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EXECUTIVE SUMMARY

Current Specie8 Statue: The Bpi kedace ie athreatened fish which has been
extirpated from most of its historic range in the Gila River Basin. It
is presently found only in the upper Gila River in New Mexico, and in
Aravaipa and Eagle creeks and the upper Verde River in Arizona. All
exi sting popul ations are under threat.

Habi tat Requirements and Liniting Factors: Thie fish inhabits riffles and
rune in shallow flowi ng waters over gravel, cobble, and eand bottons.
The primary habitat foradults coneiete of ehear zones where fast water
meets slow water. Hajor threate include dane, water diversion,
watershed deterioration, groundwater punping, channeliration, and
introduction of non-native predatory and conpetitive fishes.

Recover?/ Qoj ective: Protection of exieting popul atione, reetoration of
popul ations in portionsofhistoric habitat, and eventual delieting, if
possible.

Recovery Criteria: This plan-sets forth mechanisms to obtain infornmation
necessary t0 determine quantitative criteria for describing a spikedace
popul ation capable of Buetaining iteelf in perpetuity. Delisting is
dependent upon establiehnment ofsuch popul ati ons.

Actions Needed:

Protection of existing popul ations.

Moni toring ofexieting popul ati one.

Studies of interactions of epikedace and non-native fishes.
Quantification of habitat and effects of habitat nodification.
Enhancenent of habitats of depleted popul ations.

Rei ntroduction of 'Bpikedace into historic range.

Quantification of characteristics of a self-sustaining popul ation
Captive propagation.

Information and education.

CENDTRWN -

Total Estimated cost of Recovery: Cost of recovery estimted over a
m ni mum 20 year recovery period yields a mninumtotal cost of
$115,000.00 per year. This estimate is in 1989 doliars. The estimate
does not include land orwater acquisition. A though acquisition is a
potential recovery action, it is not possible to estimate costs until
areas to bhe acquired, if any, are identified.

Date of Recovery: Until work is conpleted to allow quantification of
delisting criteria, it is not poesible to predict a date of recovery.
However, baeed on the evaluation period of 10 years for determ nation of
success of r ei ntroduced popul ations, recovery of this species could not
occur in less than 20 vyears.
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l. INTRODUCTION

The ® pikedace (Mada fylgidg) inia small, stream-dwelling fish endemic tO
the Gila River ® yrtma of Arizona and New Mexico, USA (Miller and Hubbs
1960, Hinckley 1973); the species also |ikely occurred in the past in the
San Pedro Riverin Sonora, Mexieo (M Iler and Wnn 1951). Although the

bi ol ogy of thir unique, monotypic genus is relatively well known anong

Sout hweet ern stream fishes (Barber e ¢ al. 1970, Anderson 1978, Schrei ber
and M nckley 1981, Barber and Minckley 1983, Proprt et al. 1986),
substantial %apr still existandt he basic ecol ogy of rpikedace remains in
need of further rtudy. The rpi kedace was apparent|y notconsidered
imperiled by MIler (1961), although it had by 1937 been |ocally extirpated
from nuch ofthe Salt River, Arizona, and elsewhere (MIler 1961). MNarked
reduction in its over-all range was noted by Barber And M nckley (1966) and
wi despread depletion8 werereported by Minckley (1973). Once w dely
distributed ambng moderato-mired, internodiata-elevation streams in the
Gila River system, at least upstreamof Phoeni x, Arizona, the spikedace is
now restricted to ocatternd populations in relatively short e tream reaches.
M nckl ey (1985), Proprt et al. (1986) and Rhode (1980) figured historic and
recent distribution9 of the spacies.

The epi kodace was proposed gu. S. Fish and wildlife Service (FWS] 1985) and
euboequent|y listed (FWS 1986) as a threatened species under authority of

t he Endangered Species Act of 1973, asamended. Listing was justified on
the basis of reductiona in habitat and range due to damm ng, channel
alteration, riparian destructien, channel downcutting, water diversion, and
roundwat er punping, and continued threatstoits survival posed by ongoi ng
abitat loeses and non-native, predatory and conpetitive g£ishepecieo (FWS
1985).  critical habitat was initial Ig/ proposed (FW5 1985, Apﬁ)endl X), but a
subsequent rul e (FwWS 1986) deferred its designation untit 18 June 1987.

Al though that date has passed, propoeed critical habitat is still in force,
providing limted protection. Final deeignation ofcritical habitat is
under adninistrative review

The epikedace is-classified by the state of Arizona as a threatened
species, Which arethooe whose continued presence in Arizona could be in
jeopardy in thenear future (Arizona Game and Fish Departnent 1988) and by
the State of New Mexico asagroup 2 endangered species, defined as those
“. . . whose proepecte of survival and recruitnent within the State are
likely to become | eopardized in the foreseeable future" (New Mexico
Departnent of Gane and Fieh 1988). The latter listing provides protection
under the dew Mexico WIdlife Coneervation Act. The species can be taken
only under a special collection permt in both Statee. Neither state
listing otherwi se protects spi kedace or the habitats it occupies. Deacon
et al. (1979), Wlliame et al. (1985), and Johnson (1987), also recogni zed
the epi kedace as inperiled.

Description
The spi kedace (Frontispiece) is a small, sl eek, stream-dwelling member of

the mnnow fam |y (Cyprinidae). 1Its following description is summarized
from Girard (1857), MIler and Hubbta (1960) and Hinckley (1973):



The body is slender, almost ® pindlo-<hapod, and ® |lghtly compreesed
laterally. Scalesaropronmont only as e mall plates deaply e nboddod :in
the skin. There are tWwo ® plnosti rays at the leading edge Of the dorsai
fin, the first Dbei n% obvi ously the strongest, nharp-pointed, and
nearly as long asthe second. The eyes and nouth both are |arge.
Barbel' 8 are absent. There areseven rays in the dorsal fin, and the
anal fin usually ham nine. Pharyngeal teeth arein two rows, with the

formula 1,4~4,1.

Col oration is bright silvery on the aides of the body, wth
vertically-elongated, black specks. The back is olive-gray to
brownish, and usually is nottled with darker pignent. The underside
is white. Males in breeding condition becone brightly golden or
brasesy, especially on the head and atthe fin bases.

Distribution and Abundance

Hi storical. The spikedace is endemc to the upper 6ila River basin of
Arizona and New Mexico,USA (Figure 1). The species was abundant in the
San Pedro River, Arizona, and although never collected in that streamin
Sonora, Mexico, probably occurred there also (Miller and Wnn 1951).
Distribution in Arizona was wi despread in large and noderate-sized rivers
and streams, including the 6ila, Salt, and Verde rivers and their nmajor
tributaries upstream of the present Phoenix metropolitan area, and the Agua
Fria, San Pedro, and sanFrancisco river systenB (M nckley 1973, Rhode
1980). Popul ations transplanted from Aravai pa Creek into Sonoita Creek,
sante Cruz County in 1968, and'|l-Springs Wash, Haricopa County in 1970,

have since been extirpated (Minckley and Brooks 1985). Distribution in New
Mexi co wan in both the San Franciscoand Gila rivers (Koster 1957, Propst

et al. 1986, sublette et al. 1990), including the East, Middle,and West
forke Oof the latter. There areno records of spikedace transplants in New

Mexico.

There are eubetantial spatial and/or tenporal gaps in quantitative data
fromWhi ch to assess the historical abundance of apikedace. Generally, the
speci es myst have beencommonand |ikely locally abundant in Freferred
habitats. Al though habitat suitable for spikedace was probably not
continuous, it was widespread throughout the species' range. Like most
western cyprinids, population abundances and distributions of spikedace
probably fluctuatedi N natural reeponee to |ocal and regional environmental
conditions. Recent examplesof much variation in the species abundance
have been recordedin Aravai pa Creek, Arizona(Minckley and Heffe 1987) and
the Red Rock reach of the Gila River, New Mexico (Harsh and Propst,

unpubl i shed data).

Present. The spikedace occurs in Arizona only in Aravaipa Creek, tributary
toSan Pedro River in Gaham and Pinal Counties; Eagle Creek, tributary to
Gila River in Gaham and creenlee Counties; and upper Verde River in
Yavapai County (Figure 1). Al threestreans support at |east moderate-
sized, sustaining populations in relatively undisturbed reaches. The Eagle
Creek popul ation, considered "quite small" by FWs (1986) has since been
found to be nore substantial (Brooks, Marsh, Minckley, unpublished data).
In New Mexico, spikedace now arerestricted to the mainstem Gila River and
ite East, Middle, and West Forks; a few individuals may occasionally be
encountered in |owernmost reaches ofperennial tributaries (Figure 1).

Propst et al. (1986) considered only the popul ation occupying the Ciiff-
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¢ila Vall ey, New Mexico, comparable in abundance to that of earlier years;
ot hers have been Aubetantially diminished. Undiscovered populations Of
spi kedace may occur i N places whi ch have not been surveyed or conpletely
inventoried, eepecially Within ® xpannmive, renpte portion8 of San carlos
Apache And Fort Apache Indian Resarvations, On U.S. Format Service | ands,
or Ln Sonorawhere the GilaRiver drainage remai n8 inadequately etudied.

Both distribution and abundance ofopi kedace have beconme dramatically
reduced in the past century, w th najor changes occurring in recent decades
(M nckley 1973, Ppropst et al. 1986). Major rivers and streams, such as

l ower reaches of the mainstem Gila, Salt, And Verde riversthat once
supported substantial popul ations in several places have been recently

depl et ed. Past changes In rangeAnd density nust have occurred in response
to natural spatial and tenporal variations In the environnent, but the
current threatened etatus of epi kedace appearsadirect orindirect result
ofman's Activities.

