
PART II
RECOYERY

Object i ve

To rec over the Colorado squawfis h i n t hree major recovery are as: the Green
Ri ver/ Upper Col or ado River subbas ins ; the San Juan River subbasin ; and the
Lower Basin by establish ing natu ral ly self-sustain ing popu l ati ons i n each of
the se areas . Quantitati ve cr i te r i a for defining sel f -sust aining popu lat ions
wil l be determined 1n the future 'pendi ng evaluation of informat i on on
population viab ility.

It is important to the re covery and long- t erm survi val of the Col orado
squawf i sh to mai nt ain and protect suff i ci ent numbers in enough areas t o protect
against catastrophic loss (disease, pollution , et c . ) that could occur i n any
one are a or affect anyone popul at ion. Inclusion of the San Juan River
subbasi n as a Recovery Area i s considered necessary because i t provides an
add it ional populati on t hat will help prevent extincti on of the species gi ven a
cat astrophic l oss of the Green Ri ver/Upper Colorado Ri ver subbas i n and because
i t may re present a separate genet ic stock. Incl usion of streams i n t he Lower
Bas in al so will provide prot ecti on against cata st rophic l oss i f it i s
determined feasible t o reest abli sh popUlati ons there .

The Colorado squawf i sh can be downl i st ed or delisted by popu la ti on or Recover y
Area . Reclassi fying a population or Recovery Area i n t his way means that the
species wl1 l be treated as thre atened (in the case of downllsti ng) or wi ll no
lo nger be considered a li sted specie s (i n the case of deli sting) onl y wi t hin
the reclassified Recovery Area j ot her Recovery Area s are unaf fected.

If one or more popul at ions remai n l i sted as endange red or t hreatened any ot her
dell st ed popula tions may be identi f i ed as being protected under Similari ty of
Appearance rules . Simi lar i ty of Appear ance means th at t ake of indi vidual s from
del i st ed populat ions may st i l l be regulated, in order t o prot ect i ndiv idua ls of
t he same or s imi lar speci es occurri ng in po pulat ions t hat are st i ll l i sted as
endangered or t hreatened. Other requi rement s of t he Endangered Species Act do
not appl y t o del i sted populati ons under Simi l ar ity of Appearance rules.
t herefore, proposed actions affecting deli st ed popu l ati on s under Sim il ar i ty of
Appearance rules ar e not requi red to undergo Sect ion 7 consul t at ions .

For the purposes of t hese recovery objecti ves , Colorado squawf ish i nhabiti ng
t he Gr een River subbasi n and t he Up per Colorado River subbas i n wi l l be t reat ed
as one popul at ion and one recovery area because of th e potent i al for f is h
i nt erchange between the two subbasi ns and the potent ia l val ue of either
subbas i n ser vi ng t o augment the popul at ions in t he othe r . Therefore , any
rec lass i fic at ion acti ons (downli sti ng or del i st ing) wil l be done simul t aneously
on th ese two subbasi ns.
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At pre ~ent , there i s no information indi cating a po ssible link between Colorado
squawf ish inhabiting the San Juan subbas in and Colorado squawfi sh inhab iti ng
the Upper Col orado/Green River subbasin; therefore , down1isting and de1i st ing
acti ons in these subba sin s are not linked . Such act i on s may proceed
independentl y as appropriate criteria are met in eit her of the subbas ins.

Currently , any populations of the Col orado squawfish occurr i ng i n the l ower
Basin (i n the Salt or Verde Rivers) have been designated as nonessential
experi ment al populati ons and are by regulation treated as threat ened.

DoWplisting Criteria

1. Green River/ UpDer Col orado River subbasjns.

Colorado squawf is h in the Green Rive r/ Upper Col orado Ri ver subba sin s wi ll
be cons idered el ig ible for recl assi f icat ion to threatened when naturall y
se l f -susta ining popUl at i on s are maint ained in:

(a) the Green River subbasin incl uding the Green River from its confluence
with the Col orado Ri ver upstream to its conf l uence with the Yamp a
River , the l ower 220 km (1 37.5 mil es) of the Vampa River , and the lower
240 km (1 50 miles) of the Whi t e Rive r; and

(bl the Colorado River from Lake Powell upstream to Pali sade, Col orado.

2. San Juan Ri ver sybbasi n.

Colo rado squawf is h in the San Juan Ri ver subbasi n wi ll be considered
el ig ibl e for rec l assifi cation to threatened when;

(a) a naturall y sel f-s ustaining popul at ion i s maint ained in the San Juan
Ri ver from Lake Powel l upst ream to the confluence of the Animas Ri ver
near Farmington , New Mexico.

Delisting Criteria

1. Green River/Upper Colorado Ri ver subbasins.

Colorado squawf ish wi ll be considered eligi ble for del i sti ng in t he Green
River/Uppe r Colorado River subbasins when:

(a) downli sting criteria have been met in the Green Ri ver/Upper Col orado
River subbasi nsj
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(b) the t~reat of significant fragmentation (e.g. , fra gmentati on that would
impai r the reproduct ive success of the population or limit/impact the
adult population size) is removed or all evia ted :

(c) essential habitats , primary migration routes, required streamflows , and
neces sary wate r quality are legally protected ; and

(d) other ident i f iabl e threats , if any , whi ch may signi fi cant ly affect t he
population are removed .

