the body, with
vertically-elongated, black specks. The back is olive-gray to
brownish, and usually is mottled with darker pigment. The underside
is white. Xales in breeding condition become brightly golden or
braesy,  especially on the head and at the fin bases.

Distribution and Abundance

Historical. The spikedace is endemic to the upper Gila River basin of
Arizona and New Uexico,  USA (Figure 1). The species was abundant in the
San Pedro River, Arizona, and although never collected in that stream in
Sonora, uexico, probably occurred there aleo (Xiller  and Winn 1951).
Distribution in Arizona was widespread in large and moderate-sized rivers
and etreame, including the Cila, Salt, and Verde rivers and their major
tributaries upstream of the present Phoenix metropolitan area, and the Agua
F r i a , San Pedro, and San Francisco river system8 (Minckley 1973, Rhode
1980). Populations transplanted from Aravaipa Creek into Sonoita Creek,
sant.' Cruz County in 1968, and 'I-Springs Wash, Haricopa County in 1970,
have since been extirpated (Uinckley and Brooks 1985). Distribution in New
Mexico wan in both the San Francimco  and Cila rivers (Koeter 1957, Propst
et al. 1986, Sublette et al. 1990), including the East, Uiddle, and West
forks of the latter. There are no records of spikedace transplants in New
Mexico.

There are eubetantial spatial and/or temporal gaps in quantitative data
from which to aesesa the historical abundance of apikedace. Generally, the
species mqet have been common and likely locally abundant in preferred
habitats. Although habitat suitable for spike&ce.was  probably not
continuous, it warn widespread throughout the species' range. Like most
western cyprinids, population abundances and distributions of spikedace
probably fluctuated in natural reeponee to local and regional environmental
conditions. Recent examples of much variation in the species abundance
have been recorded in Aravaipa Creek, Arizona (Hinckley  and Heffe 1987) and
the Red Rock reach of the Gila River, New Hexico (Harsh and Propet,
unpublished data).

Present. The spikedace occurs in Arizona only in Aravaipa Creek, tributary
to San Pedro River in Graham and Pinal Counties; Eagle Creek, tributary to
Gila River in Graham and Greenlee Counties; and upper Verde River in
Yavapai County (Figure 1). All three streams support at least moderate-
sized, sustaining populations in relatively undisturbed reaches. The Eagle
Creek population, considered 'quite small" by FWS (1986) has since been
found to be more substantial (Brooks, Uarsh, Xinckley, unpublished data).
In New Mexico, spikedace now are restricted to the mainstem Gila River and
it0 East, Hiddle, and West Irorkm; a few individuals may occasionally be
encountered in lowermost reaches of perennial tributaries (Figure 1).
Propet et al. (1986) considered only the population occupying the Cliff-
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FIGURE 1. HISTORIC AND PRESENT DISTRIBUTION OF SPIKEDACE
(Historic dietribution ie repreeented by stippled areae; present
distribution ie repreeented by eolid black.)
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Gila Valley, New Mexico, comparablr Fn abundance to that of earlier years;
others have been Aubetantially diminished. Undiscovered populAtiona  of
spikedace may occur in place8 which have not been surveyed or completely
inventoried, eapeciAlly within l xpanmive, remote portion8 of San Carlo6
Apache And Fort Apache Indian RmoervAtionA,  on U.S. Format Service lands,
or Ln Sonora where the Gil~ Rivmr drAinAge remain8 inadequately etudied.

Both distribution and abundance of opikedace have become drAmAtiCAlly
reduced in the past century, with major change0 occurring in recent decades
(Minckley 1973, Propet et al. 1986). Hajor rivers and mtreAma, much ae
lower reaches of the mainstem Cil~, Salt, And Verde rivers that once
supported substantial populations in eeveral places have been recently
depleted. Past changes in range And density must hAve occurred in response
to natural epatial and temporal variation6 in the environment, but the
current threatened etatus of epikedace appear8  A direct or indirect result
of man's Activities.

Life History

Biology of spikedace has been studied intensively in only A few places, but
those investigations have provided A relatively broad base of information
summarized below. In Arizona, only the population in Aravaipa Creek has
received substantial attention (Barber And Hinckley 1966, 1983; Barber et
al. 1970, Minckley 1901, Schreiber And Minckley 1981, Turner And Tafanelli
1983, Rinne and Kroeger 1988), in part beCAUSe that stream retains An
intact native fauna in relatively pristine habitat. In New Mexico,
Anderson (1978) examined epikedace populations primarily from A reach of
the Gila River downetream from the community of Cliff and the lowermost
East Pork of the Cila. Investigationa by Propet et al. (1986) and Propst
and Bestgen (1986) concentrated on the mainstem Gila River in the Cliff-
Gila Valley, Ln part because that was one of the few places where the
specie6 was abundant enough to provide neceeeary information, and collected
ecological data from several  other localities in the upper GilA eystem.
Most other work on epikedace hae been eurvey-type monitoring to assess
distribution, or statue of local population6 of fish communities (e.g.
Jester et a1..1468, LaBounty And Minckley 1973, Anderson and Turner 1977,
Ecology Audits 1979, Barrett et al. 1985, Bestgen 1985, Montgomery 1985,
Propst et al. lY85), and does not contribute significant new information.

H a b i t a t . Spikedace  occupy flowing watere, usually leee than a meter deep,
and as adult8 often aggregate in ehear zones along gravel-Band bare, quiet
eddiee on the downstream edge of rifflee, and broad, shallow areae above
gravel-sand bars (r'ropst  And Bestgen, 1986, Rinne and Kroeger 1988).
Smaller, younger fish are found in quiet water along pool margins over
soft, fine-grained bottoms. In larger rivere (e.g., Salt River canyon),
spikedace often were in the vicinity of tributary mouths. The fish use
shallower, strongly-flowing areas in epringtime, often over sandy-gravelly
subetratee. Specific habitat Aeeociations vary seasonally, geographically,
and ontogenetically (Anderson 1978, Rinne 1985, Propst et al. 1986, Propst
and Beetgen 1986, Rinne and Kroeger 1988, Rinne 1991).

Reoroduction. Spikedace breeding in spring (April-June) is apparently
initiated in reeponee to a combination of stream diecharge And wAter
temperature; timing variee annually and geographically (Anderson 1978,
Barber et al. 1970, Propst et al. 1986). Halee patrol in shallow, sandy-
gravelly riffles where current ie moderate. There ie no indication of
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territoriality, although malee generally remain evenly Bpaced within an
occupied Area. Receptive femalee move into the area, often from up-or
downstream pools, And Are Approached At once by up to six malee, two of
which remain immediately Alongside and elightly behind the female. Gametes
are presumably deporited into the water column or on or near the eubetrate.
No fertilized ova have been recovered; however, becauoe they Are Adheeive
and demersA1 baaed on egg0 atrippod and fertilizmd in the laboratory (P.
Turner, per8. COINTI.), they likely Adhere to eubotratee. Sex ratio among
reproductive adult8 is not constant, varying from neAr unity Among younger
fieh to A greater abundance of females Among older individuals. Femalee
may be fractional l pawnere, with elapoed period8 of A few day6 to eeveral
weeks between epawn'inge. Fecundity of individual females bAaed on gonad
examination range8 from 90 to 250 OVA, And ie eignificantly  correlated with
both length and age. Ovum diilmeter At epawning is near 1.5 millimetere
(mm) - No epecific information incubation times or LIize At hatching is
available.

Growth. Growth variee annually with water temperature (and thus geographic
location), and among year claeees (Anderson 1978, Barber et al. 1970,
Propst et al. 1986). Generally, young grow rapid1
autumn,

y during summer And
attaining 35 to 40 mm etandard length (SL) by November. Winter

growth is elow in some places, negligible in others. Fish average near 40
mm SL at the end of one year, And 50 to 63 mm SL at the end of the second
year. Maximum size ie near 65 mm in Aravaipa Creek, Arizona, and 68 mm SL
in the upper Gila River, New Mexico. Longevity typically is one to two
years; a few fieh reach age three and exceptional individuals may survive
four years. Growth of malee and females appears eimilar,  Although there
may be differences within particular year claaeee (Propet et al. 1986).

Foods. Spikcdace are carnivores that feed mostly upon aquatic and
terrestrial insects entrained in etream drift (Anderson 1978, Barber and
Minckley 1983, Propst et al. 1986). Kinds and quantitiea consumed vary
with epatial dnd temporal Availability of foods. Among aquatic forma,
larval ephemeropterane, hydropeychid trichopterane, And chironomid
dipterans are moat important. Prey body size is emall, typically ranging
from 2 to 5 mm long. At times of emergence, pupal, imagine or adult stages
of benthic- ineecte, especially ephemeropterane, are coneumed in large
quantitiee. Other foode, including larval fiehee, are occasionally eaten,
but theee constitute a minor component of the diet. Diversity of diet is
greatest among q mailer (post-larval) spikedace, which consume A variety of
small, soft-bodied animals, while adults specialize on larger, drifting
nymphal  and adult ephemeropterana.