Life Hstory

Bi ol ogy of spikedace has been studied intensively in only A fewplaces, but
t hose 1 nvestigations have provided aArelatively broad base of information
summari zed below. In Arizona, only the population in Aravai pa Creekhas
received substantial attention (Barber And H nckley 1966, 1983; Barber et
al. 1970, Mnckley 1981, Schreiber And Mnckley 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) exam ned epi kedace populations primarily from A reach of
the Gila River downstream fromthe community of diff and the |owernost
East Pork of the cila. Investigationa by Propst et al. (1986) and Propst
and Bestgen (1986) concentrated on the mainstem Gila River in the cliff-
Gila Valley, :n part because that was one of the few places where the
species was abundant enough to ﬁrovi de neceeeary information, and collected
ecol ogi cal data from eeveral other localities in the upper Gila eystem

Most ot her work on epi kedace hae been eurvey-type nonitoring to assess
distribution, or status of |ocal populations of fish comunities (e.g.
Jester et al. 1968, LaBounty And M nckl ey 1973, Anderson and Turner 1977,
Ecol ogy Audits 1979, Barrett et al. 1985, Bestgen 1985, Montgonery 1985,
Propst et al. 1985), and does not contribute significant new information.

Habitat. Spikedaceoccupyflowi ng watere, wusually less than a neter deep,
and as adults often aggregate in ehear zones al ong gravel -Band bare, quiet
eddi ee onthe downstream edge of rifflee, and broad, shall ow areas above
gravel -sand bars (rropst And Bestgen, 1986, R nne and Kroeger 1988).
Smal | er, younger fish are found in quiet water along pool margins over
soft, fine-?rai ned bottons. In larger rivere (e.g., Salt River canyon),
spi kedace often were in the vicinity of tributary nmouths. The fish use
shal lower, strongly-flowing areas in epringtime, often over sandy-gravelly
subetrat ee. Specitic habitat Aeeociations vary seasonally, geographically,
and ontogenetically (Anderson 1978, Rinne 1985, Propst et al. 1986, Propst
and Beetgen 1986, R nne and Kroeger 1988, Rinne 1991).

Reproduction. Spikedace breeding in spring (April-June) is apparently
initiated in reeponee to a combination of stream di echarge And water
tenperature; timng variee annually and geographically (Anderson 1978,
Barber et al. 1970, Propst et al. 1986). Males patrol I1n shallow, sandy-
gravelly riffles where current ie noderate. There is no indication of



territoriality, although males generally remain evenly spaced W thin an
occupi ed Area. Receptive females NnDve into the area, often from up-or
downst ream pools, And Are Approached At once byup to SiX males, two of

whi ch remai n i nmedi atel(}/ Al ongsi de and slightly behind the fenale. Ganet es
are presumably deporited into the water colum or on or near the eubetrate.
No fertilized ova have been recovered; however, because they Are Adheeive
and demersalbased ON eggs stripped and fertilized in the |aboratory (P.
Turner, pers. comm.), they likely Adhere to substrates. Sex ratio anong
reproductive adults iS not constant, varying from near unity Anbng younger
tfish t0 A greater abundance of females Anbng ol der individuals. Femal ee
may be fractional e pawnere, Wwith elapsed periods of A few days t0 several
weeks between spawnings. Fecundity ofindividual fenmales based on gonad
exam nati on rangee from 90 te 250 OVA, And is significantly correlated with
both length and age. @Ovum diameter At spawning i S near 1.5 millimeters
(mm) . specific information incubation times or size At hatching is

avai | abl e.

Gowh. Gowh varies annually with water tenperature (and thus geographi o
|ocation), and anong yearclasses (Anderson 1978, Barber et al. 1970,
Propst et al. 1986). Cenerally, young grow ra idly during summer And
autumm, attaining 35 to40 nm standard | ength FSL) by Novenber. Wnter
growth is elow in some places, negligible in others. Fish average near 40
mm SL at the end ofone year, And 50 to 63 mm SL at the end of the second
year. Maxinmum size is near 65 nmin 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 my survive
four years. Gowth of males and femal es appears similar, Al though there
may bedifferences within particular year classes (Propst et al. 1986).

Foods.,  Spi kcdace are carnivores that feed mostly upon aquatic and

terrestrial insects entrained in etreamdrift (Anderson 1978, Barber and

M nckl ey 1983, Propst et al. 1986). Kinds and quantitiea consumed vary

with epatial and tenporal Availability of foods. Armng aquatic forma,
An

| arval epheneropterane, hydropsychid trichopterane, chironom d _
dipterans are most inportant. Prey body size issmall, typically ranging
from2 to 5 nmlong. At tines of enmergence, pupal, imagine or adult stages

of benthic- insects, especi all?/ epherer opt erane, are coneumed in |arge
quantitiee. O her foode, including larval fiehee, are occasionally eaten,
but theee constitute a mnor conponent of the diet. Diversity of diet is
greatest anong O mailer (post-larval) spikedace, which consune avariety of
smal |, soft-bodied aninmals, while adults specialize on larger, drifting
nymphal and adult ephemeropterana.

Co-occurrinfishes. Anmong native fishes, |oach mnnow (Tiaroaa cobitig),
speckl ed dace (Rhinichthve osculus), Sonora sucker (Catostomus insionis),
and desert Bucker (Pant osteue clarki) are comonly in the same habitats
occupi ed by adult spi kedace. Longfin dace (Aaosia chrvsoaaster) may also
occur with spikedace in shallow, Bandy, |amnar-flow ng reaches. Lar val
and juvenile spikedace in quiet habitats along stream margins may encounter
smal | desert and Sonor an suckers, small | oach m nnow, |arval And adult
longfin dace, and perhaps small roundtail chub (Gila robusta).

'Standard and total (TL) lengths of spikedace are convertible by the
expression SL = 0.85TL - 0.12 (r* = 0.99, n =100)(Marsh, unpublished data).
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Introduced red shiner (Cvprinella lutrensis) occupies habitatssimilar (O
those occupi ed by api kedace, and may sometimes be taken in the same seine
haul as epi kedace. The red shiner now occursatal| places known to be
fornerly occupied by Bpikedace, with the exception of the San Francisco

Ri ver above Frisco Hot Springs, and the two epeciee overlap spatially (the
native upstream, the exotiC downstream, and a zone of contact between) in
upper reaches of both the Cila and Verde rivere. These facts have led to
extensi ve speculation about the nature of the relationship between the two
speci es (Fws 1985, 1986, Mnckley 1973, Hinckley and Carufel 1967, M nckley
and Deacon 1968, propst et al. 1986, Bestgen and Propst 1986, Marsh et al.
1989).  Varioue theories which have been put forth include: 1) red shiner
i nvade previouely unoccupi ed niches; 2) red shiner inva2a vacant niches

l eft by Bpikedace (and other native minnows) extirpated due to habitat
alteration; and, 3) red shiner invade areas occupi ed byepi kedace and
displace spi kedace through conpetition and/or predation. Studies of

Sﬁi kedace in the upper Gila River led the inveetigatore to conclude that

t he second theory was the most |ikely node in that syetem (Propst et al.
1986, Bestgen and Propet 1986). In the upper Verde River, linmted data
indicate that the two speciesarermaintaining a relatively stable regi on of
B%/rrpatry and appear to be coexigting. A recent Btudy of epi kedace and red
shiner Interaction in various portions of ite range and in |aboratory
experinments found apparent displacementofspi kedace by red shiner based on
e|h|ft839i)n habi t at usebyepi kedace in the presence of red Bhiner (Marsh et
al. 1 .

Anong ot her non-native fiehee, channel catfish (lctal urue punctatus)ofall
sires, and small flatheadcatfish (Pvlodictie olivaris) frequent rifiles
occupi ed by spi kedace, especiallyatni ght when catfishes nove onto riffles
to feed. Largemouth (Mcrooterue salmoides) and emal | nouth (M. dol onmi eui)
bass in Borne habitats, and introduced trouts (Sal nonidae) athigher

el evations, may also co-occur wth epikedace. Interaction between the
native and these non-native fiehee is likely as prey and predators,
however, inportance of such relationships iesyetto beestablished.

Reaeone for Decline

Habi tat destruction or alteration and interaction(e) with non-native fishes
have acted both independently and in concert to extirpate or deplete

spi kedace popul ations. In the San Pedro and Aqua Fria rivets, plus major
reaches of the Salt and cila rivers, dewatering and other such drastic
habitat modifications resulted in denmise of spikedace, and most other
native fishcs. Downstream reaches of the Verde, Salt, and mminetern gila
rivers have boen affected byimpoundments and highly-altered flow regines.
Spi kedace donot pereiot in reoervoire, and popul ations occupyin
tailwaters are subjected to inpact8 ranging from dewatering to altered
chem cal and thermal conditions. Stream channel i zati on, bank
stabilization, or other inetream managenent for flood control or water
diversion, have also directly destroyed spi kedace habitats.

Natural flooding of desert etreane and rivers nay play asignificant role
inlife histories of native fiehee because they rejuvenate habitats (Propst
et al. 1986), but perhape nore inportantly because desert fishes
effectively withstand such disturbances while non-native forns apparentl
do not (Meffe and M nckley 1987, Mnckley and Meffe 1987). Activities that
alter natural flow regi mes maythus have negative inpacts on native fishes.



Both historic and present | andscape8 Burroundfng Bpi kedace habitats have
been inpacted to varying degreesbydomestic |ivestock grazing, mning,
agriculture, tinmber harvest, or other devel opment (Hastings and Tur ner
1965, Hendrickson and Hinckley 1985). These activities contribute to

habi tat degradation by altering flow regimes, increasing watershed a n d
channel erosion and thus sedinmentation, and adding contam nant8 suchas
acutely=- or chronically-toxic materials, or nutrient-enriching fertilizers
to Btreamn and rivers. These perturbations may affect fishes in a variety
of ways, such as direct mortality, i nterference with reproduction, and
reduction in requisite resources suchas invertebrate foods. In one

exanpl e, awastewater spill at the Cananea Mne, Sonora, Mexico, killed
aquatic life including all fishes throughout a100-km reach downstream
(Eberhardt 1981).