2. San Jyan River subbasi n.

Colorado squawfis h in the San Juan Ri ver subbas in will be con sidered
el igible for del i st ing when:

(a) downl i st ing cri te ri a have been met 1n t he San Juan River subbasi n; and

(b) the criteri a l isted in (b) through (d) for t he Green River/ Upper
Col orado Ri ver subbasi ns also have been met in t he San Juan Ri ver
subbasi n.

3. lower Basin .

The populat ion of Colorado squawf i sh in the Lower Bas in will be con sidered
el igi ble for del is t ing when:

(a) the popul at ion s in the Green River/ Upper Col orado River subbasins and
the San Juan Rive r subbasi n have been del i sted;

(b) a popUl ati on i n ei ther the Sal t River from a di versi on dam upst reamof
Roosevel t l ake to Apache Falls or in the Verde River from Horseshoe
Reservoir upstream to Paulden, Arizona , 1s reestabli shed and habitats
and streamf lows are l egall y protected . Feasibility of thi s effort wil l
be reevaluated at the concl usion of the 1995 Lower Basin agreement . At
that t ime t he need for inclusion of these areas in the del i st i ng
criter ia will be reconsi dered; and

(c) t he cr iter ia l i sted in (b) through (d) of t he Green River/Upper
Colorado Ri ver subbasins have been met i n t he Lower Basin .

Th e est ima ted date for achieving recovery in the Green Ri ver/ Upper Col orado
River subbasi ns , as identi f ied i n the Upper Basin Recovery Implementat i on
Program, i s 2003. A recovery date for the San Juan River subbas in and the
Lower Ba sin will be establ i shed during the devel opment of recovery programs for
those basi ns.
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These recovery cr iteria are prelimi nary and may be revised on the basis of new
i nformation from population viabili ty analyses or informatio n on populat ion or
habitat status in either the Upper Basin or Lower Basi n. Radiotelemetry
studi es of Colorado squawfis h are continuing, and if addi t i onal information
indicates a link bet ween Colorado squawfi sh inhabiting the San Juan Ri ver with
Col orado squawfi sh inhabit i ng the Upper Colorado, then re visi on of these
recovery criteria wi l l l ikel y be needed .

Stepdown Outline

I . Monjtor populat ion st at us and define t he ljfe hi st prY requjrements of the
Co l orado sguawf is h.

II . Monitor Colorado squawfi sh populat tons .

111. Compil e and analyze populat ion data .

112. Devel op sta ndardized moni tori ng procedu res .

113. Determine popUlat ion status and trends .

12. Research and expand the life hjstory i nformat ion.

12 1. Refine informati on rel at ed to l ife hi st ory/ spawning and
recruitment requirements .

122. As sess lnter-/intra spectfic interaction s .

123. Develop agi ng techniques and determi ne age di st ribut i on and
growth rates.

124 . Identify cues for and importance of mi grati on .

13 . Develop and impl ement standardized procedures for data col lecti on ,
management, and analys i s .

14. Develop annual work plans for high prior ity research and mon itoring
activi t ie s for i nteragency revi ew.

2. Develop and i mplement management plans to protect and mai nt ai n Col orado
sguawf ish popu lation s and their habitat .

21. Determine threats to and prot ect Col orado squawfi sh populations and
t hei r habitat.

211. Monitor and assess the impact of proposed devel opment proj ect s .

212. Identify and asses s t he impacts of introduced non nati ve species
whi ch compete with or impact the Col orado squawf ish.

213 . Mon i tor t he extent of paras itism and dise ase in t he Colorado
squawfi sh.
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21~. Determine effects of envi ronmental contaminant s on Colorado
squawf i sh and their habitat .

22. Refine and enforce exi st ing laws and regulations prot ecti ng t he
Colorado squawfi sh.

221 . Inform appropriate agencies of their enforcement
responsibi lities .

222 . Ensure compliance with Sect ion 7 of the Endangered Species Act
by all Federal Agencies.

223 . Assess effecti veness of current regulat ions/ management and
draft additional regulat i ons or increase protect ion and
enforcement as needed.

224 . Di scont inue or preYent introduct ions of nonna t i ve f i sh species
whi ch have a negative impact on the Colorado squawf is h.

225 . Minim;ze i ncident al t ake of all l ife st ages of Colorado
squawf ish, especial ly that associated with spor t f is hi ng ,
sei ning for ba it, and st randing in irr igati on ditc hes .

23 . Ident i fy and mon i tor all essent ia l habitat.

23 1. Conduct field investigations to locate and fur t her def ine
sensi t ive habi t at ( i .e ., spawni ng and rearing areas , etc.) .

232. Determ ine biolog ical. chemi cal , and physical component s for
crit ical habit at type .

233. Def i ne flow, temperature, and substrate requ i rements .

234 . Establ ish cri teria to ident i fy sui t abl e habi ta t (i. e . , ti ming,
duration, and microhabitat).

24. Ma nage and restore pri mary Colorado squawf is h habitat.

241 . As sess impact s of exis t ing water develo pment projects and make
recommendations to improve habi t at condi tion s for Colorado
squawf ish .

242 . Evaluate fi sh passage as a method t o restore use by and
movement of Colorado squawf i sh within their former range where
dams now restrict movement .

243 . Determ ine ef fec ti veness of enh ancing Colorado squawfish
spawning and rearing success t hroug h habit at improvement .