Co-occurringfiuhes. Among native fishee, loach minnow (Tiaroaa cobitis),
speckled date (Rhinichthve osculue), Sonora sucker (Catostomus insionis),
and desert Bucker (Pantosteue clarki) are commonly in the same habitats
occupied by adult spikedace. Longfin date (Aaos ia  chrvsoaaster )  may  A~BO
occur with spikedace in shallow, Bandy, laminar-flowing reaches. Larval
and juvenile spikedace in quiet habitats along stream margins may encounter
small desert and Sonoran BUCkere, emall loach minnow, larval And adult
longfin date, and perhaps small roundtail chub (u robusta).

1 Standard and total (TL) lengths of spikedace are convertible by the
expression SL = 0.85TL - 0.12 (r' = 0.99, n = lOO)(Narsh, unpublished data).
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lr~~roducrrd  rud nhlner (w 1Sltrensls)  occupiom habLtat8  eimllar to
those occupied by apikedace, and may aometimecl be taken in the same seine
haul ae epikedace. The red ehiner now occurs  at all places known to be
formerly occupied by Bpikedace, with the exception of the San Francisco
River above Frisco Hot Springs, and the two epeciee overlap spatially (the
native upetream, the exotic downstream,  and a zone of dontact between) in
upper reaches of both the Cila and Verde rivere. These facts have led to
extensive BpecUlatkVl  about the nature of the relationehip between the two
species (FWS 1985, 1986, Minckley 1973, Hinckley and Carufel 1967, Minckley
and Deacon 1968, Propet et al. 1986, Bestgen and Propst 1986, Marsh et al.
1989). Varioue theories which have been put forth include: 1) red shiner
invade previouely unoccupied nichea; 2) red shiner invafa vacant niches
left by Bpikedace (and other native minnowo) extirpated due to habitat
alteration; and, 3) red shiner invade areas occupied by epikedace and
dieplace spikedace through competition and/or predation. Studies of
spikedace in the upper Cila River led the inveetigatore to conclude that
the Becond theory wae the moat likely mode in that syetem (Propet et al.
1986, Bestgen and Propet  1986). In the upper Verde River, limited data
indicate that the two epecies are maintaining a relatively stable region of
Bympatry and appear to be coexisting. A recent Btudy of epikedace and red
shiner interaction in various portions of ite range and in laboratory
experiments found apparent dieplacement  of spikedace by red shiner baeed on
ehifte in habitat UBO by epikedace in the preeence of red Bhiner (Marsh et
al. 1989).

Among other non-native fiehee, channel catfieh (Ictalurue ounctatue) of all
sires, and small flathead catfish (Pvlodictie olivaris) frequent riffles
occupied by spikedace, eepecially at night when catfiohee move onto riffles
to feed. Largemouth (Microoterue ealmoidee) and emallmouth (y. dolomieui)
baes in Borne habitats, and introduced trout8 (Salmonidae) at higher
elevations, may also CO-occur with epikedace. Interaction between the
native and these non-native fiehee is likely ae prey and predators;
however, importance of such relationships ie yet to be established.

Reaeone for Decline

Habitat destruction or alteration and interaction(e) with non-native fishes
have acted both independently and in concert to extirpate or deplete
spikedace populations. In the San Pedro and Aqua Ftia rivets, plus major
reaches of the Salt and Gila rivers, dewatering and other such drastic
habitat modificaLiono resulted in demise of spikedace, and meet other
native fishco. iJ~>wnstream reachee of the Verde, Salt, and mainetern Gila
rivers have bzcn affected by impoundmente and highly-altered flow regimes.
Spikedace do not pereiot in reoervoire, and populations occupying
tailwaters are subjected to impact8 ranging from dewatering to altered
chemical and thermal conditions. Stream channelization, bank
Btabilization, or other inetream management for flood control or water
diversion, have also directly deetroyed  spikedace habitats.

Natural flooding of desert etreame and rivers may play a significant role
in life histories of native fiehee becauee they rejuvenate habitats (Propst
et al. 1986), but perhape more importantly because desert fishes
effectively withstand such disturbances while non-native forms apparently
do not (Meffe and Minckley 1987, Minckley and Meffe 1987). Activities that
alter natural flow regimes may thus have negative impacts on native fishes.
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Both historic,and  preeent landscape8 Burroundfng Bpikedace habitats have
been impacted to varying degree6  by domeetic livestock grazing, mining,
agriculture, timber harvest, or other development (Haetinge and Turner
1965, Hendrickson and Hinckley 1985). These activities contribute to
habitat degradation by altering flow regimes, increaeing waterehed a n d
channel eroeion and thus sedimentation, and adding contaminant8 Buch as
acutely- or chronically-toxic materiala, or nutrient-enriching fertilizers
to Btreama and rivera. These perturbations may affect fiBheB in a variety
of ways, Buch aB direct mortality, interference with reproduction, and
reduction in requisite reBourcee  ouch ae invertebrate foods. In one
example, a waetewater Bpill at the Cananea Mine, Sonora, Mexico, killed
aquatic life including all fiohem throughout a loo-km reach downstream
(Eberhardt 1981).

Non-native fieheo, introduced for Bport, forage, bait, or accidentally,
impact upon native fishes. Ictalurid catfiehea,  and centrarchide,
including largemouth bae8, emallmouth baBB, and green Bunfieh (Leoomie
cvanellue), prey upon native fishes. At higher elevatione, introduced
salmonide  (brown trout, Salmo trutta, and rainbow trout, Oncorhvnchue
mvkise) may eimilarly influence apikedace populationa.
particularly important as regard0 Bpikedace,

Red shiner may be
because the two Bpeciea where

allopatric occupy eeeentially  the same habitats, and where Bympatric there
is Borne evidence that there ie dieplacement of the native to habitats which
otherwise would scarcely be ueed (March et al. 1989). Moreover, the
concomitant reduction of epikedace and expaneion of the shiner ie powerful
circumstantial evidence that red ehiner may have displaced  Bpikedace in
suitable habitats throughout much of its former range.

Undoubtedly, demise of epikedace has been a result of combined effects of
habitat change and introduced fiehee.
two factore hae yet to be eetabliehed,

Because relative importance of the
both muet be ConBidered in

management toward recovery of thie threatened Bpeciee.
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IX. RECOVERY

Objective

The primary objective of this recovery plan is to identify steps and
delineate mechanisms considered neceseary to protect existing populations
,and restore depleted and extirpated populations of spikedace and their
habitats, and to ensure the species' non-endangered, self-sustenance in
perpetuity.
for

Realization of this objective will constitute justification
delisting  of the rpikedace. This plan will require modification as new

information becomes available; only at that time can quantitative criteria
for delisting be elaborated. Interaction with non-native fishes and -
habitat modification, whether acting independently or in concert, are both
considered contributory to decline and extirpation of epikedace. This plan
recognize8 the need to deal with both impacts in order to achieve the
recovery objective.

Stbpdown Outline

1. Protect existing populations of spikedace.

1.1

1.2

1.3
1.4

1.5
1.6
1.7

1.6

1.9

1.10

1.11

Identify extent of existing populations and level of protection
afforded to each.
Prioritize exieting  populations as to need or imminent need for
protection.
Designate critical habitat.
Enforce existing laws and regulations affecting spikedace.
1.4.1 Inform ata necessary appropriate agencies of applicable

management/enforcement responeibilitieo.
1.4.2 Asoure compliance with Section 7 of the Endangered Species

Act.
1.4.3 Aeeure compliance with Section 9 of the Endangered Species

Act.
Discourage detrimental land and water use practices.
Insure perennial flow6 with natural hydrographs.
Curtail transport and introduction of non-native fishes.
1.7.1 Discourage seining and use of live bait in streams occupied

by epikedaco.
Examine efficacy of barrier construction to preclude invasion by
non-native fishes.
Identify important,
already protected.

available private lands and water rights not

Acquire important lands and associated water rights as they become
available.
Protect acquired lands.

2. Monitor status of existing populations.

2.1 Establish and implement standard monitoring locations for extant
populations.

2.2 Establieh and implement standard techniques and their application.
2.3 Establish and maintain a computerized database for tracking of

monitoring and reintroduction information.
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2.4 Determine range of natural variation in absolute abundance and
age-clase Btructure. .
2.4.1 Develop etandard methods for quantifying abundance;
2.4.2 Conduct bi-annual (opring, autumn) population estimates.

2.5 Monitor community compoBition.
2.5.1 Apply Btandard locations and techniqueo (2.1, 2.2).
2.5.2 Determine range of natural variation in relative abundances

of community members.
2.6 Determine genetic characterietica  of existing populatione.

3. Identify nature and eignificance  of interaction with non-native fiches.

3.1 Direct interaction (predation, displacement).
3.1.1 Field investigations and experimental manipulations.
3.1.2 Laboratory etudiee.

3.2 Indirect interaction (mediated by other fishes of the community).
3.2.1 Field inveotigatione  and experimental manipulations.
3.2.2 Laboratory etudiee.