Non-native fieheo, introduced for Bport, forage, bait, or accidentally,

i mpact upon native fishes. [ctalurid catfishes, and centrarchi de,

i ncluding | argemouth bass, emal | nouth bass, and green Bunfieh (Leoon e
cvanel | uei, prey upon native fishes. At higher elevatione, introduced
salmonids (brown trout, Salnp trutta, and ral nbow trout, Oncorhvnchue

mvki se) may similarly influence spikedace popul ationa. Red shiner may be
particularly inportant as regards Bpi kedace, because the two Bpeciea where
al lopatric occupy essentially the same habitats, and where Bynpatric there
is some evidence that there is dieplacenent of the native to habitats which
ot herwi se woul d scarcely be used (Marsh et al. 1989). Mbreover, the
conconmitant reduction of epikedace and expaneion of the shiner is powerful
circumstantial evidence that red shiner may have displaced Bpi kedace in
suitable habitats throughout nuch of its forner range.

Undoubt edl y, denise of epikedace has been aresult of conbined effects of
habi t at change and introduced fishes. Because relative inportance of the
tWo factors has yet to be established, both muet be considered in
management toward recovery of this threatened species.



II. RECOVERY

Objective

The primary objective ofthi s recovery plan is to identify steps and

del i neate nmechani snms consi dered neceseary to protect existing popul ations
‘and restore depleted and extirpated popul ations of spikedace and their
habitats, and to ensure the species' non-endangered, self-sustenance in
perpetuity. Realization of thi s objective Wi || constitute justification
for delisting of the rpikedace. This plan will require modification as new
i nformation becones available; only at that time can quantitative criteria
for delisti n? be elaborated. Interaction with non-native fishes and .
habitat nodification, whether acting independently or in concert, are both
consi dered contributory to decline and extirpation of epi kedace. This plan
recognize8 the need to deal with both inpacts in order to achieve the
recovery objective.

St bpdown Qutline
1.  Protect existing popul ati ons of spi kedace.

1.1 Identif(i/ extent ofexisting popul ations and | evel of protection
afforded to each.
1.2 Prioritize existing popul ations as to need or inminent need for
protection.
1.3 Designate critical habitat.
1.4 Enforce existing laws and regul ations affecting spikedace.
1.4.1 Inform as necessary appropriate agencies of applicable
managenent / enf orcement  responeibiliti eo.
1.4.2 Asoure compliance with Section 7 of the Endangered Species
Act.
1.4.3 nssure conpliance with Section 9 of the Endangered Species
Act.
Discourage detrimental | and and water use practices.
Insure perennial flows With natural hydrographs.
Curtail transport and introduction of non-native fi shes.
1.7.1 Discourage seining and useoflive baitin streams occupi ed
by epi kedaco.
1.6 Exanmine efficacy of barrier construction to preclude invasion by
non-native fishes.
9 ldentify inmportant, available private |lands and water rights not
al ready protected.
.10 Acquire iInportant lands and associated water rights as they becone
avail abl e.
.11 Protect acquired |ands.
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2. Mnitor status of existing populations.

2.1 Establish and inplement standard nmonitoring locations for extant
popul ati ons.

2.2 Establish and inplenent standard techniques and their application.

2.3 Establish and maintain a conputerized database for tracking of
monitoring and reintroduction information.



2.4 Determine range of natural variation in absolute abundance and
age-class Btructure. .
2.4.1 Develop etandard nethods forquantifying abundance;
2. 4.2 Conduct bi-annual (spring, autumm) popul ation estinates.
2.5 Mnitor comunity composition.
2.5.1 Apply Btandard |ocations and techniqueo (2.1, 2.2).
2.5.2 Deternmine range of natural variation inrelative abundances
of community members.
2.6 Determine genetic characteristics Of existing populations.

I dentify nature and aignificance of interaction with non-native fishes.

3.1 Direct interaction (predation, displ acement?.
3.1.1 Field investigations and experinmental manipul ations.
3.1.2 Laboratory etudi ee.
3.2 Indirect interaction (mediated byother fishes of the comunity).
3.2.1 Field investigations and experinental rmani pul ati ons.
3.2.2 Laboratory etudi ee.

Quantify, through research, Bpi kedace habitat needs and the effects of
physical habitat modification on life cycle conpletion.

4.1 Substrate.

4.2 Velocity and depth.

4.3 Water Tenperature.

4.4 \Water Chemetry.

4.5 Interactions anong 4.1-4.3.

4.6 Watershed sire and flood frequency and volume.

Enhance or restore habitats occupied bydepleted populations.

5.1 ldentify target areas amenable t 0 management.
5.2 Determ ne neceeeary habitat and | andscape i nprovenents..
5.3 Inplenment habitat inprovenent.

Rei ntroduce populations to selected streams wi thin historic range.
i fy stockeamenable to usefor reintroduction.
ify river orstream systems for reintroduction.
.2.1 Determine Buitability ofhabitat.

. 2.2 Enhance habitat as necessary (4, 5.3).

.2.3 Assess statue ofnon-native fishes in the watershed.

.2.4 Assure closure of potential inmmgration routes to preclude
rei nvasi on by non-native fishes.

.2.5 Reclaimas necessary to renove non-native fishes.

6.3 Reintroduce Bpi kedace to sel ected reaches.

6.4 Monitor success/failure of reintroductions.

6.5 Deternmine reasons for success/failure.

6.6 Rectify asneceesary cause(s) of failure and restock.

Determine quantitative criteria for describing aself-sustaining
popul ati on.

7.1 Acceptable level 6 ofnatural wvariation.
7.1.1 mbsolute nunbers.
7.1.2 Age-class Btructure.
7.1.3 Reproduction.



7.1.4 Recruitnent.
7.2 Minimum stock eize.
7.3Environnental vari abl es.
7.3.1 Physical characteristics.
7.3.2 Chemical characteristics.
7.3.3 Biological community.

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

8.1 Determine wild stockssuitable for contribution to hatchery
stocks.

8.2 Collect and transfer wild stocks to suitable facility.

8.3 Devel op procedures and facilities for holding and mal ntaining.

8.4 Evaluate pot enti al techni ques for propagati on.

8.5 Aesess |ife-cycle requirenents in hatchery environnent.

8.6 Supply individuals asneeded forrei ntroducti on, research, public
education, etc.

I nformati on and educati on.

9.1 Public sector.
9.1.1 Local nedia and target canpaigns.
9.1.2 States of Arizona and New Mexi co.
9.1.3 National exposure. _ _ _ _
9.1.4Assist appropri ate Mexican agencies and organi zations in
informati on and educati on.
9.1.5 Open communi cati on anong Statee, Federal agencies, and
| ocal residents and water users.
9.2 Profeeeional information.
9.2.1 Qpen circulation ofinformati on anobng concerned parties.
9.2.2 Periodic infornmation-exchange meetings.
9.2.3 Presentations .at professional, scientific neetings.
9.2.4 Publication in peer-reviewed, open literature.
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Narrative

1. Protect ex ist i{ng populations of spikedacs.

Renai ni ng popul ati ons of spikedace in Verde River, Aravaipa Creek, and
Eagl e cCreek, Arizona, and upper Gila River and its major tributaries i n New
Mexico, plus other potential |ocationa, continue to be threatened by
habitat nodification or destruction, predation by introduced fishes,

i nadequacy of existing regulations, and continued introduction and
di spersal of non-native fishes. Recovery of the species cannot be
acconpl i shed without firet identifying and protecting renaining
popul ati ons.

1.1 Identifv extent of existina populations and | evel of protection
afforded to each.

. Undi scovered popul ations of spikedace mayoccur in unsurveyed or
inconpletely inventoried habitats; these popul ations should be identified
so that the present distribution and range of the species is known.
CGeneral areas which should bethoroughly sanpled to determne potential
occurrence of epikedace include the Gila River drainage in Sonora, Mexico,
and lands in the United Statescontrolled or owned bythe U.S. Forest
Service and SsanCarlos and White Muntain Apache Indian tribes. After
geographic locations of all populations are known, the existing |evel of
Prot ection afforded by any public or ﬁrivate entity should be determ ned
or each population. ~Conpletion of these prelininaries will enable
prioritization of the various habitats/popul ations as regards
I npl enentation of specific recovery activities outlined below.

1.2 Prioritize existing populations as to need or inmnent need for
pr ot ection.

Popul ati ons of spikedace that occupy relatively undisturbed
habitat and are afforded substantial protection byone or more governmental
or private entities (e.g., Aravaipa Creek, Arizona) are considered in |ess
i mm nent need of additional protection than those I1n degraded habitats or
which are minimally protected. Prioritization of all known popul ations as
regards need 'or protection should beacconplished so steps toward the
speci es revovery can proceed in a logical manner. Recovery activities for
popul ations in nost imminent danger of decline or extirpation should be
acconpl i shed first.

1.3 pesignate critical habitat.

Critical habitat (Appendix A)was proposed by FWS (198s), 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 linmited protection. Pending outcome of 1.1 (above), it nay
be appropriate to consider additional stream reaches for inclusion in the
designated critical habitat. Existing information on the spikedace in
Eagle Creek is sufficient at this time to recomend consideration of a
portion of that creek (Appendix A)foraddition to the legally designated
critical habitat. Mich |land adjacent to streams or stream reaches occupied
by spi kedace is under full orpartial jurisdiction and/or presumed
protection by U S. Bureau of Land Hanagenent (Aravaipa Creek, Gila River);
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The Nature Conservancy (Aravai pa Creek, cila River); New Hexico Departnment
of Game and Fish (West and M ddl e Forks Gila River); New Mexico State Land
Ofice (cila River); New Hexico Museum of Natural History (East Fork Gila
River); National Park Service eila Cliff Dwelling5 National Honunent,

adm nistered by U S. Forest Service (West ForkGila River); U S. Forest
Service, GilaNational Forest, including cGila W/ derness Area, Lower gGila
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 (Eagl e Creek); and San carlos Apache Indian Reservation
(Eagl e Creek). However, protection ofspikedace on Federal and other |ands
will be greatly enhanced when the species' critical habitat is formally
designated and conpliance with the Endangered Species Act is fully

i npl enent ed. Gt her significant streamreaches occupied by epikedace flow
through privately-owned landr, and with exception of reaches owned by
conservation organirationo, receive mnimal or no protection.