244. E n s u r~ that essential habi tats , migrat ion routes, streamfl ow ,
and adequat e water quali ty are l egall y prot ected.
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25 : Oevelop and impl ement cooperative interagency prog rams to protect and
recover t he Colorado squawfi sh.

3. Re introduce Colo rado sguawf is h into t hei r hi stor ic range .

31 . Develo p capabi lit ies to produce adequate number s of Col or ado
squawfi sh for research and management .

311. Develop or improve propagation, holding, and rear ing t echniques
to opt i mi ze ,pr oduct i on.

312 . Maintain a diver s i fi ed gene pool .

32. Conduc t rei nt roduction programs in l ower Basin .

321. Identify areas for rei nt roduct ion/augment at ion.

322 . Res tore or prepare stocki ng si t es as needed.

323 . Stock and moni t or rei ntroduced/ stocked popul at i on s .

33. Conduct augmentati on/ rei ntroducti on program in the Upper bas in.

331. As sess t he role of art ificial propagation of Co l orado squawf i sh
in prOV id ing f is h for re~earch and for augment at ion stocking.

332 . Conduct r eint roduct ion/ augment at ion programs .

4. Promote and encour age improved commynicat ion and information
di ssemination.

41. Conduct na t ionwide and basinwide information and educa tion programs.

42. Conduct l ocal informat i on and educati on progra ms .

421 . Minimize incidental t ake of squawfis h t hrough i nformat ion and
educati on programs.

422 . Assess the sport f is he ry potential for Colorado squ. wf i sh.

43 . Promote information and educati on programs wi th in management
agencies .

44 . Encourage and support publ ic ation of research and ot her recovery
res ults in t he tech nical literature.
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5. Determine biological criteria/objectives for downlisting/dellsting the
Colorado SQu8wf i sh.

51. Define natural ly self-sustaining populations.

52 . . Estab li sh quantifiable objectives for downli sting and del i sting.
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1. Monjt or population st atus and define the l ife hi sto ry requi rements of the
Co lorado sguawfi sh.

11 . Monitor Col orado sguawfis h populations .

Int ensi ve fie ld jnvest igations have been conduct ed t o locate Colorado
squawfish populati ons in most of the known occupi ed habit at. Reaches
shoul d be identi fied for long- t erm mon itor ing of important life
sta ges of Colorado squawfish.

Ill . Compi l e and anal yze populat ion dat a.

Informat ion on population abundance, dist ri but ion, mig rat i on ,
and ot her general biol ogical information should be compi led and
evaluated to: (a) ident i fy index moni toring sites; and
(b) det ermine basel i ne populat ion st at us and trends at the
index moni toring si t es .

112. Develop standardized moni toring procedures .

Standard ized procedures shoul d be devel oped by an interagency
group t o ensure that effic ient and compat i ble monitoring
procedures are used throughout the Colo rado River basin .
Mon itoring procedures including electrofishing, handli ng,
tagging , and l arval f i sh sampl i ng should be evaluated for
impacts to squawfish popul ations .

113 . Determine populat ion status and trends.

An intensive moni toring program usi ng procedures developed in
Task 112 should be conducted t o determine populatio n status
over t ime (i .e ., identi fy age classes, hatching and reari ng
success , relative abundance, etc .).

12. Research and expand the l i fe h1story informati on.

Impor t ant aspect s of the life history of the Co lorado squawfish will
be described. Ef fort s should be made to maximize sci ent i f ic use of
f ish. All fI sh mort al i t ies wi l l be sent t o the Service faci lity at
Fort Col li ns , Co lorado; Arizona State Uni versi ty; or other sui tabl e
facil ity as dete rmined by the Service for catalogi ng and storage .

121. Refine information rel ated to l j fe hi st ory/ spawn ing and
recruitment requi rements.

Add i tional l ife hi story information should be col l ect ed to
determine cr it ical or limit i ng l i fe stages of the Col orado
squawf ish. Major emphasis should focus on better underst anding
t he factor s affecting spawning, larval and young ~of -the- year

t ransport, and recrui tment success. Priori ty studies incl ude :
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(aj determining the relat ionship between larval abundance and
young-of-the-year abundance and recruitmentj (b) determin ing
the effects of streamflow. water temperature , and predati on on
recruitmentj and (e) roles of chemoreception and imprint ing on
recruitment; and (d) use and movement of Colorado squ awfi sh in
the inflow regions of the Colorado and San Juan r iver arms of
Lake Powell.

In addition , the sen si tive areas for the Upper Basin should be
ref i ned period icall y to reflect important hab i tat s for Colorado
squawfi sh. The sensi t ive area concept al so shoul d be expanded
to the lower Basin using new or refined cr iteria .

122 . Assess int ero/ int r aspeci f ic interact ions .

Determine the interaction between individual Colorado sQuawfish
and between Colorado squawf ish and other species which may l ead
t o compet it ion , di splacement, and predati on .

123. Develop agi ng t echniques and det ermine age djstributi on and
growt h ra te s .

Techniques for ag i ng specimens are being developed. Rel iable
aging techniques for li ve fi sh are needed and sho uld be
developed . Total length and weight records shoul d be
maint ai ned by al l monitoring agencies .