4. Quantify, through reeearch, Bpikedace habitat needs and the effects of
phyoical habitat modification on life Cycle completion.

4.1 Substrate.
4.2 Velocity and depth.
4.3 Water Temperature.
4.4 Water Chemietry.
4.5 Interactions among 4.1-4.3.
4.6 Watershed sire and flood frequency and volume.

5. Enhance or restore habitats occupied by depleted populations.

5.1 Identify target areas amenafble to management.
5.2 Determine neceeeary habitat and landscape improvements..
5.3 Implement habitat improvement.

6. Reintroduce populations to selected streams within historic range.

6.1 Identify stock0 amenable to use for reintroduction.
6.2 Identify river or stream syeteme for reintroduction.

6.2.1 Determine Buitability of habitat.
6.2.2 Enhance habitat a8 neceseary (4, 5.3).
6.2.3 Assess statue of non-native fishes in the watershed.
6.2.4 Assure closure of potential immigration routes to preclude

reinvasion by non-native fishes.
6.2.5 Reclaim as necessary to remove non-native fishes.

6.3 Reintroduce Bpikedace to selected reaches.
6.4 Monitor eucceBe/failure of reintroductions.
6.5 Determine reasons for success/failure.
6.6 Rectify as neceesary cause(s) of failure and restock.

7. Determine quantitative criteria for describing a self-sustaining
population.

7.1 Acceptable level6 of natural variation.
7.1.1 AbBOlute numbers.
7.1.2 Age-class Btructure.
7.1.3 Reproduction.
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7.1.4 Recruitment.
7.2 Minimum  stock eize.
7.3 Environmental variables.

7.3.1 Physical characteristics.
7.3.2 Chemical characteristics.
7.3.3 Biological COnnnUnfty.

8. Plan and conduct investigations on captive holding, propagation and
rearing.

8.1 Determine wild stocks suitable for contribution to hatchery
etocke.

8.2 Collect and transfer wild stocks to suitable facility.
8.3 Develop procedurem and facilities for holding and maintaining.
8.4 Evaluate potential techniques for propagation.
8.5 Aeeeoe life-cycle requirements in hatchery environment.
8.6 Supply individuals a8 needed for reintroduction, research, public

education, etc.

9. Information and education.

9.1 Public sector.
9.1.1 Local media and target campaigns.
9.1.2 States of Arizona and New Mexico.
9.1.3 National exposure.
9.1.4  Aseiet appropriate Hexican agencies and organizations in

information and education.
9.1.5 Open communication among Statee, Federal agencies, and

local residents and water ueera.
9.2 Profeeeional information.

9.2.1 Open circulation of information among concerned parties.
9.2.2 Periodic information-exchange heetingts.
9.2.3 Presentations .at professional, scientific meetings.
9.2.4 Publication in peer-reviewed, open literature.
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Narrat ive

1. PrQt)Cf-lX b.f fnatimoi.

Remaining populations of spikedace in Verde River, Aravaipa Creek, and
Eagle Creek, Arizona, and upper Gila River and ito major tributaries in New
Mexico, plus other potential locationa, continue to be threatened by
habitat modification or destruction, predation by introduced fishes,
inadequacy of existing regulations, and continued introduction and
dispersal of non-native fishes. Recovery of the species cannot be
accomplished without firet identifying and protecting remaining
populations.

1.1 Identifv extent of existincr  Domlationr  and level of orotection
afforded to each.

Undiscovered populations of spikedace may occur in unsurveyed or
incompletely inventoried habitats; these populations should be identified
so that the present distribution and range of the species is known.
General areas which should be thoroughly sampled to determine potential
occurrence of epikedace include the Gila River drainage in Sonora, Mexico,
and lands in the United States controlled or owned by the U.S. Forest
Service and San Carlos and White Mountain Apache Indian tribes. After
geographic locations of all populations are known, the existing level of
protection afforded by any public or private entity should be determined
for each population. Completion of these preliminaries will enable
prioritization of the various habitats/populations ae regards
implementation of specific recovery activities outlined below.

1.2 Prioritize existinp populations as to need or imminent need for
protection.

Populations of spikedace that occupy relatively undisturbed
habitat and are afforded substantial protection by one or more governmental
or private entities (e.g., Aravaipa Creek, Arizona) are considered in less
imminent need of additional protection than those in degraded habitats or
which are minimally protected. Prioritization of all known populations as
regards nec>d 'or protection should be accomplished so steps toward the
species rc*:ovcry can proceed in a logical manner. Recovery activities for
populations in most imminent danger of decline or extirpation should be
accomplished first.

1.3 ~~~iqnate critical habitat.

Critical habitat (Appendix A) was proposed by FWS (1985), but
formal designation was deferred until 18 June 1987. That designation has
not yet occurred, and although the existing proposal continues in force, it
provides only limited protection. Pending outcome of 1.1 (above), it may
be appropriate to consider additional stream reachee for inclusion in the
designated critical habitat. Existing information on the spikedace in
Eagle Creek is sufficient at this time to recommend consideration of a
portion of that creek (Appendix A) for addition to the legally designated
critical habitat. Much land adjacent to streams or stream reaches occupied
by spikedace is under full or partial jurisdiction and/or presumed
protection by U.S. Bureau of Land Hanagement (Aravaipa Creek, Gila River);
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The Nature Conservancy (Aravaipa Creek, Gila River); New Hexico Department
of Game and Fish (West and Middle Forks Gila River); New Mexico State Land
Office (Gila River); New Hexico nuseum of Natural History (East Fork Gila
River)j  National Park Service Gila Cliff Dwelling5 National Honument,
administered by U.S. Forest Service (West Fork Gila River); U.S. Forest
Service, Gila National Forest, including Gila Wilderness Area, Lower Gila
River Bird Habitat Management Area, and Gila River Research Natural Area
(Gila River); U.S. Forest Service, Prescott National Forest (Verde River);
State of Arizona (Verde River); U.S. Forest Service, Apache-Sitgreaves
National Forests (Eagle Creek); and San Carlo5 Apache Indian Reservation
(Eagle Creek). However, protection of spikedace on Federal and other lands
will be greatly enhanced when the species' critical habitat is formally
designated and compliance with the Endangered Species Act is fully
implemented. Other significant stream reaches occupied by epikedace flow
through privately-owned landr, and with exception of reaches owned by
conservation organirationo, receive minimal or no protection.

1.4 Enforce l xiatinu law8  and reuulationm affection aoikedace.

Failure of any entity to recognize and comply with laws and
regulations that protect spikedace and its habitat may contribute to its
imperiled status, result directly or indirectly in further population
d e c l i n e s , and impede recovery of the species.

1.4.1 Iafonn  as neceaaarv SDDrosriate aqenciea of aDDlicablt
manaqement/enforcement  resoonaibilitiea.

Where not so informed, agencies and their personnel should
be made aware of their responsibi.lities  regarding laws protecting listed
species and their habitats, and the appropriate roles each agency would
play to most effectively insure their protection.

1.4.2 Assure comoliance with Section 7 of the Endanqered Sneciea
&g.
Federal agencies should comply with Section 7 of the

Endangered Speciee Act and should consult with the U.S. Fish and Wildlife
Service on any project that has potential to affect spikedace.

1.4.3 Assure comoliance with Section 9 of the Endansered Species
Act.
Compliance of all private and public entities with the

Section 9 prohibitions and implementing regulations regarding take of a
threatened species should be insured.

1.5 Discourase detrimental land and water use Dracticea.

Wise uoe of water and land can benefit both the user and the
physical and biotic natural resources of the area. Practices which are
detrimental to or destructive of habitats and extant populations of
spikedace should be discouraged in all places. Information and education
should be provided that will enable all users, especially private
landowners, to be aware of detrimental practices and their acceptable
alternatives.

12



1.6 Jnaure Perennial flows with nstural hvdrosraDhr.

Spikedace cannot exiot in dewatered places, and populations can be
expected to decline or disappear from stream reaches which are intermittent
or ephemeral. Permanence of flows of sufficient quantity and quality must
be assured to maintain integrity of spikedace populations and their
habitats. Also, Southwestern stream fishes apparently are enhanced
relative to non-native species where streams are characterized by a natural
hydrograph (Minckley and Heffe 1987). Formal agreements that stream flows
will not be modified by activities euch as damming or diversion that
substantially alter natural flow regimes should thus be an integral part of
insuring perennial flowe. For example, U.S. Bureau of Land Management is
in the final stagee of applying for an instream flow water right for
Aravaipa Creek, Arizona.

1.7 Curtail tranwort and introduction of non-native fishes.

Where they do not already exist, appropriate regulations should be
promulgated that discourage transport and stocking of non-native fishes,
especially red shiner, into habitats from which they have access to stream
reaches occupied by spikedace. State, Federal or other fish management
agencies and private entities ohould discontinue stockings of non-native,
warmwater sport, forage, or bait fishes into or upstream from streams
occupied by spikedace, and upstream from the first absolute barrier to
upstream fish movement into spikedace habitats.