1.4 Enforce @ xjiatinu lawsandrequlations affecting aoi kedace.

Failure of anyentity to recognize and conply with |aws and
regul ations that protect spikedace and its habitat nay contribute to its
i nperiled status, result directly orindirectly in further population
declines, and inpede recovery ofthe species.

1.4.1 Ioform as neceaaarv appropriate agenci ea of applicable

management /enforcement responsibiljties.

Wiere not so inforned, agencies and their personnel should
bemade aware of their responsibilities regarding |aws protecting |isted
species and their habitats, and the appropriate roles each agency woul d
pl ay to most effectively i nsure their protection.

1.4.2 Assure conmpliance with Section 7 of the Endangered species
Act.
“Federal agencies should coanK with Section 7 of the
Endangered Speci ee Actand should consult with the U S. Fish and Wldlife
Service on any project that has potential to affect spikedace.

1.4.3 assure conpliance with Section 9 ofthe Endansered Species
Act.
. - Conpliance of all private and publicentities with the
Section 9 prohibitions and inplenmenting regulations regarding take of a
t hreat ened species should be insured.

1.5 piscourage detrinental [and and water use practices.

W se uoe of water and | and can benefit both the user and the
physi cal and biotic natural resources of the area. Practices which are
detrinental to or destructive ofhabitats and extant popul ations of
sgi kedace should be discouraged in all places. Information and education
should be provided that will enable all users, especially private
| andowners, tobe aware of detrinental practices and their acceptable
alternatives.
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1.6 Insure perenpnialflowsw th nstural hydroqraphs.

Spi kedace cannot exist in dewatered places, and popul ations can be
expected to decline ordisappear from streamreaches which are intermttent
or epheneral. Permanence of flows of sufficient quantity and quality nust
be assured to maintain integrity of s#oi kedace popul ations and their
habitats. Also, Southwestern stream fishes apparently are enhanced
relative to non-native species where streamsare characterized by anatural
hydrograph (M nckley and Heffe 1987). Formal agreements that stream flows
wll not be nodified by activities such as danm ng ordiversion that
substantially alter natural flow regimesshould thus bean integral part of
insuri n% perennial flowe. For exanple, U. S. Bureau oflLand Managenent is
inthe final stagee of applying for an instream fl ow water right for
Aravai pa Creek, Arizona.

1.7 Curtail transport and introduction of non-native fishes,

Wiere they do not already exist, appropriate regulations should be
promul gated that discourage transport and stocking of non-native fishes,
especially red shiner, into habitats fromwhich they have access to stream
reaches occupied by spikedace. State, Federal or other fish managenent
agencies and private entities ohould discontinue stockings ofnon-native,
war mvat er sport, forage, or bait fishes into or upstream from streans
occupi ed 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 escapenent to waters
occupi ed by spikedace is precluded.

1.7.1 Discourage seining and use oflive bait. in streanms occupied
bv _spikedacs.

[ ntroductions of non-native fishes mayoccur 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 bybarriers fromstream reaches occupied by
spi kedace, responsible resource a?enci es shoul d discourage or disallow use
of live bait. Furthernore, bait fish seining should not be allowed to
occur in stream reaches occupied by spikedace, which could be unknowi ngly
taken and unnecessarily destroyed.

1.8 Exanine efficacvofbarrier construction to preclude i Nvasi on by
non-native fishes.

Construction of fish barriers should beconsidered as a preventive
measure for protection of exioting populations of spikedace from
contam nation by non-native fishes. For exanple, a cooperative effort has
determined that construction of such a barrier on Aravalpa Creek, Arizona
woul d protect upstream popul atione of native fishes, i ncl udi ng spi kedace,
from invasion bK red shiner and other non-native fishes. Oher streans
occupi ed by spikedace may also be anenable to such nanagenent, and
responsi bl e agencies should fully evaluate efficacy of this action.
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1.9 ldentffv important, ® v&& |lable private | ands and water rights not

al readv_protected.

Al t hough a significant proportion of |ands adjacent to presently
occupi ed spikedace habitat already receive sone degree of protection from
State, Federal, or private entities, other |ands through which potentially
i nportant stream reaches pass have no auch benefit. Unwise |and- or water-
use practices in and adjacent to occupied reaches could have detrinental
i npacts upon spi kedace residing in the aane drainage. Obviously, fishes
must have sufficient water to survive and flourish. Thus, water rights
associated with inportant stream reaches muet be acquired. The U S. Fish
and Wldlife Service should designate the appropriate agencies to identify
these areas and their waterrights, determne their ownership, and assess
the potential availability of necessary water rights.

1.10 Acquli rbei i nportant lands and aaaociated water rishta as they become
availapble.

Avariety of mechanisns exist bywhich |ands, management rights,
and/ or water rights may be acquired by State, Federal, or private entities
inclined to do so in behalf of protecting spikedace and its habitat.

Acqui sition of these |lands and water rights will add to assurance that
exi sting populations and their habitats are secure.

1.11 Protect acguired lands.

~ Once inportant |ands and stream reaches are known and in
appropri ate ownership, they can beadninistered and managed in ways
consi stent with perpetuation ofspi kedace popul ations and habitats.

2. Mbnitor status of existing populations.

St andar di zed, long-term nonitoring is necessary to detect changes in
popul ati on status, assess success of recovery-nanagenment actions, and
determine when applicable criteria fordelisting have been fulfilled. The
US Fish and Wldlife Service and State8 of Arizona and New Mexi co,
advi sed by the Deoert Fishes Recovery Team should specify a standardized
moni toring proyram, based upon biol ogical considerations plus practical
constraints, to address el ements outlined bel ow

2.1 Establish and implement at andard monitoring | Oocations for extant
populations.

Stream and river reaches representing typical habitats actually or
potential |y occupied by spikedace populations in Arizona and New Mexico
shoul d be selected for routine monitoring. Only when data are obtained
from standard areas cannatural or other changes in habitat or popul ation
status be deternined.

2.2 Establish and inplenent standard techniques and their avdlication.

Techni ques for assessing spikedace habitat and popul ation status
should be consistent spatially, tenporally, and anong investigators.
Standard nonitoring techniques shoul d be devel oped and inplenmented to
insure that results are conparable anong years, popul ations, and groups
involved in this nonitoring. In some instances, use of specific techniques
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may be restricted, for exanple, useofnotorized equipnent, and such
constrai nte should be considered i n selection of nethodol ogiee.

2.3 Establishandimaintain a computerized database for trackina of
U onitorinu and reintroduction information.

Adequate data tracking would all ow managenent actions to be based
on the best up-to-date information and woul d insure rapi d assessment Of
recovery progreee. A centralized, conputerized database should be
established that will contain all available historic i nformation on
distribution and abundance of epi kedace throughout its range. All
nmoni tori ng dataon existing popul ati onta, plus Information on eetabliehnent
and nmonitoring of reintroduced popul ati one shouldbepl aced into thie
dat abase ae soon as the infornation is avail able.

2.4 Deternine range of natural variation in absolute abundance and
age-class structure.

Populations Of epikedace vary eubetantially, both spatially and
temporally, in reeponee to dynamies Of individual popul ations and natural
changes in their environment. changes i n etatue of epi kedace popul ati ons
can be attributed to other than natural causes only when the range of
variation expected fromintact populationta in relatively unperturbed
habitats hae been aseeeeed. Popul ation etatue ismoetreadily assessed by
knowi ng absol ute abundance ofindividual s in the popul ation, and
distribution of individuals anong age-claesee (cohorts) and their sex
ratio.

2.4.1 Devel op standard nethods for quantifying abundance.

Several techniques are available for deternination of
absol ute abundance of fishee, including depletion sampling, mark-and-
recapture, etc, thesemaybenodified or others devel oped specifically for
appl1cation to spikedace. Such techniques shoul d ve adjusted as dictated
by experience, and uniformy applied thereafter.

2.4.2 Conduct bi-annual (spring, autumn) population estimmtes.

Popul ation estimtes should be conducted at tinmes of year
that are most likely to provi de managers with the npoet useful information
as regards status of spikedace. Spring sanpling all ows aseessment of adult
reproduct ive condition, while autum eanpling provides opportunity to
evaluate year-class strength, survival, and recruitment relative to the
spawni ny population. Both are necceaary to adequately deternine popul ation
st at ue.

2.5 Monitor communitvy conposition.

Popul ati ons of spikedace may be subject to influences of other
members Of thefi sh conmunity. Changes in status of other species,
especial |y 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 populations of
spi kedace, and any information that wll enhance that capability my enable
rranagemlant éieci sions and inplenmentation before potential negative inpacts
are realized.
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2.5.1 Apply standard 12.2)jons and techniques ¢2 1,

Techni que6 for assessing statusofthe fieh comunity
ehoul d be conpatible with thoee specifically selected for epi kedace
nonitoring, and ehoul d be standardizeda8regards time, place, and nethode.

2.5.2 Deternmine rangeofnatural variation in relative abundances
of community members.

Amost easily obtained and readily interpreted datum is
rel ati ve ar:ndance of fish community constituents. However, change caused
by other than natural factore cannot be reliable assessed unlessan
indication of the range of normal variation experienced bycommunities in
relatively unperturbed habitats is first known. Baeeline data al ready
avai |l abl e ehoul d beaugmented byinformation from future, routine sampling
of fishes.