124. Identify cues for and importance of mi grat ion.

Migrati on routes and patterns have been determi ned through
rad iotelemetry and by monitor ing tag returns in t he Green and
Upper Col orado Rivers . Additional work to dete rmi ne migra t ion
and movements in the San Juan River are needed . Cues af fect i ng
migrat ion shoul d be ident i f ied and their relati ve import ance
est imated.

13. Devel op and implement st andardized procedures for dat a col lect ion.
management. and analys is .

To ensure that data coll ected by all cooperating management agenci es
are comparable and accessibl e, a standardized program for dat a
col lec t ion, management, ana lysis , and dis seminati on is requi red.

14 . Develop annual wor k plan s for high pr ior i ty research and moni t or ing
acti vi t ies for int er agency review.

Annual meet ings should be conducted to re view t he overal l st at us of
recovery effort s in both Upper and Lower Basins . Each agency should
prepare a report of it s recovery effort s for the annual meeti ng. For
effective implementation of recovery activ ities, work plans need t o
be developed "and revi sed ann ually by involved agencies .
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Oev~l oo and impl ement management plans to protect and maint ain Col orado
sguawfjsh populat jon s and their habitat .

Areas support ing exi sting populations shoul d be protec t ed under the
Endangered Species Act. Federal and State agencies should ensure that
eX ist ing sensi t i ve Colorado squawf i sh habitat s are maintai ned. Thi s
incl udes l egal provi sion for adequate streamfl ow and te mperat ure regimes.
water quality, and physica l characteri st i cs. Primary hab itat s wil l be
select i vely moni tored unt il the speci es i s del i sted. Monitoring should
cont i nue aft er de l i st in~ to ensure habitat and popul ati on st abi li ty .

21. Det ermine threats to and protect Colo rado sguawfish populat i on s and
t heir ha bitat.

An assessment of threat s facing Colorado squawf ish and thei r
potenti al impacts on t he species and i ts habitat should be made.
Once thi s informat i on i s known. management and protect i ve regul at ions
can be revi sed or appli ed as needed.

211 . Monitor and assess the impact of development project s .

Ongoi ng or proposed water development or related proj ect s
should be moni tored/ evaluat ed to determine their effec t s on
squawf i sh popul ation s and their ha bi t at in terms of f l ow,
te mperature, and wat er quali ty changes (e,g. , t urbidi ty,
sal i ni ty, envi ronmental contamin an t s) .

212 . Ident ify and assess the i mpact s of i ntroduced nonnat i ve spec i es
wh i ch compete wi t h or impact the Col oradQ sguawf ish.

St udies should be conducted in conjunct ion with Ta sk 122 t o
det ermine t he i mpact of competit ion, predati on , and
di spl acement by non nat i ve spec ies on the Col orado squawf i sh and
the extent to whi ch thi s i s infl uenci ng Colorado squawfi sh
di stri buti on and abundance . Potent i al benef ic i al effects of
nonnat ive speci es as forage al so shoul d be determined.

213. Monitor t he ext ent of parasi ti sm and di sease in the Col orado
sguawf i sh.

Although cursory invest igat i ons have not i ndi cated that di sease
or paras i t ism presently pose a seri ou s threat to Colo rado
squawfish popul at ions , informat ion obt ained through monitori ng
of wi ld popUla ti ons should be ev al uated t o determine i f
addit ional study i s needed.

214. Oetermine effect s of envi ronmental contami nants on Co lorado
sguawf i sh and thei r habi t at .

Id~nti fy po i nt and nonpoi nt sources of env i ronmental
conta mi nant s/ pol l utants t hat may affect Colorado squawf is h and
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their habitat. Determine concentrati on level s of environmental
contami nants in Colorado squawf ish and their effect on growth,
reproduct ion, and survival. Ta ke appropriate act ion to
eliminate sources of environmental contaminant s that po se a
t hreat to the recovery of the Colorado squawfi sh.

22 . Refi ne and enforce exjst jng laws and regul ati ons protect i ng t he
Col orado squawf i sh.

The purpose of th i s ta sk i s to maintain Colorado squawf i sh
populat ions by preventi ng any further degradation of essent i al
habitat .

221. Inform appropriate agenc ies of t hei r enforcemen t
respons ibil ities .

Al l agencies shou ld be made aware of the ir responsibilit ies
regarding the laws protec ting listed species and the ir habitat s
(e .g ., Endangered Species Act , Fi sh and Wildli fe Coordinat ion
Act, or Lacey Act). Agencies shoul d be kept current on al l
l aws and regula t ions or revisions that would change agency
responsi bi l i ty .

222 . Ensure compljance with Section 7 of the Endangered Species Act
by al l Federal Agenc ies.

Federal Agenci es should comply wi th Secti on 7 of the Endangered
Species Act and consul t with the Service on any project
involving Federal permits, moni es , etc . , wh ich may affect the
Co lorado squawf ish . Section 7 consultat i on on such project s
shoul d help in ensur ing that the ecol og ical requirement s of the
squawfish are maintained and furt her impacts minimi zed.

223. Assess effect i veness of current regu lat io~ s/management and
draft addi t ional regu l at i ons or increase protect i on and
enforcement as needed.

Current management pract ices and protec tion or enforcement
act iv i ties should be monitored to det ermine their effecti veness
in conservi ng the species .

224. Di scontin ue or prevent int roducti on s of nonnative f i sh specie s
which have a negat ive impact on the Col orado sguawf is h.