Operation and future siting of State, Federal, or private facilities that
hold, propagate, rear, or participate in other fish or aqua-cultural
activities with non-native fishes should ensure that escapement to waters
occupied by spikedace is precluded.

1.7.1 Discourase nefnina and use of live bait. in streams occupied
bv spikedaco.

Introductions of non-native fishes may occur as a result of
intentional or inadvertent release of bait fishes ueed for sport angling.
Where sport -fishes and spikedace are known to co-occur or in areas of sport
fishing which are not eeparated by barriers from stream reaches occupied by
spikedace, responsible resource agencies should discourage or disallow use
of live bait. Furthermore, bait fish seining should not be allowed to
occur in stream reaches occupied by spikedace,
taken and unnecessarily destroyed.

which could be unknowingly

1.8 Examine efficacv  of barrier construction to preclude invasion by
non-native fishem.

Construction of fish barriers should be considered as a preventive
measure for protection of exioting populations of spikedace from
contamination by non-native fishes. For example, a cooperative effort has
determined that construction of such a barrier on Aravaipa Creek, Arizona
would protect upstream populatione of native fishes, including spikedace,
from invasion by red shiner and other non-native fishes. Other streams
occupied by spikedace may also be amenable to such management, and
responsible agencies should fully evaluate efficacy of this action.
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1.9 Identffv mt. l v&&.lable Drivate lands and water rfqhta not
alreadv Dfotected.

Although a significant proportion of lands adjacent to presently
occupied spikedace habitat already receive some degree of protection from
State, Federal, or private entities, other lands through which potentially
important stream reaches pass have no euch benefit. Unwise land- or water-
use practices in and adjacent to occupied reaches could have detrimental
impacts upon spikedace residing in the aame drainage. Obviously, fishes
must have sufficient water to survive and flourish. Thus, water rights
associated with important etream reaches muet be acquired. The U.S. Fish
and Wildlife Service should designate the appropriate agencies to identify
these areas and their water rights, determine their ownership, and assess
the potential availability of necessary water rights.

1.10 Acquire important land8 and aaaociated water rishta aa they become
available.

A variety of mechanisms exist by which lands, management rights,
and/or water righta may be acquired by State, Federal, or private entities
inclined to do so in behalf of protecting spikedace and its habitat.
Acquisition of these lands and w‘ater rights will add to assurance that
existing populations and their habitats are secure.

1.11 Protect acouired landa.

Once important lands and stream reaches are known and in
appropriate ownership, they can be administered and managed in ways
consistent with perpetuation of spikedace populations and habitats.

2. Monitor status of sxirtins DoDulationa.

Standardized, long-term monitoring is necessary to detect changes in
population status, assess success of recovery-management actions, and
determine when applicable criteria for delisting have been fulfilled. The
U.S. Fish and Wildlife Service and State8 of Arizona and New Mexico,
advised by the Deoert Fishes Recovery Team, should specify a standardized
monitoring proqram, based upon biological considerations plus practical
constrainto, tcl address elements outlined below.

2.1 Establis_h and imnlement atandard monitorinta  locations for extant
p o p u l a t i o n s .--.-

Stream and river reaches representing typical habitats actually or
potentially occupied by spikedace populations in Arizona and New Mexico
should be selected for routine monitoring. Only when data are obtained
from standard areas can natural or other changes in habitat or population
status be determined.

2.2 Establish and implement standard techniques and their avdlication.

Techniques for assessing spikedace habitat and population status
should be consistent spatially, temporally, and among investigators.
Standard monitoring techniques should be developed and implemented to
insure that results are comparable among years, populations, and groups
involved in this monitoring. In some instances, use of specific techniques
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may be restricted, for example, use of motorized equipment, and such
constrainte ehould be considered  in eelection  of methodologiee.

2.3 Ertablirb and maintain a comDuteriaed database for trackincr  of
q onitorinu and reintroduction iafonnatiog .

Adequate data tracking would allow management actions to be based
on the best up-to-date information and would insure rapid aeseeement  of
recovery progreee. A centralized, computerized database should be
established that will contain all available historic information on
distribution and abundance of epikedace throughout ite range. All
monitoring data on existing populationta, plue information on eetabliehment
and monitoring of reintroduced populatione should  be placed into thie
database ae moon am the information ie available.

2.4 Determine range of natural variation in absolute abundance and
aqe-class structure.

Population8 of epikedace vary eubetantially, both spatially and
temporally, in reeponee to dynamic6  of individual populations and natural
changes in their environment. Change6 in etatue of epikedace populations
can be attributed to other than natural cauBee only when the range of
variation expected from intact populationta in relatively unperturbed
habitats hae been aseeeeed. Population etatue ie moet readily aeeeseed by
knowing absolute abundance of individuals fn the population, and
distribution of individuals among age-claesee (cohorts) and their sex
ratio.

2.4.1 Develop standard methods for quantifvins abundance.

Several techniques are available for determination of
absolute abundance of fishee, including depletion sampling, mark-and-
recapture, etc; these may be modified or others developed specifically for
application to spikedace. Such techniques should be adjusted ae dictated
by experience, and uniformly applied thereafter.

2.4.2 Conduct bi-annual (sDrina. autumn) DoDulation  estimates.

Population estimates should be conducted at times of year
that are most likely to provide manager6 with the moet useful information
as regards status of spikedace. Spring sampling allows assessment of adult
reproduct i:lc condition, while autumn eampling provides opportunity to
evaluate year-class  strength, taurvival, and recruitment relative to the
spawniny pl)puldtion. Doth are necceaary to adequately determine population
statue.

2.5 Monitor communitv composition.

Populations of spikedace may be subject to influences of other
members of the fish community. Changes in statue of other species,
especially non-native kinds, may serve notice that epikedace status also
may be expected to change. At least a minimum of predictability of change
within a normal range of variation is necessary to manage population6  of
spikedace, and any information that will enhance that capability may enable
management decisions and implementation before potential negative impacts
are realized.
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2.5.1 &olv sterd &cat- and to-es (2 1.2.2~ . .

Technique6 for armemaing etatu8  of the fieh community
ehould be compatible with thoee rpecifically  selected  for epikedace
monitoring, and ehould be Wzandardized  a8 regards time, place, and methode.

2.5.2 Determine ranae of natural variation in relative abundances
gf commuaitv mwnber~.

A moat easily obtained and readily interpreted datum ie
relative abqindance of fish community con8tituente. However, change caueed
by other than natural factore cannot be reliable aeeeesed unleee an
indication of the range of normal variation experienced by communities in
relatively unperturbed habitats ie firet known. Baeeline data already
available ehould be augmented by information from future, routine eampling
of  f ishes.

2.6 Determine aenetic characteristics of exi8tincr voDulations.

Baseline information on-the genetic characterietice of existing
spikedace populations ehould be gathered to elucidate relationehipe and
degree of variation among populatione and to provide guidance in
protection, propagation, and reintroduction programo (Echelle 1988; 6.1,
6.3, and 8.1, below). Reeulte of an initial survey will be required to
insure that any genetic difference6  among population6 are considered in the
implementation of thie plan.

3. Identifv nnture and sisnificance of interaction with non-native fishes.

Impacto  of non-native fishee on epikedace cannot be alleviated or
otherwise managed until the mechanism(e) of euch interactions are known and *
an assessment as to the qualitative and quantitative taignificance of the
interaction has been completed.

3.1 Direct interaction Ipredation, disDlacement1.

Research hae shown that certain non-native fishes prey intensively
upon native fishes (e.g., Heffe 1903, 1985). Likewise inferential evidence
suggests that introduced fishes displace native specie6 (e.g., Minckley and
Deacon 1968, Marsh et al. 1989). These kinda of interaction thus appear
most fruitful for investigation in the case of epikedace. Other potential
mechanisms of rnteraction ehould aleo be inveetigated  where data suggest
they may be important.

3.1.1 Field invertisations and exverimental manipulations.

Evidence of direct interaction ie moat convincing when
derived from etudiee on in situ populatione. Because spikedace and

. potentially detrimental non-native fishes co-occur in several places (e.g.,
Cila and Verde rivers, Eagle Creek), theee habitate and communities ehould
be selected for intensive field etudies. Experimental manipulations in
which selected species are variously included or excluded among available
habitats would provide a powerful tool for evaluating interactione  (e.g.,
Power et al. 1985). Appropriate study reachee,  specific experimental
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designs, etc., should be determined by coneenaue among knowledgeable
individuala.

3 . 1 . 2  Lgboratorv rtudiet.

Some aspects of direct interaction among spikedace and non-
native fishes can be determined beat under controlled, laboratory
conditions. Theee etudiee would provide a framework and direction for
applied field investigations (3.1.1).

3.2 Indirect interaction (mediated bv other fishes of the communitv)_.

Effect8 of non-native fishee upon spikedace may not be caused by
direct interaction, but rather indirectly by.the effect of non-native
fishes on other membere  of the fish community. Regardleae, prudent
management of spikedace populations cannot be implemented until the nature
and significance of each i8 evaluated.