2.6 Deternine genetic characteristics of existing populations.

Baseline infornmation on.the genetic characterietice of existing
spi kedace popul ations ehould be gathered to elucidate relationehipe and
degree of variation among popul atione and to provi de guidance in
protection, propagation, and reintroduction programo (Echelle 1988; 6. 1,
6.3, and 8.1, below). Results Of an initial survey will be required to
insure that any genetic differences anong popul ati on6 are considered in the
i mpl erentation of thie plan.

3. ldentify nnture and significance Of interaction with non-native fishes.

Impacts of non-native fishee on epi kedace cannot be alleviated or
ot herw se managed until the nechanisn{e) of such interactions are known and -
an assessment as t0 the qualitative and quantitative taignificance of the
interaction has been conpl et ed.

3.1 Direct_interaction (predation, displacement).

Research hae shown that certain non-native fishes prey intensively
upon native fishes ée. 0., Heffe 1903, 1985). Likewise inferential evidence
suggests that introduced fishes displace native species (e.g., M nckley and
Deacon 1968, Marsh et al. 1989). These kinds of interaction thus appear
most fruitful for investigation in the case of epikedace. Qher potential
nmechani sns of interaction ehoul d aleo be investigated where data suggest
they may be inportant.

3.1.1 Field invertisations and experimental nmni pul ations.

Evi dence of direct interaction ismest convincing when
derived from etudiee on in_situ popul atione. Because spi kedace and
. potentially detrinmental non-native fishes co-occur in several places (e.g.,
Gila and Verde rivers, Eagle Creek), theee habitats and communities ehould
be sel ected for intensive fieldstudies. Experinental manipulations in
whi ch selected species are variously included or excluded anpbng available
habi tats would provi de a powerful tool forevaluating interactions (e.g.,
Power et al. 1985). Appropriate study reaches, specific experimental
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designs, etc., should be determ ned by consensus anong know edgeabl e
i ndi vi dual a.

3.1.2 Laboratory studjes.

. . Some aspects Of direct interaction anong spi kedace and non-
native fishes can be deternined beat under controlled, |aboratory
conditions. Theee etudiee would provide aframework and direction for

applied field investigations (3.1.1).

3.2 Indirect interaction (nediated by other fishes of the community).

Effects Of non-native fishes upon spi kedace may not be caused by
direct interaction, but rather indirectly by theeffectof non-native
fishes onother members of the fish conmmunity. Regardleae, prudent
managenent of spi kedace popul ati ons cannot beinplenented until the nature
and significance ofeach is eval uated.

3.2.1 Field investigatjions experiment

. . Field studies and in-stream experinents woul d be necessary
to qualitatively and quantitatively describe indirect interactions anong
spi kedace and non-native fiehee (see 3.1.1).

3.2.2 LLaboratorv studies.

. Studi es of spikedace, other native fishes, pl us non-native
speci es, under controlled, |aboratory conditions, could identify a range of
bi ol ogi cal and habitat parameters inportant to indirect interactions; these
then coul d beapplied toward intensive field etudiee (3.2.1).

through r
abitat no

n
€ cycle completion.

Ication on

Local i zed depl etion or extirpation of spikedace maybe caused by
changes i n proxinal physical habitat acting on one or nore life hi stor%
stage or function. Likewi se, w despread depletion or extirpation may be
caused by far-teaching alterations of watershed characteristics acting on
one or morei.fe history stage or function. Qualitative and quantitative
relationsh.ps anong specific kinds of habitat nodification and spi kedace
biology must be est abl i shed before managenent can be directed toward
correcting and removing the cause(a) of deleterious habitat conditions.
Such analyseus wiilbedependent upon prior determinations of spikedace
habit at needs and usage. Research nuet 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 byspi kedace mayinterfere with
successful egg depoeition and incubation, and thus inpact recruitnent,
gogul ation abundance, and age-class structure (Propst et al. 1986).
ubstrate armoring which renders suitable egg incubation sites unavailable
t o spi kedace may have similar ef fects. Quantitative relationships nust be
established so that condition8 characterizing suitable habitats can be
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described, change8 can be ® naneerd, and nmanagenent @ tratmginm for
reclamation of i npai red habitat can be assessed and i npl enent ed.

4.2 velocity and depth.

Land- and water-uee practiceO that alter water vel oci tty and depth
may affect epikedace, which have denonstrated rgem alirations for these
parameters (Turner and Tafanelli 1963, Rinne 1985, Propst et al. 1986,

Ri nne and Kroeger 1988). Available data ehould be reviewed and augnent ed

so that preferenda can be determined, and tol erance limits eet abliehed.

4.3 \\it er temperature.

Water- and | and-uee practices may influence thermal regines in
habitats occupi ed byepi kedace. Relationshipsé among epi kedace |ife hietory
and tenperature arepoorly known, and muet be established asregards
optima, preferenda, andtolerated extrene@ so that conditions
characterizing euitabl e habjitats can be described, changes can be assessed,
and management etrat egi ee for reclamation of inmpaired habitat can be
eval uated and inpl enent ed.

4.4 Water chemistry.

Water- and | and- uee practice8 may i nfluence variouo chenical
paraneters of the waters occupied by epikedace. Preferenda and tol erance
limts of epikedace life history stages need to be established for basic
paraneters, such as pH, turbidity, alkalinity, and dieeolved oxygen, so
that the effects of changee in those parameters nay be aeeeeeed.

4.5 |nteractions amonqg 4.1-4.3.

Water- and | and-use practices may affect one orseveral
environnmental paraneters inportant to eucceesful epikedace life cycle
compl etion. Thus, synergistic Or antagonistic effects Of changes in
substrate, velocity, depth, and water tenperature should be assessed to
?eterm’ ne combinations representing optima, preferenda, andtol erance
imts.

4.6 Watershed size and flood frequency and vol une.

It has been specul ated that spi kedace maybe linmted to occupation
ofstreams with a certain mninum waterahed size and/or water vol une
(Propst pere. comm.), based on the absence of epikedace from small
tributary streams vven if habitat is apparently avail able. | mpoundnent
and/ or diversion of upetream waterr, watershed vegetation alteration
resulting in changing runoff patterns, and other human actions functionally
nodi fy both watershed eize and water vol une. Fl oodi ng hae been shown to be
a major factor in the relationship of native to non-native fiehee (W nckley
and Meffe 1987, Propst et al. 1986). Flood frequency and vol une is
frequently nodified in-southwestern streams during the course of water
devel opment.  Rel ati onehi po between wat ershed characteristics and epi kedace
bi ol ogy must be established so that conditions characterizing suitable
habitats can be described, effects of changee can be aseessed, and
managenent etrategiee can be prepared and inplenented.
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5. Enhaunce or restors habitats occupied Dy depleted populations.

Management strategies developed 1O minimizeoreliminate negative
impacts resulting from habitat nodifications and/or interactions with non-
native fiehea should be applied to habitats in which spikedace popul ations
have been depl et ed. Such management provides opportunity for continued
study of relationahi pa between spi kedace and its biological and phyeical
environnent, to aaeeeaefficacy and nodify specific practices of nmanagenent
i npl ementation, and contributes toward recovery of the species.

5.1 1dentify taruat areas anenable t0 management.

Sone habitats occupi ed bydepl eted popul ations of opi kedace, and
thei r adjacent |andecapea, maybe anmenable to restoration, while othersmay
be in astateofcontinuing degradation much that they cannot reasonably be
revivedt 0 suitable condition. Thene former places should be identified so
t hat managenent canbe inplenented that will enhance or restore themto
pre-inpact condition.

5.2 Determine necessary habitat and | andscape improvements.

Habi tat inprovements can be affected only when physical
characteristics necessary for epikedace occupation, reproduction; and self-
sustenance are known. Moreover, habitat reetoration likely will require
removal of conditiona which have led to degradation. Some stream and river
reaches may "self-improve® if natural forces are allowed to reign in
absence Of sources of perturbation. Exanples include curtailment of
overgrazing, stabilization ofbankline or other erosion sites, altered
tinber nmanagement etrategiee, etc. Mreover, depletion or renpval of non-
native fiehee, if identified ae significant deterrenta to survival or
enhancenent of epi kedace, may be necessary.

5.3 |nplenent habitat improvement.

Once sources Of inpacts and habitat parametere in need of
i nprovenent have been identified, measures should be inplenmented to remove
impacts and restore damaged habitats to conditione suitable for occupation
b% spi kedace. Where renoval of non-native fishes i S indicated, neasures
should be adopted to preclude future invasion and establishment in the area
by suchfishes. This may require installation Of barriers to up- or
downst ream nmovenent, or alternatively may demand repeated nanagenment to
remove non-natives.

6. Reintroduce populations t0 sSelected streams within historic range.

One of the most critical goals to be achieved toward epi kedace recovery
ie establishment of secure, self-reproducing populationa in habitats from
whi ch the species hae beenextirpated. Successful i npl enentation ofthis
managenent goal will provide aclear indication that both the biology of
the species and the impacts resulting in its demise are well enough
understood and nmanagement strategies effective enough that attainment of
recovery is probable.
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6.1 Jdantifv stocks amepable to use for reintroduction.

Stabl e, self-sustaining populations with capacity to contribute
i ndividual O for reintroduction without euetaining unnecessary depl etion
should be identified. To the extent practicable, local stocks with
affinities to th=u,e fornerly occupying target streams should beutilized
(e.g., Aravai pa Creek for San Pedro, Gila River for San Prancieco).
Results ofa genetic survey (2.6, above)W |l beused amgui dance in
sel ecting appropriate donor stock. If it is determned that extant
popul ations donot have capacity to supply adequate nunberO of individualO
for reintroduction, hatchery-produced fish nmay be required (8, below).