St ocki ng of nonnati ve species whi ch compete wi th the Colorado
squawf ish shoul d be discont inued unt il i t is demonstrat ed that
such int roduct ion s wi l l not have a negative impact on-the
Colo rado squawfi sh (see Task 212 ). A cooperat ive agreement
should be ini t iated by t he Service and t he States of Ar izona,
Cali forni a. Colorado, Nevada, New Mex ico. Ut ah, and Wyoming to
prohibi t introducti on of no nnati ve f ishes that might further
endanger t he Colorado squawfi sh or j eopardi ze it s recovery .

30



i]

:]
n
:I
!I
;]
:1

:]
:I
iJ

;I

II
U
U
;1
;J

: J

:J

;I

225. Mini mize incidental take of all l ife stages of Colorado
sguawf i sh. especially that associated wi th spor tfj shing.
seining for bait. and stranding in irrigation ditches.

Recent evidence suggests that angling and the use of live
resident fishes as bait may promote the "t ake" of Colorado
squawfish or expand the range of nonnative specie s. State laws
and regulations related to the use of live fi sh as bait . bait
seining, and angling should be revie wed and changed to mi nimi ze
the incidental take of Colorado squawf ish. Fishing
regulat ions. tac kle restrict ions , and seasonal temporary and
permanent angling closures should be implemented as appropriate
by St at e wildlife management agenci es. Fishing, with
appropri ate restrictions , al so may be useful as a monitoring
t ool and should be evaluated as needed . The dIversi on of
Colorado squawf is h into irrigati on ditches and their subsequent
st randing cont r i but es to overall plight of the spec ies .
Although the extent of such lo ss i s not known, invest igations
shoul d be carried out into methods that might assess and
min imize such impact.

23 . Ident i f y and monitor all sensi t i ve habi tat .

.Although sensi t ive areas have been identifi ed 1n porti ons of the
Upper Basin. invest igation s should be conducted to determine the
criti cal components of sensi t i ve habitat. St ate or Federal agenc ies .
inclUding the Arizona Game and Fi sh Oepartment, the Col orado Di vi si on
of Wild life, the New Mexi co Department of Game and Fish, the Service ,
and the Utah Div is ion of Wildlife Resources , should parti cipate in or
supervi se habitat mon itoring .

231. Conduct f iel d investigati ons to locate and further define
sens it i ve habitat ( i.e . . spawning and rearing areas. et c .) .

Fiel d invest igat ions must be continued to refine informati on on
spawning areas , migrat ion routes , et c . , so that informat ion on
ecol ogic al requ i rements can be obtained. Primary emphasi s
shoul d be di rected toward areas that have not been inten sel y
stud i ed in the past (e .g . , San Juan Ri ver , Lower Basi n).

232 . Det ermine biol ogical . chemic al . and physi cal component s for
sensi t i ve habitat types.

Cont inue studies to refine the ecologi cal requirement s for the
different life st ages of the Colo rado squawf i sh. Thi s would
incl ude the coll ection of dat a on subst rate, hydrauli c
characte rist i cs , water temperatures , i sol at ing factors ,
sal inity and environmental contaminant l evel s , and other
essent ial component s of the habi t at .
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233 . . Defjne flow. temperature . and substrate requirement s .

Col lect and eval uate microhabi t at data to refi ne depth,
vel ocity, substrate, cover , t emperature, and other impo r tant
requirements of Col orado squawf i sh. Devel op quant i t at i ve
rela t ionships between f low and habitat at importan t sens iti ve
areas . Rela te changes in f l ow and habitat to changes in
populations of Colo rado squawfish.

234. Est ablish cr iteria to identify sui t abl e habi t at (i .e . • t iming,
durat ion. and microhabl t atl .

Us ing information gained through implementat ion of Tasks 231 ,
232 , and 233, a set of cr i t er i a should be devel oped for use in
ident i fying suitable potentia l habitat . The cr i t er i a should be
developed based on a comparative analy sis of important habita t
feat ures in t he San ,Juan, Green, and Upper Colorado River
subbasi ns , incl uding water quali ty, gradi ent, ava ilabili ty of
backwaters, spat ia l distribution of key habit at types , wat er
volume, exoti c f i sh abundance/ composi tion , shape of the
hydrograph, etc .

24. Manage and re store primary Col orado sguawfi sh habitat .

Techniques for re stor ing historic mi gratory and primary habi t at mus t
be developed which would i ncl ude restoration of wat er fl ows and
physic al requi rements far squawfis h. Once such re storat ion methods
are devel oped, they can be implement ed as needed.

241 . Assess impact s of exi st ing wat er development proj ects and make
recommendati on s to improve habi t at condi t ions for Col orado
sguawfi sh.

Cont inued moni t or ing of ongo ing water development proj ect s is
essent ial t o accurate ly evaluate cumul at ive effects of habit at
degradat ion and t o apply effective management t echniques.
Operating pl an s shoul d be developed for t he Fl ami ng Gorge, Blue
Me sa, and Navajo projects to protect and recover Co lo rado
squawf is h in t he Green, Colorado, and San Juan Ri ver s .

242. Evalua te f i sh passage as a method to re store use by and
movement of Col orado sguawfi sh wi t hin t hei r former range where
dams now re strict movement .