3.2.1 Field investiaations and exDerfmenta1 manipulations.

Field studies and in-stream experiments would be necessary
to qualitatively and quantitatively describe indirect interactions among
spikedace and non-native fiehee (see 3.1.1).

3.2.2 Laboratorv studias.

Studies of spikedace, other native fishes, plus non-native
species, under controlled, laboratory conditions, could identify a range of
biological and habitat parameters important to indirect interactions; these
then could be applied toward intensive field etudiee (3.2.1).

4. Quantifv,  throuuh research, roikedace habitat needs and the effects of
phvsical habitat modification on life cvcle comoletion.

Localized depletion or extirpation of spikedace may be caused by
changea in proximal physical habitat acting on one or more life history
stage or function. Likewise, widespread depletion or extirpation may be
caused by far-teaching alterations of watershed characteristics acting on
one or more i.fe history stage or function. Qualitative and quantitative
relationshi+ among specific kinde of habitat modification and spikedace
biology must be established before management can be directed toward
correcting end removing the cause(a) of deleterious habitat conditions.
Such analy-Ieu +JL;~ be dependent upon prior determinations of spikedace
habitat needu tind usage. Reoearch muet consider all life history stages as
well as variations in seasonal and diurnal use.

4.1 Substrate.

Erosion and siltation which result in filling of interstitial
spaces of gravel riffles occupied by spikedace may interfere with
successful egg depoeition and incubation, and thus impact recruitment,
population abundance, and age-class structure (Propet et al. 1986).
Substrate armoring which renders suitable egg incubation sites unavailable
to spikedace may have similar effects. Quantitative relationships must be
established so that condition8 characterizing suitable habitats can be
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described, change8 can be l nameerd, and management l tratmgimm for
reclamation of impaired habitat can be aoaeo8ed and implemented.

4.2 Volocftv and devt& .

Land- and water-uee practice0 that alter water velocity and depth
may affect epikedace, which have demonstrated rpecialirations for these
parameters (Turner and Tafanelli 1963, Rinne 1985, Propet et al. 1986,
Rinne and Kroeger 1988). Available data should be reviewed and augmented
80 that preferenda can be determined, and tolerance limits eetabliehed.

4.3 Water tsmverature.

Water- and land-uee practice6  may influence thermal regimes in
habitat0 occupied by epikedace. Relationehipia  among epikedace life hietory
and temperature are poorly known, and muet be establiehed  ao regard6
optima, preferenda, and tolerated extreme@, so that condition0
characterizing euitable habitata can be described, changes can be aeeeeeed,
and management etrategiee for reclamation of impaired habitat can be
evaluated and implemented.

4.4 Water chemistry.

Water- and land-uee practice8 may influence variouo chemical
parameters of the waters occupied by epikedace. Preferenda and tolerance
limits of epikedace life history stages need to be established for baeic
parameters, such aa p&i, turbidity, alkalinity, and dieeolved oxygen, 80
that the effects of changee in thoee parameter0 may be aeeeeeed.

4.5 Interactions aoonu 4.1-4.2.

Water- and land-use practice8 may affect one or several
environmental parameters important to eucceesful epikedace life cycle
completion. Thus, synergietic  or antagonietic effect0 of changes in
substrate, velocity, depth, and water temperature should be assessed to
determine combination0 representing optima, preferenda, and tolerance
limits.

4.6 Watershed size and flood freauencv and volume.

It has been speculated that spikedace may be limited to occupation
of streams with a certain minimum waterahed eize and/or water volume
(Propet pere. comm.), baaed on the abeence of epikedace from small
tributary otz-villllti crven if habitat ie apparently available. Impoundment
and/or diveroion of upetream waterr, watershed vegetation alteration
resulting in changing runoff patterns, and other human actions functionally
modify both watershed eize and water volume. Flooding hae been shown to be
a major factor in the relationship of native to non-native fiehee (Winckley
and Meffe 1987, Propst et al. 1986). Flood frequency and volume ie
frequently modified in-.southweetern  streams during the course of water
development. Relationehipo between watershed characteristics and epikedace
biology must be established BO that conditions characterizing suitable
habitats can be described, effects of changee can be aeeeesed, and
management etrategiee can be prepared and implemented.



5. knhAuCr..~Lr*~tsur_.~i9~ l/YAmhu~QDUl~QnI  -

Management otrateglma  dovrloped to mLnlmlto or rllmlnato negative
impacts resulting from habitat modifications and/or interactions with non-
native fiehea should bo applied to habitats in which spikedace populations
have been depleted. Such management provides opportunity for continued
study of relationahipa between spikedace and its biological and phyeical
environment, to aaeeea efficacy and modify specific practices of management
implementation, and contributes toward recovery of the species.

5.1 Identifv taruat areas amenable to manauement.

Some habitats occupied by depleted populations of opikedace, and
their adjacent landecapea, may be amenable to restoration, while othera may
be in a atate  of continuing degradation much that they cannot reasonably be
revived to suitable condition. Theme former places should be identified so
that management can be implemented that will enhance or restore them to
pre-impact condition.

5.2 Determine necessary habitat and landscape imDrovementa.

Habitat improvements can be affected only when physical
characteristics necessary for epikedace occupation, reproduction; and eelf-
sustenance are known. Moreover, habitat reetoration likely will require
removal of conditiona which have led to degradation. Some atream and river
reaches may "eelf-improve" if natural forces are allowed to reign in
absence of sources of perturbation. Examples include curtailment of
overgrazing, stabilization of bankline or other erosion sites, altered
timber management etrategiee, etc. Moreover, depletion or removal of non-
native fiehee, if identified ae significant deterrenta to survival or
enhancement of epikedace, may be necessary.

5.3 Implement habitat imDrovemsnt.

Once 8ourcea  of impacts and habitat parametere in need of
improvement have been identified, measures should be implemented to remove
impacts and restore damaged habitate to conditione suitable for occupation
by spikedace. Where removal of non-native fishee is indicated, measures
should be adopted to preclude future invasion and establishment in the area
by such fishes. This may require inetallation  of barrier8 to up- or
downstream movement, or alternatively may demand repeated management to
remove non-natives.

6. Reintroduce vonulations to selected streams within historic range.

One of the most critical goals to be achieved toward epikedace recovery
ie establishment of secure, self-reproducing populationa in habitats from
which the specie8 hae been extirpated. Succeseful  implementation of this
management goal will provide a clear indication that both the biology of
the apecies.and  the impacts resulting in its demise are well enough
understood and management strategies effective enough that attainment of
recovery is probable.
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6.1 Jdantifv stocks am&o to use for reiatroductioq.

Stable, self-sustaining populations with capacity to contribute
individual0 for reintroduction without euetaining unneceaeary depletion
should be identified. To the extent practicable, local stocks with
affinities to tk4e formerly occupying target streams should be utilized
(e.g., Aravaipa Creek for San Pedro, Cila River for San Prancieco).
Results of a genetic survey (2.6, above) will be used am guidance in
selecting appropriate donor stock. If it is determined that extant
populations do not have capacity to supply adequate number0 of individual0
for reintroduction, hatchery-produced fish may be required (8, below).

6.2 Jdantifv river or stream l vmtama for reintroductions.

Among streams from which apikadace tiave been extirpated, the San
Pedro River system, Arizona, probably represents the moat amenable, for
several reaeone, to its ree0tabliehment. San Pedro River is the type
locality for spikedace (Girard 1857), but it and 10 other native fishes
were extirpated am a result of drastic habitat destruction, plus
introduction of exotic fiehee, over the last 100 years (Eberhardt 1981,
Minckley 1987). Not only the mainstream San Pedro may be readily amenable
to restoration for spikedace, but also certain perennial reaches of major
tributaries (e.g., Redfield Canyon, Babocomari River) may have potential
for teeatablishment of the epeciea. Aravaipa Creek, which is home to one
of the most secure remaining spikedace population0 in Arizona, is tributary
to the San Pedro. The San Francisco River and Heecal Creek (tributary to
the Gila River), plus other yet-to-be-identified locations, should also be
evaluated am potential recipient0 of reintroduced populations.

6.2.1 Determine nuitabilitv of habitat.

Specific stream reaches that fulfill known requirements
plus areas amenable to restoration should be identified. Cause0 and
sources of former and continuing habitat degradation and the cause of the
original extirpation need to be evaluated, and extant ichthyofaunae must be
aaseseed.

6.2..2 Enhance habitat as necessarv 14, 5.3).

Habitat0 amenable to physical restoration ahould be subject
to management implementation  to restore them to pre-impact condition. This
may require modification or discontinuance of certain land- or water-use
practices if it le determined that theme continue to contribute to habitat
degradatioib.

6.2.3 Assess statue of non-native fishes in the watershed.

Non-native fishes pose potential threats to reestablishment
of epikedace. Theee may occupy the stream reach selected for
reintroduction, tributaries, and isolated waters within the watershed.
Assessment should be made of distribution, community composition, and
relative abundancea of non-native fishes.
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6.2.4 w clQ#ura of Dot- routaa to Drecludp
bv usmsmLLw_ fidmr .