6.2 Jdantifv O¥emnmd O3 stream ® _vntanma forreintroductions.

Among streans from whi ch api kadace have been extirpated, the San
Pedro River system Arizona, probably represents the noat anenable, for
several reaeone, to its reestablishment. San Pedro River is the type
locality for spikedace (Grard 1857), but it and 10 other native fishes
were extirpated am aresult ofdrastic habitat destruction, plus
introduction of exotic fiehee, overthe l|ast 100 years (Eberhardt 1981,
Minckley 1987). Notonly the mminstream sanPedro nay be readily amenable
to restoration for spikedace, butal so certain perennial reaches ofmajor
tributaries (e.g., Redfield Canyon, Baboconari River) mayhave potenti al
for t eeat abl i shnent ofthe epeciea. Aravaipa Creek, which is home to one
of the most secure renmining spikedace population0 in Arizona, is tributary
to the sanPedro. The San Francisco River and Mescal Creek (tributary to
the 6ila River), plus other yet-to-be-identified |ocations, should also be
eval uated ampotential recipientO of reintroduced popul ations.

6.2.1 Determine nuitabilitv ofhabitat.

Specific stream reaches that fulfill known requirenents
plus areas amenable to restoration should be identified. causes and
sources of former and continuing habitat degradation and the cause of the
original extirpation need to beevaluated, and extant ichthyofaunae nust be
assessed.

6.2.2 Enhance habitat as necessary (4, 5.3).

Habitat0 anenable to physical restoration ahould be subject
t 0 managenment implementation tO restore themto pre-inpact condition. This
may require nodification or discontinuance ofcertain |and- or water-use
practices if it is determ ned that theme continue to contribute to habitat
degradatioun.

6. 2.3 assess Statue of non-native fishes in the watershed.

Non-native fishes pose potential threats to reestablishnent
of epi kedace. Theee may occupy the stream reach selected for
reintroduction, tributaries, and isolated waters within the watershed.
Assessment shoul d be made of distribution, community conposition, and
rel ati ve abundancea ofnon-native fishes.
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6.2.4 Aasure glosure of potential immigration routaa to preclude
teinvasion bv pon-pative f{ishes .

Stream reaches identifiled t0 receive plantings Of s pikedact:
should be isolated am nuch am practicable from non-native fishes, which
m ght preclude or otherwise interfere with auccaaaful raeatabliahnent of
the native. Closure of immigration routes mi ght include construction of
barrier dane or other structures to insure that downstream popul ati ons of
exotica do not access habitats occupied byreintroduced stocks of
spi kedace.

6.2.5 Reclaim amnecessary t 0 remove non-native fishes.

Non-native apeciea in places from which they could invade
spi kedace habitat, or those occupying target areasthenselves, should be
renoved or depleted asconpletely ampossible. Renoval from live stream
reaches would likely be acconplished by piacicide application, while other
waters, such ascattle tanks, could bereclained by either drainage or
punping, piecicide treatment, or aconbination thereof.

6.3 Reintroduce spikedste t O selected reaches.

Spi kedace should be collected, transported, and reintroduced into
sel ect ed stream reaches after habitat restoration and exotic species
removal s have beenacconplished. Stocking should beof nunbers of
i ndi vidual s necessary to assure nmai ntenance ofreasonabl e genetic
heterogeneity of the reintroduced population (Echelle 1988).

6.4 Monitor success/failure of reintroductions.

Rei ntroduced spikedace popul ations should be periodically
noni tored; |ocation, timeofyear, and nethods (2., above) should be
standardi zed so data are conparable with previous information for other
popul ations and can be used to assess changes in etatue.

6.5 Determ ne reasons for success/failure.

success of reintroductions will beindicated byestablishment of
reproduci ng, sustaining popul ations of spikedace with characteristicO of
abundance, age-class structure, and recruitment in the range ofnatural
vari ati on determined from extant stocks. Causes of reintroduction failure,
indi cated by aberranciee in population characteristics or extirpation, mnust
pbeidentified and evaluated. These could bearesult of inconplete
i nmpl enentation of identified nanagenment strategies, or due to other natural
or ant hropogenic factors. Using nonitoring data, prelinminary evaluation of
success should be made five yearsafter reintroduction. Failed populations
shoul d then bereassessed and deci sions regarding rectification of
probl ens, restocking, or abandonnment made. Popul ati ons which are
guestionabl e or successful atthattime should be nonitored foran
addi tional five years before being judged eucceaeful or not.

6.6 Rectify as necessary cause(s) of failure and restock.

Identified sources of failure should be rectified. This may
require inplementation of the same, or refinements of, strategies
identified previously, orinplenentation of additional ones. ~Additional
reintroduction-stocking maybe indicated once sources of initial failure
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are identified and romoved. |Nn some instances, ropmated ® oquencoa of
reintroduction, nDNitoring, ® aaeasnent, and refinement may be nmcmaaary
betore local goals asre @ atiafied.

7. Deternmine uuantitrtive criteria fordeseribinqaself-sustaining

Recovery goals call for protecting existing popul ations, restoration of
depl eted stocks, reeatabliahment ofspikedace in places from which the
speci es ham been extirpated, and insurance that the animal ham opportunity
to self-sustain in perpetuity. Attainment ofeach can be determ ned only
from quantifiable criteria applied to Fopul ations under consideration. In
particular, acceptable levels ofnatural variation within certain
parameters of stable, reproducing popul ations nust bedeterm ned (see Meffe
and Minckley 1987). Absolute and relative abundance, age-class structure
and sex ratio, and recruitment are variables nmost likely to provide needed
data amregards popul ation statue. These nmust be interpreted within a
context of security of the habitat and watershed againstfuture detrimental
change, and ofintegrity of the fish community amregards invasion and
establ i shnment of non-native species.

7.1 acceptable |evels of patural variation

Popul ati ons behave in response to normal variations in their
physi cal and biol ogical environments. Thus, popul ation density, for
exanpl e, canbeexpected tovary naturally in tine and apace.
Deternmination that a population is "healthy" can be nmade only when the
range of normal variation of key population parameters is known.

7.1.1 Absol ut e numbers.

Presence/ absence data provide valuable information, and
usual |y can be assessed expediently. However, much data may not generally
be useful for evaluating change in populations statue relative to nornal
environmental variation. Absolute abundance can be determined by any of
several methods, such as depletion sanpling or mark-and-recapture studies.
When standardi zed as to location, tine of year,and nmethod, data are
conpar abl e anmong sanpl es and popul ati ons and can beusedto establish
"mean" condit:ons and acceptable limts of normal variation.

7.1.2 Ase-class structure,

Age-class structure canreadily be determ ned from
measur enents ofindividual s sanpl ed during popul ation abundance estimati on.
Rel ative health of the population is indicated by anormal distribution of
i ndi vidual s armong age-classes, i.e., natural nortality actsto dimnish the
nunber ofindividuals in each successive, older age-class. Obvious
aberranci eo, such as conplete failure ofa year class orabsence of an age-
class, or nmarkedly skewed sex ratio, likely indicate substantial pressure
on the population, and may require remedial action.

7.1.3 Reproduction.
Popul ati ons can perpetuate themselves only if reproduction

replaces individuals lost to natural (or other) sources of nortality.
Spi kedace reproduction shoul d be assessed by determi nation that the
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popul ati on includes an adequate stock of reproductive fish of both sexes in
a "nornal" ratle, and that eqg deposition, enbryo incubation, and | arval
hatch aro successtul.

7.1.4 Recrujtment.

Larval f£ish nmuet have opportunity to grow, mature, and
eventually contribute their gametes to future generatione. Thue, dynamcs
of a healthy population require that anappropriato nunber of offepring
survive toreproduce. Aeeeoenent ofrecruitment would be in concert wth
eval uati one of absoclute numbers and age-cl aee structure.

7.2 Mnimum stock size.

For each population in time and space, there is a mni mum size

nunber) of reproductive fish neceeoary for perpetuation of the stock.

en nunmbers dwi ndl e bel ow this m ni mum stock size, natural (and ot her)
sourcesof nortality will eventually result in extirpation, even though
di m ni shed reproduction and recrultment mayoccur for atime. \Wile It is
probably inpractical to attenpt to quantify mninmm eteck size for all
present and future populations oOf epi kedace, esome consensus should be
achieved among know edgeabl e individuals as to what represents reasonable
m ni mum et ocke for spikedace in various habitate. Depletion' of a
popul ati on near or below that mnimum should be taken as indication that
one or more environnental factor(e) is negatively inpacting the popul ation.
Further investigation to determne and rectify the cause would be
nece?(eary. A eel f-euetaining population would not dw ndle bel ow m ni mum
stock size.

7.3 Environnental variabl es.

Sel f &ustenance in perpetuity requires that habitat at all times
neet at least the minimumrequirements for life-cycle conpletion by the
species. Sone habitats may support spikedace popul atione for a period of
time, then fail. It thue is inportant that characterietice which describe
suitable, lonj-term habitat be known.

7.3.1 Phvrical characteristics.

Basi ¢ habitat paraneters include depth, current velocity,
substrate, water tenperature, etc. These, plus others deternm ned
significant, nust be nvailable within tolerance ranges acceptable to
epi kedace.

7.3.2 Chenical characteristics.

Fi shes require varying levels of certain chem cal
substances to insure conpletion ofall life history functions. For
exanpl e, dissolved oxygen must remain above certain mnima for fishes to
survive. Also, levels of environmental chemnicals, both natural and
ant hropogeni ¢, nuet be maintained such that they do not induce acute or
chroni c eynptone of toxicity amongspi kedace, or otherwiee interfere with
life cycle conpletion.
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7.3.3 Biologjical commupity.