Through t he use of radiote lemetry and ot her techn iques , t he
migrat ion of Colorado squawfish and some of the fact or s
influ enci ng their migra t ion patterns in t he Uppe r Basin have
been determ ined. lhe biol og ical merit s of providi ng
unres t r ic ted passage to histo ric habi ta t s i n the Upper Basin
(e .g. , t he White River above Tayl or Draw Dam, t he Gunn ison
Ri ver above the Redl ands diversi on , etc . ) should be eval uated.
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In addition, tests shoul d be conduct ed to determine the abi lity
of Col orado squawf ish to negoti ate variou s fi sh pass age devices
(e ,g" l adders or elevators), The feasibi l i ty of providing
passage around low or moderatel y high dams shoul d be
determi ned.

243. Determine effectiveness of enhancing Col orado sgyawfish
spawni ng and rearing sycces s through habitat improvement .

Studies need to be conducted to det ermine if al terat i on or
improvement of physical habitat . st reamflows, or water quality
and other important parameters of squawf is h habit at wi l l
enhance recovery.

244 . Ensure that essent ia l hab it at s. migr at i on routes. streamflow.
and adequa te wa ter quality are l egal l y prot ect ed.

Th rough the appli cation of appropr iat e State and Federal l aws ,
purchase of water rights, formal agreement s, Memorandums of
Agreement, and the provis ions of the Endangered Species Act ,
ensure that essent ial habi ta t s , migrat i on routes , and physi cal
habitat characte ris ti cs for Colorado squawfish are l egall y
protected, All st r ategies to protect t he species' habi t at
should be investigated . Pr ivate conservat ion groups as well as
St at e and Federal agencies shoul d direct th eir ef fort s toward
thi s goa l . Quanti f ic at ion of the amount and ti ming of fl ows
wil l depend on identifying the speci es ' habitat requirements .
Adequate streamflows t o provide habit at for t he Co lorad o
squawfi sh wi ll have to be protect ed on a l ong -term basi s .

Devel op and implement cooperat i ve interagency programs to crotect and
recover the Colorado sguawfi sh.

A maj or cooperativ e ef fort to recover endangered fi sh species i n the
Upper Ba si n (excluding the San Juan Ri ver drainage) wa s ini t i ated in
Augu st 1984. Thi s resul t ed in the esta bl ishment of the "Recovery
Impl ementat ion Program for Endangered Fi sh Spec ies in t he Upper
Colorado Ri ver Basin . " A coo pe rat ive agreement s igned in January
1988 by the Governors of Colo rado, Wyoming, and Utah; the Secre tary
of the Interi or; and the Adminis trator of the West ern Area Power
Admini strat ion formall y implemented the program and created a
IO -member committee to oversee it . Five basic recovery element s are
i dent ified: (I) provi sion for inst r eam flows; (2) habitat
devel opment and maintenance j (3) rearing and stocking of nat i ve f ish ;
(4) management of nonnative speci es and sportfi shing; and
(5) research, monitoring, and data management . The projected annua l
budget for the Recovery Program i s $2 .3 mi l l ion, and sources of fund s
wil l i nc l ude Federal and St ate governments , power and water users ,
and private donation s . A $10 mi ll ion fund wi ll be request ed of
Congress for purch ase of water right s t o acqui re and/or protect
instream f lows, and anot her $5 mi l li on wi l l be reques ted for
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construction of facilit ie s such as a hatchery, fish passageways, et c.
Private entities proposing water projects will support the program by
providing a one-ti me contribut ion of SlO per acre -foot of the average
annual depletion of the project.

The Recovery Program {U .S. Fish and Wildli fe Service 1987} is
intended to provide for the coordinated implementation of the
Servi ce ' s recovery plans for the endangered bonyta il chub , humpback
chub, Colorado squawf ish, and the proposed endangered razorback
sucker in the Upper Ba sin (exclUding the San Juan River) . Therefore,
the Recovery Program will be considered a stepdown effort of th i s
recovery plan and become the primary mechan ism for imple ment ing the
recovery plan in the Upper Basin.

A recovery impl ementat ion program for the Col orado squawf ish and t he
razorback sucker i s currentl y be ing developed for t he San Juan River
by t he Service in coordinat ion wi t h appropr ia t e Federal and State
agenc ie s , Ind ian tr ibes, environment al groups , and water devel opment
inte rest s . This will be t he pr imary mechanism for implement i ng th i s
recovery plan in the San Juan River .

An addit ional cooperative interagency plan for recovery acti ons for
these endangered f ish in the l ower Bas in i s being pl anned. Wh~n

compl et ed, t hi s Lower Basin Recovery Act ion Plan will be considered
t he Lower Bas in st epdown ef for t of t hi s recovery pl an and will be the
pri mary mechani sm for implement ing thi s recovery plan in the l ower
Basin. The Service should ensure t hat t he Upper Ba sin Recovery
Program, the San Juan Recovery Program, and the Lower Basin Recovery
Act ion Pl an cur rent ly being devel oped are full y coordinat ed.

3. Re int roduc e Co lorad o sauawfi sh into their hi storj c range.

Color ado squawf is h are now bei ng re introduced int o unoccupied habitat
areas i n the lower Basin with highest recovery potent i al (i .e ., t he Sal t
River, t he Verde Ri ver , and t he Lower Color ado Ri ver) . Based on research
accompl i shed in Task 331, augment at ion of Col or ado squawfish in t he upper
Colorado River and San Juan River subbasi ns may be needed to support
res earch and recovery acti vit ies . St udies on age clas s st ruct ure,
dist ribut i on , and cree l census wi ll dete rmine success of the stocki ng
program. Resul ts of t hese studi es wil l help to dete rmine fut ure stoc king
requi rement s .