Stream reaches identiflud  to roceLvo pla8it;Lnya  of l pikuJn(:~~
should be isolated am much am practicable from non-native fishes, which
might preclude or otherwise interfere with auccaaaful raeatabliahment of
the native. Closure of immigration routes might include conetruction  of
barrier dame or other structures to ineure that downstream populations of
exotica do not access habitats occupied by reintroduced stocks of
spikedace.

6.2.5 Reclaim am nacaaaarv to remove non-native fishes.

Non-native apeciea in places from which they could invade
spikedace habitat, or those occupying target areas themselves, should be
removed or depleted as completely am possible. Removal from live stream
reaches would likely be accomplished by piacicide application, while other
waters, such as cattle tanks, could be reclaimed by either drainage or
pumping, piecicide treatment, or a combination thereof.

6.3 Reintroduce spikedaCe to salactad reaches.

Spikedace should be collected, transported, and reintroduced into
selected stream reaches after habitat restoration and exotic species
removals have been accomplished. Stocking should be of numbers of
individuals necessary to assure maintenance of reasonable genetic
heterogeneity of the reintroduced population (Echelle 1988).

6.4 Monitor rucceasffailura of reintroductions.

Reintroduced spikedace populations should be periodically
monitored; location, time of year, and methods (2., above) should be
standardized BO data are comparable with previous information for other
populations and can be used to assess change8 in etatue.

6.5 Determine reasons for success/failure.

success of reintroductions will be indicated by establishment of
reproducing, sustaining populations of spikedace with characteristic0 of
abundance, age-class structure, and recruitment in the range of natural
variation dc?termined from extant stocks. Causes of reintroduction failure,
indicated by aberranciee in population characteristics or extirpation, must
be identified and evaluated. These could be a result of incomplete
implementation of identified management strategies, or due to other natural
or anthropogenic factors. Using monitoring data, preliminary evaluation of
success should be made five years after reintroduction. Failed populations
should then be reasseesed  and decisions regarding rectification of
problems, restocking, or abandonment made. Populations which are
questionable or successful at that time should be monitored for an
additional five years before being judged eucceaeful or not.

6.6 Rectify as necessary cause(s1 of failure and restock.

Identified sources of failure should be rectified. This may
require implementation of the same, or refinements of, strategies
identified previously, or implementation of additional ones. Additional
reintroduction-stocking may be indicated once sources of initial failure
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are Identified  and romoved. In mom0 instances, ropmated l oquencoa of
roFntroductLon,  monitoring, l aaeasment, and rofinmmunt may be nmcmaaary
beforo local goals aro l atiafied.

7. Determine uuantitrtive criteria for describinu a self-sustaininq
PO&Xl  5 ‘&On.

Recovery goals call for protecting existing populations, restoration of
depleted stocks, reeatabliahment of spikedace in places from which the
species ham been extirpated, and insurance that the animal ham opportunity
to eelf-sustain in perpetuity. Attainment of each can be determined only
from quantifiable criteria applied to populations under consideration. In
particular, acceptable levels of natural variation within certain
parameters of stable, reproducing populations must be determined (see Meffe
and Minckley 1987). Absolute and relative abundance, age-class structure
and sex ratio, and recruitment are variables most likely to provide needed
data am regards population statue. These must be interpreted within a
context of security of the habitat and watershed against future detrimental
change, and of integrity of the fish community am regards invasion and
establishment of non-native species.

7.1 Acceotable levels of natural variation.

Populations behave in response to normal variations in their
physical and biological environments. Thus, population density, for
example, can be expected to vary naturally in time and apace.
Determination that a population is "healthy" can be made only when the
range of normal variation of key population parameters is known.

7.1.1 Absolute number&.

Presence/absence data provide valuable information, and
usually can be aBseeeed expediently. However, much data may not generally
be useful for evaluating change in populations statue relative to normal
environmental variation. Absolute abundance can be determined by any of
several methods, such as depletion sampling or mark-and-recapture studies.
When standardized as to location, time of year, and method, data are
comparable among samples and populations and can be used to establish
"mean" conditLon8 and acceptable limits of normal variation.

7.1.2 Ase-class structure.

Age-class structure can readily be determined from
measurements of individuals sampled during population abundance estimation.
Relative health of the population is indicated by a normal distribution of
individuals among age-classes, i.e., natural mortality acts to diminish the
number of individuals in each successive, older age-class. Obvious
aberrancieo, such as complete failure of a year class or absence of an age-
class, or markedly skewed sex ratio, likely indicate substantial pressure
on the population, and may require remedial action.

7.1.3 ReDroduction.

Populations can perpetuate themselves only if reproduction
replaces individuals lost to natural (or other) sources of mortality.
Spikedace reproduction should be assessed by determination that the
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population include8 an adequate stock of reproductive fish of both oexee in
a "normal" ratlo, and that egg depoaltlon, embryo LncubaLLon, nnd larval
hatch aro succoosLu1.

7.1.4 Recruitm~&.

Larval fish muet have opportunity to grow, mature, and
eventually contribute their gametea to future generatione. Thue, dynamics
of a healthy population require that an appropriato number of offepring
survive to reproduce. Aeeeoement of recruitment would be in concert with
evaluatione of abeolute number8 and age-claee structure.

7.2 Minimum stock rite.

For each population in time and space, there ie a minimum size
(number) of reproductive fish neceeoary for perpetuation of the stock.
When numbers dwindle below this minimum stock eire, natural (and other)
fiources  of mortality will eventually result in extirpation, even though
diminished reproduction and recruitment may occur for a time. While it is
probably impractical to attempt to quantify minimum otock size for all
present and future populationa of epikedace, come coneensue should be
achieved among knowledgeable individuals ae to what represents reasonable
minimum etocke for spikedace in various habitate. Depletion'of a
population near or below that minimum should be taken ae indication that
one or more environmental factor(e) ie negatively impacting the population.
Further investigation to determine and rectify the cauee would be
neceeeary. A eelf-euetaining population would not dwindle below minimum
stock eize.

7.3 Environmental variables.

Self&sustenance in perpetuity requires that habitat at all times
meet at leaet the minimum requirements for life-cycle completion by the
species. Some habitats may support spikedace populatione for a period of
time, then fail. It thue ie important that characterietice which describe
suitable, lonrl-term  habitat be known.

7.3.1 Phvrical characteristics.

Basic habitat parameters include depth, current velocity,
subetrate, w;lter temperature, etc. These, plus others determined
eignificant, must be nvailable within tolerance ranges acceptable to
epikedace.

7.3.2 Chemical characteristics.

Fishes require varying levels of certain chemical
substances to insure completion of all life history functions. For
example, dissolved oxygen must remain above certain minima for fishes to
survive. Aloo, levels of environmental chemicals, both natural and
anthropogenic, muet be maintained euch that they do not induce acute or
chronic eymptome of toxicity among spikedace, or otherwiee interfere with
life cycle completion.

23



7.3.3 Biolouical coPPpypif;Y .

Haintenance  of opfkedace population8 in perpetuity requires
that the compoeition and integrity of the biological community of which it
io a member aleo be maintained. Spikedace exietence depend0 in varioue
way8 on part8 of that community (e.g., aquatic ineect food reeourcee).
Moreover, perturbation of the community may ind:.r,crte  future change8 about
to occur in epikedace etatue. Invaeion by exotic forme, eepecially non-
native fishes, may have l evere impact8 upon epikedace and other native
fiehee. Attempt8 should thue be made to aeeeee, at least in general terms,
the nature and condition of the biological communities that characterize
habitat8 occupied by epikedace.

8 . Plan and conduct inveetiqatione on caotive holdinu. orooasation and
rearinq.

Captive holding, propagation, and rearing program6 are important
aspects of recovery plane for moot eouthweetern fiohee. At present, it
doe8 not appear neceeeary that ouch plane be inetftuted in behalf of
spikedace. The epeciee continue8 to occupy in l ubetantial number8 a
variety of diepereed habitats, and probability of protecting existing
populations and environment8 appears high. However, condition8 could
change rapidly and existing population8 could be eeverely depleted or
extirpated. In ouch event, availability of a viable hatchery plan could be
indispensable to maintenance of the epeciee. Hatchery-produced fish may
also be necessary to support reintroductions of eufficient number0 in
attempts to reestablish population8 in hietoric habitate.

8.1 Determine wild etocks euitable for contribution to hatchery
stocks.

Ati assessment should be made a8 to which extant populations are. most capable of contributing individual0  for captive programs without
suffering unnecessary depletion which could impair etatue of the parent
stock . Consideration should be given to maintaining genetic integrity of
captive etocks in the context of existing wild populations (Echelle 1988;
2.6, above).

8.2 meet and transfer wild stocks to suitable facility.

Adult opikedace ehould be collected and traneferred to an
appropriate facility where investigations on holding, captive propagation,
and maintenance may be pursued.

8.3 Develoo oroceduree and facilities for holdinq and maintaininq.

Standardized techniques and facilities should be developed by
which spikedace of all size8 and agee can be safely held and maintained
without threat of excessive mortality.