Maintenance of opf kedace popul ation8 in perpetuity requires
that the composition and integri tg of the biological community of which it
i 0 amemberalso be maintained. pi kedace existence depends i N various
ways Oon parts of that community (e.g., aquatic insect food reeourcee).
Moreover, perturbation ofthe conmmunity nay ind:cate future change8 about
tooccuri n epi kedace et at ue. I nvaei on by exotic forms, especially non-
native fishes, may have e evere impacts upon epi kedace and ot her native
fiehee. Attenpt8 should thue be nmade to aeeeee, at least in general terns,
the nature and condition of the biological commnities that characterize
habi tat8 occupi ed by epikedace.

s. Pl an and conduct inveetigati one on captive holding, propagation and
rearing.

Captive holding, propagation, and rearing programsarei nportant
aspects of recovery plane for moot eout hweet ern ?io ee. Atpresent, it
does Not appear neceeeary that ouch plane be inetftuted in behalf of

spi kedace. ~ The epeciee continue8 to occugy in e ubetantial nunber8 a
variety of diepereed habitats, and probability of protecting existin

popul ations and environment8 appears hi %h. However, condition8 coul

change rapidly and existing popul ation8 could veeeverely depleted or
extirpated. In ouch event, availability of aviable hatchery plan could be
i ndi spensable to maintenance of the epeciee. Hatchery-produced fish my

al so be necessary to support reintroductions of sufficient numbers in
attenpts to reestablish popul ati on8 inhisteoric habitate.

8.1 Dete:l'(mine wi | d etocks suitable forcontribution to hatchery
st ocks.

An assessnment should be nmade as to which extant popul ations are
most capabl e of contributing individuale for captive prograns w thout
suffering unnecessary depletion which could inpair etatue ofthe parent
stock. Consideration should be given to mai ntai ning genetic integrity of
captive etocksin the context of existing wild populations (Echelle 1988;
2.6, above).

8.2 collect and transfer wild stocks to suitable facility.

~ Adult opi kedace ehould be collected and traneferred to an .
appropriate facility where investigations on holding, captive propagation,
and nmai ntenance may be pursued.

8.3 Develop procedures and facilities forholding and maintaining.

St andar di zed techniques and facilities should be devel oped by
whi ch spi kedace of all sizes and ages can be safely held and maintai ned
without threat of excessive nortality.

0.4 Evaluate ootential technisueo for propagation.

Stream minnows may reproduce voluntarily if placed into suitable
artificial habitat. O, the species may require artificial induction,
maturation, expression and fertilization of ganetes, and incubation of
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embryos. Techniques should be found that are effective and efficient, and
which minimze mortality toadult fish.

8.5 nssess |ife-cycle requjrements in hatchery/environnent.

Certain environmental requirenents may need to be mettoi nsure

successful life cycle conpletion in the hatchery. Forexanple, specific
tenperatures may be necessary for spawning and normal |arval devel opnent,
or a certain sex ratiomayberequired if fish aretospawn voluntarily.

Such factors should bedeterm ned and optimzed where practicable.

8.6 supply individuals as ooedod for reintroduction. research. public
educatjon, etqg.

Spi kedace propagated and reared in ahatchery can serve many
purposes. ~ Fish can betransported to selected sites forreestablishnent of
extirpated populations. Research programs to answer basic questions of
spi kedace life history and ecology undoubtedly could utilize captive-reared
individuals. And, progeny fromhatchery stocks could bedistributed to
school s, museuns, zoos, etc., where they could be displayed along with
appropriate literature orother information on spikedace in particular and
endangered species in general. In each instance where hatcherly fish were
used, wld popul ati ons woul d be protected agai nst any potential damage
which could result from renoval of individuals.

9. Information and education.

Free exchange of information and ideas anong 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 inplenmentation should bereadily available to all interested
parties. Awareness Of the general public, in whose behalf the Endangered
Speci es Act was conceived and passed into law, is critical to this plan and
toconservation ofall inperiled species.

9.1 Public sector.

Spikedace represents a National resource of value to all people.
Because the laws &signed to protect this animal, and by which this
recovery plan is enabl ed, orl(?i nated with desires of the Public, it is
essential ti.: 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 peopl e.

9.1.1 Local nedia and target campaigns.

Because people who reside in proximity to habitats occupied
by spikedace are often those who express greatest interest in, and may be
most affected by, activities associated w th recovery, t hey shoul d be
informed of and provided opportunity to participate in all aspects of,
recovery. Local nedia including television, radio, newspapers, and.
circulars should be provided regular, tinmely, and accurate sunmaries of
pl ans and progress toward spi kedace recovery. They shoul d be encouraged to
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express their opinions, and thereby provide input to inprove the plan and
enhance probability of eucceeo.

9.1.2 states Of Axisona and Neow Mexico.

Media With @ tatewido distribution and roaderehip in Arizona
and New Mexi co should betargeted for receipt ofperiodic infornmation on
spi kedace .ecovery. In this waya larger audience with interest in the
program can be accessed, and their support encouraged through education.

wdo@_Natjonal e xposure.
Federal laws that protect threatened and endangered pl ants

and wildlife are of interest to all residents ofthe Nation. It, thus is
aﬁpropriate that they be allowed to aeoess efficacy ofthat |egislation
through information received on projects throughout the country. Inthis

way, persons wth interestsin species conservation in general canbe
assured an opportunity to be inforned on a diversity of plane and programs.

9.1.4 Assist® nroni ate Mexican agencies and organitatione in
informatjon and o |

A significant portion ofthe San Pedro River is in Mexico,
and streamreaches within that Country may be occupi ed by undi scovered
popul ati ons of spi kedace. Moreover, health ofaquatic biota including
possi bl e reintroduced popul ations of spikedace in portions of that river in
the United States nay be dependent upon conditions upstream in Mexico. It,
thus is inportant that appropriate Mexican agencies and organizations be
apprised of recovery efforts, and that assistance beprovided to these
groups to enhance awareness in Mexico ofcontinuing threats to this
threatened species.

9.1.5 open communi cation amonu States, Federal agencies, and
local rosidente and water users. -

It is inperative that all parties interested in or affected
by recovery acti ons i n behal f of spi kedace beafforded an opportunity to
conment on and participate in that program \While unaninity is unlikely to
ever be t he case, nmeaningful progress I's best assured when all have access
to complete infornation.

9.2 Professional infornation.

Prof essional information, including results of field and
laboratory I esear ch, nonitoring data, trip reports, agency reports, and
open literature must be readi |y available to all professionals involved in
spi kedace recovery. Ideas nust be exchanged freely so that optimal
strategies maybeoutlined and inplenented. A central clearing house and
repository for such information, with capability to distribute it as
necessary, should bedesignated.

9.2.1 open circulation of information anpnu concerned parties.

allpersons working on spikedace and/or their habitats
shoul d be encouraged to make information available to other concerned
parties. They should be made aware of the clearing house (9.2) and
requested tosubmittheir findings there for distribution.
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9.2.2 Periodic information-exchange meetings.

Face-to-face meeti ngs of interested professionals and the
public should beencouraged on aregular basis, Or In response t0 Specia
circumstances. Such neetings provide oefortunity t o discuse i deae and
resolve difficulties that otherwiee could bedifficult to acconplish.

90.2.3 Presentatjons et professional, scientific reetinas.

Prelimnary or refined research or nnnitoring data shoul d
be presented at local, regional, and National ecientific-gatheringe so that
a broader profeeeional audience may have opportunitiem to comment on and

t hereby potentially enhance recovery of spikedace.

9.2.4 Publjicatjon ip Deer-reviewed., open literature,
Participants in studies of spikedace at all |evels should

be encouraged to publieh their findings am appropriate within the peer-
reviewed, open literature. Such publication indicates that results have
had benefit of critical review and meetthe etandardm of excellence to
whi ch profeseionale subscribe. It also enhances the credibility of

i ndi vidual s involved, and thus contributes to overall success of the
recovery program
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1. IMPLEMENTATION SCHEDULE

Definition ofPriorities

Priority 1 - Those actions that areabsolutely essential to prevent the
extinction of the apecies in the foreseeable future.

Priority 2 - Those actions neceemary tomaintain the species' current
popul ation status. _ _

Priority 3 = All other actions necessary to provide forfull recovery of
t he epeciem

Genera)l Cateaories for Implementation Schedul es

Information Gathering -10r R Acquisition = A

1.
1. Population ntatum 2. Lease
2. Habitat status Easenent
3. Habitat requirements 3. Managenent agreenent
4. tlanagenent techniques "4. Exchange
5. Taxonom c studies 5. Wt hdrawal
6. Denographic studier 6. Fee title
7. Propagation 7. Other
8. Mgration
9. Predation Managenment - M
10. Conpetition
11. Disease 1. Propagation
12. Environnental contam nant 2. Reintroduction
13. Reintroduction 3. Habitat nmintenance and mani pul ation
14. Ot her information 4. Predator and conpetitor control
5. Depredation control
Gher -0 6. Disease control
7. Qher nanagenent
1 Information and education
2. Law enforcement
3. Regul ations
4. Administration
Abbreviations used
Fws - usbI Fish and Wldlife AZG&F - Arizona Gane and Fi sh Depart nent
Service
FWE - Fish and Wldlife NMG&F ~ New Mexi co Departnent of Gane and
Enhancenent Fi sh
FR - Fisheries Resources FS - USDA Forest Service
W - WIldlife Resources BLM - USDI Bureau of Land Hanagement
LE - Law Enforcement BR - USDI Bureau of Recl amation