Al l f ish stocked in the Upper Ba sin wi ll be marked before rel ease int o t he
wi ld, consis t ent with ongoing efforts. Restocked areas will be sampl ed by
st andard fi shery t echniques t o assess survi val , growth, et c. Followup
st ockings in re introduct ion si tes should be based on monitoring re sul t s to
det ermine i f ini t ial stocking is cont r ibuti ng to t he reestabl i shment of a
sel f- sust aining populati on .
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31. Deyel op capab i lit jes to prodyce adequ ate numbers of Co lo rado
'sguawf i sh for research and management .

Produce an adequate supply of genetic al ly diver se and disease- free
Colorado squawfish t o support research , recovery, and rei ntroduct ion
ef for ts and t o maintain a refugl um population .

311. Devel op or improve propagation. holding. and reari ng te chniques
to opti miz e product ion.

Add itional information on propagation, reari ng , and holding
te chniques must be devel oped to optimize product ion . Met hods
to induce maturation of gonads have been developed. However,
there is a need to determine optimum l oading capaci t i es of
hol ding/ rear ing faci l ities for di f fere nt sizes of f i sh.
Additiona l product ion and rear i ng capabi l i ty should be
developed t o meet anticipated needs, but emphas is should be
placed on maximi zing the use of exist i ng capabi lities (e .g. ,
Dext er and Will ow Beach Nat ion al Fish Hat cher i es , State
faci l ities).

312. Ma intain a divers i f i ed gene pool .

Studies should be undertaken to determine whether signifi cant
genetic di fferences exi st amo ng fi sh from different subbasi ns
and t o determine the number of brood fi sh needed to provide
na tural genetic diversity for at least 20 generations . If
l itt l e or no geneti c impact i s indicated, hatch ery broodstock
wi l l be supplemented as necessary wi t h wild fi sh or gamet es
from wil d fish of different rivers to ma intai n geneti c
divers ity .

32. Conduct reintrodu cti on prQgrams in t he Lower Basi n.

Re introduct i on programs have been init iat ed in the lower Basi n.
Because there are no exi sting populati on s in the Lower Basi n,
rei ntroduction i s the only potent ial method for reestabl i shing
Colorado Squawf ish popu lations.

32 1. Ident ify areas for reintrod uct ion/augmentat ion.

An evaluat ion of each potential reintroducti on site will be
conducted based on information gathered in Tasks 23 ), 232,
and 233 . Pri mary candidate sites for reint roducti on are in the
Lower Bas in. Fi sh stocked in the Lower Basin in t he Sa lt and
Verde Rivers have been designated as nonessenti al exper imenta l
populati ons.
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322.. Restore or prepare stocking s jtes as needed.

Habitat enhancement should be considered based on t he resul t s
of Task 243. Improvement s could include physical habi t at
modifications such as addi t ion of l arge boulder s for cover or
the cre at ion of side channels and bacKwater s , as well as
biol ogical modi f ic at ions such as eradication of nonnat ive
species or a mora t ori um on stocking nonnative specie s where
Col orado squawf ish recovery acti vi t ies will be ini t i ated.

323 . St ock and mon i tor ·rei nt roduced/s tocked populations .

St ock specific rein t roduct ion si t es ident if ied in Ta sk 321 .
St ocking i s planned to conti nue in the Salt and Verde Rivers
th rough 1995 . At lea st annual moni tor i ng of stocked areas
shoul d be conduct ed t o determi ne surVival , movement , and
habitat se le ction of the stocked fi sh. plUS ot her attri butes of
t he ecosyste m such as rel at i ve abundance of f i sh species
encount ered. Aft er the st ocking per iod, t he success of the
programwill be eval ua ted and recommendations for furth er
recovery ef forts in the Lower Bas in may be for mu lated.
Regular mon i t oring wi l l det ermine i f it is cont r i but ing to the
establi shment of a sel f-sus ta ining popu l ati on .

33. Conduct augmenta ti on/reint roduct ion ~rogram in t he Upper Ba sin .

Colo rado squawf i sh popul at ions occur in sever al reaches of Upper
Basin r iver s . Stocking programs wi ll need t o be eval ua ted to
determine i f they wi l l contribute t o reproduct ion and est abl is hment
of sel f-su st ai ning populations . If so, programs wil l be initia t ed to
augment exis t i ng pop ulati ons and reest abl i sh popula tions in reaches
where Col or ado squawf ish are absent.

33 1. Asses s the role of ar tificial propagat ion of ColoradQ squawfi sh
in provi ding f is h for research and for augment at ion st ocking .

Some basi c quest ions about size at st ocking. habitat use,
i nt ers peci f i c compet i t ion, olfact ory cues and imprinti ng, and
reproductive success must be answered to determi ne the
feasi bili ty of stocking art ifi cial l y propagated Color ado
squawfish . Thi s may requi re carefully pl anned exper imental
stocking. Questions associ at ed with art ific ial propaga t ion
incl ude size, capacity, l ocati on. et c . , of f aci l iti es needed t o
rear Co lorado squawf i sh for research and for stocking.

332 . Conduct rei nt roducti on/ augmentat jon programs .