0.4 Evaluate ootential technisueo for orooaqation.

Stream minnows may reproduce voluntarily if placed into suitable
artificial habitat. Or, the species may require artificial induction,
maturation, expression and fertilization of gametes, and incubation of
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embryos. Techniques should be found that are effective and efficient, and
which minimize mortality to adult fish.

8.5 Aseess life-cycle recruirements in hatchery/environment.

Certain environmental requirements may need to be met to insure
successful life cycle completion in the hatchery. For example, specific
temperatures may be necessary for spawning and normal larval development,
or a certain sex ratio may be required if fish are to spawn voluntarily.
Such factors should be determined and optimized where practicable.

8.6 SUDD~V  individuals as ooedod for reintroduction. research. public
oducatioa. etq.

Spikedace propagated and reared in a hatchery can serve many
purposes. Fish can be transported to selected sites for reestablishment of
extirpated populations. Research programs to answer basic questions of
spikedace life history and ecology undoubtedly could utilize captive-reared
individuals. And, progeny from hatchery stocks could be distributed to
schools, museums, zoos, etc., where they could be displayed along with
appropriate literature or other information on spikedace in particular and
endangered species in general. In each instance where hatchery fish were
used, wild populations would be protected against any potential damage
which could result from removal of individuals.

9. Information and education.

Free exchange of information and ideas among individuals representing
scientific, managerial, and private concerns, and the public sector
including citizens groups, should be recognized as essential for a
successful recovery program. Information on goals, plans, and progress of
recovery implementation should be readily available to all interested
parties. AwareneBO of the general public, in whose behalf the Endangered
Species Act was conceived and passed into law, is critical to this plan and
to conservation of all imperiled species.

9.1 Public sector.

Spiko~iacc represents a National resource of value to all people.
Because the 1~~s &signed to protect this animal, and by which this
recovery pla:l is enabled, originated with desires of the public, it is
essential t.il 2:. they be offered every opportunity to be informed and to
participate in ail aspects of spikedace recovery. Public support has
capability to greatly enhance and thereby assure success of spikedace
recovery; such support is derived from informed people.

9.1.1 Local media and tarset campaiune.

Because people who reBide in proximity to habitats occupied
by spikedace are often those who express greatest interest in, and may be
most affected by, activities associated with recovery, they should be
informed of and provided opportunity to participate in all aspects of,
recovery. Local media including television, radio, newspapers, and.
circulars should be provided regular, timely, and accurate summaries of
plans and progress toward spikedace recovery. They should be encouraged to
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express their opinions, and thereby provide input to improve the plan and
enhance probability of eucceeo.

9.1.2 w of vm.

Media with l tatewido distribution and roaderehip in Arizona
and New Mexico should be targeted for receipt of periodic information on

,- spikedace Lecovery. In this way a larger audience with interest in the
program can be accessed, and their support encouraged through education.

9.1.3 Pational  l ⌧vorur~.

Federal laws that protect threatened and endangered plants
and wildlife are of interest to all residents of the Nation. It, thus is
appropriate that they be allowed to aeoess efficacy of that legislation
through information received on projects throughout the country. In this
way, persons with interests in species conservation in general can be
assured an opportunity to be informed on a diversity of plane and programs.

9.1.4 Assist l mromiate Uexicaa asenciee and orqanitatione in
information and l ducatioq.

A significant portion of the San Pedro River is in Mexico,
and stream reaches within that Country may be occupied by undiscovered
populations of spikedace. Moreover, health of aquatic biota including
possible reintroduced populations of spikedace in portions of that river in
the United States may be dependent upon conditions upstream in Mexico. It,
thus is important that appropriate Mexican agencies and organizations be
apprised of recovery efforts, and that assistance be provided to these
groups to enhance awareness in Mexico of continuing threats to this
threatened species.

9.1.5 Open communication amonu States, ?ederal auencies, and
local rosidente and water users. .

It is imperative that all parties interested in or affected
by recovery actions in behalf of spikedace be afforded an opportunity to
comment on and participate in that program.
ever be the case,

While unanimity is unlikely to
meaningful progress is best assured when all have access

to complete information.

9.2 Professional information.

Professional information, including results of field and
laboratory research, monitoring data, trip reports, agency reports, and
open literature must be readily available to all professionals involved in
spikedace recovery. Ideas must be exchanged freely so that optimal
strategies may be outlined and implemented. A central clearing house and
repository for such information, with capability to distribute it as
necessary, should be designated.

9.2.1 men circulation of information amonu concerned Darties.

All persons working on spikedace and/or their habitats
should be encouraged to make information available to other concerned
parties. They should be made aware of the clearing house (9.2) and
requested to submit their findings there for distribution.
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9.2.2 Periodic iaformJtioD-exchenae meetiocrs.

Face-to-face meetings of interested profeeeionale  and the
public should be encouraged on a regular basis, or in reeponee to special
circumetancee. Such meetings provide opportunity to diocueo ideae and
resolve difficultiem that otherwiee could be difficult to accomplish.

9.2.3 Premmntatioor  et Drofessiooel.  mcieotific reetinas.

Preliminary or refined research or monitoring data should
be presented at local, regional, and National ecientific-gatheringe so that
a broader profeeeional audience may have opportunitiem to comment on and
thereby potentially enhance recovery of JpikedaCe.

9.2.4 PublicJtioo io Deer-reviewed. ODOD literature.

Participants in studies of spikedace at all levels should
be encouraged to publieh their findings am appropriate within the peer-
reviewed, open literature. Such publication indicatem that result8 have
had benefit of critical review and meet the etandardm of excellence to
which profeseionale subscribe. It aleo enhance8 the credibility of
individuals involved, and thus contributes to overall success of the
recovery program.
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I I I . IMPLEMENTATION SCHEDULE

Definition of Priorities

Priority 1 - Those actions that are absolutely essential to prevent the
extinction of the speciem in the foreseeable future.

Priority 2 - Those actions neceemary to maintain the species' current
population mtatus.

Priority 3 - All other actions necessary to provide for full recovery of
the epeciem.

General Cateaories for Imomtion Schedules

Information Gathering - I or 1 Acquis i t ion - A

1. Population mtatum
2. Habitat status
3. Habitat requirements
4. tlanagement techniques -
5. Taxonomic studies
6. Demographic studier
7. Propagation
8. Migration
9. Predation
10. Competition
11. Disease
12. Environmental contaminant
13. Reintroduction
14. Other information

Other - 0

:: Lease
Easement

3. Management agreement
4. Exchange
5. Withdrawal
6. Fee title
7. Other

Management - X

21:
Propagation
Reintroduction

3. Habitat maintenance and manipulation
4. Predator and competitor control
5. Depredation control
6. Disease control
7. Other management

1. Information and education
2. Law enforcement
3. Regulations
4. Administration

Abbreviations used

FWS - USDI Fish and Wildlife AZGLF - Arizona Game and Fish Department
Service

FWE - Fish and Wildlife NHG&F - New Mexico Department of Game and
Enhancement Fish

FR - Fisheries Resources FS - USDA Forest Service
WR - Wildlife Resources 8LM - USDI Bureau of Land Hanagement
LE - Law Enforcement BR - USDI Bureau of Reclamation
DFRT - Desert Fishes Recovery Team
PA - Public Affairs
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Part III - IMPLEMENTATION SCHEDULE

GENERAL I
RESPUNSIBLE AGENCY FISCAL YEAR CDSYS

TASY f in
ATEtORY PLAN TASK 7ASK I PRIWITY Y D U R A T I O N  ' RECIDN PRDCRAH

(EST.1
OTHER FYl FYZ fY3 C@WENlS

1- l Identify all populations 1.1 I 3 years 2 FUE AX&f
and determine level of

1 1 4,000 4,000 4,000
NMCBF

protection I
/ / fR FS

I BLH

I -1 Prior i t ize fqulations 1.2 2 1 year 2 FUE DFRY 500 Task will be
basedonneed for
protection

ccnckted by the
I DIRT

o-3 Des igna te  c r i t i ca l  hab i ta t  1 .3 1 1 year 2 FVE 1,000 final rule is
mder revieu

o-2 Enforce Law and regulations 1.4 1 ' ongoing 2 FUE FS 5,QQQ 5,000 5,000
LE ELM *

BR
AX&f
NM&f

n-3 Discourage detrimntal  land 1.5 1 Onooino 2 FUE FS 5,m 5,000 5,000
and water uses BLH

BR
AZCLF
NHCLF

A-7 Insure natural flour 1.6 1 OnoOinO 2 FUE FS ---.(#&-.--- Could involve
ul BLH the purchase of

BR instrea flous

H-4 Curtail introductions of 1.7 1 ooooino 2 FR NHGLF
non-native fishes FLlE AZ&f

H-4 Identify need for and 1.1 1 Onooino 2 FUE BR 100,000 100,000 100,000
constrwzt  barriers AZIXF

NHCLF
ELM
FS

l - 2 Identify available 1.9 2 ongoing 2 FM In 3,000 3,000
unprotected private lands