DFRT - Desert Fishes Recovery Team
PA - Public Affairs

32



Part Ill - IMPLEMENTATION SCHEDULE

RESPONSIBLE AGENCY

FISCAL YEAR COSTS

GENERAL TASK fin (EST.)
ATEGORY PLAN TASK TASK # PRIORITY# DURA TION | REGION|PROGRAM | OTHER FY1 FY2 FY3 COMMENTS
1-1 Identify all populations 11 : 1 i3 years 2 FWE AZGRF 4,000 4,000 4,000
and determine level of ; | R NMGRF
protection FS
| BLH
-1 Prioritize populations 1.2 2 lyear 2 FVE DFRTY 500 [Task will be
based on need for conducted by the
protection DFRT
0-3 Designate critical habitaf 1.3 1 1 year 2 FWE 1,000 final rule is
under review
0-2 Enforce Law and regulations 1.4 1 Ongoing 2 FUWE FS $,000 5,000 5,000
LE BLM .
BR
AZGRF
NMGRF
n-3 Discourage detrimental land 1.5 1 Ongoing 2 FWE FS 5,000 5,000 5,000
and water uses BLH
BR
AZGLF
NMGRF
A-7 Insure natural flows 1.6 1 Ongoing 2 FVE FS ==~ -unknown---- Could involve
W BLH the purchase of
BR instream flows
H-4 Curtail introductions of 1.7 1 Ongoing 2 FR NMGLF
non-native fishes FUE A2GLF
H-4 Identify need for and 11 1 Ongoing 2 FWE BR 100,000 100,000 100,000
construct barriers A2GEF
NMGLF
ELM
FS
-2 Identify available 1.9 2 Ongoing 2 FUWE WR 3,000 3,000 3,000
unprotected private lands DFRT
and water rights NMG&F
AZG&F
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Part Ill - IMPLEMENTATION SCHEDULE

i ' RESPONSIBLE AGENCY FISCAL YEAR COSTS
GENERAL | TASK s (EST.)
JCATEGORY PLAN TASK TASK # PRIORITY # DURATION | REGION lPROGRM OTHER FY1 FY2 FY3 COMMENTS
A-Il Acquire available lands 1.10 f 2 Ongoing | 2 VR FVE ---:mknoun--l-
through and associated water P I FS
A-6 rights BLM
0-2 Protect acquired lands 1.11 2 Oongoing 2 wR BLM -~ =unknown- - - -
L 0-3 FUE FS
LE
-1 Establish standard monitor{ 2.1 1 1 year 2 FVE fS 1,500
ing locations and techniqueg 2.2 BLM
NMGLF
AZGLF
DFRY
-1 Establish and maintain 2.3 2 Ongoing 2 FVE AZGEF | 2,000 2,000 2,000
t1-2 computerized database
R-I Determine natural variatiorn] 2.4 1 3years 2 FWE AZGLF | 10,000 10,000 .0,000
in sbundance and age-class NMGLF
structure FS
BLM
R-I Determine standard methods 2.4.1 1 2years 2 FWE NMGRF 2,500 2,500 2,500
for quantifying abundance A2GLF
FS
8LM
-1 Conduct bi-annual populationf 2.4.2 1 Oongoing 2 FUE NMGRF 3, 000 3,000 3,000
estimates A2GTF
FS
BLM
I-1 Monitor commumnity composi- 2.5 1 Ongoing 2 FUE NMGLF 5,000 5,000 5,000 Tasks 2.L.2 tc
tion including range of 2.5.1 AZGRF 2.5.2 would be
natural variation 2.5.2 FS done simul -
BLM taneously
1-14 Determine genetic 2.4 1 2years 2 FWE AZGRF 8,000 8,000
characteristics of existing NMGRF
populations FS
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Part Il - IMPLEMENTATION SCHEDULE

RESPONSIBLE AGENCY FISCAL YEAR COSTS
GENERAL TASK FUS (EST.)
ATEGORY PLAN TASK TASK #PRIORLITY# DURATION . REGION PHOGRAM OTHER FY1 FY2 FY3 COMMENTS
R-V Determine significance of 3.1 2 3 years 2 FVE AZGLF | 25,000 25,000 |25,000
& R-10 interaction with non-native | through NMGRF
fishes 3.2.2 12
BLM
R-3 Quantify effects of physical 4.1 2 3 years 2 FVE NMGRF | 25,000 25,000 |25,000
habitat modification through AIGLF
4.6 FS
BLM
n-3 Identify management areas 5.1 2 1 year 02 FVE DFRT 5,000 To be done
and determine necessary 5.2 NMGRF follwing comp
habitat improvements AZGRF letion of tasks
13 4.1 to 4.4
BLM ‘
n-3 Implement habitat 5.3 3 Ongoing 2 FUE AZGLF - == -unknown=-=~-~
improvement NMGLF
FS
BLM
n-2 Identify stocks to be used 6.1 3 1 year 2 FUE DFRT 2,000
for reintroduction
n-2 Identify and prepare sites 6.2 3 3 years 2 F\E DFRY unknown - - - cost will depen
for reintroduction through NMGLF upon kind and
6.2.5 AZGRF amount of work
FS
BLM
n-2 Reintroduce into selected 6.3 3 Ongoing 2 FuE NMGLF $7,000/yr once
reaches and monitor 6.4 AZGRF reintroduction
123
BLM
n-2 Determine reasons for 6.5 3 Ongoing 2 FUE DFRT Evaluation wilt
success/failure and rectify 6.6 AZGEF begin 5 years
as necessary NMGRF after reintro-
BLM duction
FS
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Part Ill - IMPLEMENTATION SCHEDULE

RESPONSIBLE AGENCY FISCAL YEAR COSTS
SENERAL TASK FuS (EST))
ATEGORY PLAN TASK TASK #[PRIORITY # DURATION . REGION PRQGRAM OTHER Fri FY2 fY3 COMMENTS
R-I Determine quantitative 7.1 ! 2 3 years Y2 FWE AZGEF | 20,000 20,000 20,000
criteria for describing a throughi NMGEF
self-sustaining population 7.3.3: | Fs
’ | BLM
[ DFRT
M-1 Select stocks to be used 6.1 3 1 year 2 FWE DFRY 1,000
for hatchery brood stock ‘ FR NMGEF
| AZGLF
n-1 Collect hatchery stocks 8.2 3 1 year 2 FUE AZGRF 3,000
FR NMGEF
n-1 Bold and maintsin stocks in | 6.3 3 Ongoing 2 FR $10,000/yr once
a hatchery FVE stocks are taka
-1 Evaluate and assess 8.4 3 1 year 2 FR DFRT 8,000
propagation techniques ® bd 8.5 FVE NMGEF
life-cycle requirements AZGRF
M-1 Supply hatchery reared fislh 6.6 3 Ongoing 2 FR A2GEF $1,500/yr once
as needed FWE NMGLF begun
0-1 Provide information and 9.1 2 Ongoing 2 FWE NMGEF 3,000 3,000 3,000
education relative to the through PA A2G&F
species to the public sectof 9.1.5 fR FS
BLNM
BR
o-1 Ensure allprofessional 9.2.1 2 Ongoing 2 FWE BR 2,500 2,500 2,500 dosts include
information is made through fR AZGEF informetion
available 9.2.4 NMGLF publication in
BLM scientific
[ 13 journals
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IV. APPENDIX A: PROPOSED CRITICAL HABITAT

Propoeed critical habitat for opikedace, Meda fulaida, in Arizona and New
Mexi co, as originally proposed by Fws 1985 (al I reaches figured in Fws
1985). Legal deecrfptiono (township, range, and eection) arenot included
here; format nodified from original publication. Additional stream reaches
may beappropriate for consideration as future additions to the designated
critical habitat. Any such additions Wi ll be subject to the standard

rul emaki ng process, including publication of apropooal in the Federal
Register and a public revi ew period.

Arizona;

1 G aham and Pinal Counties.: Aravaipa Creek, the perennial stream
portion (approxi mately 24 kilometers [kn) long). This area includes
Bureau of Land Managerment and privately owned lands.

2. Yavapai County:

a. Verde River, approximately 57 kmofriver extending from
approxi mately 0.8 km below the confluence with Sycanore Creek
upstream to Sullivan Lake. This area includes U.S. Forest Service,
private, and State |andta.

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

New Mexi co:

L Grant and catron Counties: Gila River, .three eectione of river
totaling apforom mately 73 kmin length. The first eection,
approxi mately 50 kmlong, extends from the nmouth of the Mddle Box
canyon upstreamto the confluence with Mgollon Creek. A second
eection, approximtely 11.5 kmlong, extende up the Wst Fork from the
confluence with the East Fork. The last section, approximately 11.5
kmlong, extends up the Mddle Fork fromite nouth upstream to the
confluence with Big Bear Canyon. These river sections flow through
U S. Forest Service, Bureau of Land Management, New Mexico Depart nent
of Canme and Fish, and privately owned lands.

In addition to the above areas which have been fornally Froposed for
critical habitat designation, the follow n% reach of Eagle Creek is
recomended by this plan for addition to the designated critical habitat.

G aham and creenlee Counties: Eagle Creek, approxinmately 38 km of
stream extending from the Phel pe Dodge Corporation diversion dam
upstreamto the nouth of Sheep wash. The stream flows t hrough San
Carl oe Apache Indian, U S. ForestService, and private lands. This
popul ation wae undiscovered at the time critical habitat wae
originally proposed by FWS (1985). Because of the relatively
unperturbed character of the stream segnent and viable spikedace
popul ation found there, it is a recomendati on of thie plan that the
reach be proposed for designation as critical habitat.
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V. APPENDIX B: COMMENTS

Appendi x B is-combined for two recovery plans; the spikedace and the | oach
m NNow. It contains a |ist of plan reviewerta, copies of coment letters
received, and Service responses t0 those comments. Comments forboth pl ans
were solicited at the sametime, and all commentl|etters address both
plans. Therefore, to reduce paper consumption, Appendi x B has been printed

under separate cover from the body of either recovery plan. pendi x B wae
distributed along with copies of the plane to amailing liet of interested
parties, including Federal and Stateagencies and parties who submitted
comments. Further distributions ofeither recovezy plan will be nade

wi t hout Appendix B, unless it is requested. Separate copiesof Appendix B
are also avail abl e upon request.
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