If st ocking of capti ve-reared Colo rado squawfi sh is determined
to be feasi bl e in success ful ly re storing or augmenting self­
sust aining populat ions of Colo rado squawfi sh , t hen ef for ts to
init iate st ocking programs will beg in. Th i s will include
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identification of appropriate stocking sites, development of
stocking plans at each site, restoration or preparation of
st ocki ng sites, and implementation of monitoring of stocki ng
programs.

4. Promote and encourage improved communi cat ion and information
dis semination .

Information and education programs should be implemented at local.
regional, and national levels to focus on the value of the Colorado
squawflsh as an endemic natural resource . An active effort will be made
by the Service and State agencies to inform the publ ic of recovery
act ivit ies and the eventual sportfi shing potential of Colorado squawfi sh.

Inter - and intra-agency communications, the shari ng of informat ion , and
the educat i on of the public about the goal s, objecti ves . methods , and
benefits of the recovery .program are essential for a success ful program .

41. Conduct nati onwide information and educat ion programs .

Conduct a nati onal campaign to i nform the publ ic of the need to
recover the Colorado squ awf is h. News of restorati on ef forts should
be publi shed i n the Servi ce ' s Endangered Specie s Technical Bul l etin .
Al so, nat i onal environmental groups, newspapers, and the medi a shoul d
be contacted and encouraged to promote the val ue of recovering the
Colorado squawf lsh.

42. Conduct lo cal informati on and educat ion programs .

All State wi ldlife agencies should cont i nue t o devel op and provide
l eaf let s for use by the l ocal chapters of sport smen and env i ronmental
groups , ri ver runners, newspapers, and the medi a. Effort s shoul d
focus on recent investigations , problems facing the squawfi sh, and
recovery efforts . The ecological value of t he Colorado squawf is h as
an endemic species should be emphasized .

421 . Min imize incidental t ake of sguawf ish through i nformati on and
education programs .

Specific measures to mini mize take may include: (a) educat ion
at t he time of license purcha se, including ident ification of
the speci es and information on penalties for taking Col orado
squawfi sh; (b) increased contact of anglers by Federal and
St ate enforcement and management personnel ; or (c) post i ng of
s i gns at high concentrat i on angle r use areas.

422. Assess the spor t f ishery potential for Colorado sguawfi sh.

One way to gain support for recovery programs would be
g~nerating interest in and support for a Col orado squawf i sh
sport f ishery. An assessment of t he squawfi sh as a sport f i sh
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and the public's potential acceptance of the program should be
determined. The Service , i n cooperat ion with Stat e agencie s ,
has attempted to establish experimental Colorado squawfish
sport fi sheries in Kenney Reservoir on the White River and the
Colorado River below Headgate Rock Dam . If feasible,
add itional locati ons for establishing sport fi sheri es, such as
in Nat ional Recreation Area s, may be evaluated.

43. promote informatjon and educat ion programs withi n management
agenc jes.

Increase awareness among agency personnel regardi ng squawf i sh
identifi cat ion, importance , role i n the ecosystem, etc ., and the
agency responsi bi l i ty to aid in the recovery effort.

44. Encourage and support publication of research and ot her recovery
res ul ts in t he techni cal l i terature.

Al l partici pati ng agenci es and thei r contractors should encourage
publicat ion of resea rch f indings in techni cal l iterature . These
agenc i es should prOV ide support by fund i ng print ing or ot her
necessary l ogisti cal support.

5. Determine bio l ogic al criteria/ objectives for downl i st i ng / del i st jng the
Colo radQ sQuawfish.

Objecti ve and measurabl e criteria must be developed by Federal and St ate
conservat ion agencies to determine when Colorado squawfis h popu la t ions/
recrui tment are suf f ic ient ly high and habi tat suffici ently prote ct ed to
permi t downl isting or deli sting the speci es . Monitoring act ivities
(Task I ) should be designed and result s evaluated to define when Col orado
squawf i sh populati on s have become sel f -sust ai ning. Cri te ri a addressin g
population size and demography needed for suf fi cient recrui tment t o of fset
losses frommort ali ty must be determined to ensure that the populati on s
can persi st through natural reproduction . The Recovery Program for the
Upper Ba sin (U .S. Fi sh and Wildlife Service 1987) has a goal of recoveri ng
and deli sting the Colorado squawf ls h by the year 2003.

51. Define naturall y sel f -s ust ai ni ng popylat ions .

Various ideas exist for what const i tutes a sel f-s ustai ning
popula t ion. Cr iter ia addressing popu lat ion s ize needed for
suff ic ie nt recrui tment to of fs et l osses fr ommort al i ty must be
det ermi ned to ensure that the popul at i ons can persi st through natural
reproduct ion. Monitoring act iviti es (Task 1) shoul d be design ed and
resul ts eval uated to def i ne when various Colorado squawfish
popul ations are se l f -susta i ni ng.
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~stablj sh quantif jable objectives for downlj stjng and deli sting .

Objectives for downlisting and deli sting must be further quantified
so that it can be determined when recovery (i.e .• self- sustaining
populations) has progressed to the point where recommendations can be
made to downlist or deli st the Colorado squawf i sh. Information from
t he populat ion viability analyses will be utilized t o quanti fy
recovery objectives . The information from geneti cs st udi es .
di scussed under Task 3, shoul d be evaluated to assess populat ions
interchange and int er · relatedness between the various subba sin s .
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