3,000
DFRT

and water rights NHGLF
AZC6f
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Part III - IMPLEMENTATION SCHEDULE

I
I RESPONSIBLE AGENCY FISCAL YEAR COSTS

GENERAL TASK FW
ATEGORY

(EST.)
PLAN 1ASK I j1 TASK I PRIORITY # DURATION ( REGION ~PROGRM OTHER FYl fY2 fY3 COCUENTS

A-l Acquire available lands 2
through

--.!mk...!.
and associated water

1.10 1 2 Ongoing '

A-6 rights I 1 m F
BlM

L”cif3
Protect accpired lands 1.11 2 Qwoino 2 UR BLM . . ..IJnk-...-

FUE FS
LE

I - 1 Establ ish rtandrrd monitor- 2.1 1 1 year 2 FIlE
ing locations and techniques 2.2 ::,

1,5w

NMGLF
AZtXf
DIRT

l - l Establish and mintain 2.3 2 QWOinp 2 FYE AZG6f
L I - 2 cosputerired database

' 2,000  2,OW 2,000

R-l De te rmine  nsturat variation 2.4 1 3 years 2 fwf ALtLf
in abuxiance and age-class

10,oorJ 10,ooo . 0,ooo
NW&f

structure FS
BLH

R-l Determine standard methods 2.4.1 1 2 years 2 f% NMGLF
for quantifying abundance

2,500 2,500 2,500
AZGBF
FS
BLM

I-1 Conduct bi-arnual population 2.4.2 1 OfJPOing 2 FuE
estimates

NMG6f 3 , 0 0 0 3,000 3,000
A2G7f
FS
BLM

l - l Monitor cmmmity composi-
Xl

1 ongoiml 2 FUE NMGBF
tion including range of

5,000 5,000 5,000 Tasks 2.L.2 t c
AZGIF 2.5.2 would bc

natural variation 2.5.2 FS done siaul-
ELM tamously

1-14 Determine genetic 2.4 1 2 years 2 FLE AZGlf
characteristics of existing

a,000 a,wo
NW&f

populations FS
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Part III - IMPLEMENTATION SCHEDULE

RESPONSIBLE AGENCY FISCAL YEAR UKlS
GENERAL TASK FuS (EST.)
:AlEMJRY PLAN TASK TASK # PRIORIlY I DURATION . REGION PROGRAM OTHER fY1 fY2 fY3 CCHENTS

R-V Determine significance of 3.1 2 3 years
I

2 FYE AvAt
interaction with non-native

25,000 2 5 , 0 0 0  2 5 , 0 0 0
L R-10 through NftG&f

fishes 3.2.2 FS
BLM

R-3 Quantify effects of physical 4.1 2 3 years 2 FUE NNGLF
habitat nodification

25,000 2 5 , 0 0 0  2 5 , 0 0 0
through AZG&f
4.6 FS

BLW

n-3 Identify msnagmnt areas
:::

2 1 year l 2 FbE DFRT
and determine necessary

5,000 To be don
NHG&f

habitat improvements
f o l l w i n g  tag

AZG&f letion of tasks
ff 4.1 to 4.4
BlW '

n-3 inpiement habitat
inprovrmtnt

5.3 3 Onooinp 2 FN AZGBF . ..-(#-)k-....
NM&f
FS
BLM

n-2 Identify stocks to be used 6.1 3 1 year 2 fa DIRT 2,ow
for reintroduction

n-2 Identify and prepare sites 6.2 3 3 years 2 f\IE DFRT . . . . u-&& ..-. cos t  uill deper
for reintroduction through NMG6f qmn kind and

6.2.5 AZGLF momt o f  work
IS
BLft

n-2 Reintroduce into selected 6.3 3 OnoOh 2 FUE NMCBF ST,WO/yr  once
reaches and monitor 6.4 AZGLF reintroduction

FS
BLM

n-2 Determine reasons for 6.5
success/failure and rectify 6.6
as necessary

3 OngOinO 2 fa DFRT Evaluation uill
AZGLF begin 5 years
NHGAF after  reintro-
BlM CkJctim
FS

3 5
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Part III - IMPLEMENTATION SCHEDULE

RESPWSIBLE AGENCY FISCAL YEAR COSTS
;ENERAL TASK fus (EST.)
KTECURY PLAN TASK TASK 1 PRIORIIY I DURATIW  ; RECIW P R O G R A M OTHER fY1 fY2 fY3 COCIIENTS

R- l Deternine quantitative 7.1 3 years : 2 FUB ALCAl
criteria for describing a

1 2

(

20,000 20,000 20,ow
thrargh i

i

NUB&f
self-sustaining population 7 . 3 . 3  ; FS

BLM
i OFRT
I

M-l Select stocks to be used 6.1 3 'lyear'
I

2
T

DFRT 1,000
for hatchery brood stock NMG6f

! AZCi&f

n-1 Collect hatchery stocks 8.2 3 1 year 2 FiE AZB6f 3,000
FR NW&f

M-1 Bold and smintain stocks in 6.3 3 ongoing 2 FR SlO,OOO/yr  once
a hatchery FUB stocks are taka

M-1 Evaluate and assess
ii::

3 1 year 2 FR DFRT WQQ
propagation techniques l bd . FUE NMCIF
l i fe-cycle requirements AZGBF

M-1 Supply hatchery rear4 fish 6.6 3 OnOOinO 2 FR AZGSF S1,5W/yr once
as needed FUB WIG&f kgv\

o-1 Provide informtim and 9.1 2 ongoinp 2 FUE NM&f 3 , 0 0 0 3,000 3,000
education relative to the through PA AZB&f
species to the public sector 9.1.5 FR FS

BLM
BR

o-1 Ensure all professionaL
inforsmtim is made
available

9.2.1 2 Onooing 2 FUE BR 2,500 2,500 2,500 Costs include
through FR AZGLF information
9.2.4 NW&f prblicatim i n

BM scientific
FS journals

.

3 6



I V . APPENDIX A: PROPOSED CRITICAL HABITAT

Propoeed critical habitat for opikedace, nedb fulaida, in Arizona and New
Mexico, a8 originally proposed by FWS 1985 (all reaches figured in FWS
1985). Legal deecrfptiono (township, range, and eection) are not included
here; format modified from original publication. Additional stream reaches
may be appropriate for consideration ae future additions to the designated
critical habitat. Any such addition@ will be subject to the standard
rulemaking process, including publication of a propooal in the Federal
Register and a public review period.

Arizona:

1. Graham and Pinal Counties: Aravaipa Creek, the perennial e&ream
portion (approximately 24 kilometer8 [km) long). This area includes
Bureau of Land Management and privately owned lands.

2. Yavapai County:
a. Verde River, approximately 57 km of river extending from

approximately 0.8 km below the confluence with Sycamore Creek
upstream to Sullivan Lake. This area includes U.S. Foreet Service,
private, and State landta.

b. Sycamore Creek, approximately 1.5 km of stream near the confluence
with the Verde River. This includes U.S. Forest Service and
privately owned landa. (Note: although originally proposed by the
FWS (1985), thie stream eegment is not expected to be included in a
final rule formally designating critical habitat.)

New Mexico:

1. Grant and Catron Counties: Gila River, .three eectione of river
totaling approximately 73 km in length. The first eection,
approximately 50 km long, extends from the mouth of the Middle aox
canyon upstream to the confluence with Mogollon Creek. A second
eection, approximately 11.5 km long, extende up the West Fork from the
confluence with the East Fork. The last section, approximately 11.5
km long, extends up the Middle Fork from ite mouth up&ream to the
confluence with Big Bear Canyon. These river eections flow through
U.S. Forest Service, Bureau of Land Management, New Mexico Department
of Came and Fish, and privately owned lands.

In addition to the above areas which have been formally proposed for
critical habitat designation, the following reach of Eagle Creek ie
recommended by this plan for addition to the designated critical habitat.

Graham and Greenlee Counties: Eagle Creek, approximately 38 km of
stream extending from the Phelpe Dodge Corporation diversion dam
upstream to the mouth of Sheep Wash. The stream flows through San
Carloe Apache Indian, U.S. Forest Service, and private lands. This
population wae undiscovered at the time critical habitat wae
originally proposed by FWS [1985). Becauee of the relatively
unperturbed character of the stream segment and viable spikedace
population found there, it is a recommendation of thie plan that the
reach be proposed for designation as critical habitat.
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v. APPENDIX B: COMMENTS

Appendix B is-combined for two recovery plans; the spikedace and the loach
minnow. It contains a list of plan reviewerta, copies of comment letters
received, and Service responses to those conunent.~. Comments for both plans
were solicited at the oame time, and all comment letters addree8 both
plans. Therefore, to reduce paper coneumption, Appendix B has been printed
under separate cover from the body of either recovery plan. Appendix B wae
distributed along with copiee of the plane to a mailing liet of interested
parties, including Federal and State agencies and parties who submitted
comments. Further distributions of either recovezj plan will be made
without Appendix 8, unless it ie requested. Separate copie8 of Appendix B
are aleo available upon rogueat.
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